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How Duraglas milk bottles help 

Dairies to greater profits ! 

{ At the forming machines. . . at the lehr 
. . . at the raw material location- 
s t r ia  QUALITY CONTROL rules in the 
manufacture of Duraglas milk bottles. 

{ The result is dependably strong, high- 
trippage bottles of uniform capacity, 
with high resistance to  impact, heat, 
cold, and washing solutions. 

In addition, Duraglas bottles have ' a '*High-Luster" finish that keeps 
bottles glistening trip after trip. 
Dairies are assured of the finest bottles 
always because continuing research 
at  the Duraglas Center keeps Duraglas 
bottles in the quality lead. 

4 High-quality, returnable glass bottles 
are unequaled for keeping container 
costs low. So remember, whatever 
your dairy container needs may be, 
look to one dependable source for glass 
containers-Owens-Illinois Glass 
Company. 

ACL-Each bottle can bo a "talking sales- 
man'' for the dairy with Applied Color 
Lettering designs. Stock designs are always 
available, and our artists are m d y  to develop , special designs. 



.JMBLE DAIRY GLASSWARE 

LE GLASS TOLEDO 1. OHIO 

on of Owens-llltno~s Glass Company 
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For Milking Machine 

BABSON BROS, CO, 
2843 W. 19th, CHICAGO 

SYRACUSE ATLANTA 

SACRAMENTO . TORONTO 

SEATTLE KANSAS CITY 

HOUSTON MINNEAPOLIS 



B.K started modern 
dairy sanitation 

I The I917 home 
o f  0-K products 
-five veoir 
after 6-K woi 
founded. 

s o m e  of you fieldmen and sanitarians can no doubt 
remember the day in March, 40 years ago, when 
chlorine sanitation was f i s t  introduced to the dairy 
farmer. And if you can, you no doubt associate that 
day with B-K. For B-K was the name of that Grst 
chlorine dairy bactericide. 

If you do remember that, then surely you're aware 
that B-K was a pioneer in the field of "chemical 
warfare" against bacteria. You're aware that B-K 
has inspired countless imitators in the field . . . that 
B-K instituted considerable research that has resulted 
in new and improved dairy cleaners and sanitizers . . . 
that B-K itself has been improved several times since 
its debut. 

ON TOP OF ALL THAT, you probably also recollect 
that B-K led the way in promoting better plant- 
producer relations . . . educational programs . . . dairy 
plant distribution of farm sanitation products. . . 
TO MAKE A LONG STORY SHORT, B-K prod- 
ucts mean higher quality dairy products a t  lower 
cost. From here on, make the decision that B-K 
products are the best for you and your producers. 
B-K D e ~ t . .  Pennsvlvania Salt Manufacturing Co., 



MULTI-Pi! 
H.T.S.T. PLATE PASTEURIZER 

CP Multi-Posr Plate insfal laf~on 
O l d  Farhson Products, Inc.. 

Compton. Calif. 

C P  H. T. S. T .  Place Pasteurizers are Plate Pasreurizerr can give you the same 
" d o r n ~ t h e i o b " o n  mix.Thcy a r e e a r n l u g  k i n d o f  prohtablerervl ts throvgh ravings 
high commendarion for their e6clenry of rime, labor  a n d  floor space-plus uni- 
and econom).in continuour mix p a ~ r e u r i -  formly berrer body a n d  flavor. 
zarson-as well  as f o r  thei r  abi l i ry  to Righrnowiragoodrimeroinresti ace 
mainrain rigid qualily standards for a C P  is ready to work r i r h  you ro f e l p  
berrer hnished product. engineer a sysrem rhar will meet your 

If your operations are such as ro make particular requiremenrs berr. Your C P  
H. T .  S. T.  conrinuour mix p a ~ ~ e u r i z a ~ i o n  Representative will be glad ro give  you 
pracrical. CP Multi-Pars or C P  Full-Flo the  facrs. 

T H E  pew MFC. COMPANY 
G.n.rol endExpon OHie.: 1243 W.s# Worhin#w Ild. Chic-o 7, tliim~is 

Branch onire. in 21 P.in.lp.1 cities 

CREAMFRY PACKAGE MFG. (0. OF CANADA, 110. IHE CREAMFRY PACKAGF MFG. COMPANY, ITD. 
167 King S l r a l  Wa.1, Toronlo I ,  Ontario Mil l  Cjrccn Road. Milcham Junclion, Surrey. Enplmnd 



A l R r  S C I E S C E  

w) FOR 

I Q U A L I T Y  M I L K  5 ( 
P R O D U C T I O N  

N E W  METHODS 
FOR CLEANING MILKING EQUIPMENT 

KLEER-MOR 
Completelv emulsifier and 
remover heariett lots and 
grease: on a l l  m i l k i n g  
equipment a n d  utensils. 
N o t  oflectcd b v  hard water 
-gentle to  hands - sudrrs 
p,olurolv - tinre' Iree. 

NU-KLEEN 
Replace: alkal i  ond I v r  
~o lu t ions .  I t  e l im ina to r  
milkttonr -not by  removal 
-but b v  KEEPING IT OFF. 
Quick, eWciont, sale, oco- 
nomical. 

1 

KLENZADE X-4 
11 the lure, ellectlre, low 
,coat bactericide for sonltir. 
~ n g  milking equipment ond 
utensil:. Acts qukckly - 
simple to use - sole - 
leaves no film-no sed~mrnt. 

MAGNIFICENT ADVENTURE! 

June is a won~lvrful timr tu visit Yellowstone 
Park. Astonishing sights. Thrilling phenomena. 
Glorious scenery. Wv'orl~l's greatest wild-animal 
show. 

A special trip into Yellowstone has been nr- 
ranged for members of the American Dairy 
Science Association, traveling to your California 
convention, and at a l~argain tour cost of only 
$15.00! 

Write for The Dairy Srirnce Itinlarary and join 
t l ~ r  party. Please acldreis 

M. M. Gooclsill, G. P. A. 
Northern Patifie Railway Co. 
St. Paul 1, Minn. 

F LAV-0- LAC 
FLAKES 

UNIFORMITY 
I S  IMPORTANT! 

Leading agricultural 
schools and colleges 
agree t h a t  the  regular 
meekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma a n d  
flavor i n  fermented 
milk products. 

~YOGHURT CULTUREI 
-- 

FLAY-0-LAC FLAKES 
(shown) produce a quar t  of the finest 
s tar ter  on a single propagation. Single 
bottles $2.00. 

SPECIAL FLAV-0-LAC FLAKES "40" 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.75. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on reauest. 

THE 

DAIRY LABORATORIES 
Z3.d & Locust 8ts.. Phlln. S. Pa. 

BRANCHES 
New York Baltimore Washlastan 

See our cataloa In Dalrr  Industries Catalog 



ature turns out some pretty lovely 

things, quite tasty in their own right, but 

nothing so wonderful that it isn't en- 

hanced by a little man-made magic! 

That's the way it i s  with Mixevan 

Powdered Vanilla flavoring. 
TRUE VANILLA SUGAR for custom 
made ice veam Michael's has gathered the finest 
TWIXT for popular-priced ice cream 
CREST for use in novelties vanilla beans from far-off shores and 

blended them together to the height of 

their natural goodness . . . then . . . by 

adding just a touch of vanillin . . . has 

accentuated the flavor and imbued it 

with a tantalizing, subtle taste that's 

That's why ice creams made with 

Mixevan Powdered Vanilla are so con- 

sistently delicious. 

DAVID MICHAEL & CO., Inc. 
Half a Century in the Flavoring Field 

3743-63 D STREET. PHILADELPHIA 24, PA. 

For further information and pi'ces 

l'ot~r ;~,l\.t.rtisrmr~~lt is I,(lin:: read ill t*rtyrg State and in 45 I'orc~i!x Countries 



the RAPIDIFLO (Trademark 01 Johnson 6 Johnson1 

FARM SEDIMENT CHECK-UP 

Qade to 0 
Idex lox 

Wet, muddy winter days require special 
cooperation from producers to keep milk 
quality up and sediment down. The Rapid- 

~ F ~ : ~ ~ L ~ : ~ G  
Flo Farm Sediment Check-Up does this IS THE 
job for you, while maintaining producer BADGE OF GOOD 
good-will, because the dairy farmer se 
for himself where precautions must be 
taken. 

Only with improved-formula Rapid-Flo 
FIBRE-BONDED Filter Disks can the 
producer be sure of the safer filtration 
which makes the Rapid-Flo Farm Sedi- 
ment Check-Up a reliable guide to clean 
milk production. 

1. After filtering each can of 2. When it i s  dry, examine the 

milk (10 gallons or less) care- dirk closely. Identify the sedi- 

fully remove the used filter disk ment or extraneous matter, in 

from the strainer and place it on order to determine where it 

a cardboard to dry. came from, so you can prevent 

any more getting into milk in 

the future. 

Your advertisement is being read in every State and in 4 3  Foreign Conntries 
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AC'TIOS 013' I~ACTERTOl'IIA(:E OK M I X E D  S ' r R A l S  STARTER 
C'171JTIJRES. L. S A T I T R E  AND CIIARA('TERTSTI('S O F  

T H E  "KASCENT l'IIET\'ORIF,SOS" 

E r a a s  ( 3 )  described the "nascent phenon~enon" in connection \i-ith strepto- 
coccal bacteriophage action, whereby a small amount of susceptible culture i n  a 
mixture prerented the development of turbidity by a ~ ~ o r ~ n a l l y  resistant strain of 
bacteria. L2~iclerson and &leanwell (2) reported retarded acid development by a 
iiornlally resistant mixed strain starter with the addition of a particular single 
strain culture and its hornologo~~s bacteriophage. Sichols and \TTolf ( 7 )  tested 
14 strains of starter bac.teria with their corresponding strains of bacteriophage 
ant1 foiind four strains of bacateriophage which caused this phenon~enon. 

The present s t i~t ly  mas initiated to t l (~tern~ine the ineid(~nc.e of the "nascent 
pheilomenon" anlongst s t r a ~ n s  of bactc.ria ant1 bac.tc.riophage 115(~1 in this labora- 
tory, and to clarify its etfec't on ac.id p rod~~c . t io~ l  of l ~ ~ i x e t l  strain \tarter?. EX-  
perinrents rei-c.alctl the niltnrc. of this pheno111cno11 ant1 intlic.atc>tl that  the term 
"n:lsc.clnt" i5 not i~ppropriatc  for  (l(~sc.ribing thi5 type of bac4eriophagc actiou.' 

The, " nasc.c>~lt ~ > I I ( ~ I I O I I I ( ~ I I O I I ' '  d ~ t ( : r n ~ i n e ~ l  by il 111(>tho(1 s i~n i la r  to that  I I S P ~  

by  Sichols ant1 \\'elf (7 ) .  Three 100-ml. tl11;1ntitics of ~kin111~il1; in  6-0%. h o t t l ~ s  
were taken from i~ water bath a t  32" C. aud inocdnlatctl with 1 per ccnt of a strain 
of bacteria not sensitive to t,he bactc,riophagc bring 11sc.d. 011(, bottle was rcx- 
tailled as  a control. About 2,500 or morc particl(>s per milli1itc.r of a strain of 
bactrriophape r ~ e r e  added to each of the other t ~ o  bottles, and 1 per cent of the 
homologons strain of bacteria was aclded to one of the bottles co~ltainillg barterio- 
phage. Deterniiliatio~ls of titratable acidity were made af ter  inc.nbation a t  32" 
C. fo r  6 and  7 hr.  The nascent effect was considered to occur ~i-he11 the acidity 
of the control IT-as co~isiderably greater than  that  of skimmilk vh ich  received 
inocula of both strains of bacteria and  of bacteriophage. The skirnniilk inocn- 
lstecl mith bacteriophage and  the nonhoniologons strain of bacteria served as  a 
coiitrol and revealed any  cross lysis. 

The most probable ~iulnbers  of bacteriophage in whey filtrates were deter- 
mined by  the limiting active d i h ~ t i o n  n~e thod  outlined by Collins ( 3 ) .  The inodi- 
fieil trypticasc soy agar  described by  Mull (6 )  mas nsrtl for  d c t c n ~ ~ i n i n p  bac*tcrial 
poplilations by the standarcl plate coiint (1) at, 32' C'. 

Reeri\-ed for  publication Nor. 4, 1951. 
1 Altlloug11 t l ~ r  tern1 "II : ISCCII~"  is 110t :~l)propri:~tr,  i t  is I I S C ~  ill this 1.~1)ol.t for p111.1)nsrs 

of c o i ~ r c ~ ~ i c ~ ~ ~ c c .  
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The fo l lo \v i~ i~  c o n ~ b i ~ i a t i o ~ ~ s  of lactic* strc.ptoc.occi and honiologous strains of 
bacteriophage were testtlil : 71.'-F3(i ; 56.5-b"34 ; E8-F63 ; 318B/25-F74 ; W2-F21; 
111.10-PIi'lO ; 111.2-I'k12 : 111'-1d73!) ; MLI-Ii'ti!) ; MM-P3, GS8-1'" S A 1 - P I  ; SA3- 
1'5 ; ant1 FV-PI. Only two strains of bac.tc.riophage resnltecl in  definite evidence of 
the. Iiasc.c,nt ~ I ~ ~ I I ~ I I I ~ ~ I I ~ I I  (table 1 ). Jlow titrat:lblt, i~c'itlity va111cs a t  6 and 7 hr., 

Plate count a t :  Titratable acidity :it: 
C'nlturc ( s  ) R:lc.trriopl~agc 

used :~ildeil 0 Ilr. G hr. 6 11r. 7 11r. 

-A?" S o n e  2.9 x 10: 2.2 x 10. 0.50 0.62 
7V2 F59 3.1 x 10' 2.5 x lo8 0.52 0.58 

IT2 and H P  F59 3.6 x 10' 4.2 x lo4  0.29 0.28a 
7V2 F5G 2.6 x 10' 2.0 x 10" 0.50 0.62 

as ~ ~ ( ~ 1 1  as low plate caoullts a t  6 hr. for st.vcral trials, i~idicated that bacteriophage 
FSB was consistrntly capable of causing this pheiio~nenon in cases where c ~ ~ l t u r e s  
W2 and 111' were both inoludrtl. I t  was fur ther  intlicated t,hat bacteriophage 
FS6 \\,as capable of giving the  ascent effect in  cases where either W2 or 
was culturctl with 712. 1Iowevc.1.. the cffec.t on titri~tablc acidity and plate count 
usually was less in c.ilses where II1' wits 115t3d with combination 712-F36. Thc>se 
strains of b~cteriophiigc (lit1 not cause Iowcr titratablc acidity ralnes when the 
ho~nologons bactc.ria 1vc.r~ o~tlitted. Altho~igh plat(. c o ~ u ~ t s  were lorn. a t  6 hr.  in 
cases of the nasceilt c'ffecdt. they were. higher than those nsnally encountered fol- 
lowing Iysis of bacteria in slri~iin~illr by a n  homologons strain of bacteriophage. 

Since little was known about this phenome~ion, secondary growth or mutant 
cultnres were substituted for the normally consitlered resistant strain and. in 
separate experiments, for  the sensitive host strain of coillbinations of bacteria 
and bacteriophage \\-it11 which the nascent phenomenon had occurred. To pre- 
pare a secondar>- gro~vth culture, sterile skimmilk was inoculated with 1 per cent 
of a culture and with about 2,300 particles per milliliter of the homologous bac- 
teriophage. Titratable acidity mas determined after the mixture had been in- 
cubated for 6 hr. a t  8" 0. to verify the occurrence of mass lysis. Before the 
titratable acidity d e t e r ~ n i n a t i o ~ ~  was matic., 1 per cent of the riiixture mas inocu- 
lated into sterile slrimmilk and incubated a t  32O C. for  16 hr. or until  coagulation 
hail occurred. Xutant  cultures prepared in this manner usually were propa- 
gated three or four times before experiments mere run to determine whetht~r thrir 
use would result in the nascent phrnomcnoi~. 

Experiments first Trt.rc run to dctermirii~ \\,hrthc.r nse of secondary growth 
c~lltnres of the non~~i l l ly  consitlcred resistant bacteria \vonlcl alter occurrence of 
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the ilascrnt phenonlrnon. Although secondary growth cultures of Streptococcus 
lactis TI72 \rere resistant to the homologous strain of bacteriophage, B24, and to 
bacteriophage strains I W I  and 1 3 9  (table 2 ) ,  the atltlition of either combination 

B f f e c t  011 ocrurr c ?ic.c of tlrr nascent plrrnomenon of s~ib~titretrriq . s r ~ o n f l a r ~ ~  grotctlr czrltrrro~ for 
tlrt. nor~l~all?l c.onatdcrrd reststant bactcrin 

Culturc~ :11l1le(1 concnrrcntly with Bnetcriopl~nge T i t ~ : ~ t : ~ l ~ l e  :~ci( l i ty  : ~ t  : 

the serondary growtli culture ndde~l  0 111.. 7 hr. 

Awercigrle rrsttlts obtainpi1 rrsing 5 sccon~rlerr!l g~.ototli c t ~ l t ~ t r ~ s  tclri('l1 originated fro111 con~bi~zation 
WS-F2I .  

S o n c  None 0.50 0.67 
Sorie F24 0.5 1 0.68 
S o n e  F56 0.50 0.67 
712 F56 0.31s 0.32a 

None F59 0.52 0.69 
HP F59 0 . W  0.27% 

Acercrfle rv.strlts obtoi~red trsii~g 3 secondary growth cultzires lolrich originated from con~bi~tat ion 
HP-F59. 

S o n e  None 0.32 0.40 
Solie F59 0.33 0.38 
S o n e  F56 0.30 0.3i 
712 F56 0.33 0.40 

Low acidity duc to  11:lsceiit phenon~cnon. 

712-F.36 or HI'-1'39 resnlted in drastic r-rduction ill thr acid protlrlced by these 
secondary growth cultures. Selection of cells resistant to an lio~nologous bacterio- 
phage in these cases had not resulted in cu1turc.s resistant to the nascent pheaom- 
rnon. 110x1-erer, the producation of acitl was not retartled by addition of com- 
bination 712-F36 to secondary growth culturc~s of 111'. In thclsc cases, tlie selec- 
tion of cells resistart to F39 also had resultrtl in cnlturcs ~vhicli were resistaut to 
the nabcent phenoinenon. 

I n  c~xperiinents in which the sensitive host bacteria were replaced by mutant 
cultures (table 3 ) ,  titratable acidity values showed that growth of primary cul- 

T A B L E  3 

Effect on oeclirrence of the nascent phenomenon of substituting seco~rtlary grotctlr eultirres for 
tlie sensstive host bacteria 

Culture added concurrently w i th  Bacteriophage Titratahlc acidity at : 

the  secondary growth culture added 6 hr. 7 hr. 

Arera{lr mstrlts obtained risi~lg .i srcondary growth cultures 71-Aich or~gmated  from eonlbination 
7lZ-F;i6.  

S o n e  
Sollc. 
W2 
H P  

None 
F56 
F56 
F56 

Arerane resltlts obtained ~rsiilg 5 sccondar?l (rrozc'tli eitltrrrcs ~clrich originated from combinatton 
HP-Fj9 .  

None 
None 
\v2 



t ~ ~ r e s  of TI? or 111' IVHS not retarded. Thrscl resnlth indicated that host bacteria 
of thc proprr sc~nhitirity arcB of p r i n ~ a r y  i~nportance to the occurrence of this 
p11c.no1neno11. 

E s p e r i ~ ~ ~ e ~ ~ t \  \rrrcl run to t l r t c r ~ n i ~ ~ c  whcthvr pc~rmilnent changes tverc. demon- 
strable in  the sc,~iritivity to hac*teriophagc. of bacteria arising after the ocBcnrrencr 
of this ~ ~ ~ I I O I I I ( . I I O I I ,  ant1 to tletc>rn~inc. possiblc c*hanges in  the rallge of actirity of 
hacteriophilgc. i~rising t l n r i ~ ~ g  its oc.cdrlrrencbcJ. 'I'o obtain crllturrs of bactcria aris- 
ing a f tm oc.cdurrcvlc.c. of thc. I I ~ L S P O I I ~  ah t ion  of bact(lriophage, 111ixtllres of IT:! itIl(1 
712 and of 111' ant1 712 w\.chre inov~llated wit11 bat-teriophi~ge 11'36; mis t r~r r s  of 
I F  and 111' Irerc. i t ~ o c ~ ~ l a t c ~ l  with bactt.riophago F59. After an incubation 
pc'riotl of (i hr. a t  32" C'., titratable aridity determinations \\-ere nlade to rerify 

TABLE 4 
Tlrr octtor~ of bnclr~rtoplrnrlr~ or1 .~~contlar?/ growth c71lttrr~h obtnrr~etl  nftrr occrrrrirrcr of l h ~  

nascent plienoe~enon 

Culture nil(ler1 ro~~corrc~itl?- wit11 Raeteriopliage Tit~.:~t;~l~le :~ri(lity at: 
tllr srcon(l:tr?- gro~rtli culture added R l~r.  i hr. 

( % I  ( %  1 

:I t,r.rn(/i, rrsril1.s o/)frrirri~il ri.sirr!/ .i sreorrilar!/ !~ro7t'tlr ertltrrres tchiclt ori!/irrrtli~d frorrr /kc rrrtsr.i,trt 
ctctiorr of btrtlrr~iopl~tr!lr. I.'.ifi o r 1  i.rrlttrri2s of IV,? n7lrl 712. 

S I I ~ I ~ ,  S o l l c s  Il..iO ll.fi2 
S o l ~ r  1: 24 Il.:{O 11.:31 
SOIIIL Frifi 0.48 Il.fil 
711' 14'51; ll.:i:{~l 1l.:{2;t 

t.rrn!/~* ~P.SII//.V i111111iriril I~.Y;II!/ ,! ,~rcorti/itr,~/ ,qrott>llt. citlturc~.~ 1~11ii~11 ori!/irrn/~~il front tlrr rtit.xc~nt 
ircliort of birclr~riolrl~ir!~i~ l*'S(i oir crillrrri,~ I I P  o71rl 71!?. 

S I I I I < .  SOII(. n.32 l1.5!) 
SIIII(, 14'59 0.94 0.!2:< 
Sollf. I"5li 11.51 0.57 

712 I%(; 0,328, 

.It~r,rn!/v rr~s111l.s o b l i ~ i ~ r r ~ l  ri.vitr!/ .i s~~cor~ilir~~!/ (/ro~c.lk c~rllrrrrs tt.lrir11 ori!lirrnIrrl fvoilt 1111. rtns(~ciri 
irr.tiorr of /rnclr~rioplrn!~c I.'.i!l oil crrllriri~.~ lI/;? rcntl I l l ' .  

Toll(% S o ~ ~ t s  I).:<; 0.4:< 
Sorlr IT24 1l.:t9 0.43 
So~lr 1p.59 11.37 Ll.49 
FT I' F.59 11.38 n.4R 

a Lo~r acidit? due to 11:lsee11t plienomr~~on. 

occnrrence of the ilascent plienomeno~i. 13efore the titratable aciclity cletermina- 
tioils were macle, 1 per cent of each ~nix ture  was transferrecl to sterile sltimniilli. 
These secondary grolrth cultures wcAre incnbated a t  32" C. for  16  hr. or 11nti1 
coapulatecl aild nsnally \rere propagated three or four t in~es  before cletermina- 
tions of s e ~ ~ s i t i r i t y  to bacteriophagt. \rere ~natlc. After the quantity nscd in the 
preparation of the secondary cnl t r~re hat1 becw rc~noved, the r t~mai~ lder  of each 
~l l is tnre  was ~ o i t g ~ ~ I a t e ( l  with atltlt~tl lactic: ac~itl ilntl bacteria-fl-ec. filtratrs lrerc, 
prc.pared. I%actc~rioph;tgc. prclscbnt in suc.11 filtrattls 1\;1~re cw~~sitlt,retl to hare arisen 
drll.it~g O ~ ( : I I ~ ~ ( > I I C C  of the I I R S ( . ~ I I ~  ph(~no111e11011. 

Th(l ilction of I)i~c.tcriopl~i~gc on s c ~ o l ~ t l i ~ r y  growth cr11tn1.c.s obtained aftclr oc- 
c.llrrc~nc.e of th r  nascc>nt phc.nomc.non arc. givc.11 in t;ible 1. S(.c.o~~tlary g r o ~ r t l ~  
c ~ ~ l t ~ ~ r c l s  following the action of bilc.tc~riophage FNi on v ~ ~ l t ~ ~ r c s  TV2and 512 were 



it1 all cases siniilar to prillii~ry c ~ ~ l t n r ( > s  of \V2. The?- produced acid rapidly and 
were lysed by bactc,riophi+:.(. Iq'2-I. Esc.c.pt i l l  thc presence of c r l l t ~ ~ r e  712, these 
src.ondary growth 'r~ltr~rc.s lvc,rcl !lot rc~ti~rtl(.tl I)?- l'.i(i. Similarly, secontlary 
growth cnltures follo\ving the, ac8tio11 of I4'5(i on c * ~ ~ l t ~ ~ r r s  111' ant1 512 rese~nbletl 
prirnary growth of culture HI'. Ilo\vc,ver. the. ilctiol~ of 1'59 on 11'2 and HP gave 
risc to cultnrc>s ~vhich did not rest,n~bl(. IT\\':! or 111'. 'l'hrsc secontlary growth cul- 
tnrcls proclncecl acid poorly and ~vt,re res i s ta~~t  to t)i~c.trriopl~;~gtt strilins F24 ancl 
E'S!). That the, filtrate of bac!t~riophag(~ $'5!) I IS~YI  i l l  p r ( , p i ~ r i ~ ~ g  the secondary 
growth c.111turc.s was not contan~inatcvl with Ii'2-l XWLS ovicl(.nt i ~ f t r r  sevc3ral at- 
tclllpts failed to tl(>!nonstrate its prrscnce. 

The. titclrs of bac.tc,ria-frcv filtrates preparc.tl following 0(+(*11rrt~11(~1 of t h ~  
n i ~ ~ ~ ( . l l t  ~ I ~ ( ~ I ~ O I I I ( ~ I I ~ I I  iirc gi\,c~i in table 5. A l t l r o ~ ~ g l ~  titcbrs rc.l)rc,sc,~~ting t h ~  

TABLE 5 
Sp~~rifirit!l of bnrlrriopltagc isolated follos.i~i{/ tltc rrnsrort plr~~rrorrrc~rrorr 

Barterin iiliil I)nctrriopliage Most prol):1111(~ 110. of b:rt~tcriopli:~ge 
urrtl for prrparlilg filtr;itrs ~ i t ~ : i t ; ~ l ) l ~  : i~ i ( l i t?  /ml. of I~~ctrri;r-frre filtrntc 

: ~ t  (i IIV. unilip clilturr : 

W2 Ips9 0..5? < 0.:3:3 ......... 
\ V k n ( l  HP Iq.59 0 . 2 0  2.5 2.5 x 1 O V 1 n  . . . . .  

IT2 lJ5(i 0.50 < 0 .m ...... 
WL! and 712 F5fi 0.251 2.5 9.5 x l n *  

HP F51i 0.46 ....... <"033 . . 

HP and 712 F5(i 0.24a ....... < 0.33 2.5 x 10" 

a Low acidity due to nascelit p l i e n o ~ n c * ~ i o ~ ~ .  
b IIiglrest clilutioi~ made. 

strains of bacteriophage used to canse thr  ~~tisc+c.nt c.ffrcdt wc3re high, the filtrates 
i~lhibitc.cl nonhomologous strains of bactchria only sligl~t,ly in cast. of TJT2 and not 
at all in case of HP. These results intlicatt.tl that the. bactc~riophage isolatecl 
\t7ere similar in spcvificity to those strains 11sc.tl to ct~nsc. the ~ ~ a s c ~ . n t  phe~iomenon. 

With sclveral trials of the nascent ph(?non~c,no~l it1 tvhich IT\':! was nsed as the 
~loliliol~~ologons strain, 1-1111. (1uantities of the rcsnltil~g filtrate inhibited growth 
of W2. IIo\vevc.r. attempts to propagate the inhibitory principl(. fi~iletl. and in- 
hibition of IT2 by th(lsc. filtrates appearecl either not to rc.snlt fro111 the action of 
bacteriophage or to result from the action of a strain of bac#trriophage which 
coulcl not he ~ ) r ~ l ) i ~ j i i i t , d  on this cnltnre. These results suggestt.tl that a large 
amonnt of filtratc~ c o n t a i ~ ~ i n g  cxither E'56 or F59 ~vonld inhibit grov-t11 of 11T2 cvcw 
in the absence of spcv.ific host bactclria. 'Po determine the efyrct of lilrgc :~monnts 
of filtrates containing P56 or E'59, itu experiment was run  to conlparc growth 
of 1 per cent 11'2 or IIL' with ant1 ~v i tho t~ t  atldition of 10 per eclnt of the appro- 
priate undiluted filtrate. A rc.c.ently prepi~retl filtrate of bac*teriopl~age F66, 
labeled F56A, also was 11s~t1 i l l  this expc~rilnent bt~c~ansc. it  contained a 1;trgc.r 
number of bacteriophilgr partic.l(~s t l ~ i ~ n  the tiltrilte labeled F56. For  co~nparison 
of filtrates F56 antl 1"36A, 1 per ecwt of ei1(*11 filtrate, was added to cultures of 
TTT2, and 10 per cent of each filtrate was adtlctl to 'nltnrc~s of 111'. Plate counts 
and titratable acidity det(~rn~inations ~ v ( ~ r ( >  111at1r at (i 11r. Bacateria-free filtrates 



were prepared from the cnltures sho\ving retarded acid tlerelop~nent, and filtrates 
were titered to determine inhibition of the nollhon~ologous strain of bacteria. 

Even in the absence of sp~cific. host bacteria, 10 per cent of filtrate containing 
either bacteriophage 1'36 or F3!) drastically reduced the acid produced during 
6 hr. by culture JV2 (table 6 ) .  Titers of the bacteria-free filtrates again indi- 

TARI,E 6 

Effect  of adding large unzonnts of jillrnle FGG or F,i9 to iro111roi11ologort.s c~ i l l~cre  TI". ov JIP 

Bncterioplinge ndrlc~l Plntc rount a t  T,tr:ltable 

Culture aridit? JIost probal~lc ilo. 

uwrl C:~lcul:ltc(l of I ~ ; ~ c t c ~ n o p l ~ a g c / ~ ~ ~ l .  of 
Strain titer : ~ t  0 hr. 6 hr. "Ir' filtr:itc using F I I ~ ~ I I ~ C  W2 

0 hr. ( % )  

c+i~tc~l thitt inhihitio~l of IT? was not acc.on~pa~lic,d by lr~tlltiplicatioll of a n  homolo- 
go~is  htritill of bacteriophage. E r r n  11 it11 thcsc lo\\. titratablt, acidity values, 
plate counts a t  6 hr. were rtlry high. One per crnt of filtrate FriGA callsed 
4ightl.1- greater inhibition of I\'? t l ~ i l ~ ~  (lid 1 ~ ) c I .  (*r~l t  filtrilt~ F56, which con- 
tirinrd frnrer bac~teriophagc. S r i t h r r  1"5(i ]lor. 1?3(iA cansed drastic reduction in 
avid produced by HI', but F5GA ca11\rtl slightl- greater inhibition. 

That the inhibition of IT2 by eitht.1. filtratc F56 or F39 was dnr to the lilrgc 
nn~nbers  of bacteriophilgr pitrtic.lr~ ai~t l  ]lot to sonle other iahibitory principle 
seemed eritlent from thc follo~villg c~sl~eriltrellts. Quantities of 10 1111. of fil- 
trates F36 ant1 F.59 \\rcr(x atltlrtl to 100-1111. bottle3 of sltimnlillc i11ic1 hratrd in 
flowing steam for pcriotls of 3 autl 4 11li11. 13acateriophage titers indic~atrd greatly 
rcducctl nlu~lbcl.s of bitctt>riophitgr itftrr 3 min. ; no bacteriopl~;~yc titc1.h xvere 
found after 4 111in. Also, bavtcriophage-free wheq- was obtaillril from slrit~lmilk 
cultures of 712 i111cl 111'. Sri ther  heated filtrate 1101- an rclnill anlonl~t of hic~terio- 
phagc-frcr whey r(~tluc.cil the acid produced ill s l r i~~ln~ilk tll~ring (i hr. 1)y 1 per 

TABLE i 

Efl'cct on ncirl procli~~fi071 of adr7ing d i f e r rn t  amounts to Streptocoac~t.~ lnrtis lPZ to s k i i ~ i ~ f f i l b  
coatoining 3 per ecnl of filtrale P56 

Titmtnhle aridity :tt : 
.4nio111lt of rulturc. W2 Filtmtc a ~ l ~ l e ~ l  - 

2 )IT. 4 lir. 6 11r. 8 hr. 
- - - - - - - .- 

(%)  (%) ( % )  (%)  
. . 0.22 0.32 1>..5i 

0.20 0.20 0.21 
0.2.5 0.36 0.50 .. ... . 



cent of crlltr~re \Y2. 111 a tlificrent experiment, bottles of sk i~~lmilk  with and 
without 3 per cent of filtratr l"56 wc.rc: inocnlatrvl with tliffrrrut ainounts of cnl- 
ture. Titratable acidity values (table 7 )  sho\vetl that as thr  a ~ r i o ~ ~ n t  of \V2 was 
increased, inhibition caused by the filtrate decreased. I'ractically no acid was 
procliicetl by 0.1 per czrnt culture during 8 hr. in the bottlr co~~ ta in ing  filtrate. 
\\Tith 1 per carllt culture thr  acitlity valurs were slightly I(+s 111 the diluted filtrate 
a t  4 ant1 6 hr. Tell per cent c ~ ~ l t u r r  of W2 res~rltetl i l l  acitlity r a l ~ ~ e s  which were 
slightly different at  2 hr. IIowcver, values for  the cnlture \$ hich contained fil- 
tratc mercb approxi~~lately equal to those for  the control at  4 ant1 6 hr Thns, 
i~lhibition by a constant amo~int  of filtrate was changetl collsiderably by differ- 
ences in the ratio of bacteria to bacteriophage. 

I n  vielr- of the iinportance of the ratio of bac.teria to barteriophage, plate 
counts were made a t  hourly intervals for cultures of 1 per c m t  \Y2 ~Vith and 
~i-ithout addition of different ainounts of filtrate F56A. The results (table 8) 

TABLE 8 

E f f e c t  of d i f f f f ~ ~ . ~ i ~ I  J I I I ~ L ~ P V S  of bacteriophage F26 on I pel' cent ciclture of 
SIrcptoc*occzu l a c t ~ s  IYb 

Amount of fil- 
trato F56A 

added 
(1n1./100 ml. 
xkiln~nilk) 

Caleulnteil no. 
of bncterio- - 

phage particles 
/ml. :~t 0 hr. 

Plntr  r o u ~ ~ t  ;it : T i t ~ n t a h l e  
. - - - - - - - nciility 

a t  6 IIT. 
1 In.. .) 111.. 4111.. f i  111.. (%) 

confirmed tho\(> of table 7 in that inhibition of W'l \ ~ a s  clirclrtly related to the 
]lumber of partlclc\ of bactcrlophapc 11'56. A4 the llrul~bc~. of bacteriophage par- 
ticles was increased, the per cent titratablc acidity a t  6 hr.  decreased, and plate 
counts indicated clecreascd nninbers of viable bacteria. I n  cases of 5 and 10 1111 
of filtrate, the ilumbers of bacter~ophage particles w r e  about equal to the plate 
co~ults a t  0 hr., and at  1 hr. the plate counts were czonsiderably loxver than a t  0 hr.  
Decreases in plate count possibly resulted from the absence of bacterial multi- 
plication f o l l o ~ ~ i n g  tha t  which appeared to be adsorption of particles of F56 to 
cells of W2. Holr-erer, even with 10 ml. of filtrate, plate cotults increased rapidly 
after 2 hr.  Apparently, reprocluction of the bacteriophage particles either pro- 
gressed very slowly or stopped a t  some point before coilipletion. Cells which had 
escaped attack then could have accounted for  the increases in plate count and the 
considerable amounts of lactic acid. 

I n  view of the failure of F56 to multiply on c l~l tnrc  \Y2, plate counts and 
direct microscopic observations were compared a t  4, G ant1 8 hr.  clnring the 
action of 1 3 6  on 712 and on a mixture of 712 and LV2. Microscopic observa- 
tions revealed very large' n~imbrrs  of bac<teria in the inixtr~rr and few bacteria in 
the culture of 712. The large in~mbers of bacteria present in the inixtnre an(] 
thr cell clchric; mail(. it difficult to obtain acac~~ratc  c20nnts of the bacdteria, which 
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\vc.re f o ~ ~ ~ ~ t l  to occ r~~ .  i ~ s  si11g1(. (.ells riit11(.1 t11a11 i l l  pairs. E : s t i ~ ~ ~ i ~ t ( % s  of 111ier0- 
scopic c o ~ t l ~ t s  itt (i 111.. \vercs 6.3 x 10' for thc5 ~llistllrc~ illltl 4.r) X 10"or thth ~ll l t l lre 
of 712, as co~~~p i~ rc , t l  to plate cotu~ts of 2.5 x 104 i111t1 3.4 x 10:'. rc.spc~ctivc,ly. Thc 
~XPSPIIW of I I I I I ( ~ ~ I  l i ~ r g ~ r  11111111)(1rs of bact(.t.ii~ 11ot (I~at(~ct(vl 1)y th(1 ~) l i~ t ( l  ~ o ~ ~ l i t  ill 
thr 111ixt11r(: \vits c.o~~sitl(.rchtl to vcbl.ify i~ t l iffc~~~c.n~(~ i l l  tl~cb acstio~~ of I'.i(i 1111 \Vt' as 
~.o~npiiretl to 712. 

1)ISCT'SSION 

Inhihitiol~ of ( G ( ' I . ~ ~ I ~ I I  i ~ o ~ ~ l ~ o ~ ~ ~ o l o g o ~ i s  strains of bitctrria by bac~teriophagc,. 
11sllal1y ~.c,f(~rretl to as thr  ~lasc:c,~~t ~ I I ~ ~ I ~ ~ I I I ' I ~ ~ I I ,  \vav fount1 to oc.c8tlr ercbn in thv 
itbsc~~cc. of host bactc,ria in cases where very larpc. n u ~ ~ l b r r s  of bac.teriophage par- 
ticles \Yere snpplietl. Large ~ ~ u i n b e r s  of either I"T,(i or 14'59 \yere fotuntl very 
cbflectirc ill r e t i~ rd i l~g  the arid prodllrtio~l of 11-2. ant1 large ~null~bers of F56 
raused solne reductio11 in the acid procl~~eed by 111'. Data suggested. that  bae- 
teriophage FS6 retarcl~tl thr acid production of IT2 by attaclti~ip and preventing 
bacterial ~nnltiplication. That \\'2 (!ells \rere o111>- i~lhibitecl and not Iysed seemed 
evideiit both froni th(! failurr of F56 to mnltiply on W2, a11d from ~~~icroscopic  
observittiol~ of large ~~ tunbe r s  of bacteria not tlrtretc~tl by plate c.onnts. hlnltipli- 
catioi~ of the bacteriophage i~l)pitr(.~~tly stopped ilt solue point prior to co111pletio11 
or progressetl at a11 t~~ltlc~tretc~tl, c ,x t re~~~r ly  low ratc. 1Ie11c.r. th(. h o ~ ~ l o l o g o ~ ~ s  host 
\r-lrich previo~lsly has been fortl~tl essrntial to o c c ~ ~ r r c ~ ~ ~ c c  of thc. I I~ IS( , ( J I I~ .  ~ ~ C I I O I I I -  
c3110n sc.c>l~~s ncxcessiiry only as ;I Incans of i~~c.reasing thr 11u111bc1r of bacteriophagcl 
to a level \vhirh i~~s t~ rc l s  that 111ost of thcb I I O I I ~ I O I I I O ~ ~ ~ O I I S  bartc.~,ii~ will br attacked. 
Thus. the ~ ~ o ~ ~ h o ~ ~ ~ o l o g o ~ ~ s  biic.tt,ria itre prc.rc.~ltetl f r o ~ l ~  ~ ~ ~ r ~ l t i p l y i n g  a11tl prod~lc- 
ing apprcciitblc H I I I O I I I I ~ S  of il(:i(l. S C ( Y ) I I ( I X ~ ~  r ~ s i s t a ~ l t  ( ~ l t l t u r ~ s  of thr  host failcd 
to rrpla(~a the hon~ologo~~s host strain of hac*tcbrii~ ill cases \vl~c,r(. r r ry  large rnllll- 
I)c.rs of bavteriophag?.c> \\-err 11ot st~pplietl. 

S i~~cc ,  l~o~r~olopous host bit(:t~riix i ~ p l > i t r ~ ~ ~ t l y  i ~ ~ ~ p o r t a ~ ~ t  o l~ly  as a illealls of 
supplying large n r n ~ ~ b ~ r s  of bilcteriophitgc,, th(, t r r ~ ~ ~  n a s c r ~ ~ t  seems no l o ~ ~ g e r  ap- 
plicable to this p h r ~ ~ o n ~ r ~ i o ~ l .  Rather, thr c~splani t t io~~ suggested by the tlata 
tlra\vs attcwtion to tlir basic ~ r ~ ~ t h o t l  by which bac~t(~riophagc~ ~l~ul t ip ly .  (:c>~~erally 
i t  has been eo~lsid(~rc~tl that bac.t~riopt~age are cluitr spec~ific in their action a11d 
that specificity is largc,ly a matter of adsorptio~l. The data of this paper snggest 
that ill certain cases strain specificity 111ay be more inconclusive and involve the 
111etabolic processes v-ithin the bacterial cell. The relationship bet~reeu bacterial 
cell ant1 bacteriophage ll~ultiplicatio~l after atlsorption was strikingly indicated 
hy the fact that 512 st~pportc,d complrte ~t~nltiplicaation of F5(i and IIP supported 
colnplete n~nltiplication of F59 luider caol~clitions i t l r~~t ica l  to those ill ~ v l ~ i c h  these 
strains of bacteriophage had n~clrely inhibited thc gro\vth of 11-2. E~ iden t ly .  
tlifferc~~ces h r t ~ v e r l ~  the ~nrtabolic proccwcs of 512 il11(1 IT2 and betn.rcn those o f  
111' ant1 IT\\'" inflt~e~~c*ctl m ~ ~ l t i p l i e a t i o ~ ~  of tho two S ~ I . ~ I ~ I I S  of I)i~(.tt'l.iol)l~ap(. aftcsr 
i~tlsorl)t io~~. 1.tiIizatio11 of 11'2 in co111pi11.iso11 to thv 11or111i11 l~ost  ba(*tt,rii~ 111ay I)(% 
llsc.fIIl ils a III(Lall~ of ~(.l)ill'iltillg il(l~o~.l)tioll fro111 lllllltiplic~tioll ill s t t ~ d y i ~ ~ g  ~ ~ P R C  

stritills of I)ilc't~l'i~l)llitg('. 14'llrt~l(~rlllor(~, il ( l if~~.(~ll l ' ( '  is sllgg('stc~(l k)c~tn.c~c.11 tllc. 
r c ~ c j l ~ i r c ~ ~ r ~ c ~ ~ ~ t s  for ~l~ultiplic*atiol~ of bactoriophi~g(, s t ~ . i ~ i ~ ~ s  I"T,(i a ~ ~ t l  1?59 iu~tl  tl~cl 
r ~ i r i t s  for ' 2  I 1 1 1 1 1 l t i i 1  i l l  I r t  2 .  Collills c f  01. 



(4 )  fo1111tl that I.';,(< ; I I I ( ~  E'.,!) rc.clr~irc cillci1111 for  ~t~nl t ipl ic . i~t io~i  (possibly not fo r  
i ~ d s o r p t i o ~ ~ ) ,  a~ i t l  tl121t C ~ I ~ ~ ~ I I I I I  is 110t recluire~l by 14'24. Altllongh skimmilk con- 
tains atlrcll~i~tc c.;~lc.i~i~u. this tliff'rrc~i~cc nlay br i~ssocaiat~tl wit11 a morr basic dif- 
ferrnc.c. bc't\rt~rl~ t h r  ~~c.clrlirc~i~~c.nts of t.h(.sc? diffcr t r~~t  striiins of bilc.teriophape. Ln 
espc.r i~~~ct l~ts  11ot yclt rc.pol.tc.tl, iteltlit,ions of y ~ i ~ s t  ckstrilct, c.;~sc>in liydrolgsate, V8 
juice, ;III(I CaC'I, to the) alrcbi~tly very i~ntr i t ive ~netlirlln, s l<i l~n~~il l<.  failrd to pcrniit 
n~ultipIic.ntion of 1'5(i on IT\\'''. 

Strilills of bi~ctcriopl~afic which O:LIISCC~ the nirsc.cnt p ~ ~ c ~ ~ o l r ~ c ~ l o l l  recjuired a 
definite sl~c.c.ificity of the ~ l o n h o ~ ~ ~ o l o g o ~ ~ s  strain before ninltiplication and acid 
prodnction coliltl be rctartl(>cl. This specificity \\,its in on(? of two c;lses nnchanged 
by the artion of a tliWere11t bactc.riophagc. The selection of c n l t ~ ~ r e s  froin W 2  
which Irere resistant to hactc~riophage 4'24 did not result in  cultures resistant to 
the nascc>nt effects of bacteriophage strains F56  and  F59. Ho\rever, bacterio- 
phage F56 failrtl to the iiascent pheizoinenon xrhen secondary growth cul- 
tures from FIP were used. Tlins, i t  appeared that bacteriophage F24 was inore 
selectire in its action than either F56 or F59, and tha t  F59 was less selective 
than F56. These differences i n  selectivity of the clifferent strains of bacterio- 
phage ]nay explain in  par t  the obsrrvetl differences in  secontlary growth cultures 
arising after the nascrnt acdtion of bac:tcxriophage strains F5G ancl F59. Sec- 
ondary pro~vtll  cultures arising a f t w  tt~th action of Ii159 011 IT2 and 111' were re- 
sistant to 3'24, and tliosc. arising after the action of F5(i on IIP ancl 712 were 
sensitirc to 1i159. The prcbriol~sly mcnt,ioned diffcrclnces i n  selectivit,y \rould incli- 
cate these resnlts. IIo\rerc.r, they xvould not intlic.i~te the sensitiuity to F24 of 
secondi~ry growth cnltnres arising after the action of F.ili on W h n d  712. T t  
should br obserretl that  in all cases whcre F56 was usetl to cause the nascent 
pheno~nenon, seeontlary growth cault,nrc.s were silnilar to pr i~i iary growth of the 
nonhoniologons strain of bi~(*tcri;l; b l ~ t  in eases where P5!) \\-as nsc.il, secondary 
grolTth cultnres tlitl not rclsc~nll)le c.ith(lr strain nsecl in the mistnre. Further-  
more, most probable numbers obtainctl by titering filtrates of mistures against 
the homologous strain of bacteria nsed, indicated smaller nuliibers of F56 than of 
F59 (table 5 ) .  Thus, the n n ~ n b e r  of bacteriophage present during occurrence 
of the nascent phenolnenon and its influence on the ratio of bacteriophage to 
bacteria maj- be of considerable importance i n  deter~nining the sensitivity of re- 
sulting cnltnres. A coinparatirely low number of bacteriophage particles might 
be insufficient to act upon all of the susceptible cells of the normally considered 
resistant strain. Consequently, the sensitivity of resulting cultures might not 
indicate accnratcly the co~nparat i re  selectivity of the bacteriophage. 

That  seconclary growth cultures of 712 and HI' did not pernlit F56  and F j 9  to 
gire  the nascent rffect and that  these strains of bacteriophage collld not multiply 
on the nonhomologous bactcria (luring occurrence of this phenon~enon are im- 
portant to a n  undcrstandiil$r of the action of bacteriophage on misecl strain starter 
cultnres. F o r  es;uiiple, shonld strains of bi~c.teri;l simililr to IV2 and 712 he 
present in a I ~ ~ s ~ I I I . ~ ,  thc ( l ~ i t r i l ~ l ~ ~  of bacteriophage similar in  specificity to F56  
wonltl rrsnlt in  rc>tartlation of acid prot~llctioll by both strilins. l 'hr total acid 
pro(ln(~ct1 by the c n l t ~ ~ i - e  then ~ ~ ~ o n l c l  tl(hpc.~~tl prcittly 011 t h ~  ~.(~n~ai l l i l l f i  strHjllS 



bavteria. IIo\vever. since secontlary c.l~ltures of 712 clitl not permit the nascent 
phc~lontt~~lotl, i t  S(~(>IIIS possible that,  followittg mnltiplic.;~tion of uninfected cells, 
t h ~  strain similar to IT2 t~iight "rec'ovc~" i ~ t ~ d  prod~ice sig~lificant amounts of 
IncGtic acitl during substvl~~ent  propagations. Ln tht. abst~nce of recolrc.ry thc pro- 
tl~lcdtion of acditl by s11c.h a ~riixt~trc. mo~tld be i ~ ~ f l ~ l e t ~ c c t l  to no greater extent than 
that which w o ~ ~ l t l  rc,sult fro111 tnitss lysis of thtb strains similar to 712 and \IT?. 

SIJMMARY 

Thc Ilascent pht~~iot i~et~ot i  wah folllld to occur with two of 14 strains of ha('- 
teriophagc. The acid-prod~lcing abilities of Streptococcirs loctis IT2 and Strep-  
fococclrs cre~nor is  111' ~vere  drastically reduced when either was culturetl with 
bacteria-bacteriophage c.olnbinatio~l 712-B56; further, \IT2 procluced very little 
acid when cultured with combillation HP-F59. In  cases where the homologous 
host bacteria w r e  omitted and in cases where secondary growth cultures of the 
host bacteria were used, acid production was not reduced, unless very large num- 
bers of bacteriophagc~ were employed. 

Large ilumbers of ?ither F56 or F59 clefinitely retarded the acid prodnction of 
11'2, even i n  the absence of host bactrria. l'artiel(~s of bacteriophage F56 were 
founcl capable of prt.vc>nting 11orlna1 tl~rlltiplic~atiot~ of IT2 cells. IIowever, niul- 
tiplication of the bat-trriophagc~ apgarently stoppc.tl prior to c~ot~~pletion. and 
bacteriophagc. capilblc of c.ot~~pltltt. ~ n ~ ~ l t i p l i c a t i o ~ i  011 IT? were absent. The 
Ilomologous host 1vhic.h prc~rionsly has btwl foulld necessary to occurrence of thih 
phenolnelion st~emetl clssential only as a means of supplying large I I I I I I I ~ ~ ~ S  of 
bacteriophage. 

A ilefinite specifivity of the ~ionho~ltologous culture was foulit1 neccassary to oca- 
cdurrence of the nascent pht~nonic~non, ant1 diflerencrs were fount1 ill the sel(~ctivc3 
abilities of different strains of bacteriophagc~. 

This study was supportt.d ill par t  by fut~t ls  from the California Dairy 111- 
c l ~ ~ s t r y  Advisory Hoard. 
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ACTIOS O F  BACTERIOI'IIAGE ON MIXED STRAIS  STARTER CTL- 
TTJRES. 11. RELATIOS TO ACID PRODI'CTIOS O F  T H E  

PROPORTION O F  RESISTAST BACTERlA 

E .  B. COLLIKS 

Uivisioa of Dairy Indrrstr!/, Gniuersity of California, Davis 

Although inixed strain starters, which may contain several strains of lactic 
streptococci, are used extensively in the manufacture of certain dairy prodncts, 
retarded acid development caused by the action of bacteriophage has remained 
of primary importance. The nse of inixtures has been considered to  decrease 
the occnrrenc.c2 of starter failure. Ilowerer, their use also has bean found t o  
coinplicate diagnosis of starter tlifficnlty and to make the effect of bacteriophage 
action less predictable. Among those who hare reported retardetl de~.rlopment 
of mixecl strain cultures clne to the action of bacteriophage are Anderson and 
Meanwell (2 ) ,  Johns (7 )  and Xelson et al. (10).  I n  addition to retarded acid 
tlevelopinc~~t, this laboratory has encountered starter failure caused by bacterio- 
phage, si~nilar to that  reported by Johns and Katznelson (8)  and Babel (3 ) ,  i n  
which the rc.tardatiot1 of acid production was as drastic and abrupt as that  usn- 
ally riicountered with single strain starters. I n  view of these different degrees 
of retartled acid development during the use of mixed strain starters, this study 
v a s  niitlertalren to determine the proportion of susceptible bacteria necessary t o  
permit the action of bacteriophage to apprecziably change the amonnt of acid pro- 
dnced by a starter composed of different strains of 8. lnctis. 

JIETHODS 

Since a previous study (5) had shown that  the "nascent phenomenon" would 
occur upon mixing c-ertain bacteria-bacteriophage c.ombinations, such combina- 
tions were carefully excluded from mixtures. Cult~lres of 8. lactis were propa- 
gated in litnius milk a t  32' C. Frrsh  llndiluted cultlire was added as inoculum 
for those experiinents in which the amount of a culture required was 1 per cent 
or greater. Fo r  smaller amounts, cultnres were diluted 1: 3 in sterile distilled 
water to facilitate measurement of the inoculom. Bacterial populations were 
determined a t  32' C. by the standard plate count (1) on tryptone-glucose-beef 
extract-inilk agar. 

The limiting active dilution inethod (6) was used for  estimating the most 
probable number of bacteriophage particles per milliliter of whey filtrate. Diln- 
tions were made in sterile skim~nilk, and bottles having the desired titer were 
used as inoculum. 

Experiments were run  using 300-ml. quantities of sterile skimmilk. Culture 
and diluted filtrate were added to bottles of skimmilk ~ ~ h i r h  hat1 been permitted 
to reach 82" C. i n  a water bath. Titratable acidity values and bacterial popula- 
tions were determined a t  hourly intervals following inotrnlation. Results of 
duplicate experiments were averaged. 

Received for publication Kov. 4 ,  1951. 
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RESULTS 

Experiments were run to determine the effects of adding about 2,500 par- 
ticles of bacteriophage per lrlilliliter to cultures inoculated with cqnal parts of one 
susceptible and one resistant strain of bacteria. For an  experiment of this type, 
four quantities of slriln~llillr were nsed. Threc wcrc inoculated with 1 per cent 
of the susceptible strain;  two of these three and the fourth bottle were inocnlatecl 
with 1 per ccnt of the resistant strain. Diluted bacteriophage filtrate then was 
added to the first and second bottles. Thus, the first bottle served to indicate 
grolr-tli of the snsceptible strain with bacteriophage adtled, the second and third 
bottles served to indicitte growth of thc t n o  strains with and without the atldition 
of bacteriophage, and the fourth bottlo indicated growth of the resistant cr11t11re 
i n  the absence of bacteriophage. 

Eight clifferent mixtures gave rcsr~lts similar to those rrported in fignrc 1 

TIME (HOURS) TlME (HOURS) 
FIG. 1. Diffcrel~ees in bacterial populstiol~ and titratable acidity causrcl bby a~ldillg 2,500 

particles per milliliter of bacteriophage 1 ~ ~ 5 4  to  a mixture of Str~ptococclrs  lnclis strains 565 
;1nn w2. 

for  a rnixtnre of 8. lactis strains 565 and 1Jr7'2. That bacteriophage F54 caused 
mass lysis of 565 was indicated by a pronounced decrease in the plate count of 
surviving bacteria between 3 and 4 hr. Following mass lysis, increases in titrat- 
ablt. acidity \yere very small, and the titratable acidity value a t  6 hr.  was only 
0.34 per cent. The culture containing both strains of bacteria and bacteriophage 
F54 gave plate counts which were slightly lo~Ter a t  3, 4 and 5 hr., immediately 
f o l l o ~ ~ i n g  the probable lysis of 565, than the same mixture without bacteriophage. 
At  5 hr.  the plate count for  this mixture was eve11 lower than that  for the culture 
containing olily W2 The production of acid was slightly retarded after lpsis 
of 565, but the acidity values for this n~ixture  were greater until about 6 hr. than 
those for 1772 pro~ving alone. The low acidity value a t  6 hr.  for the inisture of 
W2 and 563 was attributed to experimental error. 

Since the addition of bacteriophage to cultures inoculated v i t h  equal amounts 
of susceptible and resistant bacteria had caused only slightly retarded acid pro- 
duction, experiments were run  to detern~ine the cffccts of using smaller propor- 
tions of resistant bacteria. The resistant cnltnrr, 565, was used to make np 50. 
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25 and 5 per c c ~ l t  of the total bacteriiil inocu l l~n~ for  bottles which recvived both 
565 and W2. Bacterial populations and titratable i~citlity values for  mixtures 
with bacteriopl~age F?4 were vonlparcd to thosc for itlc~itical mistures without 
bacteriophage, i~nt l  to those for  c~ultures inoc.11latec1 with a~nonnts  of resistant 
bacteria equal to  those uhcd in  mistllrcs. Results of c~sperilneilts in  which the 
total bacterial i~ioculunl for mis t t~res  was 1 per cent a ~ ~ d  in mllicll about 23 bile- 
teriophagr partirlrs per l~~i l l i l i t r r  were added arc given in figure 2. 

TIME (HOURS) TIME (HOURS) 
FIG. 2. 1)ifferriices in bnctcrinl popu ln t io~~  :i1i11 titr:lt:kl~le :i(.i~lity en~ts(vl 1 ) ~  adding 25 

1)artieles per milliliter of bartrriophage 1W4 t o  m i s t ~ ~ r e s  of S l ~ r p l o ~ ~ o r ( ~ ~ r . s  Znrlrs strains W2 and 
,i(i.i. 

I%acteriophagcs k'24 c~l~scbtl sligl~tly subl~orrnal plate caor~nts a t  4 and 3 hr. 
~ r h e r e  culturcs 563 and W 2  \vcbre used in ecll~al proport io~~s.  Titratable acidity 
values also were slightly bclon- nor~nal  a t  5 and 6 hr., following the probable 
ltais of m2. IIonevrr, the plate counts a t  6 hr. nc re  a b o ~ ~ t  equal for  the two 
mixtures, and the titratable acidity villues \\ere only slightly clifferc~lt a t  7 hr. 
Rapid rclcovery tollo~vilig the 1)-sis of IV2 was i~t t r i l . )~~tet l  to gl.o~vth of strain 565. 
~2lthouph the p l i~ te  count for 565 aloilc. was abor~t  ( '(l~li~l to that for the mistnre 
~ v i t h  bilc.teriophajie a t  5 h r  , the aciclity ra1uc.s for  5(i5 \\-c3re somewhat lower 



throughout i hr. The higher acidity values for  the mixtnre were attributed to 
fermentation by TV2 prior to inass lysis. These ciiff'erenccls in  titratable acidity 
were similar to those obtained in comparing a n ~ i s t n r e  of 1 per cArnt W2. 1 per 
cent 365 and bacteriophage F54 to a culture of 1 per cent W2 (figure 1). 

The addition of bacteriophage cansecl greater differences in plate connts a t  
4 through 7 hr. for  mixtures in  which the amount of 56.7 was only 25 per vent of 
the total bacterial inoculn~i~.  That plate counts for the tnixturc. which containc.tl 
bacteriophage were lower than those for a cnltnrc. of only 565 was surprising. Tt 
sc>emed that  either the multiplication of 565 in the mixture had been retarded or 
that  bacteriophage F24  had caused a slight reduction i n  the population of 565. 
IIowe\,c~r, care had been taken to se1rc.t bavteria-bactc>riophage combinations in  
orcler to exclntle the nascent phcnomenol~. Titratable aciclity values were slightly 
lower a t  5 anti 7 hr. for the mixture to which bacteriophagc. had been added. 
That the acidity va111c.s for  these ~n is tn res  were approximately equal a t  6 hr. 
probably was clue to experimental error. 

Use of 563 as only 5 per cent of thc total bacterial inoculunl resnlte~l i n  (.sag- 
geration of effects which were less evident with larger amounts of resistant bac- 
teria. Bacteriophage F24 caused a decrease i n  the number of surviving bac- 
teria a t  about 4 hr., follolving the lysis of \V2. Thc titratable acidity vahics in- 
creased a t  a much lower rate than those of the culture lacking bacteriophage. 
There mas coilsiclerable lag in  the productiol~ of acid by the culture of 563 which 
had  received a comparatively small amol~nt  of bacterial inoculum. However, 
between 5 and 7 hr. the titratable acidity values increased rapidly, and  a t  7 hr.  
the titratable acidity for this cul t r~re was about eclual to that in  the mixturc. wit21 
added bacteriophagc,. 

To simulate the cultural coi~tlitions used i n  the ~nanufac.turr of cottage caheesc, 
a n  experiment was run  using a total bacterial inoc~ulum of 5 per cent. JZistures 
of cbnltnres 565 awl  W 2  were uscxtl with and ~vi thout  addition of about 2,500 par- 
ticles of bacteriophage F24 per ~nilliliter. The proportions of the resistant cul- 
ture, 363, were 50, 25 and 10 per cent of the total inoculum. Titratable acidity 
values are  plottrd i n  figure 3. 

Bacteriophage affected the amount of acid produced i n  cultures \vhivh re- 
c3eived a total bacterial inocululn of 3 per cent culture i n  a manner similar to 
that  which had been found using 1 pc3r cent. The artion of bacteriophage on 
a cultnre col~taining equal parts of 565 ant1 TtT2 resulted in  titratable acidity 
values which were slightly below normal a t  :3 through 7 hr., following the prob- 
able Iysis of W2. A t  3 and 4 hr., differences in titratable acidity for  these mix- 
tures were w r y  sniall. I n  cases where ,565 was used as 23 per cent of the inocn- 
1~111, t h ~  actiou of bacteriophage cansrd slightly greater differences in  acidity 
a t  4 through 7 hr. lJse of 565 as o11ly 10 per cent of the total bacterial inocnlum 
for  ~nixtures  permitted bacteriophage to c.ause grc~ater differences in  acidity 
values a t  3 through 7 hr., but eve11 with this comparatively snlall proportion of 
resistant bacteria, i~icreasrs in  titratable aviclity for mixtures which contained 
bacteriophage ~verc, c.onsiderable. 111 each case the titratable aciclity values were 
higher thronghont 7 hr. for the misture [*ontaining bacteriophage than for  the 
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c n l t ~ ~ r r  of resistant bacteria alone. TIowever, incrt,ases ill titratable at-idity 
were about rcll~al. Thns, the groxvth of snst-cxptible and rt.sistailt hacteria ap- 
pearcd to establish the level of acidity at  the time of mass lysis. Il~csreases ill 
titratable acitlity above that Ic.vel wc,rcb sin~ilar to incr~ases tdansed h>- the rr-  
sistailt bacteria gro\vil~g alone, ancl tht, acid contrib~~tc.tl by the susct~ptihl~ c111- 
tnre follo~ving lysis appeared ~~t~gl ig ib l t~ .  That the sr~sccptible cnlturr protluted 
very little acid following mass l.vsis also was sho\vi~ by the vase in which bac- 
trriophagc 1a4 wiis atldctl to 5 per cel~t of s t r i ~ i l ~  IT?. 

TIME (HOURS) 
FIG. R. Diffen~nres ill titrntal)lr aridity raused I,y adding 2,500 partirles per ~ ~ ~ i l l i l i t r r  

Of b:icteriophage FP4 to n~ixtiirc*.; of Sfrr~ptococcnn l n r t ~ s  ntra i~~s  WU nnrl 5G.i. 

Although the addition of hactc.riophage to mixtures of suscrptible and re- 
sistant bacteria rt,s~rltetl in subitorma1 acid protluction after mass lysis of the 
snsc.c~ptible strain, the acitlity va1nc.s were higher than those for crlltures of equal 
portions of resistant bacteria growing separately. IIowever, subsequt~llt in- 
creases in titratable acidity for snch mixtures wercl similar to illcreases for cnl- 
tures of oilly the resistant strain. Appare~ltly, thr total bacteria present prior 
to mass lysis determines the acidity at  lysis for ;I mixture of sllsceptible and 
resistant bacateria. Follo~ving lysis of the s~~sceptiblr  strains, only the resistant 
strains of bacteria are important in the colltinued production of acid. Thus, 
the degree of subnorn~ality ill acicl protlnctio~~ which may be caused by the ac'tion 
of bacteriophage oil a mixed strain starter is it~flnellcc>d by tht. time a t  which the 
susceptible bacteria arc, mass-lysed, by the proportin11 of hac*tclria which are not 



sl~sceptible to the strain or str i~ins of 1)acteriophage ~)rrsent.  ancl by the acid- 
protluctio~~ rate of the rc,sistant bactcrii~. 

T i t h  rach of the inistures 11sri1 t l ~ r  rate of acicl ~)rocluction n-as only de- 
creased by the atlditiou of bnctc.riophage. Evcbn with ~ n i s t ~ i r r s  which contained 
compi~ratively large proportio~~s of snsc*c.ptible bacterii~, cases of sutlil(~aly inter- 
rnp t~ t l  avid protluctio~~ wercL not enco~u~tcrctl. Titratable avidity Y ~ I I U P S  very 
closely resen~bletl tl~ose obtiiinrd by I<atz~~c,lson and IIootl ( 9 )  follo~t-iug the 
a d d i t i o ~ ~  of different :unou~lts of penicillin to milk, iuld tlioscl obtained by Brad- 
field cf 01.  (-1.) \vitl~ n~illi \vhich c o ~ l t a i ~ ~ e d  il~rrron~yc.in. It is appartLilt that in 
cases of retartled prodnction of acitl by ~ r ~ i s r t l  st~.;iil~ starters one van not use 
titratable acsitlity valr~c.s as ;t nlraus of safely tlistinp~iishing betwec>n cases ri111sed 
by antibiotivs anti those resulting from the iietion of bactc~~iophagc. 

Colnnlerciallg prcsparrtl ~n i sed  strain c ~ ~ l t u r e s  ]nay eonti~in several strains of 
lactic streptococci; ill somo vases $ or 10 strains arc 11set1. Although the suclden 
appearance of several s t r i ~ i ~ ~ s  of b;~c.teriophage in tho chcc~st  at srelns ~ullilrely, 
co~~tinuecl use of a inisetl strain stiirter nlay r e ~ u l t  in the bnild-up of a s~~ff ic ient  
ni~mber of bacteriophage strains to causca s ~ i b n o r ~ ~ ~ a l  clevc.lopme~~t of acitl follow- 
ing 1)-sis of the iuajor portion of l)acteria. Suc.11 a graclni~l devc~lopmn~t of diffi- 
cnlty probably xvonltl becao111e evitlent ;III(I \vonltl seem withi11 limits of control. 
The employment of adeqnate s an i t a t i o~~  practic*c:s and c o ~ ~ s t a n t  vigilanrc. to dis- 
continnc for solnc tilnr the use of starters upon evitlr~~t*e of rctarded acid de- 
velopn~ent ~voulcl see111 adequatr. Crri~tlllal b~liltl-np of baetc~riopliagc strains 
active against the bacteria of a n~ixeil strain vulture n ~ a y  be citcld as an esplana- 
tion for certain cases of retartlctl acid tlevelopn~ent. T lo~~~ ,vc r ,  this i~~ te rp re t a -  
tion docs not appear to adeqnatcly csplain sudtlen f a i l ~ ~ r e .  

111 view of the fact that the inajor portion of fast i~t.id-prodncing bacteria in 
a nlisture must be s~~scrptible to permit thc action of bixeteriophagc to cause ap- 
preciable subnormality of acitl t lert~lopnle~~t,  the use of equal amounts of two 
unreli~ted starters eilt.l~ day for chcv.?sc~n~alriug wit11 plannc~tl claily rotation of 
startcxrs appears to 11ilrr considerabl~. merit ;IS a prchtaantion ilgainst starter diffi- 
culties dur  to the ac t , io~~ of bacteriophage. ~ I l t hong l~  this practice is seldo~u fol- 
lo~vctl in tho United States, the roti~tional us(? of two single strain starters each 
day has been practicc,d estc~~~sivcly ill Ne\v Zeala~~tl .  In the prescbnt stutly the 
effect on acid procluction c a ~ ~ s e d  by the a c t i o ~ ~  of I)i~ctc,riol)hagc \vas very slight 
ill cases ~vhere susceptible 1)act~l.iR were nsecl as 50 per ccut of the total bac- 
terial inoculum. Even ill cases \vl~care a snsceptiblr strain was nsrd as 7.3 per 
cent and $10 or 95 per ceut of a ~nisturc,  the atldition of bacteriophage clicl not 
callsr the acid production to lag more than about 1 hr. ancl 2 Irr.? rrsprctirely, 
bchincl that for c o ~ ~ t r o l  v u l t ~ ~ r v s  \vhich laclred 1);tcteriophage. Thus, the rota- 
tional use of equal alno1111ts of two 111irclatrd s t a r t ~ r s  ~vo~rlil seen1 to give consid- 
erable protection against starter difficulties d11o to the ac.tion of bartcriophage. 
With cert,ain dairy prot111t.t~ ~ ~ ~ l ~ i c h  rccluire lactic startvr, single strain cultures 
are sufficient; with oth(,~.s, mnltiple typc~ c11ltlu.c~ In*- I)t. recl~~ircd. Thr use of 
~=r(ual a n ~ o ~ ~ i i t s  of u ~ i r ~ l i i t ~ c l  less co~npltks startvrs ant1 la~o\vl~~tlgr of the exact 



strain or s t r i ~ i ~ ~ s  of bactrria nsrcl ill their preparation \voulcl greatly si~nplify 
diagno\is of startcar tlifficultic,s. 

I'latr co1111ts i111d titriltable iicidity values \Yere sl~bnorrnal following the ac- 
tion o f  bavtc~ritrpl~agc~ on ;I 111istlll.e of one silsccptibl(. and o ~ ~ e  resistant strain of 
bactrria. \\rlie~i t l~(:  sus~cptible strain \vas lis(h(1 to 111illie np  50 per cent of the 
total bnctcrial i ~ ~ o c n l l m ~ ,  plate cou~its and titratal)lr avitlity r a l~ i r s  lyrre only 
sligl~tly below normal. I>iffere~~ces in platr cotlnts \rere ~~egligihle 2: to 3 hr. 
afttar the hactrriopbage had causecl Iysis of the susceptible strain. Iisc of the 
susc.c.ptibl(b s t ra i~i  as 7.3 pc,r e r l~ t  of tltc ~ o i s t ~ ~ r e  p r r ~ ~ ~ i t t r t l  bi~cteriophage to canse 
grrater deviatio~is in plate eoluits ant1 in titratable i~ciilitp, but even in  misturrs 
\vhic.Ii co~~ta ined snscc~ptible bi~ctrria :IS 90 i111r1 95 per (~21it of the total bacterial 
inoculun~, the pl.odnvtio~l of avid \vas apprecaiable anrl greater than that in cnl- 
tnrcs 1vl1ic.11 lii1tl bee11 i~~oc~ili t ted wit11 only res is ta~~t  bi~vteria in anioiunts rq~ta l  
to thoscx ~ ~ s e d  ill 111ist1tres. 

.\C'BNO\VLI.:D(:31 E S T  

This s tu t l~-  \\-its s l~ppc~ . t c~ l  in  p;rrt by f i i ~ ~ t l s  fl.om ~ I I P  Cillifor~~ia 1)ail.y In- 
dustry Advisory I3oi11.d. 

REFERlZNCI'S 

(1)  . \ > r ~ ~ I c . h n  Prrrr.~c TIEII.TII ASXOI.I.\TIOS. 811111d(1rd . l l ~ / l r o ~ l ~  fo r  / b e  E . ~ ~ I I I I L I I M / ~ O I I  of 
Dairy 1'rodrrt.ls. 9th ell. Am. 1'11h. Hvi1lt11 ASSII., XI-IY York. S. T. l!)48. 

(2 )  ASDERSOS, E. I:., .\SD .\IE.\STVEI.I.. L. J. 'I'l~e Prol t len~ of I3:trt(,riopl1:1~1. i l l  C'11ec.s~ l\I:~k- 
ing. 1. O l ~ s c r ~ - : ~ t i ~ ~ ~ l s  : I I I ~  I l t \ . rs t ig:~t io~ls  o11 SIOIV .\(.ill I ' r~bdu(~ t ic~~~.  .T. Tk1ir.v RP- 
SC:ITCII, 13 :  58-72. 1!14!?, 

(3) I:.\BEL, F. J. F :~~ ' to r s  I I I H I I C I I ~ ~ I I ~  .icid 1'rodl1(.ti~111 b ~ .  Cltcese C'l~ltorex. IT. Itlflocl~ee of 
E : ~ c t r r i o p l ~ : ~ ~ '  on 2\vitl Pro~l11(.tio11 ill t l ~ r  l \ I : ~ t t ~ ~ f : ~ c t t ~ r ~ '  of Cl~c.cl<l:~r :i~t,l ('ott:tgr (~IIC~CS(>. 
J .  1):tiry Sri., 29: 5!li-ljO(i. 1941;. 

(4 )  T3n.%nvrer.l1, .\.. REXI. I.. A, .  . \XI) .TOIINSPONI,:, I) .  P,. The I'rrst,~ler, of A ~ ~ r c o n ~ ? r i ~ i  i n  
Mill; rind i ts  Effvrt 1111 (.II('<'SC i \ I : l l < i ~ ~ ~  atid S t i ~ r t ~ r  . \ r t i r i ty.  .T. 1):tir.y Sci., 35:  51-58, 
19.iL'. 

( 5 )  C ~ I I I S S ,  E. I .41.tio11 of I::~ctr.riol~l~:tgc on Misr11 S t r i ~ i n  St:~rtri. ( ' I I ~ ~ I I ~ C S .  1. Sntl l re  
: I I I I ~  C ' I ~ : ~ r : ~ ~ . t t ~ l ~ i ~ t i ~ s  of t l l~ '  "S:~si.l'tlt ~ ' I I ~ ' ~ I ~ I ~ ~ ~ ~ ! I I J I I . "  . I .  I):liry Sri., 35:  371-:{SO. 
1!1.72. 

(6 )  COLI~IXS,  1':. I!. R( . l : t t io~~ of' I)iff'c~r('t~t SUIII~I(>I.S of I l : ~ ~ ~ t e r i o l ~ l ~ : ~ ~ e  : L I I ( I  E:~ct( ' r i ;~ to  PCIIIU- 
1:ttion ('~1:lllges :lll,l A ~ i < l i t y  Pr01111~tioll. .I. 1):liry SE~. .  34: 894-!l04. l!I>l. 

( 7 )  .Tor~cs, C. I<. F t ~ r t l ~ ~ r  S t~~( l i t ,n  011 l l : ~ v t e r i o ~ ~ l ~ : ~ g e  in 11(>1;1tio11 to  Cl~~vI~l: i r  ('lt(~,sc, lT:~l;it~g, 
.T. Dairy Rrsr:irvl~, 13:  1 1!)-12?. 194R. 

(8) .lOrINs, C. I<., A s l )  I<ATzsl.:l.SOs. IT. St t~dit ,s  011 l l : l r t e r i n ~ ~ l ~ : ~ g ~ ~  it1 Il,~l:~tio:t to ('II,, ltl:~r 
Cl~eesc 1Iaking. Call. J. Rrnc:1r111, S~srt .  C, 19:  49-53. 1941. 

(9 )  J Z I i ~ z s ~ ~ s o s ,  II., .\SD TIoon. E .  (4. Itlfl~~rtt(.c o f  P e ~ t i v i l l i ~ ~  : I I I ~ ~  0 t l 1 ~ 1 .  .\t~tillioti~.s 011 

T,nrt,i14 Streptororci ill Stm.t<.r ( I ~ l l t i l r ~ ~ s  IIS<'<I i l l  C1t( l~l~l :~r  CIICV'X~ i\f:~l;il~f:. .I .  1):liry 
Sei., 32:  9G1-9(i8. 1949. 

(10)  S E 1 . s O s .  I". I.:.. Fl \ l ~ a l l l . \ r .  I,. .I.. . \ s l ~  I l . \ " i l l E ~ ,  I:. \V. SIOIV .\rill I ' r o ~ l ~ ~ < . t i o ~ ~  I I ~  I l ~ ~ t t ( $ l .  
Cultnrag. Iown Agr. E s p t .  Stn.  Ren,h:~rrl~ Bull. 2.5fi. 1930. 



TIIE HEAT STABTTAITY O F  EVAPORATED RIILIC AS  A FUNCTION 
O F  THE STEAM A S D  IITDROSTATIC PRESSURE 

APPLIED I N  TIIE FOREWARMING O F  JZILIC 

The usual pretrc.atnient procGess used in tht, preparation of raw lnilli for the 
n~annfar tnr r  of evaporatetl lnilk co~isists of heating tho milli, prior to eraporation, 
to 190 to 210" F., (,ither by thr  direct injertion of steam into thr  milk or in- 
directly by circulating the milk through tubular heat rxrhangers. Occasionally, 
the niilk is heated to tempc~raturc~s abovr 212" F. in it11 attrnipt to improve the 
heat stability. 

I t  has becan Iino\vn for Inany ycars that if raw ~nillc is Ileatcd to trlnperatures 
abore 212" F., the hrat stability of the subseclncwtly prodnc.etl evaporated inilk 
is improved generally. Grintlrod (2)  found that evaporated ~nilli ~nacle from 
raw millc \chivh had brrn heated rapidly to e1eratc.d te~nperat~u'es, such as 260' 
F., was improvcd in Iic,at stability. IIe attribntrtl t,he c,ffect to clisruptio~~ of 
thc protrin by the high reloritg of t h ~  steain nsed. Later, TVrbb ct  01.  ( 7 )  found 
that the hrat stability of millc c.ould br incrc~ased greatly by heating i t  indirertly 
in a heat exchanger to relatirc,ly high teinperatnrc.~, for example, in the range 
280 to 290" F. The t i n ~ e  reqnircad for the cold niilk to rchach these temperatures 
was approxirnatrly 8 scxc.. antl the tint(, of holding a t  thrsr t~mpera turcs  was 
25 see. 

The milk, whrn treated by either of the two preceding processes, was found 
to be u~lsatisfactory for nir in thr  preparation of commercial sterilized evaporated 
milk hecanw of the lo~v viscosity and poor storage rli~ality of the sterilized prod- 
uct. In order to rrtlncr this diffivulty, Webb c t  al. (5) suggc.sted subjecting only 
part  of the inilk tc~ the high-trmperatnre prowss. I t  \vas presumed that  the 
sterilization process conltl he controllctl either by n~ixlnp the proper i ~ l ~ ~ o u n t  
of high-tenil>c.raturt. heat(>tl ~nilk with 111111i processed in t11~ usual iiiannc~r. or 
by retlncing the teinperaturc, of th(. heat treatinc3nt 

It \\,as noted by Grintlrotl ( 3 )  and later hg IZell r t  al. (1 )  that the= rclry 
heat-stable evaporated milks proilurrd by the high-tr~npc~raturr treatment \\ere 
improvc~tl in storage stability if the, sterilization prore\\ xere severe rnoagh to 
produrc. an inrrrase ill color of thc sterilized milk. All atteinpts to produce 
stc.rilizetl evaporated milk light in c.olor wrrc acccnnpanic~d by rapid fa t  separa- 
tion on storage, follo\vc.tl oftc.11 by grlation. Bell c t  al .  (1 ) r'lnarlied that, "Long 
continuing fluitlit>- and high hrat stability ar r  not correliited. Long c.ontinuing 
flnitlity i\ rathrr  dnr to changrq ci~nsrd hy heat 1v1ric.h are asioriatc,tl \vitll a 
darker color and Inore voolietl flavor." 

TTTliil(~ it apprars that highly hrat-stablt, inilk protlucc~tl by tho prorrsses re- 
ported so far  is not satisfac.to~.g c.o~l~~~~c~rc*ially. it is the' p11rpose of this paper to 

Rrreirr.ll for pnlllic.ntion J l ; ~ y  03, 1051. 
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EVAPORATED MILK 389 

report 011 a process for the protlnction of an  evaporated nlillt of above-normal 
heat stability but without the defects associated with highly heat-stable milk. 
Ho~vever, this proibc,ss appears to be li~nited to milk of good natural heat stability, 
that is, inillt low in salt contc,nt, pritnarily calcil~n~, in relation to protrill. 

Tl~c, steam jet asse~nbly was fortnc~tl by passing a s~nal l  steam line through 
the 1-in. cap of a tee ~vhicah was located betwren the pump and hot ~vell. The 
steatn line p ro j ec t~d  through the cap approximately 1 in. This sec.tion, or noz- 
zle. was detachable so that nozzles iwntaining orifices of varions sizes could bc 
used h thc>rmometer was located in the linr approxintiitely 5 in. from the 
nozzle. A spring-loadetl valve for tipplying h1c.k pressure was located in the 
line near the outlet to the hot well. 

The general procedure, followrtl in the preparation of above-normal, heat- 
\table evaporated milk was as follows: A 50-lb. lot of cold raw milk ~vithont 
prerious heat treatmc~nt was hmtrd  almost instantaneously from 40 to approxi- 
mately 210' F. by thr  injevtiou of steam into the nlillt while i t  was bcing pumped 
by a positive dispiacc~~nent pmnp a t  the rate of 8 lb. per minutr, and under 20 
to 40 lb. gauge pressnrc3, from thi, supply tank to the hot well Variation in the 
operation of the steam injection process was obtilineil by changing thc ~ ~ o z z l e  
to one caoutaining the proper ~ ~ r u n b c r  of orifices to give the desired manifold 
pressure, and by cwnstriiXtiag the millt outlet by means of the spring-loaded 
valve to give the desired back pressnre on the milk. 

The milk was held in the hot ~v r l l  less than 5 min. a t  190 to 200' F. This 
was followed by evaporation, homogrl~ization a t  2.500 lb. per in.' a t  130 to 140' 
F.. cooling to 40° F. and standardization to 7.93 pl,r c n ~ t  fa t  and 26.5 per cent 
total solids. The milk was filled into 14.5-oz. stantlard cans. 

Th(. sterilization procrss used ~ v a s  described by Nelson ( 5 ) .  bnt briefly, i t  
consisted of il preheating prriod of 9 min. at 225" F., followed by a cooker prorrss 
at  the times and t,e~nperatnres given in tables I and 2. Heat stability was detc,r- 
mined by thr  number of minutes reclnired in the csooker ;it the given tc.rnperatnre 
to produce a slight fi1111 grain in t h ~  steri1izc.d c~vaporatc~rl milk. Color was rsti- 
~natecl by thr  spectropl~otonietrii. method as used by Nrlson (4).  

The data in tablr 1 are typii+;ll of the efTrc.ts prodnc.rd by ~rariations in steam 
and hydrostatic prrsyure used tlnring the forewarming of raw milk on thr  time 
required in the roolter to protlure rquil-alcnt grain formation in the evaporated 
milk. One week (.lapsed betarcw the preparation of lots 1 and 5 ;  therc,fore, 
these lots of millt are not identiidal. I n  San Jose, however, seasonal chanles in 
heat stability arc. gradual and not so marltrd as in the colder regions. 

The, normal 11ei~t stability of evaporated milk prepared in the usual com- 
mercial lnanner in Sail Jose varies from 6.5 to 7.5 min. at  250' F. I t  is apparent 
that lot 1 is arerage in heat stability. The increased manifold pressure used in 
lots 2, 8 and 4 rcsnltecl in an increase in the hiwt stability of the evaporated 
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TABLE 1 

The effcct of variation in steam anfl hydrostatic pressure on tke heat stability of euaporntcrl milk 
-- 

Steam m : ~ ~ ~ i f o l d  Cooker 
- .. - 

Lot Steam pressure H,nlrostatic - 
1)ia. of a t  manifold prcs911rc 

No. of holes c:,eJ, hole Timc Temp. 

(in.) (psi) (psi) ( ~ I ~ I I . )  (' F.) 

milk. The mauifold prcssurc in lot 5 is reduced, but this is coinpci~satcd by tllr 
increase in back pressurr. Siuce the increase in manifold and bac.k pressure is 
eqliiralellt to an  increase in temperature of the steam at  thc time of its e011de11si1- 
tion in the milk, it is probable that  a fraction of the milk is heated to a rela- 
tively high trinpcrature, although for a. uery short period of time. Thr cvitleilce 
is nithout dirc,c.t proof; however, the inarlrccl lo~vrrinp of the volatilr sulfide 
colltellt (~u~pnhl ished data) is in agree~neilt with the data fo1111cl b5- T~oxvnley 
and (:onld (6)  for milk heated a t  high tt~inperatnres. 

I n  tahlr 2, lots 1, 2, 3 and 4 represent milk ill nliieh thc c,ffec.ts of long ancl 

TABLE 2 

A co~l~lwrri.vott of rookrr Iiroccnscs tcith reapect 10 tlte plt?lsirol liroperiies of eraporated ?~lilk 
]ircpnrcfl from ,jet-trcaled raw mill: and store11 90 d. a t  100" P. 

Lot  - -  
('ooLcr process Tine. a t  % reflectance Grain Destnl~ilizrr Fat 
Tin,e Tcmn, i.5' F. a t  520 XI n,l<lr<l se~~:~l . i~t iol t  
- - - - - - - - 

 it ( . (Bf. U . )  (7111.) 
1 13 zan 30 64.5 ~ 1 .  fi1111 o 1 + 
1 5 253 11.3 hy. film 1.5 1 + -- - 
2 14 931 60.8 sl. film 0 1 - 
2 5 253 64 iG.2 sl. filrn 1.4 1 - 
3 1 3  " 3 0  44 68.0 sl. film 0 1 + 

5 253 87 10.0 film -- - 
18 250 .i 0 68.8 -- ., sl. fillll 
5 "33 50 1.1.- - - sl. film 
3 260 ($8 1.1.8 sl. film 
8 260 95 75.2 ]lone 
4 21;Il i l l  75.3 - .  liln~ 
5.2 2.5.5 .5 8 I lr.2 sl. fill11 
8.0 248 84 i0. I film 
- - .  - - ---  - 

short coolter pt.oec~ss~~s a1.l. (.o~nparctl. Since ;III ~+Tort wits ~~lit t le to 11ave all 
equivaleilt grain contlitiol~ nt the end of the procdcss, it xvas I1i'ccxssary to tlcst;tbil- 
ize that portion of tilo millr nsctl for the sltort procGc'ss by th(1 atltlit,io~i of 10  per 
cent CaC12 or S pltosphorii: arid. Tllc short-process milk is lighter in color 
than normal (normal is GG-68) and the long-proces.; mill; is dar1ii.r in rolor tllau 
normal. The proec,sscs used on lot 5 are idcntiral. T l ~ c  objcct is to note the 
effect of viscosity aiid dcstabilizer on the fa t  separation of the two lots. Lot 
6 is commcrcially forct\\arn~ed millr and is added for comparison. 
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After  90 days'  storwgc3 a t  100' l'., sa~iiples were inspc1c:teil for  gelatin and  
Sat sc>paration. So p l a t i o n  or incrcli~sc. in riscosity was f o ~ ~ n t l .  F a t  separation 
was evident ant1 \\-its cs t i~r~ated by risual inspection. This is a commercial pro- 
cedure and  is b;~scd on the anlount ant1 toughness of tlie f a t  layer. Index 1 
represents a thin layer of fat,  incorporated easily into the ~ n i l k ;  i n d t ~ s  2 repre- 
sents a n  objectioniiblr amount of fat ,  inc.orporated with Inore difficulty into the 
milk; index 3 rc.presents a n  objccdt,ionable a ~ n o u n t  of fa t  which ( ' i t~l l~ot  be 
stirred into the, ~nilli. The signifival~t foature of thc>se tlat,a is that  IIO iippreciable 
differc~11c.e exists i t 1  fiit s e p a r i ~ t i o ~ ~  bc,t\\-ec.~i inilk light i ~ n d  milk darli i r ~  (tolor when 
a c1estabilizc.r is ~rsc.d i n  the, ntilli light in color to develop a eomp;irable vis- 
cosity. This is not t rue of 111i1li f o r e ~ ~ a r m e d  in the usual manner, such as  lot 6. 
Lot 5, which (lops not hart, i~cltletl drstabilizer and is low in riscosity cloes show 
a n  incrc~ase in fat  separation. but it  is less than expected. 

The use of the steam-jcbt process on nlilk low in natural heat stability was 
not succ!essful. Pilot exl)c.ri~nents performed in Wiseorisin during the late 
winter and  early spring 1\-(,re not suc*cessful in increasing thc heat stability 
of rill\- milk abore the average attained by conniiercial procdesses. This m-as not 
unexpected in  rie\v of t h ~  rcalatively poor heat stability of thch nlilli a t  this season 
of the year. Latc~r, ho\vrvc~r, when th r  heat stability of the rnilli had improved 
to somcb extent pilot (.spc~ri~nents indicdatcd no n r t  gain in hoat stability from the  
stcam jvt process. 

DISCIYSSIOZJ 

The f o r e w a r r l ~ i ~ ~ g  process d(.scribetl furilishes a co~~vc.nient method for  in- 
creasing the fat  stability of milli used in the preparation of sterilized milk lighter 
than normal in cwlor. It permits thc derelopment of a satisfactory viscosity 
which differentiatchs this process from similar processes in commercial use. Coin- 
mercial processes use back pressurch sufficient only to  heat the milk to  t l i ~  desired 
temperature. This results in a ~notlcrate increase in heat stability, hut a de- 
cided loss in  visc*osit- occurs. I%oth processes reqnire milk of good ntitliral heat 
stability. 

It is not lrno~vn why ~nillc low i n  natural lieat stability fails to rrspond to 
this process. I11 general, these millis are  low i n  protein in relation to the salt  
content, especially to calcium and  magnesium. It is assumed gcncrally that  
casein, which constitutes t h ~ :  greater portion of the protein, is affected directly 
by the salt  balance in the hciit coagulatio~i of milk. This may br  true, bu t  the 
possibility exists that  t h ~  salt balance operates to some extent indirectly on 
the c a s ~ i ~ l  through its cffrc.t on the clenatnration and coagulation of the whey 
proteins. 

SU.IfMARY 

A proves5 has h(>cn t1rvic;ed for  thc htaat stabilization of rnilli which is bawd 
upon t h ~  regulatioll of the nianifoltl \tc%am pressure a n d  the hydrostatic back 
pressure applied to the milk. 

Thr  process diffc>~.s from those ~.eportc.d previously in that  par t  of the ~ni l l i  
is heated apparc.ntly to a high t e m p c r a t ~ ~ r e  but coolrd with rstrenie rapidity by 
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the remainder of thc. inilk to the desired telnperature, preferably 200 to 210' F. 
It appears that  Inilk which call be stabilized by this procAess is snitahlc for 

mannfachturr of evaporatcxtl nlilk light in rolor. 

The author is indebtcld to 1'. C. Wilbur i l~ld A. E. I'evh for thc~ir ralllable 
snggestions and criticisn~. 
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A1;TERAl'IONS IS SPECIFIC GRAVITY I)URIr\'C+ T H E  RIPENING O F  
BULL SPERMATOZOA 

Esptaril~lrnts airiling a t  R s(*parittioll of bull sperluatozoa, according to size, by 
the ai(l of a c*olultc.r-c:l~rrt.~~t, c.c'lttrifuge, the principle of which was skc~tc*hccl by 
Lilldal~l ( 8 ) .  s ~ ~ g g ( > s t c ~ l  that chat1gc.s in specific density or vol~m~c. oc.c.nrrc~tl tlllr- 
ing tlit' ripeninfl of the sp(>rnr cells. A review of literature failed to reveal any  
data c.onc.crning such changcxs. F o r  our purpose it was 1lec:essary to define a 
scries of ripeniug stages deli~~literl by visible changes. As suc:h we hare made 
use of the loss of the residual protoplasm ant1 the c.essatiott of motility and dis- 
tingi~ishecl three stages: Sper~natozoa with resitlnal clrop,   no tile^ ones without 
resitlual tlrop, and 11on-motile ones without rc?sitlnal drop. T h ~ s e  three types 
h a w  been denon~inated unripe, ripe, ant1 over-ripe. To ha able to follo\r altera- 
tions in  the specific density of spermatozoa, \v(. havv carried out deterniinations 
of the mean density of the sperm cells in a n ~ ~ ~ l i b ~ r  of t~ja(:~iIates taken fro111 nor- 
mally fertile bulls, and related the obtainetl data  st;~tistic;~lly to the frequencies 
of ~lnripe,  ripe and  over-ripe spernratozoa in the ejac.11lates. 

I'reliminary experiments were rarried otlt (luring .July and August, 1949, in 
the laboratory of the I<ull 13reetli1lg Association a t  Falkenberg, and then con- 
tinued in this Institute, 1v1rc.r~ the prcsent experinrents were performed d u r i ~ l g  
September-October, 1350. 

bIATEI1IAL AND METHODS 

All the eight blills (Swcvlish red and white cattle). from 1vhit.h sperm samples 
\vertA collected for  the present work belong to "Eakopiagsortens seminfiirening" 
ant1 were nsrtl it1 regular service every 4th day. The arerage percentage of fer- 
tility" of these blills varied from 54 to 58. Sperm samples were taken (hiring the 
periotl from Aug. 21 to Sept. 22, 1951. Sperm was collected by the method of 
thr  artificsial vagina. Eac:h time three ejaculates \vercJ taken from th(. S H I I ~ P  bull 
ill ill~l~rt~diat(l s11~c~'ssion to provide a desirable variation as to the frequencies of 
rinripr, ripe ant1 over-ripe spermatozoa. The c,jaculates are  numbered 1. 2 and 
3 i l l  thc order ill mhich they were cwllected. I n  all cases the sperm samples mere 
tlill~tecl t,hree times with a slightly modifietl phosphate-buffer solution of Phillips 

Received for publication Nov. 26, 1952. 
I Dealing with non-morphological changes in tllc sl)rrlliatozoa, wllich seem to occur prior 

to :IS \re11 as subsequent to the loss of rrsiilu:~l protopl:isrn, i.e. the completion of morphological 
m:~turation, we prefer to use the term ripening i1iste:id of maturation. 

2 As we are not interested ill any rrl:ltioli to fertility of these spermatozoa, hut only want 
to fix an arbitrary limit 1)etween ilifferrlit st:~ges of ripeness, we have not differentiated our 
spermatozoa in "progressively a(lvnncing" onrs nn(l otlirrs, Ijnit in "actively moving" :und 
" noln-motile" ones. 

:< Calculated ns the IIIIIII~)PI .  of 11r~gl1:lllrics per 100 first-inseminations. Pregnancies were 
detcrmii~ed 2 mo. after insetnitt:~tiol~ 11y ~>:~l l"~t iol i  of nterus via rectum. 
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and Spitzer (11). When usc.cl in our esprrinlents, the spermatozoa had been 
stored in this solution for about 4 hr. nt 3 A 0  C. To remove the seminal plasma, 
the snspension was centrifuged for 10 min. a t  2,300 g., a treatment that  did not 
appear to cause any mechanical i n j ~ t r y  to the cells. 

The specific gravity of the spermatozoa was detenninetl by suspending equal 
a~nounts  of the sperm cell sediment obtained above in a series of solutions of dif- 
ferent specific gravities, the lightest having a lower specific tler~sity than any of 
the spcrlnatozoa, the heaviest being of about the same density as the clc~~sest sper- 
matozoa. The sperm cell suspensions in the appropriate inedia were centrifuged 
a t  2,300 g. This was clone in  hematocrit tubes with the wide part gradnally and 
smoothly running into the capillary part, thus permitting all spcrnl cell5 of 
greater density than that of the medium to sediment do\vn into the gratletl capil- 
lary. Thc centrifugation lasted 10 min. Prolongation tlicl not reduce the lleizht 
of the setliment c~)lumu any more. Provided that the pacliing coefficient of 
unripe, ripe and over-ripe sprrnlatozoa differs little, the clescribed procedure 
permits a calcnlation of the fraction of spermatozoa having a lower sproific density 
than that  of a certain trst fluid. The total volume of all spermatozoa in the 
sample was obtained by centrifuging a correspo~ldillg sample of sperlll c ~ l l s  in 
the lightest meclium. The test sohltions to be used mnst have a rather high 
specific gravity, being a t  the siimcJ time physiologically inert. Thus a t  concen- 
trations sufficiently high to give thc ilesirccl specific gravity, the dissolved com- 
pounds mnst neither exert an osmotic pressure strong enough to diminish the 
volnme of the spermatozoa by reducing their water content nor increase the 
viscosity of the solution too much. For  this purpose we have used water solu- 
tions of methylglueamine salt of umbradil (2,5-diiodin(~-J,-~~yri~lon-?\'-acetic acid) .4 

By balancing the concentrations of the two coinponcnt.; in a snitable way, p H  
was regulated to '7.1. I t  appeared appropriate to use five test solutions, the 
physical properties of which are given in table 1. The specaific clcnsities of these 

1 ~ 1 1 1 b r i r r l i l - ~ ~ r r t l r y l ~ ~ l ~ r c n a ~ i r ~ e - s n l t  so1rrtioir.r rrs~tl as trst l iqrr i i l s .  ] ) I f = 7 . 1  
-. - - - - - 

Sperifir Os~notic 
gravity prrssllre (atm.) 

solutions were cletermined by weighing the solutions in pycnoineters and their 
osmotic pressures were taken from a. curve relating o.;motic pressure to specific 
gravity for the actual concentration range. The osmotic pressures of this curve 
were calculated from vapour-lowering determinations aceortling to Wright (15). 

4 TTre thank Professor E. Rkrkny, T l~psa l :~ ,  for 11:11ing t~lrllrcl our attention to  this group 
of eoml)ounds in  our search for n suit:~l>lc sul~st:~nrr. TVc ;rrr \cry nlurl~ inrlcbte(1 to Autra Ltd., 
Siidertiiljc, for h ~ ~ i l l g  gcllero~~sly l)lnae(l uull~r:lrlil n ld  mctl~?.lgluv:~n~ine to our disposition. 
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11s seen fro111 this table, the osinotic pressurc%s are high as colnpared with that  of 
se~ilinal plaslna (c. 8 atm., calculatetl from data con~pileil by Antlerson (1)). 
Ilowever, as is well known, lnainmal spermatozoa are rat11c.1. rrsistal~t to hyper- 
tonic solutions, and the spernlatozoa showctl a n  intcnsr lllotility even after 30 
inin. in the highest concentratio11 of umbradil-salt solution. I11 this connection 
it mnst be emphasized that  the un~bradi l  and the rncthylglucainine ions are prae- 
tically the only ones in the solution. 

IIo~veoer, the accuracy of these rcasults is in the fact dependent on whether the 
described procrdure ant1 the rather high osmotic presslires of the test solntions 
do not change the volulne (and specific density) of sperm cells. a supposition 
which is per  sc i~nprobable. Nevertheless, we were not able to detect any change 
in voluine of sperni cells when they were transferrd to umbradil-salt solntions 
with osmotic pressure of up  to 186 atm. These control experiments were per- 
formed in the follo~ving way. To reveal possibly occurring changes of volume 
in the least concentrated umbradil-salt solution, i n  which all spermatozoa sedi- 
ment, equal amounts of sperm cells sedimented from the original spenn salnples 
were suspended in pairs of hematocrit tubes containing isotonic diluter ancl the 
lightest test solution. After 10 min. the spermatozoa were ceiltrifuged a t  2,300 g. 
until the height of thc sediment col~inins did not decrease any more (table 2 ) .  

TABLE 2 
I~ol~r~l t t , s  of sn111p1r.s of S [ I I , ~ I I I ( ~ ~ O Z ~ ~  i n  fI111rt~r (os111oti~ ~I ) .PX~II I . I ,  !I (11111.j fold l ~ s l  so111ti011 I 

(osn~ol i~ :  pr(,sslrre d l  ntm.) 
~ - ~ 

. - -- - 

I ) r l ~ t , l ~  of seclinicnt ru11nn11 

S;IIII]I~C I ) i f ~ ~ ~ ~ ~ ~ n v ~ ~  
1 1 1  ~ l i l ~ ~ t r l .  Tn t r a t  solution I 

- - - - - - - - - -- 

(IIIIII .  ) ( n n ~ ~ . )  (111111.) 

1 (i.0 6.0 < 0.2 
9 12.0 12.0 < 0.2 
3 26.0 27.0 + 1.0 
4 32.5 32.6 < 0.2 

-- 

I n  dealing with the more conceiltrated nmbradil-salt solutions, the densities of 
which are high enough to keep a pa r t  of the spermatozoa suspended, we hacl to 
proceed in another way. Thus, a n  appropriate amount of spermatozoa was sus- 
pended in  the relevant unlbradil-salt solution, centrifuged in a hematocrit tube, 
and the constant height of the sedimented spermatozoa read. Then the super- 
natant containing floating spermatozoa was extracted with a fine capillary, an- 
other umbradil-salt solution having a considerably lower osmotic pressure was 
filled into the broad par t  of the hematocrit tube, and the spermatozoa in the 
capillary part  of the tube again suspended. After a repeatrd centrifugation the 
scdilnent column height was read again. The resnlts of such experiments are 
presrnted in table 3. The high osmotic pressures do not rednce the voluine of 
the spermatozoa. Thus the water contained in the spermatozoa mnst be most 
firmly bound. 

As will be seen below, there exists possibilities of thc treatment with the test 
solutions cansing other errors. 
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TABLE 3 

Volstnex of san~ples  a/  xp~rtrtnlozoa ir differrnt t rs l  solrrtiorts. Srdimrnt  c o l ~ t n ~ n s  in mm. 

D r p t l ~  of srelimet~t c o l u ~ i ~ l ~ s  
Sample 

110. I n  test solution I11 111 test solution I Difference 

(OSII~. lress. 104 ntm.) (Osm. press. 21  :~trn.) 

(msa . )  (mnt.) 
1 11.5 11.5 < 0.2 
2 12.0 12.0 < 0.2 
3 12.5 12.5 < .02 

111 test s o l u t i o ~ ~  IV I n  test solutio~i I 
(Osm. press. 146 atm.) (Osm. press 21 atm.) 

4 18.5 18..i < 0.2 
5 20.0 20.0 < 0.2 
6 7.0 i .0  < 0.2 

Even though volume changes in  the sperms cells did not occur in the test 
solutions, other experiments indicate that the sperm cells are injured in some 
way in the umbratlil-salt solution, as they show an increase in volume ~vhen trans- 
ferred from the test solutions to the diluter (cf. also (13)). This is the reasor. 
~ h y ,  i n  the experiments of table 3, the second solution is not d i l ~ ~ t e r .  S o  dcter- 
minations on t h ~  effects of onnotic pressltres greater than 186 atm. were made. 
In  view of the above rrsnlts, it has been assulned that little if any c*hange occurs 
at pressures above 186 atrn. 

I+om the figures obtained by nieasuring the setlin~ent colnmns, the percentage 
of sprr~natozoa having a spreific density lower than that of a certain t,est solution 
may be calcnlatrtl. These percentage fignres were nsrtl for the constr~~ction of 
c!nrvcs shelving the distribution of sp~rmatozoa related to sprcdific. gravity (fig. 1). 

l25m 43000 63500 I4000 
//I fir V specific grw& 

FIO. 1. T)istril~ution of sl~r.r~n:rtoeo:~ in x series o f  t l ~ r r r  r j :~ r r~ l :~ tes  t : ~ k r ~ i  ill ilii~ne,li:~te 
s~irression rr . I :~t~d to specifie gr:~vit~-.  The sperifir g r :~r i ty  of tent aolutiol~s 11-V marke(1 with 
c'irrles. 
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The fraction of sl)er~natozoa having spe(*ifiv gravities between those of two suc- 
cessive test sol~ltions was (donsidered to have a Inean specific gravity equal to the 
Inran of the specific gravities of th r  two soliltions. Mean specific gravities (D'l  
of the spc3rm cellh of the ejacnlatrs wet-(. calculated according to the formula 

ill whirh d,, rl, . . . tl,, are the mean specific gravities of the fractions A , ,  A, . . . 
.I,, (expressed as  (I(~ci111a1 fractions) of spermatozoa sc~di~nc~nting in the first but  
not in the sc.conc1, in the second b r ~ t  not in the third tcJst solution, and SO on. I n  
some cases, however, the spermatozoa were distribiltc,tl only over a rath(.r narrow 
range of specific gravity, our test solntions be in^ too few to allow a silfficiently 
exact calculation in  s l ~ c h  cases. This is the rcAason why the figures fo r  specific 
gravity arc? calculated fro111 a s~nal ler  number of ejavulates in  table 4 than the 

TABLE 4 

J1ea1t.s of prrrrntn,qr of r o ~ r r p ~ ,  rrpr, ant1 over-ripe hp(~r~~r( i toaoo,  and of' tlrr spccific gr.nz.itien of 
tlrc l s t ,  In t l ,  and 3rd v,lc~c~tlntcs 

r n r i p c  I % 3.7 2 1.196 4.4 + 0.687 .5.4 + 0.853 
1 no. of ej:~r~~l:ttc~w 15 15 15 

over-ripe I % ti.6+ 1.611 3.3 0.9(io 3.9 + 0.500 
1 110. of rJ:tc~ul;ttt~s 13 15 15 

Sperific. gravity 1.28fi7 + 0.0022 1.2897 + 0.0041) 1.2668 + 0.0048 

SO. of rjaeulates 12 14 13 
-. . - -. --  

other means. Obviously the deter~nination of the iuean specaific density is sub- 
ject to rather large errors. 

After  each determination of the sedirnenting fracation, another estimation was 
made of the percentage of nnripcl, ripe and  over-ripe spermatozoa in both the 
floating and the sedimenting fracstions. This was (lone i11 a hemocytometer, 
which was kept a t  about 37" C. when counting the "non-motile" cells, whereas 
the total nnmbers of spermatozoa and of iunripe sperm cells mere counted a t  a 
rather low temperature. E'or each sample the total number of counted sper- 
matozoa was 500 or more. Similar determinations were made as to ripe. unripe 
and over-ripe spermatozoa in the samples not treated. 

RESULTS 

The 16 series of ejaculates were taken dltring 32 days. Of the eight bulls, 
three were used once, three twice and two three times. During the experimen- 
tal period there is a market1 decrease in  percentage of over-ripe spermatozoa in 
all the three ejaculates, this being especially marked af ter  the enil of Angust. 
Therca is no trend i n  th r  fignres of unripe spermatozoa. Thns those of ripe ones 
show a rise correspontling to the decrease mentioned i~bove. Sothing is known 
about the reason for these changes. IIowever, it is evident that,  i n  general, the 
percentage of nnripe spernlatozoa increaqrs fro111 the first to the third ejacnlatc- 
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of each series, whereas that  of orer-ripe spermatozoa decreases. This is reflected 
by the nleall ralucs (table 4 ) ,  which, however, do not differ significantly because 
of the great dispersion of the primary figures. The percentage of ripe spermato- 
zoa is nearly equal in thc three ejacl~lates constitutiag ii series. The meall spe- 
cific gravities of thc sperri~atozoa of each of all the ejaculates range froin 1.240 to 
1.334. As seen fro111 tablr 4, the nlean spc,cific gravity of the srconcl ejaculates is 
higher than those of the first ancl the third. ITomever, only the nlcans of the 
4econd ;uld third ejacnliitrs differ signific.antly (degrees of frc~edom 25. P < 
0.005). 

The furt11c.r treatrncnt of ollr inaterial rrrealecl a negative cao~.relation be- 
tween the III(>~.III  specific gravity of the sper~llatozoa (D)  ant1 the percentage of 
unripe sptwnatozoa, with the rcprcssioil coefficient equal to 0.00'22 iillcl the cor- 
relation coefYic*ient 0.4878 (tlegrces of freedom 37. P < 0.005). lTo\~erer ,  no 
significa~it co~.rc~latioli between ripe or orer-ripe spc>rmatozoa and tlic 111ean spe- 
cific gravity coulcl be ascertail~c,tl. This implies that the unripe 4perniatozoa 
hare a sigilific*;~l~tly lower spc.c.ific cl(ansity than the. ripe ant1 over-ripe ones, a 
co~iclusion ~~hic.11 is fllrther s ~ ~ p p o r t r d  by the figures ill table 5 .  IIer.c> the. tlistri- 

T A  131,E 5 

l'rrrentagc of unripe,  vipc, atltl over-ripr sper?raatozoa i n  the  setlimenting and jfonliirg fractions 
o f  cells in test sa1ritiorr.r IT, I I I ,  ond IL7, and t es t s  of significance for dif ferenrrs 

between fractions 

Test 
sol. 

Unripe 2.9i 
Ripe 90.81 

I1 {over-ripe 6.45 

111 { Unripe 2.91 6.26 87 < 0.0005 
Ripe 90.23 90.72 87 > 0.5 
Orrr-ripe 7.05 3.10 87 < 0.0005 

2.30 4.84 41 < 0.01 
Ripe 

IV { ~ ~ ~ ~ p ~ p e  90.06 7.79 91.63 3.52 41 41 < < 0.5 0.025 
- - -- 

butions of unripe. ripe ant1 orrr-ripe sperniatozon in the secliincnting and the 
floating fractio~is in  test solutions 11, IT1 and IV arc compared. 111 all three 
ciises the frequency of unripe spc>rinatozoa is sig~iificilntly higher in the floating 
fraction than in the sedimenting one, indicating a lower mean specific gravity 
of this kind of spc.rn~ntozoa than that  of the test solntion in question. IIowever, 
the opposite brliavio~lr is sho~vn by the over-ripe spermatozoa, whereas the ripe 
olirs are  equally frequent in  the two fractions. I t  seems thus justified to (#on- 
ch~tle  that the mean specific density of the over-ripe spermatozoa is higher than 
that  of the test solutions usecl. Density of the ripe spcr~natozoa must, OII the 
othcr hancl, be crcnly distributed withill the range of spccaific density coreretl by 
the test solutio~is. l'lic gcncral concll~sion sl~gpestecl by these results is that  the 
spcacific cle~lsity of the spermatozoa inc.reasc,s c l ~ ~ r i n g  ripening. Probably the 
unripe ancl ripe s p c r ~ ~ ~ i ~ t o z o t ~  differ more as t o  specific density than the ripe and 
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ovrr-~. i l~e ones. as 110 correlittio~~ betw(f~11 the freclr~encies of the two last-mell- 
tio~lc,tl Bi~itls of crlls and the specific gravity of thc c?,jacl~latrs could be drtrctrtl. 

It is possible that the t r c ; t t ~ ~ l c i ~ t  with the test solntions exercised all influence 
upon the proportions het~irccll the three lrilltls of spermatozoa. If the mobility 
11ircI1a11is11i of ripe ~l)('rIIlittO%O~ is sl~f%(:ielltly ((lillllil~ed by th(' test sollltiolls, a 
number of spermatozoa will falsely be conntctl as  over-ripc o11c.s. Similarly at1 
error ~ ~ o n l t l  bc introtlnced if t,he trcatrnc?nt with tl1c1 test sollttions slio~tld redllce 
the water content of the dcl~scst ripe spcrmatozoii, c*ha~iginp thrsc into orrr-ripe 
ones. I'ilially a loss of thc res i t l~~a l  protoplasll~ic. drop may he indnc*rtl by the 
sper~~iatozoa havilip been repeatedly manipnlatcd. I n  order to rule out these 
objectiotis, 11-e hare, by the aitl of a n  aaalysis of variance, c:onlparrd the frequen- 
cies OF the three Irintls of spcrniatozoa con~ltecl ilircetl- and after fractionatio~i 
in  test solntioiis 11-I\'. To calculate the percrntape (z) of a certain 1;iild of 
spermatozoa fro111 the numbers available fo r  the sedimentinp and floating frac- 
tions. the fol loni~ip formula v a s  used: 

A = total rol t~me of sprrlu cc~lls ill the. sa~nple (sc.tlimentinp in test solntion 1) ; 
a, = ~ ( v l i ~ i ~ e ~ ~ t i ~ i p  ro111111c in th(b ~*'l('~.ill~t trst sol11ti011 ; p, a11(1 ps = p r r c e ~ ~ t a p e  of 
the a v t ~ ~ a l  lrilitl of s ~ ) ( ~ I ' I I I H ~ o x ~ ~ ~  in t h ~  Roiltitip , Y H I I ~  ~ ( v l i i n ~ ~ ~ t i ~ ~ g  frac'tions. respcv- 
tively. l'hr r c , s l ~ l t i ~ ~ g  fipnrcxs i ~ r c  collcc:t.ctl in  tahlc (i. As i t  vol~trol of tllc mc.as- 

T:\l;I,lC (; 

.1ff>f111 1 9 ,  U I V  I I / , I ~ I , ~ . <  0.i I I J I ~ ~ / J ( , ,  (I! r ; /~c ,  < I J I ~ /  of o~v,r-rLp(* . S ] J ~ ~ ~ J I I ( I ~ O Z I I I I  C O I I J I ~ C : ~  (7ir1~~t1.11, fl1111 cfllc11- 

1 1 1 t ~ d  ~ ' ~ O I I I  ~ O I I J I ~  J r ( ; q ~ ~ c ~ ~ c i c s  i ~ t  .s(!(ILI~I~?I~;~I!I I I ~ I ~  flofllit~!/ ~ I Y I ~ ~ / ; O ) I . *  i)t 
tc.st .sl>lll,t~oll,s If, 111, (lllf/ 11. 

-- - - - - - -- . -- . . . -- - 
(':tlrl~l:~t.c.~l fl.0111 f r c - q ~ ~ l , ~ ~ r i c s  T(,st o f  s i g ~ ~ i f i v ; ~ ~ ~ r ( *  

i l l  trst solntiol~ for ~ l i f T t ~ r ( ~ ~ ~ e ( ~ s  
-- -- -- -- - - 

~ ' l l l l ~ l t ~ l l  TI I11 I v I )c>grrrs of 
( l i  rrcstly f rc,cvlorl~ 

I' 
- - - - - - 

1J11rip~.  4..5 3.i 4.1 3,!) 111 > 0.5 
Ripe C I O . 0  9O.(i !)0.4 90.!1 141 > (1.3 
Over-rilte S.3 4.7 6.0 .I. .> - ,a > U.5 
- -- 

141 
- 

Sulx !l9.8 99.0 99.5 100.1 
-- . ~ - -  - -- PA- . .- -- - 

urements aiitl count ing~ ,  the percentage of the tllrrc Iiiads of cells of each sample 
has bee11 sunmiarizetl, piviilp r e r y  nearly 100. Thc~ four  sa~nples  (lo not differ 
significitntl-. 

nrscusslos 

S l ~ t ~ r ~ n  cells ;Ire highly spocializecl. llorpholopic+i~llj- the nncalens is very mnc.11 
conclt.nscd ancl the rechicctl cc.11-bocly f o r ~ n s  the r(.ry thin p r o t o p l a s ~ ~ l i ~  corer of 
the heail (nucleons), thc 111it1tllc pic,cdc. ; L I I ( ~  thc~ tilil. '1'11~ IY(>II 1anon.11 ilite~lsc 
nepi~t i rc  hirc~fr inpc~~cc of tllv 11c.i1tl tl(.])c~~ltls i l t l v ~ .  t r l i c ~  I I ~ O I I  th(: I1igl1 c.o~~ccwtra- 
tion of c.ro~natiii in a Ilipirly tl(*l~ytlr~rtc:cl form. Ohvio~~sl j -  tI(hhy(1ratio11 plays a11 
t i t  o l e  I I 1 l o 1 1 1 1 t  of 1 I I 1  \VI~(lth(~r this is illso tllc 
cast,. iIs to the rnitltllr 11ic.c~ i L ~ l ( l  t l i ~  tail, is tliiKc.~~lt to tl(hc.itl(% f1<o111 111ol-l)holo~i- 
cal tl i~ta. IIoncxvcr, tllc~ ability of thv Ioc*o~~iot io~~ ~ l ~ o ( ~ l ~ : i n i s ~ ~ ~  of tht. s ] ~ ( ~ r ~ ~ ~ i t t o z o i ~  
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to resist very high osnlotic pressl~rc.~ spcaks in favor of the r i cv  that the differen- 
tiations of the cell body are also associated with dehydration (cf. below). The 
d(1hydration processes will account for the vc'ry high specific graritp of the sper- 
matozoa found by tho present writers. Whereas the nlran of all our tletermina- 
tions is about 1.280. a s~nall  fraction of the spermatozoa in some cases even sedi- 
~ncnted in test solution V, intlicating a spec:ific gravity of about 1.350. Il(lcansc. 
of the difficwlty of controlling the eEect of the very high osn~otic pressure of this 
t ~ s t  solntion, the highest specdific densities may be consid(~ret1 sorne\~hat unre- 
liable. Thest. are, Ilowerer? of very little importance? for the calculation of the 
means. The specific density of other free nlammalian cells may, for comparison. 
he represented by that of hmnan blood cells of 1.0970 (12). 

The high specific density of sperm cells inay be acconntc~tl for, in the first 
place, by the high content of nucleic acids of the sper~natozoan head. Specific 
rolumes of clesoxyribonucleic acid prepared according to Hammarsten (5) by dif- 
ferent authors are collected by Jungner (6).  The values range from 0.47 to 0.66. 
one of the l o ~ e s t ,  corresponding to a specific grarity of 2.00,-being considered 
most probable by Jnngner. A corresponding collocation of values of specific 
rolumes of proteins is made by Pedersen ( l o ) ,  the values ranging from 0.75 to 
0.72, the correspoading specific densities being 1.31 to 1.39. 

The resistance of the spenn cells to vcry high os~notic pressures applies to the 
cell vohune as well as to the ~iiobility mcchanisn~. T111is the snbstances of both 
the nue le~~s  and the cell body secrn to br dehydrated. This nltXans that the cells 
already arc! d(hpriret1 of free water, t h ~  \\Titter presc!nt, furthermore, bring lTery 
firmly bountl. Smith i111tl 1'01ge (1:3),  wh(l11 ~ l i s ~ ~ ~ s s i n g  the ability of spermatozoa 
in surviving freezing under c.c.rtairl conditions, s~lygest that "spermatozoa may 
. . . have a lo\v content of frc~cx water . . ." These writers also failed to detect 
any fornlation of crystals within the sper~natozoa a t  freezing. However, nothing 
is known abotit thch ~nc~c~hanis~n underlying the loss of free and loosely bound 
water. 

Spern~atozoa increase their rolnnie in diluter after having been treated with 
test solutions. This probably tlepeiids upon changes in the surface layers regn- 
lating permeability caused either by the high osn~otic pressures or by the absence 
of ions necessary for the maintenance of normal conditions in the outer cell sur- 
face. 111 both cases an exchange between the medium and the cell interior  ill 
be rendered possible, abolishing the conditions in the interior necessary for the 
preservation of the dehydrated state of the cellular constituents. 

As dehydration constitutes a very important process in the inorphogenesis 
of spermatozoa, it is highly probable that it also aceou~lts for the rise in specific 
gravity, during ripening, found by the present writers. However, it  must be 
expected that the strnctnres upon which the movements of the spermatozoa de- 
pend will cease functioning when deliytlrated too far. We therefore loolr upon 
the "non-motile" spermatozoa in ejaclllates from normal bulls in regular service 
as aged, or over-ripe, and not as d e a d . V h i s  uicw is supported by the fact that 

i Tllc col~sistcllry of this int(.~.l~rc.t,:~tio~i is  supl~ortc~il 11y tllc f:rrt t l ~ ; ~ t  t r e n t ~ ~ i c ~ ~ t  with ions 

e:xpahlc of incre:lsil~g tllc ~ v : t t e r - b i ~ ~ ~ l i ~ ~ g  capacity (e.g., sulpl~o( .y;~~~i i lc ,  :~lxo will ~ I I I I I I ( .~ .  uiot i l i t~  
in nou-oiotilc sprr~n:~tozo:~ (u~~puhlisl~rcl cxperilnrt~ts). 



ilisintegratinp sper~~~atozoa  oceur rather infrec(nrnt1.v. Tf non-  no tile sperinato- 
zoa should be dead, disintegrating sperm cells would br (~xpc.ctetl to occur lnluch 
more frecluently. 'I'll(. tletac.hn~ent of the galea capitis is consitlcrc~d by Rloin 
(2 ,  3, 4)  to be a11 t,;trly nlorphological sign of regrc.\sire ehal~g(ls intl~iced i11 
spermatozoa at a prolonged stay in cauda epididyinis, the ' 'spc>r~~~atic+ rcil" de- 
scribed by TITillia~ns an(1 Savage (14) being looked upon as ill1 introdnctory stage. 
I-Iowever, spermatozoa dcprired of their galea are rerg sparse in ejaculates from 
bulls in regular service, and frequently are folxnil only after a long periotl of 
abstinence. Sow and then spermatozoa without galca were observed in our 
samples. Unfortunately their f reclnenry in different fractions was not regis- 
tered. A staining method for the differentiation of live ancl cleacl spernlatozoa 
was devised by Lasley et al. (7) .  However, MacLeod ( 9 )  applying this techniqne 
to human sperniatozoa found the staining properties of the cells to be reversible 
and not correlated with the viability i11 so far  as motility n.a\ used as a criterion 
c~f viability. 

The rise in specific gravity a t  the transition of unripe sperlnatozoa into ripe 
ones may partly be attributed to the loss of the residual protoplasnlic drop, pro- 
vided that the latter has a con~paratively low density. 

The great rariation in specific gravity found in the thrcle lrintls of spcbr~natozoa 
probably is due either to a correspoiiiling variation in the proportion b e t ~ r ~ e n  the 
mass of nnclens ancl the Irliiss of cell body, these two part4 probably differing in 
density, or to a variation in tlehydration. MTe hope to be able to settle these 
rluestion in the near future. 

Deterini~~ations of the specific density of spern~atozoit in ejacnlatrs collected 
from normal dairy bulls in regular service were performed by centrifugation in 
umbraclil-methylgl~~camine-salt solntions of different specific gravities. A aega- 
tive correlation between the mean specific gravity of the spermatozoa and the fre- 
quencies of n~lripe spermatozoa (having a residual protoplasmic drop) was found, 
indicating a lower specific gravity in these than in ripe and over-ripe (non- 
motile) ones. The distribution of the three kinds of sperlnatozoa between the 
sedimenting and floating fractions of cells supports this conclusion, and suggests 
a higher specific density of over-ripe than of ripe spermatozoa. The process of 
ripening thus implies a continuous rise in density. 

We are indebted to Svenslra Mejerirrnas Riksforening (The Swedish Dairy 
A\sociation) for financial support and to the Bull Breeding Associations a t  
Fallrenberg ancl Enkoping for laboratory facilities and semen material. Our 
indebtednew is also due to the chief veterinarians of the two stations, P. 0 .  Soder- 
gren and i\'. Erilrsson for their never-falling interest and helpfnli~c~s. We thank 
J. Lnnilii~ for the performance of preliininitry cxperimrnts ancl I1 Alrerman for 
valuable assistance. 
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Butter nia~~ufi~c.turc~tl fro111 properly pastcl~~rizc,tl, llig11 quality creitlli ]nay de- 
velop a vCArj- objec.tional)lt> flavor ant1 odor ill it few (lays I\-II(>I~ storetl iit teml)cra- 
turcs as lo~v as 5' C.. if it has been c o ~ ~ t a ~ l ~ i l l a t e t l  (luring ~nannfac~ture wit11 cer- 
tain types of bacteria. LZ defect in  this category, n-hich seenis to tlerclop only ia 
butter made fro111 pasteurized cream, has been most commonly described as "sur- 
face taint. '? Sereral different organisms have bee11 suspected of causing surface 
taint. bnt non- it is pencrally agreed that the typival defect is prod~lced only by 
Psentlontonns pr / f rc foc ie~rs .  

This organis111 first was dcscribetl and tt?~ltatirc.ly tlesipnatctl as ~ l c 7 o ~ o ~ i ~ o -  
boc te~ .  pzltvefaciens ill 1!)31 by Drrhy a l~ t l  IIiin~nrt~r (8) .  J I I  a la t rr  publication, 
Long and I I a n ~ n ~ t ~ r  (:{I) st;~tt~il that  atltlitio~~ill \vorl< 11i1(1 illdi(.at(~il that  this or- 
ganism b('longet1 to tic, pcJnus I'.serrrlortro~rn.s. 

TII? t1c~fcc.t in b11ttc.r c.a~tsc.tl by I's. prrtrr~/ncicr~s 11i1s bccbll reportcbtl luitlcr a 
raricty of na1nc.s i l l  tlifYrrc>nt sc.c*tio~~s of the \vorltl. 111 gc*ncral th(. tcbrlns applied 
to i t  attc~ltipt to c .o~~vc~y ,tl~c i ~ l ~ p r c s s i o ~ ~  of it taint s~~gg!.cls t i~~g tlic. tlrc.o~~~position of 
protein. 111 Australia, i t  is 11sually known as "tlecon~poscd otlor" or "rabbito." 
Thc t e r ~ n  "foc,titl" is usc,tl ill S c w  Bralitl~d. Jn  I ) e n l ~ ~ i ~ r l <  a11(1 tlic I y ~ ~ i t c d  States 
" putricl" is a c 2 0 ~ ~ i ~ n o ~ ~  tlesignation. Probably the iriost popular t e r ~ n  clescribing 
the tlefevt in  C'aliatlil a~icl the I:llitc.tl Stiltes is surface t i t i ~ ~ t .  This latter tlesigna- 
tion was adopted because the defrvt sc~rnietl to n ~ a ~ ~ i f e s t  itself initially 011 the 
surface of the butter. I n  reality i t  is a niisno~ller hecanse tllc char:tcteristic 
flavor and odor re ry  clniclrly inr.olre the entire inass of the affected butter. 
Polit (40) pointed out that  very freclt~ently in  olcler samples of bntter tlic charac- 
teristic odor Jvas not ericlent a t  the original surface and became apparent only 
when a blocI< of bntter was brolren and fresh surfitc(+i lverc esposrd. Conlmer- 
cially the defect is often callcil proteolyt,ic. 

,is cwly its 1899, C:ilrr~tll (16) tlen~o~~stri~tcacl the protlnc.tio~~ of a foetitl odor 
ill Srw Bcalantl buttc~r. This drfcct was cdil~~~(!tl I)y th(. 0rgil11is111 drsrrih(~iX as 
Rncillrrs jlzro~~e.sccrr.s liqrrc~foric~rr.~, \vliic+h he 11atl prcvior~sly isolittc'cl from water. 
111 1!)00, Ecltltls (11)  i~~\,rstigiltetl it11 o~~tbrc~itlt  of pr~tritl  1)11ttc>r ill Io\va. This 
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bntter hacl ii strong tlisagrc~c~able taste and a p ~ ~ t r i t l  smell, 1vhic.h rendered it  
1111fit for tablc nstl. I I r  isolatc.tl two organisms capabl(x of C A I I S ~ I I ~  this condition, 
the less objcc.tionablr b r i ~ ~ g  K. / / irorcscc~i.s 1,iqrrefaciens. 

I t  was pointetl out by Dcrby and IIan1111er (8) that  s t ~ r f a c . ~  taint was first 
recognized as a drfinitc, hnttc.r defcc.t in Citnada ill l9l!). They fur ther  stated 
that  the nalne s ~ ~ r f i ~ c e  taint \\,;IS snggestc*tl by Marlter, who in his position as 
Dairy Commnissionc~r of illberta, Canada hacl exa~ninrcl I I I H I I ~  ('t~ttrnings of butter 
possessing the characteristic. odor associated with this defect. JIacI<ay (36) 
presented data  which showed that  during 1928 and 1929 considerable snrface 
taint butter was observed in the Canadian provinces of Alberta. Saskatchewan 
and  Manitoba. During 1928, the percentages of the total pounds of butter ex- 
amined that  exhibited surface taint varied from 1.45 to 3.12 for the different 
provinces, while during 1929 the percentages ranged from 1.41 to 2.52. Sadler 
and Vollum (43) studied surface taint butter received i n  Vancouver, British 
Columbia. They noted that conditions a t  the creameries froill which the butter 
samples were obtained permitted contamination following pasteurization. 

The first report in \Vestern Australia of a butter tlrfect resembling surface 
taint was made by Han~pshire  (18) on his investigation into an outbreak of 
stinking butter in  1927. IIe emphasized inefficient grading, neutralization and 
pasteurization, ant1 poor cluality wash water as  contributing factors. I n  his 
studies, the presencdc. of Inany spore-forlning bacteria in the buttclr was inter- 
preted as  i ~ ~ d i c a t i n g  faulty grading, while a largc. nu~nber  of colifori~l organisms 
ill the vat aftcr pastct~~rization indicated faulty pasteurization. Tn S o ~ ~ t h e r n  
Australia, Lock (26) s t a t ~ t l  that  rabbito would develop (luring warm weather, ill 
flush periods when insuffic.ic~nt time was allowod for  cleaning, after heavy showers 
late ill the season, when lumpy cream was not t h o r o ~ ~ g h l y  mixed prior to pas- 
teurizing, and in badly worked butter. H e  observed that  the degree of rabbito 
varied with the amount of contamination, curd content, temperature and  method 
of worlting. Loftus-Hills et ai. (27) likewise investigated the rabbito defect in  
Australian butter. They concluded the defect was essentially a summer one 
and i t  did not seeill to be more common in any  particular district. They were 
able to reproduce the typical defect by working a culture of microorganisnls iso- 
lated from rabbito butter into sterile butter. 

31ac.v (37) stated that  in  butter obtained from perfectly pasteurized, sweet 
cream, conditions are  quite ideal fo r  the development of bacteria that  call degrade 
the nitrogenous constit~lents of this product. Among the factors inentioned by 
this inrestigator as  contributi~lg to the ideal growth conditions were: (a)  the 
pasteurization process rids the cream of its miscellaneous flora of microorgan- 
isms, which reduces ciompetition for  those appearing later ; ( b )  the r~ la t ive ly  lolr. 
salt content of ~ n n c h  sn.ccat crclaln but ter ;  and (e)  if neutralization is overdone, 
the acidity is lowcretl to i~ point whcrc. contiitions are m11ch Inore f a r o r a b l ~  for 
contaminating organisms. 

The relationship of ovcr~lclntralizatio~l of thc cream to the developn~el~t  of 
surface tilint has bccn a point of ~ I I I V I I  tlisc.~~ssion t l u r i ~ ~ g  th(. J-cwrs \rhich have 
(>lilpsetl sin(#(, the foregoing c.ontlitions \vercl atl~a~lc.etl ;IS contributing causes of 
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the rapid growth of organisms on the nitrogenous conlponents in bntter. Afore 

recent observation.;, both in th(h laboratory and in rommerc~ial c-ha~mels, have 
see1nc.d to point toward the fact that surfact, taint is much more prevalent in 
butter made fro111 high clnality (.rean1 that rrclnirc>s little or no nc~ntralization be- 
fore churning than i t  is in butter churned from overneutralized sour cream. 

SPORADIC OCCvRKEK('E O F  $1-RFA('E TAINT 

Brown ( I )  reported that  this drfect has been noted frequently in bntter a t  
different tinies from videly separatetl districts. Ire also pointed out that  i n  a 
number of instances some chnrnings from a sillgl? vat of cream have been af- 
fected, ~vhile others hare shown no trace of the fault. I t  was cited further that 
there is no record of government grading officials ever having noted this par- 
ticular odor in either pasteurizrd or r~npasteurizc~cl cream or in bntter made from 
unpasteurized cream. The irregular and sporadic occurrence of this defect, and 
the fleeting and transient natnre of the charactrristic odor also were noted by 
Pont (40). 

Frorn data collec.tc~c1 on a large number of commercial samples, Derby and 
IIamnier (8) concludcd that there appeared to be rather distinct variations in 
the flavor ancl odor of samples of butter sent to the laboratory as exhibiting the 
surfacc~ taint  defect. It a150 is conceivable that  inexperienced graders who did 
not have sufficient opportunities to examine typical surface taint  butter would 
tend to place in this category sonle samples of butter tha t  wo111d be more prop- 
rrly graded as cheesy. This variability in itself could be responsible materially 
for the apparently very sporadic occurrence of outbreaks of the clefect. 

IIood ( In ) ,  however, has indicated that  surface taint bntter may be detected 
by the experienced grader by  both taste and smell. Graders associate a distinct 
flavor with this type of butter, but the very charac6teristic odor is the most de- 
pendable criterion used in malting the final decision on a qnestionable sample. 
H e  further pointed out that 1vhe11 the suspectetl flavor is present, and the charac- 
teristic odor is riot su%c*iently pronollnced to pass judgment, graders now follow 
the practice of holding small samples of the butter in stopperecl glass containers. 
Butter with the defect acquires, in 24 to 48 hr ,  a t  room temperature, a charac- 
t~ r i s t i c  putrid odor which is c,asily recognized and is so distinct as to came no 
confusion with other mndesirable bntter ilrfects. 

STAGI':S I&- TIIE DE\TI<:LOPXENT O F  SURFACE TAINT 

Itxerott (22) stated that several .;tages in the development of the rabbito de- 
fect have been recognized. Usnally the putrid odor is preceded by what has 
been termed the contlensetl stage, in which there is an  odor rrsembling that  of 
condensed milk. It is ernphasizetl that the transition from the 'ondensed to the 
pntrid state nsually is rapid, and frequently the butter beco~nes putrid without 
the contlensed stage being observetl. 

I t  was pointed out by IIood (19) that surface taint begins to appear in butter 
about 8 to 10 days after inannfac+nre, but that  the degree of dcvelop~nent de- 
pends somewhat on previous storage ten~peratures. Rapid development 



takes place a t  tenlperatures within the range of 40 to 45' I?. The rapid 
development of this defect Tras emphasized also by Brou.11 (1) .  IIe statecl that  
butter only 4 days old often has been ltnown to be affected, and the trouble ap- 
peared to develop after\rarcls with extreme rapidity. This investigator also ob- 
served that usually bntter xvhich is only slightly affected tastes very flat. with 
somctiines a slightly coolted flavor. 

Derby (7 )  found that butter made from pasteurized creil111 inocnlatetl \rlth a 
small amount of snrface taint butter and held for a ntunber of hours before 
chnr~l ing  cornmonly derclopecl the clefrct. The development of a pronounced 
surface taint in the butter required frorn 2 to 3 days a t  15.5' C. and from 7 to 
1 C  days a t  5.5' C. I n  later work, Claytlon and Harnnrer (21 observcil that vhen 
ilchr. pz~trefaciens cultures were inocu1atc.d into pasteurized cream and tllc cream 
churnecl, the defect rapidly developed in the urlsaltrd butter. I n  111o\t in\tances 
the defect developcrl in 1 day a t  21° C. and ill 7 days or lesq a t  5 O  C. They 
further noted that  the defect passed through the same stages as those occ~~r r ing  

commercial butter showing the typical defect. 

JIET>IOI) O F  I)EVP:LOI'>IENT 0 1 ~ Y I ' l ( ' A L  SURLI'ACE T A I S T  I N  RTTTIX 

Derby and lIainmcr (8)  fonilcl that  snrface taint co111d 11ot be prodncecl in 
b ~ ~ t t e r  by inoculating a norinal protluct, either salted or nnsaltecl, nit11 surface 
taint butter, but could be developed by inocnlating the defective bntter into pas- 
tcurizecl creanr a ~ l d  chnrning the cream. From 2 to 4 days werc req~tircd for 
the \urface taint to drrc>lop a t  15.6" C. (60' F.) arid froin 7 to 10 day\ a t  5' C. 
( l o  . Thew workcrs conclndecl that the failure to drvelop surface taint by 
the inocnlation of pure culturcs of organisms or defective butter into nonnal 
butter, ~ r h e n  i t  could be produced by inoculating thcse rnatrrials into cream and 
churning the cream, indicates that the organisms cannot spread ~r idely  through 
a mass of butter. I t  is also possible that  in the cases xvhere pure cultnres of Ps. 
ptrtrefacirn\ or drfective bntter 11-ere ~noculated into cream enough cell? were 
protlnced in this mc>tlium to cause the defect without any further gron th in the 
butter. Furtherinore, i t  should be noted that the foregoing data are somrmhat 
a t  variance v i th  the results of Loftus-IIills c t  01. (27),  who reported tha t  they 
nere able to rclprotlnce the typical defect by ~rorlt ing a cnltnrc of microorpanisms 
isolatc~tl fro111 rabbito butter into sterile butter. 

Esperinlrnts conductrtl by J\7010chow (50) and Wolochow e t  al. (52) shoved 
that in order to produce typical surface taint bntter the cream nntst be given an  
;itlrclnatr heat trc~atrnrnt prior to contamination with thc causative organisms. I n  
their s t ~ ~ d i e s ,  raw ant1 pasteurized creams were inocnlatecl from broth cultures of 
Ps. plctrefacic,l~s and incrtbatcd for  12 to 18  hr. prior to churning. The bnt,ter 
made from pastchurizctl creanl developed surface taint in every case, xrliile in no 
case did the def(,ct appear in butter made froin ram cream. Fllrthcrmore, sur- 
face taint  buttc,r \ras 11ot obtained from the churning of inocnlateil ~rhipping 
crc,am corlnnerc.~i~ll:- pasteurized, presnmably, a t  a lonrer teinpcr;~ture. Finally, 
i t  Ira? ob\crred that butter c.hurned fro111 inoenlatecl crcain that  had been pas- 
tr-~uized by the racreator provcss did not develop snrfacr taint, but \rhen some 
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of tllc. ~il(.l.(ai~t(.tl ('l.(hiilll WRS ~ ' (>pi ls t~~~rix( ' ( I  in the li~horiitory ilt $1' C'. for 10 min. 
bPfor(~ ~l lovl l~i l~~Oll  th(> typivill (l(,f(Yt, il~)p(~ilr(Yl i l l  thP IY~tlltillg h1lttPr. 

r 7 IIIV li~tt(.r i~~\.c'stigi~tol.s illso ohsrrrc.tl that  \v11(,11 I's. p l / t t . r f n c i ~ ~ ~ s  IV~IS i n o ( ~ ~ ~ -  
lutecl into sterile slti~mnilli :I ty j~ieal  "s\venty fcct" otlor wits protlncrtl. S(:utri~l 
or slightly acid conditions, a11t1 a high h ~ i ~ t  t r t aa t~~l (b~~t  of th(3 slti111111illi wrrc IICWS- 

sary for  the s ~ r c a t y  feet otlor to tlevc.lop. 111 ;~lIii~lillr s l i i l ~ ~ ~ ~ l i l l r  t h r  otlor wits 
putrid. Later,  IVolocho~r. rl nl. (57) stilted that  ~~lrf i~vcb t i ~ i ~ ~ t  of b11ttrr and the 
sweaty fcct odor of lleatcd nlillt ~ v e r e  lilicly iclentical, ht'<:il~l~(. the otlor prodncat'tl 
by Ps. pirttscfncicll.s in  high tc.l~~perat~u'e piisteurizcd ~ni lk,  CreilIll, or bntter ser11111 
is the sweaty feet odor. ~vherc.as the oclor invarillbly protluc.ecl by the same or- 
ganism in high ten~peraturc pi~stcurized cream butter is the surface taint odor. 
D u ~ ~ l i l ~  r t  01. (10) reportt.tl that the acid lnixtures obtainetl bv steam distilla- 
tion of acidified sliim~nilk cnltnrcs of Ps. p~itrefa,cicns conti~inecl fon~nie, acetic, 
butj-ric i111c1 iso~aler ic  acids. F r o r ~ ~  thrse stuclies th?y conc~lncled that  the snb- 
stance causing the sweaty feet odor of skimmilk cnltnres of Ps. p~tft .efnciells  was 
closely relatecl ehelnically to isoraleric. acid. 

EFFI:(T O F  THE . i l I O V S T  OF \VORI i ISG A S I )  IZEWORKISG O N  THI: API'EARANCE O F  

SURI.'A('l.: T A I S Y  

Long and IIauimer (9, 30) stndictl the eEcact of moistt~rt. tli\persion on the 
drvelopi~~ent  of the putrid tlefrct ill unhaltctl b1~ttc.r churnccl fl-om cream inocn- 
lated just prior to  churning ~ v i t h  Achy .  p lc tr~fnc ir l zs  by holcling ~ l n d ~ r ~ v o r k e d .  
moclerately worked, ant1 t h o r o ~ ~ g h l y  worlrc~d butter a t  21' C. and also at approxi- 
mately 3' C. They fount1 that  a t  21' C. the under-~vorlietI and luotl(xri~t~ly 
worked samples slio~vecl the dcfeet earlier than thc t h o r o ~ ~ g h l y  ~vorlied sit111p1c in 
both trials. A t  approximately 3' C. the defect derelopcd much 11lorc. slowly 
than a t  21' C., but  again the iincler-worker1 aucl modrrittrly ~~-orkc t l  samplrs 
deteriorateil soonrr than the thoroughly worked butter. I n  ill1 three trials the 
moderately worlred bntter dereloped the defect as  rapidly ah the nncler-\vorlied 
sample. The later report described the effects of reworking unsalted butter made 
fro111 pasteurized cream that  had been inoculated with dc l i r .  putre fac ie~ts  just 
prior to churning. Roth the under-worked and moderately worked samples that  
were reworked after storage for  3 days a t  10' C. developed the putrid defect 
more rapicllp a t  this storage temperature than did comparable sampleq that  were 
not re~vorked. 

Clayclon and Hanimer (2 )  noted that  although, in  experimental butter,  salt 
tended to prevent (I(>\-elopmmt of the pntrid defect by -1cht.. putrefncielzs, i t  Tvas 
not entirely effectire nnl(w the huttc>r was thoroughly worlietl. I t  was obserrrd 
lilrelvise by Wolochow rt  01. (52) in  th(.ir s t~~c l ies  with labori~tory-chnrned saltcltl 
butter tha t  more complete ~vorl i i~lg trntlctl to prcJvent or tlelay the appearallec 
of surface taint. Itxcrott (22) intlic.atcd that the rabbito tlcf(~cst oc.c.nrred most 
freqn(.utly and i l r~c~loprt l  n~ost  rapitlly i l l  b ~ ~ t t c ' r  sho~ving it11 opt.n t c s t ~ l r e  and 
free m o i s t ~ ~ r e .  In c.o~~in~c>rc.ii~l prac.ticdcb it hiiq h ~ ( ~ 1 1  ~bs('rv(vl thiit s:11tc(l bllttrr 
direct fro111 t h ~  ( 4 h ~ ~ ~ ~ l  lvill llrv(>r sho~v the (l(>f(~vt rvell 011 1o11g i1irq~k):1ti~~~ a t  
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favorable tc~lnpel.atl~res. Only after the butter is printed does the characteristic 
odor dev(3lop. 

Derby ant1 ITalnn~c~r (8 )  st~ltlic,tl the. infl lien(*(* of butt(>r e ~ ~ l t ~ ~ r ( >  in r(1strain- 
ing the dcvelopnlent of snrfacc. taint by iitlcling 10 per c c ~ t  of the c.ult~ire just 
brfore chr~rning. TThen ii p ~ ~ r c .  c.nlt11r.e of AcAr. ptctrefnctctt.~ \\-as used to inocn- 
late' the pastc.llrizrt1 c.rcwn, hot11 t h ~  saltc~tl il11tl 1111salt(~d S H I I I ~ I ( ~ S  with atldrtl bnt t rr  
vulture \\-(.re still normal aftcsr storage for !20 (lays at  15.6" C'. They c~onc.lnded 
that i t  is improbablr that the amount of butter v~lltnre in t h r  erean1 which pre- 
rented the tlevelop~nc.nt of surface taint under the contlitions of these experiments 
will a l~vays prevent the clevelop~nent of this defect. 111 a later investigation, 
Claydon ancl IIammer ( 2 )  fonnd that the adtlitioa of 5 per cent of butter culture 
to pasteurized crea~ii inoculatc~d with Achr. plctr~faciens prevented the develop- 
lneiit of surface taint i n  the resulting butter during 6 days storage a t  21" C. 
I11 these trials the butter culture was added i n  the evening and the cream was 
held overnight before churning. These worlrers stated that  the addition of 
butter culture is not effective under all conditions, since a number of the conl- 
~nercial putrid samples examined i n  th(4r stndies were macle from creanl ~yitll 
added butter c.ulture. Elliker (13) presented data which indicated that  the 
facstor rc.sponsible for  the inhibition of 1's. ptttrefncictts by butter starters is 
Strepfococc~r.~ lnctis or relatctl bacterii~. The sperific inhibitory factor is pre- 
s~nnably the acid produced by these organisms. 

RELATIOS O F  pH AND AC1I)ITY TO THE 1)EVELOI'JIEKT OF SURFACE TAIST 

Acidity detern~inatioiis on rt~presc~nttltivr sanlples of bnt t rr  by IIood ancl 
White ( 2 l )  showed that  many of the surface taint s i tmpl~s came within the same 
aridity range noted for  norn~a l  butter ; however, 13rown (1 ) encountered this 
defect in  c~oniparatively high-acid butter, as well as  in bntter har ing a less pro- 
nounceil acid flavor. 

Jlacy (87) pointetl ont that low aciclity in  the butter is ~ulquestionably a n  
influencing factor in the appearance of surface taint ancl many other putrefactive 
changes related to it. If neutralization of the cream is overdone, the acidity ir, 
lowered to a point where conditions are  much more farorable fo r  a n  attack by 
the causative organisms. The occurrence of the surface taint defect i n  butter 
has coincided with the development of a low-acid type of butter, as  noted by 
Pont  (40) .  

Cnllity and  Griffin (6 )  also have stressed that  high acidity i n  the cream a t  
c.hurning apparently retards the development of this defect. Inrestigations con- 
tl11c.ted by Itzerott (") indicated that  caream aciditic~s ranging from 0.06 to 0.15 
per cent hild little eff(>rt on the time required for  this defect to develop i n  the 
butter matle from such  rea an^. A('i(1ities above 0.15 pc3r ct.nt appeared to hare a 
retarding effect, however. Tt \viiq notetl that high tieidities ill c.onjunetiol1 with 
IOTY t e m p r r a t ~ ~ r e s  definitely inhibited tllr ilefecat. ITe conclndcd that  since the 
bulk of Anstralian butter was nlatle fro111 c*rc,ani with ,711 acitlity belo~v 0.15 per 



cent, acidity alone could have exercisetl little control, b t ~ t  its effect in combina- 
tion with salt may hare been of sollie importance,. 

Clay(1on and IIalnlner (2 )  tletcrmined the pII  ra111es of the sera of several 
samples of cominereial p ~ ~ t r i t l  bntter. These ralueh ranged from p H  5.8 to 6.8, 
which indicated that this defetat \vas not neressarily confilled to butter with a 
high p H  value but developcat1 o\,rr the same range as rnost bacterial defects. 
None of the p H  values cditetl abovr intlicatecl over-~ientralizatim. In  laboratory 
chur~lillg trials, Achr.  plrfvc~fncicvts was addecl to portions of cream adjusted to 
pH values from 5.2 to 7.8. Thr pntricl defect derelopecl in every sample of 1111- 

salted butter made in these c.htirni~~gs. On the other hand, when the pII  of the 
cream \\.as adjusted to 4.5, t h ~  (leftart did not develop in the resulting butter. 
They stated that these results intlicatc~d that d e k v .  plifvefaciejis was capable of 
producing the putrid defect in unsalted butter over a wide pH range. \Trolocho\~~ 
(50) likewise found that the p H  of surface taint butter frll ~vithin the range ob- 
servetl for llor~nal con~mert.ial creamery butter. 

KE1,ATIOX OF 1's. PUTREFACIENS TO THE DISAl'I'ISAKAh'('E 01.' DIAC'ETYL, 

Studies conducted by JITolochow et al. (57) showed that tliac.c>tyl had a marked 
rffc~ct in delaying or reducing the development of snrfac.(~ taint ill butter. The 
effect became consiclerabl- greater as the diac.c.tyl t.ontcJnt was increased. The 
supressing effect ditl not appear to be related to thr inhibition of the growth of 
Ps. putr.cfaciens, because the growth of this orga~lisrn was not inhibited in milk 
by 100 parts per million of tliaretyl, a much higher ronc.entration than is present 
in commercial butter. Ellikcr and IIorrall (14) obsrrretl that the development 
of a putrid odor and flavor in conrmercial bntter was ac.colnpaaied, and in Inany 
cases was preceded, by the loss of typicdal buttcar aroma. Results on laboratory- 
churned butter contaminated with wash water coiitaining a pure culture of Ps. 
putrefaciens showed that a definite derreasc~ in the concentration of added diaeetyl 
accompanied the growth of J's. plctvefacie~zs in the butter during storage. I11 
some trials the diacetyl content was reduced to less than one-half the original 
:unonnt after 4 days of storage. a t  70' F. I n  later work, Elliker and lIorrall (15) 
prepared butter from antoclaved cream to which starter was added shortly before 
churning. Thtz butter samples that were inoculated with Ps. putrefaciens showed 
some loss of tliacctyl (Inring a 7-day storage period a t  21.1' C. These worlrers 
concluded from th(,ir observations that the ability of Ps. pzitrefaciens to produce 
a flat-flavoretl butter is pc~rhaps more prevalent than is c.ommonly realized. 

Elliker (12) reported that almost all the diacetyl destroyed by Ps. plrfra- 
frrciens during 10 clays of growth in butter stored a t  15.6' C. could be recorered 
i ls  acetylmethylcarbinol and 2,3-butylene glycol. About three-fourths of that 
recovered was present as acetyllllethylcarbinol and one-fourth as 2,3-butylene 
glycol. The fact that practically all the diacetyl originally present in these 
butter samples could be recovered in the form of the two redueti011 products of 
this compound brings up  the cjuestion a% to whether this conversion should be 
called destruction. It would seem more logical merely to state that the diacetyl 
was reduced to acetylmethylcarbinol and 2,3-bntylene glycol because of an equili- 



bration brought about by the 1o~vcrc.d oxidation-rednctio potential of the system 
as a result of the growth of I's. p z c t ~ ~ e f a c i e ~ i . ~  in the butter. 

S0URCI:S O F  ( O Y T B I I I S A T I O x  

IIood (19) listed poor sanitary contlitions in the plant and dirty chnrns as 
probable causes of surface taint. Derby and IIammer (8) stated that surface 
taint is not caused by contalni~iation of the surfiive of a piere of butter but rather 
by eontamination of the cream or the tul~vorlrctl bntter. They were of the opinion 
that the organisms cansing this defect gained entrance in the plant following the 
pastenrization of the cream, and suggested that the churn mas very likely to be 
involved in this defect. Loftus-Hill r t  al. (27) rcportetl in their studies on 
rabbito that the origii~ of the causative organis~ns was not locatccl, but the chunls 
were consiclered the most likely source. They cautiowd that othcr sources of 
infection, such as  the ~vatar  supply storage tanlrs or the cream vats, coulcl be the 
canse of trouble. 

I t  has been pointecl ont by Cullity and Griffin (6 )  that foci of containination 
are built up  in a fac.to1.y by initial contamination from the water snpply. The 
most likely sites of contamination are in the churn, or in any other piece of but- 
termaking equipment wllcrc cream or other food material may lodge. 1;ong and 
Ha~nmer (32) isolated 1's.  pmtrefaclctls from creamery water supplies and from 
the floors and sewers in tlairy plants. This organism also was obtained from 
parts of a butter printer in a plant that was having difficulty ~vi th  putrid butter. 
Other isolations were made from three of four churns that \17ere examined by cnl- 
turing material from around bolt heads, from between staves and from the junc- 
tion of staves and ends. Another cnltnre of this organism was obtained from 
the lining of a leaky milk vat. Pont (40) reported that the original source of 
infection with Achr .  pz~tre fac iens  in the butter factory appears to be the water 
supply, but that secondary and, in many rases, more serious foci of infection 
may be set up in chnrns and other equipment. IIe stressed that wooden eqnip- 
mrnt was the type most likely to be involved. 

I n  a recent study of a large number of samples of New Zealand bntter, Thoin- 
son (47) has demonstrated a correlation betweell poor hygienic conclitions in 
butter factories and the inciclence of Ps. pz~tre fac iens  contarnination of the butter. 
Out of 91 samples from which isolations were made, 69 had total bacterial counts 
over 50,000 per gram, .53 had yeast counts over 500 per gram, and 46 had coliform 
contamination elass~fied as either "poor" or "bad." I-Ie stated that those dis- 
tricts haring factories with a generally higher standarc1 of factory sanitation 
hare a relatiwly low i~lc~iden~e,  whereas districts v i th  louer hygienic standards 
hare a mnch llig11cr i~tc*itlrr~ce. Most of the results suggested that the major 
source of contamination was unclean equipment. 

I n  studies on Ps .  p~rtrcfncir?zs,  Long and Haminer (32) isolated this organism 
from raw milk, pastel~rizctl niillr, ram hweet cream. pntrid salted butter and 
normal salted butter. Oth(1r ntatcrials yielding the organism were soil, water 
samples from a variety of sonrces, creamery floors, creamery sewers and creamery 
equipment. Data on the reported sources of Ps. pictrefncie?i.r are summarized 
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by \i7010cho\v et al. (34). They listed the follo\ving materials as sources that  
have yielded this organism a t  least once : (1) soil, (2) farin well water, (3)  cream- 
ery water, (4)  stream, lake and roadside water, (5) crcanlery floors, sewers and 
equipment, (6)  raw illilk and crcanl, ( 7 )  pasteurized 111ilk and cream, ( 8 )  ab- 
normal butter, (9 )  normal butter and (10) sour hams. 

RT:I,ATIOS 01.' \VATI?R SUI'1'I.Y TO THE APPEARANC'E OI" S1-KI>A('l: TAIST 

JIacy ( 3 7 )  poi11tc.d out that  o~~tbrealcs, i n  Miuuesota butter, of a ciefect re- 
sembling surfaye taint werc in  nearly every case tracecl to all infected water 
scpply. The difficult>- was overcome by seeking a new source of water or by 
resorting to the treatment of the water a t  hand. Ps. pritrefaciens has been ob- 
tainecl by Hammer (17) from water used to wash butter. These isolatioils were 
made i n  connection with studies on creameries having difficulty with butter de- 
terioration. 

Linneboe (25) examined a number of creamery ~ ~ a t e r  supplies and farm 
waters for organisms of the Acltr. p~itrefaciens type. Of 52 creamery water 
supplies, nine contained the organism as the water left the well; five other cream- 
ery water5 were col~taininated with the organisms after the water left the well. 
Also, it  was found that  six out of 55 farm waters contained the organism. 

('orley and IIamiller (4) found Ps. plctrefaciens i11 a considerable number of 
water samples. These workers also noted that  some water samples having high 
bacterial counts did not cause flavor deterioration when used to wash laboratory- 
churlled ~ ~ n s a l t e d  butter, but the tendency was for  samples showing high bac- 
terial counts to  be associated inore generally with serious deterioration i n  butter 
than were samples having low coluits. Long ant1 Corley (28) frequently notetl 
that  xvatclr collectccl directly fro111 a c8reamery well w t ~ s  satisfactory. while that 
collectctl a t  the ellurn was ~l~lsatisfactory. They conc.lucl(~t1 that i11 these in- 
stances the contamination e~.idently orcurred either in  the storage tank or in the 
piping. I11 a later publ icat io~~,  Corley et al. (3) reported on a detailecl investi- 
gation of the water supplies of 70 Iowa creameries over a period of 18 mo. 
These investigators observed that  some supplies regularly were satisfactory and 
some regularly were nnsatisfactory, while others varied in  quality from one ex- 
amination to another. Ps. p~rtrefaciens was isolatecl from approximately 5 per 
cent of the water saiuples examined. They concluded that  various water sup- 
plies, acceptable from a public health standpoint, were not suitable for use in  
butter manufacture because of the presence of organisms causing spoilage in  
butter. 

A recent paper by IIood (20) einphasized that the routine bacteriological 
analysis applied by public health laboratories to  creamery water supplies is quite 
inadequate. 11 potable water according to present health laboratory standards 
may contain, in relatively large ilunlbers, proteolytic and other types of bacteria 
capable of gro~ving a t  lo\l7 tt~lnperaturcls with detrimental effects if introduced 
into butter. ITe fur ther  stated that  for  the treatment of water supplies contain- 
ing surface taint organisms, two to three p.p.m. of arailablr chlorine hare been 
fonntl to be snfficie~it. 



I>cbrhj- a11t1 11it111u1t.r (8 )  c~~~phits izc~t l  that c.rt,it1ticbry s a n i t a t i o ~ ~  is estren~c.ly im- 
portitnt w11r11 onc3 is concc.rtled wit11 :tny n~i(+robiologic.ill i1efrc.t of bntter. They 
~naintained tililt b11ttc.r should b(> ~ r ~ a n ~ ~ f a c t r ~ r e t l  l u ~ t l c ~ .  suvh vitrefnl co~~tlit , ions 
that (:Y(.II if it were esposccl for a short ti~ncl t,o tc111pc.riitnrt1s farorable for the 
gro\\-th of organis~us thrrc. woultl bc no tlangc:r of sclrior~s bavtc.ria1 (l('t(,rioratio~~. 
It was pointctl out by il1;lc.y (:W) that  frt.sh re re an^, t h o r o ~ ~ g h l y  p a s t ( ~ ~ ~ r i z ( ~ d .  with 
crcanl and b11ttc.r protevtcvl fro111 rec .o~~tan~i l~a t io~l  fro111 r a t  to churn to f i~~ishct l  
parlrage of bntter, pure watrr. ~ t ~ ~ c * o ~ ~ t a r n i ~ ~ i l t ( ~ c l  starter and thoro11gh ~ r o r k i ~ i g  of 
the butter are  a ~ n o l ~ g  thv n~ost  i ~ ~ ~ p o r t i ~ l l t  p rc~eaut io~~s  if o ~ l e  \rish(~s to aroid this 
type of defect. 

According to Polit (40)   no st inrc.stigators are in agreemc~nt on the folIo\ring 
Ineas1Irc.s for  the volltrol of surface taint, roughly in  the order of their in~por-  
t a m e  : (1 j purification of water supplies by chlorination or filtration ; (2 )  elim- 
ination of secoilclary sourees of infection, particularly in churns ant1 wood~vork 
generally (in many cases conlplete replacement of wooden parts of infected 
c h n r i ~ s  has been found necaessary) ; (3) attention to factors conceriiecl with satis- 
factory physical condition of bntter (thorongh working is stressed) ; (4) ade- 
quate pasteurization tenlperatnrc.~ ; (5 ) increased salt concentrations (up  to 1.7 
per cent) ; and  ( 6 )  higher aei(1itic.s a t  churning ( u p  to 0.15 per cent) .  Other 
workers (6, 22, 50) 11arc. c~nphasizetl some or all of these points in their cliscns- 
sions of the control of this defect. 

J1cCalln111 ct  01. (39) stateti that  sill(:(? ti satisfavtory c . l~r(~ for s~~r fa i !c  taint 
b l ~ t t e r  is not Ialown, control appears to be a ~nattc'r of provention through elirn- 
i n a t i o ~ ~  of tlw causatire agent a t  its source. They strcssc.cl thitt rigorous plant 
sanitation, eficient pasteurization, prcvctl~tio~i of rec.olltalni11atio11 of creani, 
treatment of water s ~ ~ p p l i e s  ant1 steriliziltioli of priuting c y ~ ~ i p ~ ~ ~ e n t  and wrapping 
n~iltrrial are  essential for  the control of the drfect. 

EFFECT OF TI.:.\IL'EKATUI1E ON 1's. I'I*TREFA('IESS 

Bro\vn (1) e~~~pllasizct l  the fact that  the organisms cttpable of causing snrface 
taint \rill clerelop the defert in butter stored a t  relatively low temperatures, while 
JIacy (37) statecl that  high ten~perature of storage is a n  influencing factor in  the 
appearance of surface taint.  Pont  (40) noted that the rate a t  which rabbito 
derelopecl was dependent on the temperature. A t  comparatively high holding 
temperatures i t  may appear in  2 to 4 days, whereas a t  5" C. and lower a ~ ~ e e l c  or 
inore may elapse before the defect beco~nes evident in  the butter. 

According to Itzerott (222).  temperature was tlefinitely the greatest factor in- 
fluencing the derelopmel~t of the rabbito d c f t ~ t .  IIe noted that  with tempera- 
tures between GO and 90" 1". thc~ defect tl(h~c~loped within 2 to 4 days, whereas tem- 
pera t~ l r r s  belo~rr 55" F. liad a tlt.finitr> rctarclillg clflect. Buttcr giren a l ~ e a r y  
itlocnlatiotl of rabbito organisins and 11c.ltl a t  tc~npc,ratures in the riinge of 12 to 
1.5" F. for a periocl of 3 mo. sho\rotl no signs of the tlefeet on re~noval  from storage. 
After thawing, the inoc~~la tcd  butter rapidly tlcvclopeil the defect \rhc11 rsposed 
to tcklnpcrat~~rrs  betwern 6.5 a11(1 95" 14'. Thc eharacatc~ristic taint mas ~isual ly 
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~vc~ll  devc~loped af ter  holding a t  these t e n i p ~ r a t ~ ~ r r s  fo r  30 to 4O hr. These 

stutlirs showed that  the low teniperatures prevailing during cold storage do not 
tl(.stroy the organis~iis but lnrrely inacti~atc'  thcni for  tlie duration of the storage 
prriod. 

Derby and  IIanllller (8 )  fount1 that none of their Aclrr. p~c t re fac i e??~  cultures 
survived 5 min. a t  61.1' C., regarclic>ss of whrther the cultures were young or old 
or whether they- came fro111 agar  slants or from ~iiillr. I n  later ~vorlr, Long ancl 
Hammer (31)  snbjecdtrtl I-(lay ant1 7-(lily rililk cultures of several strains of Ps. 
ptrfvc~facie~i.\ to a t e n ~ p r r a t ~ ~ r c  of 61.7" C. for  ~ a r y i n g  periods of time. The cul- 
tures regularly s~~rvivt . t l  a 0.5 unin. c.xposllre, while llone except the 7-day culture 
of one strain ant1 the 1-day ;md 7-(lily cultures of another strain snrvived 1 min., 
and thescl w\.chrc. itiac*ti\7ated in  2 mill. From these data  they concluded tha t  it 
was ~ ~ n l i k ( ~ l y  that this orgitnisrr~ conld snrvire either the high te~nperaturc-short 
tinip or thc holtlc~r ~ n t ~ t h o d  of pasteurization. 

\Yoloclio\v c d  ( 1 1 .  ( X 3 )  reported on the heat rrsist;tnct~ of onr strail1 of I's. 
plrtt3cfacic~rs. Thry f o r ~ n d  that,  when suspended in niilk, o r p i t ~ ~ i s ~ n s  of this strain 
snrvivcd 34.4' C. fo r  5 ~niii . ,  but  did not survire exposure. to (i2..Xo C. for  1 min. 

CHLORISE RESISTANCE OF PS. PUTRI<FA('lENS 

Long and Hallliner (34) observed that  when Ps. ptrtrefocrrrts was snspendecl 
in sterile distilled water or in  pastenrized and fi1tc~rc.d x r l l  water, i t  was rather  
easily destroyed by chlorine i n  the forrr~ of hypochlorite, provided excessive 
niullbers of the organism were not present. With distilled water, destruction 
was especially active; 1 p.p.111. of chlorine usnally was effective in  5 see. The 
results with well water were. niorcb \,ariabl(., but 5 p.p.111. of chlorine usually de- 
stroyt~d the orgaais~n in 3 see. 111 a later paper, Long and  Hammer (35) reported 
that xvhen the nniubers of T's. plrtrrfacrc?l.s organisin.; in  relation to the arnonnt of 
chlorille or its period of action wrr r  rxcrssire, destrnction lvas unsatisfactory. 
There mas some evidence of variation ill chlorine resistance among the strains of 
tlie organisni that  they tested. 

RELBTIOK 01' SURlOA('E TAINT TO TOTAL I'OPULATIOS O F  JIICROORGANISMS 

S a n ~ p l t ~ s  of surface ta int  bu t t r r  examined by  Derby and I Ia inn~er  (8) often 
conta111e(I Iarg(, n l ~ n ~ b e r s  of bacteria, as  determined by the plate inethotl. Wi th  
sollle of thrsc~ salapl(>s the counts were very high, but  i n  a few instances t11r colints 
1 \ 1 ~ 1 ~  c.ol~~l)i~rativc.lgly l o .  Similarly, high yeast and 1iloli1 caounts were usually 
oDtainc.tl on salnplrs of butter (axhibiting this tlefect. It \ \as  11otc.tl that  the counts 
oti tllc3se three types of organisms were, in a large percentage of the samples ex- 
an~ined ,  higher on the surface portion than on the interior portion of the same 
sall~ple. The total number of oryaniuns for~ntl suggc,.;tc.tl to thc,s13 inve\tigator.; 
that  c*onsiderable growth must hare  occ~~rrecl  brcar~se sncah high eo~ults  would not  
be cxprc~ted i n  butter nlacle from pasteurized crcAam ~ ~ n l e s s  growth hacl taken 
place, regardless of the y ~ ~ a l i t y  of the raw illaterial or thc imanufacturing methods. 

J$Tolochow (49) found that  the total ant1 protc3olytic. counts on surface ta int  
butter fell  within the range of n o r ~ n i ~ l  c.om~~irrc.ial creariiery butter w h m  the  
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plates were incubatetl a t  50 to 70' F. for periods up  to 5 days. I n  a later report, 
Wolocho~v, et al. (55) concluded that the numbers of bacteria in commercial sur- 
face taint butter were, in general higher than in normal commercial butter, but 
that the organisms prodncing snrface taint constituted only small minority popu- 
lations in the defective samples. They stated that the numbers of organisms ob- 
served did not appear to be sufficiently large to acconnt for the surface taint de- 
fect on the basis of count. 

I'ont (40)  has also noted that snrface taint butter typically is associated with 
excessively high i111mbers of microorganisms. IIe emphasized that in the case of 
print butter taken from retail trade channels, high bacterial counts are not neces- 
sarily indicative of unsatisfactory manufacturing hygiene but may to some ex- 
tent be a reflection of the conditions of temperature and handling to which the 
butter has been subjected. I11 his opinion the incidence of destrurtive organis~ns 
like Achr .  p~r t rc fac ie~ t s  is much more important in determining keeping quality 
than total or group co~~il ts .  

TYPES OF ORGAKISMS ASSOCIATED WITH PS. PUTREVACIESS 

Derby and Hammer (8) noted that the general types of bacteria fo~und in sur- 
face taint butter by piclring colonies into litmus milk from beef infusion agar 
plates IT-ere essentially the same as those found in any lot of butter containing 
consiclerable numbers of organisms. Micrococci were especially conspicuous, 
and streptococci and non-spore-forming, gram-negative rods regularly were pres- 
ent. These ~vorkers also observed that the organisms which predominated on 
these plates did not produce surface taint in butter churned from pasteurizetl 
cream inoculated with these organisms. 

In  a study of the incidence of Ps. plitrefaciens in dairy plant equipment, 
Long and Hammer (33) found that the flora on certain plates smeared with 
material from chur~zs definitely resembled the flora on plates prepared froill 
putrid butter. Regardless of whether or not Ps. putrefaciens was present, these 
plates nsnally contained micrococci, spore-forming bacteria, gram-negative rods, 
and often yeasts and molds. Cordes (3 )  also observed that surface taint bntter 
invariably coiltailled large numbers of bacteria and yeasts. White (48) iso- 
lated Ps. plitrefnciens from print butter showing extensive snrface discoloration 
caused by Ps. .~tigrifacie?is. This suggested to him that thrrc. is a rlose associa- 
tion of these two organisms in regard to original sources of contamination. 

OTHER OIIGASISJIS SUSPEOTICD O F  CAUSING SURFACE T A I S T  

Shutt (45, 46) reported that surface flavor butter was alnlost nnlrnown in 
city creameries, ~vhrr r  the water hnpplies are kno\vn to be purr. but that this 
flavor has been clnitcl prrvalent ill butter from creameries in the rural districts, 
especial1:- after prolonged pcriods of \vet weather. I11 his studies on creamery 
water, all snspevted snpplirs were fount1 to be contaminated with Pselrdomonas 
flzcoresce?ls. Lock (26) stated that ill Sonthern i211stralia Ps. flzcorescens like- 
wise mas found frequently in water, ant1 was vonsidered a possible cause of 
rabbito bntter. 
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I n  Canada, JVolochow et a / .  (51)  rnade several h1111c1rc.tl isolittions of bacteria 
from creamery water supplies in  a search for organis~ns haring the ability to 
produce surface taint. I's. fl~torescens was very commonly prcAsent, ant1 this or- 
ganism was able to produce a pronounced rancitlity in butter. I n  a later paper, 
these workers (56) reported that  Ps.  ~ ~ ~ ( O ~ C S C F T I S  \\.as widely spreatl i n  Alberta 
creamery butter and water. They suggestc.d the possibility of this organism 
causing a defect of pasteurized-cream butter chemirally different f r o ~ n  surface 
taint but for  a te~nporary period organoleptically indistingnishable from it. 
All of their experime~ltal st1rfac.e taint butter samples containing inoculations 
from pure cultures of Ps. flztorescens became rancid upon further incubation. 
The latter report described a yellow-pigmented bacterium, believed to be a new 
species, which was isolated from the water supplies of one Alberta creamery. It 
produced a mild surface taint in  butter churned from inoculated, high-tempera- 
ture  pasteurized cream. They believed this organis111 to be less important than 
Ps.  ptifrefaciens i n  the production of commercial surface taint. The tentative 
name Plavobacterittnt ntaloloris was suggested for  this species. Re-nolds and 
Thornton (42) stated that workers in their laboratory had preriomly observed 
that  F .  maloloris was an infrequent cause of surfacde taint in bntter. The data 
they presented were from a n  exatnination of 389 isolations of yellow bacteria 
from 140 samples of Alberta water; only two of the cultnres in this rollection 
proved to be P. nralo1o~i.s. 

I IEDIA ASD 3IETHODS I<'OH ISOIATIOB 01.' I'S. I'UTREFA('II1SS 

Derby and I l a ~ m n e r  (8)  isolated Achr.  ptitrefaciens from s(~v(ara1 silmples of 
s11rfac.e taint butter by the use of an enrichment method whicdh consisted of in- 
oculating butter into l i t~nns  ~ni lk,  holding this mixture a t  3' C'.. then plating on 
beef infusion agar and picking c.olonies into l i t~nus  ~ni lk.  These workers ob- 
served that organisms capable of prodncing surface taint caoultl not be isolated 
from a considerable nti~nber of sanlples of snrfacc. taint butter, although with 
some of the samples the defect could be carried through a series of esperi~nental 
churnings by using defective butter to inocnlatc the pasteurized cream. 

Claydon and l I a ~ n m e r  (2) noted that Achr.  pzctrefacieils \\-as niost easily iso- 
lated from comliiercial putrid butter by inoculating the butter into thoroughly 
pasteurizecl cream, churning the cream and smearing portions of the resulting 
butter on beef infu.;ion agar plates after the defect had developed. It appeared 
that when the organis~ns \t7ere in  cluntps, as  was the case with the smearing pro- 
cedure, the colonies tlerc~lopecl more readily than from isolated cells. Inocula- 
tion of the clefective c~xperintc~ntal bntter into pasteurizetl cdrea1n for  production 
of second or thircl generation sa~npl(>s occ.asionally rc~sultc~d in isolation of the or- 
ganism when i t  had not been o b t a i n ~ d  prc.riously. They also obserred that in- 
cubation of the inoculated cream overnight ilt 1 0 "  ('. facilitatetl i\olation of this 
organism, as clitl incubation of the ~ x p c ~ r i ~ n ( ~ n t a l  b l ~ t t ~ r  R I I ~  the stncarcii platrs 
a t  T, to 10' C., rather that1 at  21° C. I t  was f r ~ r t h w  notcltl t h i ~ t  the age of the 
buttcr see~netl to be rc~latctl to the. (.as(. with 1i.hic.11 .lclrr. p t r t ~ ~ c f a c i e ~ t . ~  was iso- 
lated, si11c.c f rwh sanlples yiclltlecl the orpanisni n1or.c. readily thilll older wmplrs. 
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In 1att.r work, T~ong ant1 IIaninic~r (31)  rc.portc.tl that a spc~c+ial gclatiii-agar 
v o n t a i ~ ~ i t ~ g  an iron salt was very usefnl in t h ~  isolat io~~ of I's. ptrf~.cfncicns becansr 
of the I~lxl~riilnt gro\vtli i ~ n d  hiah valor pro(111ction wit11 it. 011 this ~nedinm 
I's. pr~t~~ofncic t t s  tl(~c?lopc.tl reatlily, a11tl aftclr sevcbri-ll t l i l ~ s  caolo~iios were fairly 
large, ri~isetl and hro~vn to retltlish brown or pink. I t  was f o ~ i n d  ~ v i t l ~  c.c.rtain 
materials that  cnrichmet~t in  l i t ,~nl~s lriillr a t  3" C., fol1owc.d by sniearing on the 
special ~nedium, aided in isolating the organism, whereas with other materials 
tlirect sniears were morc~ successful. These workers stated that  in  attempting 
isolations from butter, the sernnl was more satisfactory than the butter itself. 
It was eniphasizetl that even with this improved medium growth may not occur 
when tlie imnibers of orga~iisms in the inoculating material are small. Tt \!*as 
also pointed out that  better results were obtained when plates were smearecl than 
when pollred in the usual way. 

Recently a n  investigation of the nutrition of Ps. p t l f r e f a c i e ~ ~ s  was conill~cted 
by Rei~lbolcl (41).  As a result, this irlvestigator developed a plating medium 
containing casitone (Difvo) and 1-malic acid which was suitable for the cultira- 
tion of this organisni. Ten diffrrent c111t11rc.s of 1's. p t r f ~ ~ c j ' a c i ~ t r . ~  w c ~ c  nseil in a 
cornpariso~~ of this ~ t ~ e d i ~ u ~ l  \vit,h t h ~  ~ n c ~ d i u ~ n  clevrloprd by Long ancl I Ian~lner  
(31). I'lates containing (,qua1 p o r t i o ~ ~ s  of the sanie clil~ition of a tcst cnlturc. 
mere pollred wit,li c w h  nietli~lm. The ~ u ~ n l b e r  of colo~iies on thta I I ( ~ W  ~ncltli~rn~ was 
significantly higher than on the ~ n e d i ~ t n ~  of I ~ o n g  and IIamlner in  six of ten cul- 
tlrrcs. S o  diffcreni.~ in volony c.onnt,s was ohtwiric~tl f r o n ~  thrcbr of thr  oth(br vu1- 
t ~ l r ( ~ s .  while t,he ~ i l ~ ~ n b e r  of (~01i)ni~s fro111 t , h ~  t c ~ ~ t h  ( ' n l t n r ~  was sigtiifi(*i~~~tly higher 
on th r  ~ncdinni of Ilong and I I a n ~ ~ n e r .  It w i ~ s  also notrtl that  thrre was no clif- 
ft.rellc.r in colony sizc~. althorlgh pigmentiltion was enhanced on the ~ i t l ~ v  111c.tlinm. 

RISlrATIOS 01' TFIF: Ai;I.: 01" BIJTTIaCR TO THE It15('0\'EItP 01> 1's. I'lTTREFA('IESS 

The difficulty in isolatilig dc l t r .  prrtvefacicns froin lnost sa~i ipI(~s of p l ~ t r i d  
butter and the failure to obtain it  from other sarr~ples suggestetl to Clayclon and 
Haminer ( 2 )  that the organisin diril rather rapiclly after causing the defect. 
Results of their esperiments indicated that,  with laborator:.-chnrnel butter con- 
tailling Aclzr. p i r f ve foc i e~~s ,  tlie organis~ils became inore clifficult to isolate as the 
butter aged. These morlters found that occasionally, even with a large initial 
inoculation, ancl particularly with salt presc.nt, Aclir. p l c t r e f a c i e ) ~ ~  was not ob- 
tained froin defective butter after 20 days; in  one instance ~ v i t h  a smaller inocn- 
lation, it  was not obtained iifter 8 clays. They stated that  under similar condi- 
tions clifficnlty ~vo11l(1 be expected i n  attempts to isolate the organism from com- 
nlercial putritl batter whic.11 had bren held for sonlc time, particularly a t  21' C.. 
or abovtl. 

111 a later stndy? Long iuld IIa~nlner  (31) i u ~ ~ s t i g a t e t l  fu r th r r  the viability of 
1's. pltfrcfacic)tn in butter. Eac.11 of t h ~  two lots of la t~oratory-chur~~e(l  bntter 
inclucletl a sitltc'tl a ~ i t l  ~rns;~ltcd  orti ti on, held a t  21 i ~ n d  Y o  C. These investiga- 
tors esanii~~c.tl  tllesc, stnnplt.s for 1's. pitf,.cfncictcs at the time of ~nannfactnre and 
a t  i~i t r rvals  thrreafter by snicaring sc.r11111 on t,hc. spcxc~ial g:.cblati~~ agar ant1 also by 
atltling srrmn to lit ln~ts nlilk for (:nri(+hll~ent a t  :jO C. 111 th(1 1111salted bntter 
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held a t  21" C. the numbrr of 1's. prrtrcfncic?u after 24 hr. Tvrre nmch larger than 
origil~;tlly ant1 no r r t l~~ct ion  collltl b~ cl(?trctetl after 18 tlays; a t  8' C'. the nlnnbers 
hat1 grratly incrc~asrtl after 1 wlr., and there was no tlccrease after 16 wk. 111 
the. bnttrr  conti~ining 2.5 per (sent salt and stored a t  21.' C:., tllcro was an  inc:rease 
in  umbers of 1's. prctrefacie~~n after 24 hr.; l a t ~ r  there mas a ilefinite decrease. 
I n  the saltetl samples held a t  X o  C., there was a slight increase in mnnbrrs up to 
8 wk. ant1 then a decrease. 

\T7010cho\v et 01. (35) detennineil the numbers of organisn~s in fivc laboratory- 
churned unsalted butter satnples macle from cream inoculated with I's. prctrc- 
faciens. The samples were stored a t  10 to 15' C. Counts on tryptonr-glucose- 
beef extract-two per cent ski~n~nillr agar were determined a t  intervals u p  to 
23 tlays. I n  three of these saniples the counts w r e  still increasing a t  the end 
of this storage period, the nlaxi~num numbers ranging from 10 to I 7   nill lion or- 
gauisrus per pram of butter. 

KELATIOS O F  SALT TO THE GROWTH AKD SURVIVAI> OF PS. PUTREFACIENS 

IIood and White (21) observrcl s r~rf i~ce  taint in butter having a. salt c.ontent 
as high as 2.67 per cent. Derby ant1 Hammc.r (8)  inocnlatrtl pasteurizc~cl cream 
xvith Aclrr. prctrefacic~~t.s, chnrnc~tl the erc.an1 ant1 acltl(.tl varying amounts of salt 
to portions of the resnlting bnttcsr. All samples were hrld a t  15.6' C. The un- 
saltetl ant1 slightly saltcltl (0.75 prr  cent) portions tleveloped snrfave taint in 4 
(lays. \vhcrras the  netl limn-saltetl (1.5 per c.ent) portion 7vi1s still aonnal after 
20 tlays storage. 13asrd on the abovc: results, these worlters stated that salt had 
a great inflncnc.c 011 ~.cstrilining the tlevelopn~ent of surface taint, hut that i t  was 
improbable that the medium salt concentration usetl in this experiment woultl 
always prevent the drvelopment of this defect. 

Claydon and IIa~rnner (2)  determined the salt content of a nlnnhcr of samples 
of commercial putrid bnttrr. Thry found a range of salt content in these sa~nples 
from 1.08 to 2.41 per cent. These investigators also noted that, in laboratory- 
churned butter, salt was not effective in preventing the development of the de- 
fect unless the butter was thoroughly worked. It was noted by ~lToloeho~r (49) 
that the salt content of surface taint butter fell jvithin the range for nor~nal  com- 
mercial butter. Naej- (37) emphasized that low salt content was clefinitely a n  
influencing factor in the appearance of surface taint. 

Itzerott (22) studied the effect of salt in conjunction with acidit-  on the de- 
velopment of the rabbito defect. IIe concludecl from his \vorlr that a salt eon- 
centration of 1.7 per cent in but,ter made from cream ~v i th  an  acidity between 
0.06 and 0.15 per cent will give a reasonable amonnt of protection against the 
development of the defect. IIis expcrimclnts indicated that the salt had a greater 
effect than acidity in cheelring the growtl~ of organisms. 

Long and IIatu~ner (31) tested the milt resistance of 15 rcaprcsclntative c111- 
t r~res  of 1's. pibtrefncie71s in l i t~nus  milk. They found that in milk vonttlining 
4 per cscJnt of salt all the cnltnres grew; with 6 pcBr carnt of salt, only six of the 
cul t~ucs  grew; with 8 per cent of salt, one enlt,nre sho~red slight g r o ~ ~ t h  after 3 
wk. ; ant1 n-ith 10 prr  crnt of salt nont! of t,h(b ur~ltnrrs prv\\-. 111 esprrimrnts 
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conducted by lfTolocho\v et  01. (57),  it was observed that 1's. plttrefaciens grew in 
nutrient broth containing np  to 6 per cent of salt and in skiinmilk containing up 
to 4 per cent. Growth also occnrretl in butter sernm containing 1.2 per cent of 
salt but not in wrum containing 6.8 per cent. 

REIJATION O F  CURD TO THE GROWTH AND SURVIVAL OF 1's. I'IJTREFACIESS 

Hood and White (21) analyzed a number of samples of b ~ ~ t t e r  for curd con- 
tent and found that the values for surface taint butter corresponded closely to 
the values secnrecl for normal butter. Later work by lfTolorho~v (49) also showed 
that the curd eontent of surface taint bntter fell within the range noted for 
nornlal commercial creamery butter. 

RELATIOS O F  pH A S D  ACIDITY TO THE GROWTH A S D  SURI'ITAL OF  PS. PUTREFACIENS 

Derby and Haminer (8)  found that Achr.  ptitrefaciet~s failed to grow in 
sltim~nilk acidified with lactie acid to 0.30 or 0.31 per cent, but dicl develop when 
the milk was acidified to 0.27, 0.28 or 0.29 per cent. I n  a later study, Long and 
IIannner (29) investigated the acid resistance of 1's. ptctrefncie?~~ by adding 
varying amounts of lactic acid to sterile skimmilk. At  approximately p H  5.3, 
I's. p~tfrefaciens survived only a relatively short time. \fTith values appreciably 
above pII  5.3, the organism multiplied iri the acidified niilk; with values below 
p H  5.3, it was inactivated in less than 48 hr. 111 milk acidified to pI I  4.9, the 
organism was rendered inactive in 8 hr. Woloc*how et al.  (54) presented data 
on the growth of Ps. p~tfrefaciens a t  varying p1-I levels in several bnffered liquid 
n~edia. The pII  range permitting growth varied with the mediun~, bnt that  in 
some instances growth was not prevented until the p H  was below 5:5 or above 9.5. 
They concluded that  I's. putrcfa.cien,s was able to initiate growth and to grow 
over a p H  range considerably wider than is conitnonly found in the seruin of 
nornlal or surface taint butter. 

XUTRITIONAL REQUIREMENTS O F  PS. PUTREFACIESS 

Long and Hammer (31) reported that the growth of Ps. p ~ ~ t r e f a c i e ? ~ ~  on beef 
infusion agar v-as not improved by the addition of various amounts of the anlino 
acids alanine, asparagine, cysteine, cystine, glycine and tryptophane. Addition 
of the oxidizing materials, potassium per~nanaganate, hydrogen peroside and 
potassium persulfate did not aid the growth of PP. p ~ t t r e f a c ~ ~ ) ~ ~  \\hen used in 
small amounts and retarded growth when used in relatively large amounts The 
addition of certain reducing componnds was of some value, sodium thiosulfate 
apparently being be\t suited to the organisin Certain other compoiuicls prc- 
viously reported as gronth factors for wine other orgaiii\ms \\ere al\o investi- 
gated. Among tho\e tested \vet-c a-~iaphthal(.neac.etic. acitl. benzoic acid, y-(in- 
dole-3)-11-bntyric iic~d, hytlrocinnainic ac+id, indole-:<-acetic aeitl, nicotinic~ acid, 
phenylacetic acid, riboflavin, t h i a ~ n ~ n  and 1,2,.5,6-tlibenza1ltIiracc~1ie Rcnzoic 
acid had a que5t1onablr b(.nefic.ial effect, and none of the otht>ra 111 this group 
aided growth. 

Scheunemann and Behrcns (11) used a \ynthctic. mediunl to investigate the 
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nl!tritional reqnirements of 1's. ptrtl-efacietrs. Esper i~nents  employing various 
concc~ntrations of growth factors it1 this m e d i u ~ r ~  showed that  thiamin hydro- 
chloride. nicotinic acitl. bc~tain hydrocdhloritle ant1 vitamin 13, stinlulated growth. 
A markedly lrsscr growth sti~nnlation was exhibitetl by choline hydrochloride 
and pantothenicb acid. 

Reinbolt1 (11) found that the amino acids used by most of his cultures were 
glntalnic aeicl, aspartic acid, isoleucine, leucine and tyrosine. Of other nitro- 
genous compomncls tested, the most readily utilized ones were protolysate (Mead 
Johnson), casaniino acids (Difco) , and casitone (Difco) . The organic acids 
n~ost  readily usetl were propionic., butyric, pelargonie, lauric, lactic, succinic, 
sebacic, fumaric, 1-malic, a-bromopropionic, glyceric and gluconie. Of these 
latter acids. 1-malie, fumaric, and lactic were foremost in  promoting growth and  
pigmentation of the organisms. The action on carbohydrates was variable. 
Under the conclitions of his experiments, the only carbohydrate used by all of 
the test cnltores was glucose. Other carbohydrates utilized by a t  least one of 
his test o r g a ~ ~ i s m s  were maltose, sucrose, dextrin, soluble starch, cellobiose, l-arabi- 
nose, glycogen, fructose and inulin. Within the test conditions used, the nine 
6-comples ritamins either collectively or individually did not stimulate growth. 

Doudoroff et  nl. (9) showed that  Ps. p?ctrefnciel~.s could be adapted to utilize 
slicrose a t  a much greater rate than the constituent hexoses. Denlollstration of 
a sncrose phosphorylase, phosphoglucomutase and phosphohexoisomerase in d r y  
crll preparations of P.9. plttrefaciens helped to elucidate the metabolic pathway 
hy 1vhic.11 the glucose portion of sncarose is utilized by this organism. The finding 
of a surrose phosphorylase in the enzylne system of 1's. p~itrefacieirs also points 
to the estrrmely i~npor tan t  par t  that  phosphate plays in its metabolic processes. 

111 a more rec.ent paper, Iilein and noudoroff (24) reported on studies with a 
rnntant strain of Ps. plrtrefaciens which was capable of utilizing glucose. The 
experiments on the wild type of the organism, which could not grow with glucose 
as a sole carbon source, and on the mutant  were conducted with washed-cell sus- 
pensions, using the Warburg technique. This mutant  strain of Ps. plttrefaciens 
osiclizecl glucose rapidly and utilized it for  growth. They stated that  the utiliza- 
tion of glucose by this mutant  was strictly adaptive in  nature, and that,  apar t  
from the enzyme initiating oxidation, the wild type, like the mutant, had all  the 
enzymes necessary for  the subsequent metabolism of glucose. 

The results of these experiments are  a t  variance with the work of Reinbold 
(41 ). who presented data  showing that under the conditions of his experiments 
all of the ten cultures of Ps. pqttrefaciens tested utilized glucose. It is conceiv- 
able in  the experimental method used by R'einbold that  some carryover of essen- 
tial intermediates was aceomplisheil when the test medium which containecl glu- 
cose was inocnlated with the test culture, thereby furnishing enough of a critical 
snbstance so that the vulture coul(1 initiate. growth. On the other hand, in  the 
work of Iilein and Do~idoroff, the cells collected by centrifugatioa of liquid cul- 
tures were ~vashed with phosphate buffer before being used in the Warburg 
flasks; consequently, these test organisms had to initiate growth with only the 
components presc1nt within the cells themselves. 



111 the paper by IClein and Dondoroff (24) ,  it \ias stated that because neither 
wild-type nor glncosr-utilizing nlutant c~rlls were capable of oxitl~ziag fructose 
and repeated attenlpts to isolate a nlnta~it  ~~tiliziiig fructose had proved n l l~ur-  
cessful; the conclnsion was ~nade  that free f r n ~ t o s ( ~  was conipletely uiia~~ailablc 
to Ps. p l~ f rc facrc~ l r .  Snbscclncnt experiments, reportetl in a very recent note by 
IClein (23) ,  ho~r-e~~cq-, h a w  rerealctl that frnc.tosc> can be ~netabolized by this or- 
ganism if this sugar is present in high concentrations. Fructose oxidation dif- 
fered from the oxidation of other qugars stndied in that it was nonadapt i~e  in 
nature. 

SUMMARY 

Surface taint became a problem to the dairy inclnstry with the introdnction of 
pasteurized cream for buttermaking. This heat treatment seems to transform 
the cream to a satisfactorj- medium for the growth of the causative orgaaism. 
Butter churned from pasteurized cream that has been contaminated with Ps. 
pzctrefacie?zs usually developi; a putrid odor and flavor mithin a very few (lays, 
even ~r11e11 stored a t  teiiiperatures as low as 5' C. 

Ps. p i c t r e f n c ~ e i ~ s  has been isolated most frequently from the water used in 
~rashing the butter ancl from various pieces of eqnipniclnt in dairy plants encowl- 
tering difficulty ~vi th  sllrfacr taint. T h i ~  organism is relatively easily inactivated 
by chlorine; therefore, atlcclnatcl treat~nent of an infectecl water supply wit11 this 
chemical will rendrr it s~~ i t ab le  for use in butter inanufacture. I11 some in- 
stances, certain pieces of rcluipmc~nt such as wooden chnrns beconic. so extensively 
infected with thiq organisn~ that the rcplaceincllt of a badly worn unit is the 
simplest method of stopping a bad ontbrealc of surface taint in the butter fro111 
a particular plant. 

The incidence of si~rfacc taint can be lowcrrtl very niarlredly by following 
good sanitary practices in the dairy plant. Several gronps of investigators have 
made snggestioils for the prevention and control of surface taint. Althongh the 
practical methods suggested for the control of this defect are quite effective, 
there is still no really rapid and simple procedure for determining whether any 
particular ehnrniilp of suspected butter actually contains Ps. p7itrefnciei1s. and, 
if so, just hon- exteiisive the contamillation with these organisills is. 

The quantitative estimation and isolation of Ps. puf  refacwns f roll1 butter has 
been a probleili worked on for many years by investigators in Australia, New 
Zealand, Canada and the United States. A large part of this research has been 
dirrcted a t  the developllieilt of a more suitable medium for the growth of t h ~ s  
organism. It has been apparent for quite some time that Ps. ptrfi.efaciei~s loses 
viability rather ci~~ickly  hen stored ; hence, part of the difficulty encountered in 
recovering this organim from butter can be traced to the fact that the ~minber of 
viahle cells re~iiaining in the infected sample may be w r y  lo~v. Also, there is 
very definite evidence that ordinary distilletl water is highly toxic to Ps. putre- 
frrcrens; therefore, anj- tc~hllique employing ullbuffered water as the dilution 
medi~iin immediately lo~vers the possibility that any of the causative orga~lisms 
\rill be rccovercil. Regardless of the tecliniclne usetl for the quantitative estima- 
tion or isolation of this organisn~ frorn butter, it  is irnperatire that as fresh sample? 
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as po\sibl(. be obtai~ietl for a~liilysis bc('itlls? of the rilpitl rate a t  which tile or- 
galiih111 Iosv\ ~ i a b i l i t y  011 storage. 
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ICIJFECT O F  FEEDIXG lTARIOUS PERCENTAGES O F  ARTIFICIALLY 
DEIIYDRATED ATAFAI~FA  MEAT^ ON TIIE CROTYTII i\sn 

CAROTESE INTAKE 0 1 4 '  1I)ATRY CALVES' 

K. L. DOLGE, 11. D. EATON, .I. E. AVAMPATO, R. I). MOCHRIE, .\SD F. I. EIJI~IOTT 
iltrrmnl Itrrlri.\trrr\ I ) r p n v l n ~ c n t ,  S torrs  Aqrrc~rrltrirol R.r])rrr~rtr~trl Stntrott 

AND 

G.  REALL 
.Ilnthrr~rnttcs I)egcrvI~rtent, lJntrcr.\itrl of Coittrrctrort, Storrp 

Poor or arerage clnality hay has been found incapable of irleeting the carotene 
and roughage rt~quireinents of the young dairy calf raised nnder a liinited-whole 
milk and d r y  calf-starter system of feeding (4, 5 ) .  Since hay of required qnal- 
ity ha.; not been generally proclnced in the northeastern states (2, 20) ,  pr i~nari ly  
betaause of weather c.onditions (19) ,  the development of a system of feeding to 
insure adequate varotene and roughage intake is needed. 

Inarinuch as the yoang calf, when fed starter and hay separately, generally 
prefers starter (4, ;i), i t  \voulcl seein desirable to for~nulate  a conlplete ration 
which ~vould eliniinate the preferencch factor i l ~ l c l  insure adequate c.arotckne ant1 
roughage intalrt.. The gencbral tlesirability of self-feeding a c.ornplrte r i ~ t i o l ~  to 
the young dairy valf has hct~n reported prcvionsly ( I ,  9, 10, 14). as has tht. de5ir- 
ability of inc.lnding roughage in the ctllf's ration (8, 17, 18).  

High carotelle pott~ncy. artifivially tlchytlratt~tl alfalfa ~ n e a l  is rcaclily avail- 
able 011 the markt~t in  the northt~astt~rn stittt's ant1 has ~ C ~ P I L  found to be a n  exrel- 
lent sonrce of carotene and roughage for  yonng taalvcs (4, .5) .  Therefore, a study 
to cwinparc the c~ffc.c.ts of incorporating vario~ts ptsrct.rltilge.; of artificially de- 
11ydriitc~d alfillfa 111eal iilld 4tarttsr into a t + o t ~ ~ p l ~ t ~  ration fta(l gd lib. with a stand- 
itrd system of lin~itctl f red i t~g  of startc.r p l ~ i s  avtlragta clnalit?- hay ncl lib. a\ a con- 
trol \\'a\ untlertaken. 

EXI'I3RI.M L':NTAL 

A~cinzals. Thirty-two 7-day-old calves, eight frrnale and eight inale C:n~rnseys 
and  eight female ancl eight niale Holstc~ins, \\-ere placecl on experiment froin Oc- 
tober. 1950, through March. 1951. Four female and two male Gnernseys canle 
froin Lyman Farms, JIidcllefield, Conn., txvo fenlale and four  male Holsteins froin 
Mansfield State Training School and Hospital, Mansfield, Conn. ancl the rernain- 
irtg calves from the T'niversity herd. All calves either nursecl their tlams for  
48 hr. or were fed rolostruin for the same period a t  the daily ratr  of 5 lb. for  
Cnernseys and 8 lb. for EIolsteins. Ca1vc.s then \vertl transportetl to the 1-niver- 
sity rescarc.11 barn ant1 plared in individual tie-stalls in a s'paratt. portion of the 
barn  where the tc,~nperilt~~rt. was inaintainetl a t  it ~nir~imutti  of 10" C. 

Si11c.e it \\-as i~npossible to prt~t1ic.t in atlvancacs avi~ilability of caalvcs froin the 
thrrcl sourccxs, c.itlrt>s were rantlontly assignetl with restricdtion ils to scs and hreetl 

Rccrirell for  ~ ) ~ ~ l ) l i e : ~ t i o l ~  I)rv. 1 I ,  1951. 
I S ~ ~ ~ ) l > o r t c ~ ~ l  ill part I)? ~ U I I ( I S  ]?rovideil I)? tllc Chns. M. Cox Co., Ilostol~, JInss. :\ portion 

of thest. ,1:1t:1 IV;IS l)rrse~~tc(l at t l ~ r  1951 Alu~ltnl Meeting of Tllc . \ ~ ~ ~ c r i c n ~ ~  Socirty of Animnl 
Production. 
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to onc of four ration groupil~gh. This proct.tlrtrc. \viih repc.ittc.tl so that two repli- 
catio~ts of thr  oxpc.ril~ie~ltal design were :tc*hit.vt~tl. 

I<nt io , t s .  'I'hc. four ratiolis were: (it) Stitlltlartl ration ~'onsihting of starter 
liniitrd to 2.5 Ib. tlaily for  (:uc.rnsc.y c.illrrs atltl 3.0 Ih. for ITolstc~ins. and IT. 8. 
110. 2 firld-caured illit1 firltl-hitl~tl a l falf i~ hay f ( ~ l  or1 l ib . ;  ( h )  2.5 p ~ r  vent alfalfit 
ration consisting of a 1ilixt11r.c. of 25 pclr vrnt i~rtific.ii~lly ( I ~ ~ t ~ . ~ t l r ~ t ( ~ l  illfiilfil ~ilrill 
and 73 per eelit s t a r tw fed rrrl l ib.;  ( ( 2 )  .jO p(%r writ alf;llfit 1.iltio11 caonsisting of 
T,O per cent alfalfa and 50 pvr c*c*nt starter fetl or1 1 1 1 ) .  ant1 ((1) 73 prr  C''II~ alfalfa 
ratio11 consistillg of 74 per cent alfalfa t ~ ~ ~ t l  26 p(,r. (*ta~it starter fell (((1 lil). Thew 
are described in table 1. Cheillical analyses in  table 1 represent average ralues 
of samples taken a t  successive 28-day intervals during the experimental period. 
The herd milk contained on the avrragr 191 y of earotenc and 178 y of vitamin A 
per pound. 

TABLE 1 

l ' k t  ingredirnts nil(/ tlre tircnn cl~emical coirrposition of tlre feed fed 

l i ; i t i o ~ ~ s  

Cr:ic.kc(l yr l lo~v corn 
('rinllw~l oa ts  
Wllo:~t 11r:un 
I,i11src~11 nil 111ea1, (1.1). 
S o y l ~ e ~ : i ~ ~  oil 1nt1:ll. (1.11, 
. \ r t i f ic i :~ l l~  t l r l~ycl ra t r~l  

a l fa l fa  me:rl 
1)riril sk imn~i lk  
Forta-Feed Letlrrle 's 2 
Irratliatr(1 ycnsta 
Diealcio~n p l ~ o s p l ~ a t c  
Tnrlized salt  
(':inr molassrs 

I NQR1SI)I E N T S  
(lO./lr171 ~rif.clr~rc) 

469.5Ob :37X.3011 
400.00 . L). .<-2.00 
300.00 250.50 
140.00 11:3.00 
279.25 .,c,r U r  --.>.-,I 

140.00 191.00 
100.00 XI.00 

. y ~  40.00 :3LOo 
1.25 1.2.5 

20.00 16.50 
10.00 8.00 

100.00 81.00 

Tota l  2000.00 2000.00 2000.n0 2000.00 

CHEMICAL COMPOSITIOS  

Ilry matter 89.43 88.37 (%)  89.38 89.76 
( %  of d r$n in t t r i )  

('rudcx p r o t e i ~ ~  18.63 21.95 22.67 22.39 
Et l i r r  r ~ t r a r t  1.75 4.08 -3.92 4.10 
('rude filler 31.28 7.64 IO.7:i 1.5.14 
Si t rogrn-f ree  e ~ t l a c t  3i.77 .5$).!)7 .55.70 511.72 
i\ s l ~  10.56 (j.35 li.97 7.65 
(':I 1.19 O.(i2 11.74 1.04 
I' 0.18 O.Ii(i 0.57 0.11 
Jl g 0.24 0.3 I O.?Y 0.29 

(911 f/./lll.) 
( ' : I ~ ( I ~ c ~ I I ?  3.88 I .RX 5.1 1 10.20 



K. L. DOLQE ET AL 



ALFALFA MEAL 425 

The field-cured and field-baled alfalfa hay was identiral in source to that cle- 
scribed in a previous study (5) .  It graded on the average U. S. no. 2 alfalfa 
hay and contained 0.7 per cent timothy, 0.5 per c.1111t foreign material, 38 per cent 
leafiness of legunirs and 39 per cent color. Thc standard starter and the rarions 
mixtures of artificially dehydrated alfalfa meal and starter were prepared from 
one lot of ingredients. All but the corn, oats, bran and  nol lasses were pelleted. 
A sample of the pellets from the standard starter n~easuretl 0.61 + 0.21 cm. in 
length and 0.56 + 0.03 cm. in diameter. Similar values for the 25, 50 and 73 per 
cent alfalfa rations were 0.57 + 0.18 and 0.56 & 0.03, 0.45 * 0.10 and O..55 +- 0.03 
and 0.44 + 0.11 and 0.54 + 0.02, respectively. 

After nursing their dams for 48 hr. or being fed colostrmn from their clams, 
Guernsey calves receix~ed 7 lb. of Holstein herd milk daily the third through the 
seventh days and for successive 7-day periods thereafter 6, .?I, 4 and 2 lb. daily. 
Corresponding amounts for Holstein calves were 8, 7, 5, 4 and 2 lb., respectively. 
Water was allowed ad lib. from the seventh day of age and, with the exception of 
calves 011 the control ration, all feeds were fed so as to allow a ~ n i n i n l u ~ i ~  I\-eigli- 
back of 10 per cent. 

To estimate the vitamin A storage, the calves were plac.c~d on a low-carotene 
ration from the 105th day of age through the 126th day of age. This ration, 
consisting of one-third beet pulp and two-thirds grain, was identical in composi- 
tion and was fed a t  a level similar to that described previously (5, 6) .  

Observations and analyses. Feed intakes and refusals were ~i~eigliecl to the 
nearest 0.1 lb. Live weights were recorded and venous bloocl samples dralvn for 
h~moglobin and plasma raroten~ and vitamin A determinations on the sercbnth 
day of age for each calf and a t  successive 7-day intervals thereafter. I n  addition, 
venous blood samples were obtained every second day from the 112th day through 
the 126th day for estin~ation of vitamin A stores. I-Ieight a t  withers, heart girth 
and girth of paunch were taken to the nearest 0.5 in. a t  7 days of age ancl a t  suc- 
cessive 14-clay intervals through the 105th day of age. Daily health observations 
were recorded. 

Treatment of blood samples, analytical and statistical procedures were those 
employcd previously (4).  The data in tables 2, 3 and 4 are arithmetic nieans + 
their standard errors. 

I n  the analysis of variance, the variability among rations was consiclered first 
as standard versus complete rations. Secondly, among coniplete rations, there 
was a linear trend with increasing alfalfa and deviations from that trend. The 
total analysis besides embracing variability due to rations inclucled that due to 
sex, breed and other effects. I t  was as follows: 

Sotrrrr of t.(l).i(~fioit Degrees of freedosa 
R:~tioiis  3 

St:~nd:ird versrtx coinpletc rntioiiv 1 
Arnoiig romplctc rntiolls 2 

Linenr trc.n(l n ~ n o n g  colnplrtr r:itionn 1 
l)evi;itio~is froni liiie:irity : i~nong coi i i~~lctc  r:itions 1 

13reeds 1 
Scscs I 
R x B  3 
H x S  3 
13 x S 1 
R x B x S  :i 
F:rror I (i 
Total 3 1 



TABLE 3 
Ef fec t  of lczcl of alfalfa meal included in tlic calf's mtiwn PLPOIL growtli 

Exptl . 
grouping 

Observed v;~lucs 103 (1 . ~-:llue :~djusted 
4 t  7 (1 . A t  105 d . for  i (1 . v:tlue 

Live weight (lb.) 
Stantlard ............................ 84 + 8 213 + 14 
25% alfalfa .................... 82 + 6 232 + 18 
50% alfalfa ........................ 81 + 5 .. 200 2 12 
r ~ % a l f a l f a  .................. 8 0 + 6  167 + 16 

Guernseys ............................ 69 + 2 
Holsteins .............................. 94 + 3 

Females ............................ 78 + 3 194 + 10 
Males .................................. 85 + 5 212 + 14 

Height (in.) 
Standard ...................... 28.5 + 0.7 35.2 + 0.6 
2 5 % a l f a l f a  ...................... 28.8+0.6 35.4 + 0.6 
50% alfalfa .................... 28.4 + 0.5 33.9 + 0.7 
75% alfalfa ..................... 27.8 2 0.4 32.1 + 0.5 

Guer~iscys .......................... 27.4 + 0.3 
Holsteins .............................. 29.3 + 0.4 

Feniales ...................... 28.2 + 0.3 34.1 + 0.5 
Males ............................ 28.6 + 0.4 34.2 + 0.6 

Heart girt11 (in.) 
Standartl .................. 29.2 + 0.8 38.8 + 0.7 
25% alfalfa . . . . . . . . . .  29.3 + 0.8 39.7 + 1.0 
50% alfalfa ............... 21).8+ 0.9 38.2 + 0.9 
7.5% alfalfa ................ 28.6+ 0.8 35.2 + 0.9 

Gnernseys . . . . . . . . . . . .  

Holsteins . . . . . . . . . . . .  

Females 289 + 0.5 37.8 + 0.6 
Males 29.6 + 0.6 38.1 + 0.8 

Girth of pa~ulcli (in.) 
Standard ...................... 29.2 + 0.8 50.3 + 1.4 
25% alfalfa ...................... 28.8 + 0.6 48.3 + 1.4 
50% alfalfa ............... 29.8 + 0.8 48.8 + 1.0 
75% alfalfa .................. 28.1k0.5 46.4 + 1.5 

Guernseys .................... 28.1 + 0.3 
Holsteins ............................. 29.8 + 0.6 

Fcmales ........................ 28.9 + 0.5 
Males ................................. 29.0 + 0.5 

The period that would have been required to deplete each calf of its vitamin A 
stores was calculated from the average level of the vitamin A in the blood from 
the 112th through the 126th day. as above . The equivalent depletion period for 
any of these given arerage levels was obtained by reference to previously estab- 
tablished data.2 

2 Cnlrulation of time to drpletc c:lcl~ c:tlf of' i ts  vit:~min A stores was areolnplished by the 
following formr~la : X =% f l)'(p -7) . 15 in which X =  cxpeetctl w c ~ k  for l~lootl plasma level of 
vitamin A to derrease to 4.0 y per cent; lu= mean w ~ c k  in wliirh bloo~l pl:~mna level of vitami11 A 
w;~s obsc.rret1, tl~:rt IS 17 ; 0' = n o  . of \rc.ek for 11lootl ~)l:~siii:c level of vit;lmin A to tlcrreasc 1.0 y per 
cent (for Guerns r~s  0.3986 : ~ n d  for Holsteins 0.4021, I)otl~ v:i111rs (leriretl from c:tlves actually 
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~l1'7~1 of lr,vcl of ulfoll'o ~rrrnl t~~rlz,r l r~l  ill t k v  calf's mfiolt rrpo11 7r~s~~ro~,lobi~r rr~rd plrrsrlro carotene 
t i t amin  A 

Ol~nc.rvc.il r : ~ l l ~ r s  
Exptl. M~S:III 14 (1. t l ~ r o ~ ~ g h  105 11. 

grouping .\t 7 (1. MCIIII  14 11. t l ~ r o u g l ~  :11l,jnst1~1l for  i 11. r:~lue 
105 11. 

-- 

EIr~l~oglobin (9. %) 
S t a l ~ , l a r ~ I  . . 11.15 + 0.58 10.94 + 0.28 

. . . . .  25% a l fa l fa  10.592 0.90 11.25 0.42 
50% a l fa l fa  ... 9.90 + 0.63 10.37 ? 0.25 

. . . .  76% a l fa l fa  8.91 k0.81 9.42 + 0.32 

Guernseys .......... 10.04 f 0.55 10.41 + 0.18 10.44 
Holsteins .............. 10.23 + 0.55 10.58 ? 0.36 10.54 

Females . . . . . . . . . . . . .  10.61 + 0.36 10.70 + 0.20 10.52 
Mnles . . . . . . . . . . . . . .  9.66 + 0.Iii 10.28 + 0.:14 10.47 

Plasma cnrotene ( y % )  

Stanilard . . . . . . . .  30 + 5 1 2 5 2  li 125 
25% alfalfa  . . . . .  33  + i I25 + 11; 125 
50% alf :~lfa . . 40 + 9  208 + 29 209 
75% a l f i ~ l f n  X4 + 11 191 2 34 191 

Guernseys . . . . . . . . .  4 6 + i  215+19  216 
I I o l s t c i ~ ~ s  2" 2 1 1 0 + 8  I09 

I.'r~n:~lrs . . . . . . . . . .  43 + i I I I3 + 20 1.59 
J1:llcs 25 + :i 1 5 8 2  I9  I (i(i 

P l :~nm:~  r i t :~min  A ( y % )  

St:uul:~r~l . . .  l:i.!) + l.:i 19.i + 0.i 19.8 
25'3" :11f:lIfi1 . , 17.1 + 2.2 23.3 + 1.1 3 . 3  
50% a l f : ~ l f : ~  . . . .  l i.7 + 2.4 22.13 + 0.7 22.5 
i 5 %  a l f i ~ l f a  I li.1; + I .:i lli.8+ 1.2 11i.X 

Gurrllscys 15.82 1.6 20.0 ? I .n 20.1 
TIolstrins 16.8 2 1.0 21.1 ? 0.8 11.1 

Females . . . . . . . . . . .  18.4 + 1.4 20.4 + 0.9 20.2 
Males ........................ 14.2 0.9 20.8 + 1.0 20.9 

RESULTS 

Feed. A conlparison of total feacl consumed (table 2 )  ancl the trend of this 
consumption wit11 increase in age (fig. 1) of those calves fed the complete rations: 
25, 50 and 75 per cent alfalfa rations, showed an i n ~ e r s e  linear relationship to 
the level of dehydrated alfalfa incorporated in the ration (I' < 0.01). Those 
calves frcl the stalltlartl ration, l i~l~it( 'd start('r ant1 IT. S. 110. 2 fieltl-ellred and 
field-bal(~(1 hay ad lib., were fonntl to cdonsunle approximat,ely the same alnount 
of feecl as the 50 per vent alfalfa ration aalves, less than t h ~  25 p(.r c.(>nt alfalfa 
~.iltion I .~~IVCS (I' < 0.05) and morc than the 7.3 per cent alfalfa ration caalves 
(I' < 0.01). lIolsttbin calves colisrn~rc~tl significt1nt1)- gl.c,ittrr a l ~ l o u ~ ~ t s  of feet1 

-- 

~ l c p l r t r ~ l  to  less tl1:111 4.0 y  p1.r r en t  bloofl 11l:m!11:r vit:unil~ A ( ( i ) )  ; !I = I~loo,l pl :~srn:~ lcl-rl of vita- 
1ni11 A rlrsircd to  11rrrlii.t .Y, i n  4.0 y  1x.r er l l t ;  ! ~ = I I I C I I I I  1~10011 I B ~ : I S I ~ I : I  lrr(.l vit:rlllill A 0~1- 
scrrr(1 (luring tllr 16tl1, lit11 illlil 18th ~ k .  :lllll 15 = W ( S I ' ~  of ilgr s t i l r t ~ ~ l  011 I ~ c I ) I c ~ ~ ~ I ~ I .  Tile for-  
n1111:l f o r  G u e r ~ ~ n r y s  r(.rlll(.e~l t,o X = 0.4 + 0.8!)X(i v :LII I I  f o r  110lst~i11 S = 0.4 + 0 4091 ,. 



than Gnern.;ey calves (I '  < 0.01) ; however, adjustment of the feed data to initial 
weight at  5 clays of age demonstratetl that  brertl differencr was directly related to  
initial xveight of t h ~  citlves rathrr  than a cdharacteristic breed difference. No 
real differencr between sexes in f e d  consumeil was observed. 

Utilizatio~i of d ry  matter or of calcnlated T.D.S. as evidenced by live weight 
increases (table 2) was Inore efficient in the 50 per cent alfalfa ration calves than 
in the 25 and 55 per cent alfalfa calves and the standard ration calves. Although 
IIolsteins required less fred per unit  of gain than Guernsey calves, this difference 
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FIG. 1. The effect of lcrel of alfalfa meal i~~cluder l  in  the young calf's ration upon feed 

illtake ~ ~ i t h  increase in  age. 

was found not to be statistically significant. Male calres utilizrcl both d r y  matter 
and T.D.S. more effectively than females calves (P  < 0.05). I t  should be pointed 
out hrre that some sorting of the 25, 50 and 55 per cent alfalfa rations occurred 
with calves exhibiting 011 the average neither preference for the non-pelleted nor 
pellrtecl portion of the rations. This might have affected the calculatioils of the 
efficiency of i~tilization of T.1I.N. 

Mean daily intalre y of carotene p r r  po11nd of mran bod-  neight (table 2)  was 
directly related to the lerel of artific2ially dehydrated alfalfa included in the ration 
( P  < 0.01). The corr~plete rations, 23, 30 and 7.5 per eelit alfalfa, provided a 
sigtlifica~itly greater intalre of caarotc>ne than did the standard ration ( P  < 0.01). 



Iluring 29 per cent' of the total calf we(=k for thosr calves receiving the standard 
ration, the daily intake of carotvne \vas less than fiO y4 pcbr tileall po~und of body 
weight. Sinlilar tliltil for the '25, 50 and 75 pclr (Gent alfalfa ra t~ons  were 10, 3 
and 0 per crnt, rc>spc~c.tively. Thr period during which the calves rt~c~clved daily 
Ie\\ than 60 y carotcwe per nlcan poun(1 of body weight Mere for the standartl 
rat1011 betncc.11 7 ant1 42 (lays of age, for the 25 pcr cent alfalfa ration between 7 
ant1 21 t l a ~ s  of agcb a11(1 for the 50 per ( * ~ n t  alfalfa r a t~on  bet\vecw 7 ant1 14 (lay\ 
of age 

ITt~lization of the carotene ingested, as evidenced by pretlicted vitamin A 
store5 (table 2 ) ,  intlicated lnaxilnum ntilization by those (salves receiv~ng the 50 
per cent alfalfa ratloll folloned by the 25 per cent, stantlartl ant1 75 per cent ra- 
tions, respecatirely. Gnernsep calves utilized less c*arotene than IIolstein calves 
(P < 0.10). IYhen the mean daily intake of carotene per mean pound of body- 
weight Tvas equalized between groups by regression, the lower levels of carotene 
were utilized more effectively than the higher levels (I' < 0.01 for the linear trend 
of the conlplete rations), and the Guernseys 15-ere less efficient than Holsteins 
(P < 0.05). 

Growtlt. Live ~vc~ight, hcight a t  withers and heart girth measurements a t  the 
termination of the c.xperimcnt (table 3)  were inversely related to the level of 
alfalfa includctl ill the con~plete rations (P < 0.01). The standard ration pro- 
vided greater increases in these meas~~rernents than the ' i5  per cent ration and a 
greater increase in hc>ight a t  withers than the 50 per cent ration. The 25 per 
cent ration calves nlatle great,er gains in live weight and heart girth nleasurements 
( P  < 0.02) than ditl the standartl ration calves, bnt no real differr~lc-es were ob- 
tained in height a t  withrrs. 

The level of alfalfa ill the complete rations appeared to have a direct effect on 
the girth of pannch at 105 days of age (table 3 )  ; h o ~ v c ~ ~ e r .  neither the differences 
between rations nor the linear tread were found to be statistically significant. 
The standard ration calves had greater girth of paunch than the 75 per cent 
ration calves ( P  < 0.05). Calcnlation of relative girth of paunch with size of 
calf (girth of pauncli/height at  withers) indicated that, with the exception of the 
25 per cent ration calves which were slightly smaller, the girth of paunch in rela- 
tion to size mas essentially the same in all ration groups. 

Guernsey as ~ w l l  as fenlale calves were smaller in all growth measurements a t  
the termination of the experinlent on the 105th day of ape than Holstri~l  and 
male calves. Adjnstlnent of the tenninal measnrernents for initial measurements 
by regression, ho\vevrr, demonstrated that the differences in lire weight for 
Guernseys and Holsteins and live weight, height at  withers and heart girth for 
sexes were essentially attributabI(. to diferenc:c~s in initial values. 

Blood. Henloglohill. as well as plasnla carotene ant1 vitamin A. (table 4) 

3 Tot:~l indirir1u:ll e:rlf week ill rvllic21 < 60 y c*:lroteno Pcr cent calf week 

per me:lll 111. of  borly lreipl~t was eonnun~c,l. I = [ in w11iel1 < 60 y 
e;~rotcnc per mean Ib. 

(Totnl c r l ~ t .  \vrck J (Totnl calves in expt. group) 
of boil?. weight was consumerl. 1 

4 Based on tllc Xiltioni~l ROSL.:I~CII C01111i,il's ~ ~ ( ~ O I I I I I I ~ ~ I I ~ C I ~  carotene alloxvnncr for rlairp 
ealccs (12).  



\vercx fo1111tl to br related to the level of alfalfa incorporiltc>tl in the complete ra- 
tions. With an  increase in the per cent alfalfa, t l lrr(~ v a s  a. corresponding in- 
crease in the I(.vel of plasma carotc.nc~ (1' < 0.01 ),  \\-liereas the 1rvc.l~ of hemo- 
globin and plasnla vitamin A tlecrcvlsc%tl ( P  < 0.01). Insl~c~ction of thr  data for 
plasnla carotcwc. ancl vita~niu A iritlici~te soinr t l ( ,par t~~re  from a linear rc.liltio11- 
ship betneen thcsc, slibstances and pc3r cent i~lfalfa (I' < 0.05 for tleviations from 
linearity). 

Those czalvcs f ~ d  the standard ration (table 4) had he~noglobin lerrls signifi- 
cantly greater than the 75 per cent ration calres ( P  < 0.03), plasma c*arotene. 
levels smaller than 50 a ~ i d  75 per cent alfalfa ration calres ( P  < 0.01) ant1 plasn~a 
vitamin A levels greater than the 75 per cent alfalfa ration calves (P  < 0.0.5) 
and sinaller than the 25 and 50 per cent alfalfa ration calves ( I' < 0.05). 

There were no statistically discernible differences bet\\-ern breecls or sexes in 
either henloglobi~l or plasma vitamin A levels. Guernsey calves hacl significantly 
greater plasma carotene levels than Holstein calves (P < 0.01). 

H e a l t l ~ .  Calculation of the per cent clays free of scours for each calf and 
subsequent statistical analyses of t,hese percentages inclicatecl no relationship be- 
tween incidence of scours and t h ~  various rations. Per cent days free of scours 
for Guernseys \\.as 98.4, for I-Iolstc~ins 99.6, for f(.nialcs 99.7 ant1 for males 98.3. 
These diff(~rences between th(1 breeds ant1 brt\\-c~c~l thcx scJsc,s \yere founil to be 
statistica1l.v significaant (I '  < 0.05). 

Hesitles the relative unthrifty gcr~trral appearance. of thc calves recciring the - - r o per cent alfalfa ration :nld tho te11tlenc.y for the niale c:alvc,s receiring this ra- 
tion to b~ rc4ativt:ly full in thr  paunch, no othrr health obsc>r~ations ~vere  ilp- 
parent. 

The feasibility of feclding to the yoimg (lair>- c-alf co~nplcte rations to insure 
adequate ronghage and carotene intalw has been demonstrated in this experi- 
ment. This \\-ould appear to be of real ilnportancc,, especially ~vhen high quality 
roughage is not a\,ailable. 

The decrease in feed intake and growth with an increase in the level of alfalfa 
nleal incorporated in  the colnplete rations indicated that the calf is nlore sensitire 
to the level of roughage in  the ration than are Inore inature dairy animals. 
I-Iarshbarger and Salisbury (7)  fonnd subnormal gro~i-th in dairy heifers fed a 
colllplete ration containing 94 per cent timothy and optiinmn growth a t  a 70 per 
cent level. Corresponding ralues for thr  calf experiment reported herein were 
72 and 25 per cent alfalfa. 

Although not concerned with a eompari5on of roughage levels, I-Iibhs and 
Pounden havc found mixturc.s of 54 parts roughage ant1 It? parts grain (10) and 
four parts roughage and one pa r t  grain ('1) sati\factor> for nornlal growth of 
young dairy caalves inocnlated with cud material. '1111(~ latter has been fonnd (3)  
to be of importance in the ability of the calf to (11gc.st ror~phage. Sinrr no c~nil 
inoculations were employed in the prcsent expori~nent, thi5 might (>xplain the 
subnormal growth obtained in those calves fed thc 75 ~ w r  c,ent alfalfa ration 
Other factors such a i  assocaiative digestibility ( 3 6 ) .  p r o t ~ i ~ ~  (111ality ( I l ) ,  ininera1 
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inibalaiice, (>specially ratio of Ca to P, (12) ,  other ration ii~ltrieiit  deficien(~ies or 
eucesscs or other factors suvh as  the (.hick-growth tlrprchssant in  alfalfa iiieal (15) 
also might have contribntc~d to the poor response obserretl in those valves fed th r  
75 per cent alfalfa ration. 

Thc poor utilization of t h r  c2;lrotene by those ci~lrc~s fctl thc 75 p r r  ccJnt alfalfa 
ration can be esplainrtl on th(> basis of t h ~  relative inability of calves to utilize 
this high lel-rl of alfalfa. The drcdrease i n  efficiency of utilization of carotene 
with increasing lrvels of carotene rontained in tho ri~tiotls ~ r o u l d  be espectctl iu 
that,  in general, increasing a particnlar n i ~ t r i e n t  in a ration results in  a decrease 
in  its efficiency of utilization. 

I\'o adequate explanation of the devrease in  he~iioglobin level with increase in  
the level of alfalfa incltlded i n  the complete rations was apparent.  

The breed difference in  utilization of carotene ancl the per cent days free of 
scours coiifirmecl previous observations froin this station (5, 6 ) .  

SUJI MARY 

A n  atteinpt to formulate coinplete rations for  the dairy valf insuring adecluate 
roughage and carotene intake was naclertalren. A comparison of mixtures of 
artificially dehydrated alfalfa meal and starter in  the following percentages 25 
and 7.5, 50 and 50 and 75 and 25 with a standart1 ration of I-. S. no. 2 alfalfa hay 
fed ad IiOit~rn! and  rc~strictetl airiourlts of starter as a control ration was ntade, 
using a total of 32 Guernsey and IIolsteill fenlale ant1 niale valve5 7 (lay5 old 

With a n  incr(~asc in the percentage of alfalfa niral incdorporatetl into the corn- 
plcte rations. there mas a dec+rease i n  tho amolint of rations consutned. This de- 
crease \ra\ accon~panietl by slo~ver growth, as  evitiencc.tl by lire weight, height 
a t  withers and  heart girth ~neasnrements. The growth of the calves on the 
staildart1 ration was approxiiriatcly c~quivalent to  that  on tht> 30 per cent alfalfa 
ration, greater than the 73 per cent alfalfa ration and lrss than the 25 per  cent 
alfalfa ration. Efficiency of utilization of the feed cons~umetl was greatest in  
those calves receiving the 50 per cent alfalfa ration. 

Maxiin~uii utilization of carotene occurred in the 30 per cent alfalfa ration 
calves which had on the average predicated vitamin A stores of 8.3 TVB. Corre- 
sponding values fo r  the s tandard ration, 25 per cent and  75 per cent alfalfa 

were 6.6. 7.5 and 5.7 wk., respectively. Calculation of the daily intake of 
carotene per llleail pound of body weight by week showecl that  during 29 per cent 
of the total calf week for  those calves fed the standard ration, the carotene intake 
mas less than 60 y per mean pound of body weight. Similar values for  the ca l re~ ,  
receiving the 25, 30 and 75 per cent alfalfa rations w\.c.rc. 10, 3 a~lcl 0. 

Guernsey calves made smaller increases in height a t  withers ant1 h a r t  girth, 
l~tilizecl less of t h ~  carotene ingested ancl hat1 greatc>r frecluency of sconrs than 
ITolst~in calves. Feinales hat1 fewer (Oases of sronrs than 111al(ls. 

The authors a re  nlost gratefnl to 13. A. I l o n a h ~ ~ e  and  C. IV. Van Cor fo r  the 
feetling a n d  care of the experimental animals, to Mrs. l'riscilla I-Io~irlrer fo r  the 
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greater part of the statistical calculations, to W. II. IIostermaii, Inspection Div., 
Grain Branch, Production and Marketing Administration, U.S.D.A. for grading 
the hay samples and to 11. J .  Fisher, Connecticut Agr. Expt. Station, Sew ITaven 
for proxiinate and mineral analyses of the feedstuffs. \Ire are indebted to C. A. 
Carpenter formerly of the Animal Industries Department, rniversity of Con- 
necticut and now at Derby Line, Vt. for supervising the inixing of the rations 
and to S. R. Renandette of St. Albans, Vt. mill of the Chas. M. Cox Co. for diree- 
tion of the mixing operations. Ifre are most gratefnl to Stanley L. Freeman of 
the Chas. 51. Cox Co., Boston, Mass., for making the many arrangeinents for mix- 
ing the feed and to Donald Gates of Lyman Farms, Middlefielcl, Conn.. for the 
four f einale Guernsey calves. 
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A STTJDY O F  OVULATIONS IS S I X  FAMILIES Ob' 
HOLSTEIN-FRIESIANS1 

H. E. TZTTII)RR, G. R. RARRETT2 AND L. E. CASIDA 

The T'~l~rrrsaty of Wt~znoon$tn and Bureau of Darry Indicstry, U a d r ~ o n ,  WZP. 

This report covers a n  analysis of variability i n  the incidence of multiple ovu- 
lations and quiet ovulations, and  of the side on which ovulation occurred in an 
esperimental herd of dairy cattle. 

Snmerons workers have reported a n  apparent differential fuiiction between 
the right and left ovary, greatcr in the right;  none, howerer, has demonstrated 
associated variables or causes of variation. 

Quiet ovulations are those for  which there is no reportecl heat. Either the 
cox- ovulates withont being in heat or the outward expression of heat is so brief 
or so feeble as to be uiinoticeable under the system of observation used. Sources 
of variability and t,hc importance of such crvnlatioiis in detracting from satisfac- 
tory breeding efficiency appear not to have bcen given research consideration. 

Ilultiple births are (eonsidered ~~ndesi rable  in cattle, as reported by Johansson 
(6 )  and 7vT'illiams (10). Birth weights for twin calves are less than for singles 
and death ratczs are considerably higher; tlystocia is more freqnent in case of mul- 
tiple births. Free~nar t ins  constit,ute approxirnately !I2 per cent of all heifers 
horn co-twin with bulls accorrling to Swett et  al. ( 9 ) .  The incidence of multiple 
o~ula t ions  and the embryonic death rate following single and multiple concep- 
tions are antecedent characters tha t  innst be considered if the developmental 
physiology of twinning is to be nnderstood. 

EXPERIMENTAL PROCEDURE 

The present study is a progress report and is based on recortls from the 
E1111nons Blaine, Jr., Experimental herd of Holstein cattle located near Lake 
Mills, T i s .  Detailed observations have been made routinely in this herd on 
various aspects of physiology of reproduction in connection with an  experimental 
study of systems of mating. 

Received for publieatio~l Dee. 23, 1951. 
1 From the Department of Genetics (Paper no. 477) and Departmerrt of Dairy Husbandry; 

publislred 1r7ith the approval of the director of the Agricultural Experiment Station. The study 
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as  n collaborator under the North Central Regional Cooperative Research Project entitled Dairy 
Cattle Breeding (NC2). Tlris work has been done under a cooperative ngreemeut between tlre 
Wiseonsi~r Agricultural Exprriment S t n t i o ~ ~  ;in11 the B u r c : ~ ~  of Dairy Industry, U.S.D.A. The 
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The collection of the tlati~ nhed in this study started October 15, 1947, and 
the stntly il~cludes all thc data available ancl sati5factor.v for  ilse (some irrcyu- 
larities ocenrrccl i l l  the timing of o b s ~ r r i ~ t i o ~ ~ s  (luring thr c~arly ~uonths of the 
5tntly) on the first rc.protluc.ti~c period of all animals 13 I I I ~ S .  old or older by 
Jannary 1, 1950, and on the sc>c.ontl reproclnctivc. prriotl of those il~li~nal.; \vhose 
\econcl period hat1 startetl on or before January I.  I!).iO. (0111.1 ontbl'ecl a i l i~~ials  
ii: the herd n ere old cnoi~gh to be includ(~c1 ill thi5 rcyort.) Thc3 first rc.protlnc- 
tire periotl c1csigt1atc.s the t i n ~ c  brtween birth and first par tur i t~on in heifers. 
;~ntl the secdond rc.prodnctive pcbriotl is thc time b(>t\s,\'c~>ii the first iL11tl second par- 
turitiolls. R(2protlneti~e pc,riotls 1iitc.r than the secontl w r e  not c~o~~siderc~tl on 
any anim;~ls. 

Tho operatiol~al procet1nrc.s \\hiell \serc2 approxiluatc.tl (luring the earlier 
moi~ths of the stutly ancl n-liich arcJ currently usetl in gathrring thvse reproductive 
data are as follows: Sgs tc~~nat~c  heat checks arc. made twice diiily a t  approxi- 
mately 12-hr. intervals on ill1 f(>males ovcxr 6 mo. of age'. the (.i~ttl(' bving obscrred 
for 13 to 30 nlin. after th(.y >Ire tr~rl~c,d out of confinc.u~e~lt. JIi1nui11 pa lpa t io~~s  
of the genital organs, per rect~un, arc prrformc~cl in the hertl a t  7-(lay intc.rvals 
t c  determine the rcprorluc.tivc. stilt? of the aninli~ls sehc.tlnlc.tl for c.xalni~latiou. 
Intlivitlui~l c.o\rrs arcx s~~heclaletl for examinations 13 to 21 clays i ~ f t ~ l  calving and 
IT eekly therc,aftcr until in ro l~~t io i l  of the nterns is co~~~pl ( . t e .  (\\'ec~lrly c~xamiua- 
tions may br r.c.sul~lcd in this c~onnec4tion if the utrrine eont l i t~ol~ again becomes 
abnorlnal.) Ileifcrs over 12 mo. of age, ancl cow\ orcr 14 clays post partunn, that 
havca failed to show a heat period for 24 to 80 tlays arca esi~minetl a t  the first regu- 
lar exalnil~i~tion day. If their h(.at periods are less than 18 days apart  they are 
esal~~iiletl  011 the day of heat (this examination is not confinetl to the "hercl exam- 
ination day") ant1 again 7 to 1H tlays later. Manual palpation of the ovaries 
to locate the corpus lutel~ln 7 to 1 :3 clays aftcr heat is pcrfommrtl on all ilnimals 
12 mo. of age and orer. 

A11 esamil~at io~l  for satisfactory breetling collditions is lnacl~ of all heifers 
during the last 7 days before 15 calendar mo. of apch and of cows 65 to 76 tlays 
after calring. I f  approved for breeding, heifers are bred (by artificial insemina- 
tion) at  thr$ first c>s t r~~s  on or after 13 mo. of age, and c o ~ ~ s ,  on or after 75 days 
post pilrt11lr1. Cows and heifers are alloned ti n~aximnm of 233 "open" days to 
coneeivc after their breetling ppc.riod bc~gins. lf open a t  the entl of that  time they 
are e l i ~ n i ~ ~ a t e t l  from the hrrcl. All cows ant1 heifers that hare not retnrned in 
heat are exanlined 55 to 41 days after brc~edillg to cdheek for prrgnalicy. 

Thr only reprodr~ctive abnormalities that receive therapeutic. treatment are 
ret:~incbcl fetal membranes a~lr l  imlnetliatc. s~c~ue la ,  ant1 infectionh of the genital 
orgillls which result in a gc.neralized septicwnia that may in t i ~ r t l  el~danger the 
lifv of the animal. 

RESUI,TS A S I )  DISCUSSION 

fiIrtltiplc ov~ t la t i o~ t s  ntttl nlrlltiple births. 

Johansson (6) gires 1.88 and 0.44 as the incide~lce of twin births in  dairy 
and beef cattle, respertively. These percentages are based on the worlc of him- 
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self and numerous other workers. Lush (7)  suggests there are possible differ- 
ences between fanlilies within a breed in the incidence of multiple births. The 
relationship between multiple 0~7ulations and multiple births, ho~vever, has not 
been explored. 

The incidence of multiple ovulations in the present study was examined in 
the respective families or lines during the first and second reproductire periods 
(table I ) .  The L line, with 19.5 per cent multiple ovulations, was the highest in 

TABLE I 

S i~tgle  and ?~tultiple ov~tlations by families (first and sccontl reprotlacti%e periotla) 

Line 

0 
1, 
H 
R 
3f 
S 

Totals 

Ovulations-1st perio(1 

No. ovulations % multiple 
-- 

58 10.3 
41 19.5 
54 3.7 
59 11.9 
3 5 - - 

.>.I 

101 l(;.8 
348 12.07 

Ovulations-211d periotl 
- 

No. ovuI;~tions % multiple 

the first period and the H line with 3.7 per cent was the lowest. The Chi square 
test of significance showed a probability of chance occurrence of the observed 
differences between lines of approxi~nately 0.08. 

The over-all incidencde of ~nultiple ov~~lations was slightly higher in the second 
reproductive period than in the first (difference 2.27 per cent ; P = 0.4-0.5). The 
range between the high lines (0 and H, 16.7 per cent) and the low line (111, 10.8 
per cent) was less than in the previous reproductive period and the Chi square 
test failed to approach significance for the differences between the fanlilies 
(P  = 0.90-0.95). The over-all insignificant difference between the first and sec- 
ond reproductive periods fails to support (although i t  is in the right direction) 
.loha~~sson's (6) conclusions that age is a n  important factor in twinning in cattle 
and also the work of others on various species which point to age as an important 
factor contributing to litter size. I t  may be that the first two reproductive 
periods are insufficient to demonstrate the age effect but it may also raise the 
c1nestion whether or not the increase in multiple births with age may not come 
about as a result of a decreased prenatal death rate in twin conceptions rather 
than from an increased incidence of mm~ltiple ovulations. 

I t  has been suggested by \$Tilliams (10) that breeding too soon after parturi- 
tion may lead to an abnormally high incidence of multiple births. This question 
was studied in a11 analysis of 286 ornlations, all from the second reproductive 
period. Thr post-partum interval was divided into two parts snch that approxi- 
mately .50 per cent of the ornlations occurred in the first period soon after par- 
turition, and 50 per cent in the later period. The dividing point was bet~veen days 
GO and 61 after parturitiou with 48.95 per (dent of the orulations occurring from 
day 1 to 60. The incidence of nlultiple ovulations during the first 60 clays was 
16.43 per cent on 140 ovnlations, as comparecl to 14.33 per cent on 146 ovulations 



for  the period fronr (lay 61 to day 308 (difference 2.10; P = 0.3). This observa- 
tion failed to offc.r tlefinite evidenc.e that brc~eding soon after parturition would 
lead to increa.;cxl t\vinning. a t  least as f a r  as thr  influence of ovrrlation rate is con- 
cerned. 

Intliviclnal differencrs in the occurrence of mt~ltiple ovnlations \trere strtdied 
in those cows fo r  ~vlrich there were rc.cords of a t  least two ovulations. The proh- 
ability of a cow repeating a mnltiple ovnlation in a given uunlber of recortls on 
the baGs of chance alone, Ivas c~alculated by expanding the binomial ( p  + q)"  where 
p equals the inc.itlence of n~n l t ip l r  ornlations in  the ml~olr sample, q, the incidence 
of single ovulations and a,  the nrunber of recortls on the cow. The last term of 
t,he expanded binomial q", gives the probability of thr c20\v haring only single 
ovl~lations; the next to the last ternr, 7rpq"-', is the rha11c.e of her having only one 
multiple ovulation. The formula I-(?tpqn-'-q") gircbs the probability of a cow 
repeating multiple ovulations d ~ r e  to c.hanc.c>. The deviation of the actual propor- 
tion of tliese three kincls of caows (table 2 )  fro111 the throretical proportion was 

Tlrc (Ei*tribrrtioi~ of ?~ililtiple n18d silrglr or111atio~z.q among 154 rows Raring nt least (?so 
orrrlalioi~s:~ 

~ . - ~  

Act11:111? Thc%orctir:~l 
oI1serre11 IIIIIII~ICI.  

-- ~ - - - - - - - - - - - ~ - - -. . . - - - 
Cows xvith only single orulntiolls 100 !I0 
Cows wit11 only oil? ~l~oltil~lc ovu 39 J $4 
Cows w i t h  more tl~:un ~ I I V  nlultip "2 15 

a Sumher  of orulntiolls pcr cow r:111gr<l from 9 to 11, wit11 i:{ cows 11;1vi11g eitllcr S or 3 
o\rul;~tions. 

highly significant (1' < 0.01). It was therefor? conclutled that  ranclom ocenr- 
renee of rrlultiplr ornlations within the herd could not arconnt for tlw excessive 
number of two ltinds of cows: ( a )  those animals that shelved repeated multiple 
ovulations and  (b)  those which sholvect only single ovulations. 

Whether or not a cow that repeats ~nu l t ip l r  ovulations is Inore likely to repeat 
the111 in sequence with one another than might be ascribed to chance was next in- 
vestigatrcl. A coluparison was made between the proportion of n~ult iple  ovula- 
tions follo~ved by multiples anti the proportion of single ovulations that were fol- 
lowetl by multiples. The percentages of the two kinds of sequences were 25.93 
per cent ancl 12.67 per  cent (tlifferencc 13.26 pr r  cent ;  P < 0.05) based on 25 and 
142 observations, rc~spc,ctively, in the first rrprotluc*tive period, and 33.33 per (bent 
and 16.34 per cent (difference 16.99 per c rn t ;  P < 0.01) based on 24 and 104 
observations in the second reprodrrc.ti\.e period. Thus, there is a greater tendency 
for  mtrltiplr ovulations to follo\v mnltiplc and single to follow single than can he 
explainetl by vhanw alone. TIw inridence of repeatability is greater than can 
he avvonntc>ct for by c.liance and in the intliviclnal that cloes repc,at the tendency 
is to r ~ p r a t  in succession. Repeatetl multiple ornlations t1.nt1 to d i s t r i b ~ ~ t e  them- 
selves (luring the observation pciriocl on a c20~v in secluencw of two or more, rather 
t h a l ~  at  rautloln with ~.esp(~ct  to her (liffcrent cstrnal periods. 3lultiple orulations 



tl~c,refore ]nay rt~snlt from an t~ntlot.rine ron t l i t io~~  (disturbancr?) marc, pc,rlna- 
11c.11t thiin a si11glt3 hcat periotl. 

Colt, and Kotlolfo ( 4 )  a11tl ,Iohansson ( 6 )  havc~ rc.portt~tl a seasonal variation 
i l l  tht. 1wr(.e11tagv of ~nnlt iple  births. . lo l~ansso~~ reports one ])eaB (Inring thr  
111ont11s of ,Jru~ca and J u l y  which c.orrc~spontls to c.onceptions in Septenibc~~ ant1 
October ant1 another in Drt.c.~nber and .lannary. cor respo~~di l~g  with vonrept io~~s 
i ~ t  hZart.h ant1 April. Colr~ and Rotlolfo report in IIert~fortl ant1 Angns cattle the 
highest per cent of twill births in July,  August ancl September, corresponding to 
r o ~ ~ ~ e p t i o n s  ill Ortober, S o v e ~ r ~ b r r  and  I)ercwb(ar. 

Th t~  a ~ ~ a l y s i s  of 348 ov~~la t ions  dnring the first reprotluc~tioe ptlriotl in the 
prrsPnt s t ~ ~ t l y  den~oustratocl a significant n~onthly variation in t h t ~  incidence of 
m ~ ~ l t i p l e  orulations (table 3 ) .  The peaks ot+t+nrretl (luring thr  n~onths  of Jlarch, 

TABLE :1 

.Iforrtllly t 'arintios i n  fhc  iaci~lr.rtee of ?!8!1ltiplc o?',tl(~tion 

First period Second prl.io(l First B secoad period 

Total no. of % Total no. of % Total 110. of % 
ovul:~tio~~s mu1ti1,lc orulntions multiple ovulations multilrle 

April, ant1 May ant1 again in October. This seerns to br  partly in apreemcLnt 
with each st,t of ~rorlters above becanse of the two pralts that Arere shown. 

A significant monthly variation in the prrtbmtage of mnltiplt. ovnlations was 
not notetl iloring the second rc.protlut.tire prriotl (t' = 0.2-0.1). The points of 
similarity bet1vrt.11 tht. first ant1 second rcl)rodnctire periods art, the months of 
JIay and Srpternber. Both periotls sho\vt.d a high incidmc.c~ in May and the 
lo~rest  incidence in September. The points of difference, lverc. that tlnring the 
second reprodr~ctirc~ period a high fretlnency of 11111ltipla ovulations was inain- 
tainetl into the early slunnler, while in  thc first period a tleoidetl drop in frrcl~~ency 
was noted after Nay. 1)nring the stlco~ld period thrre was no peal; noted in Oc- 
tober. as there was (111ri11g the first periotl in this report. l'lit. data from the t ~ r o  
prriocls Irere pooled in fnrth6.r st,ndies of thc influence of month on multiple onl-  
lations. A significant over-all lnonthly rariation was then fonnd (P < 0.05). 

Data were availi~ble on 157 tliagnosed pregnancies and snbseclnent calvi~~gs.  
Thrce sets of t ~ r i n s  w r e  born. giving a tvinning incidrnt:e for  the herd of 1.92 



per ccbllt, c.o~~~par(.tl  to th(. i11cidenc.e of ~nult iple  ovlllations of 1:i.lO per cent 
(1' < 0.01). This suggc.sts that  the fertility a t  n~liltiple ~ ~ ~ n l a t i o n s  may be 
markedly lower t h i ~ n  the fertility at  single 0~~111ation~. C ( i ) ~ ~ \ ( ~ l u ~ ~ l t l y ,  \l?ecific 
stndy was rrlade of 294 ovnlations a t  which brc3c'din:. ocacnrrchtl. These incaladetl 
232 single ovnlations ant1 42 mnltiple o v ~ ~ l a t i o ~ l s .  Th(1 inci(l(>nce of lll l l l t ipl~ 0~11- 
Iations in  thew data  is 14.29 pcAr writ, which is very elose to the avc'rage incaide~lcc, 
of 13.10 per cent noted above ill the hvrtl a \  i~ whole. The c~onception ri~tc. a t  th r  
single ovulation\ was 5'i..5 per cent ant1 a t  the multiple orlllations was 28.6 per 
cent. This 28.6 pcLr cent reprt.sc.nt\ 12 c*o~lc.eption\ of ~vhivh only thrcv resultetl 
in twill births and ilin(' in single births. I t  ~vah ( . O I I ~ I L ~ ( I ( ~ ~  fro111 thi\ analysis 
that  there is a highly significant diffcrence (1' < 0.01) in the conception rate of 
cows ~ v h e n  bred a t  a n  castrus a t  whic.11 only a singlr ovum is shetl, as co~llparetl to 
an estrli\ a t  which tw70 or morc1 ova are s h ~ t l .  I t  is suggestetl that either of two 
possible factors rnight be the cause of this difference in  fertility : (a)  that  ova from 
nltlltiple o~,nlations tend to bc defective ant1 either not capable of being fertilized 
or, if fertilized, of such  lo^ viability that they sooil die, or (b)  multiple ovulation 
is the result of a general endocrine tlysflu~ction, with the result that  there is a n  
interference with sperm transport or that  the uterus is not prepared properly to 
nourish the embryo or to allo~v plarentation. 

Quiet  ouula f  ions. 

Quiet ovulatio~ls are tlefinrtl a \  those o r u l a t i o ~ ~ s  that occltrred without a n  ob- 
serrccl heat period; 27.3 per cent of all orl~lations reported were quiet. The time 
of occnrrencde of these qrlict orulatio~ls is important. I f  they occlir soon after 
parturition, they are of rninor inlportance, but  if they occur with high frrclnency 
lnorr than 60 clays after parturition when a n  attenlpt is being ~nat lc  to brc.ec1 thcl 
cows for  a yearly freshelling inter~.al their i~nportancdcl will be incrclased. 

Records of 286 corpora lu tc~ l  fro111 the sevontl reproductive period wrrc avail- 
able, of which 208 resulted fro111 ovulations associatc.tl with lniown cstrual periods 
and 78 froni qniet ovl~lations. The post-partnm interral was divided into an 
early and a late part  between days (iO and 61, the same clivision as  ill the stlldy 
of nlllltiple ovulations above. The incidence of qniet ov~ilations during the first 
60 days was 44.3 per cent on 140 ovulations and 11.0 per cent of 146 for  the period 
from day 61 to ( l a -  308 (difference 33.3 per cent; 1' < 0.01 ).  

JfThile therc is a highly significant decrease in  the inviclence of quiet ovnla- 
tions following the first 60-day portion of the post-partlun interval, the inciclence 
i\ still high enough to be of importance to the breeder ~ v h o  w~ishes to keep his 
cdows a t  their maximnm protlnction by having then1 freshen yearly. I t  is sns- 
pccted that  a n  appreciable a n ~ o u n t  of time is lost due to qlliet ovulations. 

Side of ovz~la t ions .  
I t  has been previously reported that thr  right ovary in the cow is nor(% i~c t i re  

than the left. Stalfors (cited by lteese ant1 TI I~I ICP ( 8 ) ) ,  reported, as a result of 
rectal exanliltations of 923 cows for  pregnancy, that 62.5 per c*c>nt \\ere prclgnant 
in thc right horn. The Idaho Experiment Station ( 5 )  c.onc1irrc.d with thcscl find- 
ings, as did Clark ( 3 )  ant1 Casida (2).  Casida r t  al. (1 ) follnd a \ignific-ant dif- 
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ference in the total follicular volume between right and left ovaries, the right hav- 
ing the greater value, in an extensive study of the genitalia of heifer calves. 

The data presented are in general agreement with these finclings. The per- 
centage of all single ovulations which occllrred in the right ovary was 54.1 per cent 
and 59.6 per cent (difference 3.3 per cent; 1' = 0.2) for the first and second repro- 
d u c t i ~ e  period, respectively, with an over-all average of 552 ovulations of 36.5 
lwr cent in the right o17ary. 

The data were exanlined for possible differences bet~veen the fanlilies in the 
sitlr of ovnlation (table 4) .  Ail analysis of the data fails to show significant clif- 

TABLE 4 

l'crc-rnta~es of singlc ozzrlotions i~r tlrr rigltt ocarp and of sltbsequent pregnanc.ies in the riglrt 
~r trr ine horn by families 

No. of % of orul:~tions So .  of % in Liue ovulat io~~s from right ovary pregnancies right horn 

0 
L 
H 
B 
N 
S 

Total 

ference between families (I' = 0.8) in the frequency with which the right or left 
ovary functions. 

The percentage of pregnancies that was on the right side (54.5 per cent) did 
not differ significantly from the percentage of ovulations that was on the right 
side (36.5 per cent). F ~ ~ r t h e r  than this, the 138 ovulations from the right ovary 
ancl the 114 from the left a t  which breeding actually occurred gave conception 
rates of 57.2 per cent and 57.9 per cent for the ova from the two sides, respec- 
t i ~ e l y .  Thus there was no evidence froin these comparisons of differential fer- 
tility between the two sides of ovulation. 

,in analysis of the pregnancies by families according to the side of pregnancy 
brought out no significant differences (P = 0.10). IIo~vevrr, the small numbers, 
the relatively low probability and the wide range between lines warrant close 
attentioil being given this question as further data beconle arailable. 

TABLE 5 

Uvulalion seqlcenres from riglrt a?ztl left o r a ~ i r s  

Observed no. Thcoretic:rl 110. of sequences I)aseda 
of sequellees on the esp:u~sion of the binomial 

Seque~~ces 

1st period 21111 11criod 1st period 2nd period 

Right followed l ~ y  right . .. . .. 29 28 
Right followed by left . . .. .... .. 38 18 
Left follo~ved hy right 29 .'ll 
Left f ollomed by left . . .. . 2 7 10 

a Based on an incidence of 54.1% am1 59.6% of the ovulnt io~~s in the right for the first and 
second reproductirc periods, respectively. 



If  the fmnctioning of each ovary was completely at  randoin within the restric- 
tions of the diRerentia1 freqnenc~y of the ovulations between the right and left 
ovary, the sequences of t1vo ovulations would then follom the expansion of the 
binomial, ( p  + q) ' ,  where p equals the incidence of ovulation froin the right ovary 
and q the inciclence from the left ovary ( p p  equals right follo~ved by right;  pq 
equals right follo\ved by left ;  q p  equals left follo\n,ed by right, and qq equals left  
follo\ved by left) .  A test of this hypothesis (table 5)  that  seqnences of ovulations 
are a t  random sho~\-ecl no significant deviations from the theoretical (P  = 0.3 for  
the first period and P s 0.9 for  the second period). I t  was conclnded from this 
analysis that there is no apparent tendency for cows to have a saste~natic seqnence 
of ovulations from one ovary or the other. 

SUMMARY 

The incidence of multiple ovulations in the Emmons Blaine, J r .  herd of ex- 
perimental Holstein cows was found to be 13.10 per cent, while the incidence of 
twinning was 1.92 per cent, a highly significant difference. The incidence of 
multiple ovulations \\-as not significantly influenced by reprodnctive period, fam- 
ily, or length of time after parturition. There was a significant monthly varia- 
tion in frequency of inultiple ovulation in  the first reproih~ctive period and the 
monthly variation in the second period approached significance, being high in 
May and low in Septeniber in both cases. A highly significant tendency for  
multiple ovulations to folio\\- in sequence was found. Significa~itly higher fer- 
tility was noted \\-hen cows were bred a t  a a  estrns from which only a single corpus 
luteum was forlned as comparc,cl to an  estrus from which two or more corpora 
lutea were formed. 

The incidence of "quiet" ovulations (44.3 per cent) was significantly higher 
during the first 60 days after parturition than dnring the period 61 to 308 days 
post-partum. During this latter period their incidence was still sufficiently high 
(11.0 per cent) to constitute a n  important problem to the breeder. 

Of the ovulations 56.5 per cent \yere from the right ovary. Studies of fam- 
ily and parity failed to show any significant deviations f r o ~ n  this ratio. S o  ap- 
parent tendency was found for cows to have a systematic sequence of ovulations 
from one ovary or the other. 
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EFFECT O F  FEEIIISG &fETIIOXYCIILOI2-TREhTED ALFALFA H A P  
TO DAIRY CO\T'S1 

C. BII)DT;LPH, G. Q. BATEMAN, .T. R. HARRIS, I". L. MANGELSOS, F. V. LIERERJI.\S, 
IT, BISSS AXD n. A. GREESWOOD 

L'tcck Agric?rltul'al R.tpevwnetit Stolro~r, Loyn~r 

b'ollowii~g the coieninptiol~ of DDT-c1nqtc.d alfalfa hay, \ ig~l i f iea~~t  a~nonnts of 
this insecticaitle appear in the milk and botly fa t  of dairy cows, the amount 
prrscnt being proportional to the quantity of DDT residue on the hay (1).  Be- 
ciil~se the n~ethoxy analog of DD'S (1,1,1-trichloro-"?-bis (p-n~ethoxypheizol) 
P ~ ~ R I I ~ )  has a i11nc.h lower orcler of toxicity than IIIIT ill rats. rabbits ant1 mice 
(6 ,  i ) ,  and because prelimi~l:~ry tc\ts a t  this statioll showcd it to b~ promising for 
the. c~oiitrol of alfalfa weevil larva(>, experiments were u~~t l r r ta l re~l  to rletermine 
the rstellt of ace~nnulation of methoxychlor in the mill< and tissnes of dairy cows 
f ~ t l  alfalfa hay th i~ t  hacl bren dusted 117itl1 this i~i~eeticide. 

MATERIALS ANI) fiIETIIODS 

A 33-acre dry la11d field of alfalfa ~vas  diTided into I 6  1.5-acre plots with in- 
tcrrenii~g buffer strips. These plots were assigned to four bloclis of four plots 
c:~tch. One plot in each blocli then \\.as dnstccl with the follo~~-ing 11c.i-els of 
methoxychlor in pyrophyllite carrier: 1, 2 ,  and 2.8 lb. per acre. One plot in 
each block was nntreiited. Thus, four plots receivecl each trcat~nent. Applica- 
tion \\.as made with a power duster following the methods previously tleseribcd 
(3 )  and a t  a time when insect counts sllo~ved large n ln~~ber s  of larvae of alfalfa 
weevil ( H y p e r a  postica Gyll.) on the alfalfa. 

Insect counts Tvcre illade the day of dusting ( J u l ~ e  6, 1940) and a t  4, 9 and 
14 days following the application of methoxychlor. The alfalfa was cut 23 days 
after applying the methoxychlor. I t  originally was plannet1 to cut the alfalfa on 
the dity following tlie last insect coallt but rain delwyed this for approximately 
1 ~ l i . ~  T l l ~  alfalfa was rakecl illto \vindrolrs and allon-ed to sun-cure, after which 
it was baled ancl s t o r d  i11 a barn m ~ t i l  Decclrlber, a t  which time thc frecling trials 
began. 

Eight IIolsteiil tlairy cows froin the Station esperime~ltal herd were nsctcl for 
ill(, feeding trials. Two cows reccived hay from the field plots receiving a given 

Received f o r  l~ublication Jan .  5, 1952. 
1 Research supported in  p:trt by a resenre11 gr:uit from the D i ~ i s i o n  of Research Grants ant1 

l"cllo~rships, Kational Institutes of Health, U. S. Publie Health Service, and ~~nblis11ed with the 
nplwoval of tlie director of the Utah Agricultur:tl Espe r immt  St:~tion. 

2 This delay i n  11:trvesting the liay may I1:lre rediuee~l the i~inertieiilc residue so~~iewllat.  
Howerer, results of other experiments eonductetl d u r i ~ ~ g  two cliffercnt yc:irs in  no r t l i en~  Utah 
sliow tha t  the residues reported in  this paper arc not ont of line c!rc:n t l ~ o n g l ~  some r :~in  did fall  
1)ctween dusting a11d cutting. For  example, 0.9 111. n i c t l ~ o s ~ c l ~ l o r  was a11plied llrr ncre :IR a 
dust and residue of 2.6 ppm. was fonnrl 11 11:iys la tcr ;  1.6 Ib. Irere applied per :Ivre niid 10.6 
ppm. were found I1 days Inter; and 1.8 Ib. were applied per arrc  a i ~ d  11.2 1qm. were fou1111 27 
days later. 



treatment. In  acldition to the alfalfa hay, the cows received a grain ration mhicli 
consisted of a mixtiire of 80 per cent barley and 20 per cent molasses-dried beet 
pulp, to which was added 2 per cent steamed bone meal and 1 per cent fine hay 
salt (SaC1). This ration was fed a t  the rate of 0.75 lb. of grain per day for each 
pound of butterfat produced during the previous week. If butterfat produc- 
tion dropped below 0.8 lb. per day, the grain ration was routinely discontinued. 

Feeding began on December 18, 1949, and continued until April 10, 1950, a 
total of 113 days. Milk samples were obtained from each cow before feeding of 
the hay began, ancl a t  approximately weekly intervals throughout the period of 
feeding. Blood samples (100 ml.) were obtained before ancl a t  the end of the 
feeding period. The milk and blood samples were analyzed for methoxychlor, 
using the method of Prickett e t  al. (T , ) ,  except that nitration was carried out 
according to the follolri~ig schedule : 

Time 

Start 
5 min. raise to 

10 min. raise to 
15 mia. raise to 
20 min. raise to 
25 min. raise to 
30 min. raise to 
35 min. raise to 
40 min. raise to 
45 min. raise to 
50 min. raise to 
55 min. raise to 

Temp. 
( "  c.1 

3 

10 
20 
30 
40 
45 
50 
60 
70 
80 
90 

Boiling 

Four of the cows, one from each treatment, were slaughtered a t  the end of the 
feeding period and selected tissues analyzed for their methoxychlor content, using 
the method of Prickett et al. (5) after the tissues were first ground in a food 
grinder. The methoxychlor residue on the hay was detern~ined using the Fairing 
and Ivarrington nlethoil (2). The samples of hay used for analysis were ob- 
tained from every sc~cond bale throii:.hont the period of feeding. All samples 
from a fic.1~1 treatnient then were combined and analysis made for methoxy- 
chlor. All reaclings were made 011 a neelrman quartz spectrophotometer. 

RESULTS A S D  DISCUSSION 

The control of alfalfa weevil larviic obtained followiag the applicatioll of 
methoxyrhlor to the alfalfa is given in table 1. All thrw dosages provided ade- 
quate protection, the two higher treatlllrnts giving excrllellt col~t'ol for 14 days 
after application. 

The methoxychlor residue arid yield of the hays that were fecl to the corns are 
given in table 2. The residue varied fro111 0 to 14 ppm. The yield was greater 
from the treated than from the untreated plots. 
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Analyses of milli from the eight cows, which were ma;le a t  approsimately 
weekly intervals throughont the period of feeding, showed that  there was no 
inetl~osychlor in  the milk a t  any time. 

No methoxychlor was found i n  the blood before or a t  the end of the feeding 
period. Furthermore, there was no methoxychlor in  liiihley fat.  kidney, liver or 

TABLE 1 

Control of alfalfa weez'il larvae 711. alfalfa with methoxychlor, Cache Valley, Ota11, Jzrne, 1949 

Treatment Weevil populations Per rent control obtained 

31etliosy- Crop Teehaieal $zi$ after 4 (1. 9 d. 14 (1. 
chlor dust material 

after after after 
(JuneG) 4 9 14 dusting dusting dusting 

(%) (Zb. per acre) 
none none none i40 1,722 2,599 2,138 

5 -- on 1.0 503 131 287 304 88.8 83.8 '79.1 
10 21 2.0 547 91 169 153 92.9 91.2 90.3 
15 18 2.8 764 68 223 180 96.2 91.7 91.8 

a Weevil larvae/100 strokes of 15-in. net; based on 100 strokes in e:wh of 4 replicates. 

muscle of co\i7s fed either treated or untreated hay. Runtz ef al .  (3 )  have 
shown i n  rats that  100 ppm. methoxychlor must be present i n  the diet before this 
substance appears in  the body fat.  The highest residue on the hay ingested by 
the cows was 14 ppm. This level of methoxychlor is well below the level a t  which 
i t  would appear in  the body fa t  of the cows, if there is a similarity in  response 
of the two species of animals. 

The daily feed consumption and milk and butterfat proclnction of the cows 
during the period of feeding are given in table 3. The differe~lers in production 

TABLE 2 

Average yield and residzie on alfalfa hay treated with ~i~etlrorycltlor 

Methoxychlor 
applied So .  of Yield 3lethosychlor 

/acre plots residue 

(tons) 

result from the rarious stages of lactation of the calm (luring the test. The 
reason for  the low grain consumption of cow H u  140 was that butterfat produc- 
tion dropped below 0.8 Ib. on the 17th day of the te4t and grain feecling was 
c!iscontinued. 

The negatire results reported for  methoxychlor in  milli, blootl anil tissues 
actually inclicate that  less than 0.1 p p n ~ .  methoxychlor was found, since this is 
the limit of seusitivity of the analytic+al method used. Color tloes not develop a t  
the entl point until  this level of nlethosychlor is csceecletl. I n  no inqtance n7as 
any color cliaraeteristic of n~c.thoxpc.hlor obtaiurcl ill t l~cse s;~~nples. 



TABLE 3 

Arerage dniljl f rcd con.s~rttrptio?i and nzilk and  b l ~ t t e r f a t  prodrrction of (7air.11 cows fo r  113-(7. 
fcerling period 

Jlethosyc~l~lor 
Cow Hay Gr:tin Milk 

Rutterf:it 
npplietl 
/:lrr(x 110. consumed collsumed produced Produced In milk 

SUMMARY 

Jlethos-chlor did not appear i n  measurable amounts in  the blood, Inilk or 
tissues of six clairy corns consuming alfalfa hay that  had been clusted i n  the field 
with nlethoxychlor. Txvo cows receiving untrc~ated alfalfa hay lilrc~xvise hacl no 
methos>-c.hlor in thr i r  illilk, blootl or tissr~es. 

There was 110 eff(3c.t on milk or b ~ ~ t t e r f a t  prodnc.tioll or 011 feed consunlption 
a? ii rclsult of fectling ~nethosyc.hlor-treitte(1 hay. 

The mcthosyvhlor rc.si(111e on thc hay was 0, '7, 9.5 and 11 p l x n  for the alfalfa 
trclated u i t h  0, 1, 2 alitl 2.8 Ib., respectivrly, of inc~thoxyc>hlor per ac.rcJ. 

Therc \va\ no appiircwt e8cc.t of c~onsluning the ~riethosychlor-treated hay 
upon tlic h e ~ l t h  of the c~o~rs .  

Good chc.oilolnic. control of alfalfa weevil larvae ~ v a s  obtained in the plots of 
alfalfa cl~lstetl with n~cthosychlor. The treatc.d plots gay(. a somelvhat greater 
yj,ltl of h a -  than thv untreatecl plots. 
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FACTORS IS\'OII\'ET> IN CORROSION O F  TINNED A S D  STAISLESS 
STEEL BY MIL11 ACIDIC SOLUTIONS I'SED IK  

CLEANING DAIRY EQU lPMEST 

THADDEUS LEWANDOWSKI 

11 11~tes~n1 *la Rraenrck Laboratorzes, Pennsylwanza Salt Jfnnrrfacticr~aq Go., 
Wynrlnloor, Pennni/lua?~ La 

31ilcl acidic solutions are used or suggested for  use in the dairy industry for a 
variety of cleaning operations, such as removal of milkstone deposits, cleaning of 
high-temperature short-time pasteurizers ('i), in solne can cleaning operations 
(6)  and alternating with alkaline compounds for cleaning of equipment (1). 
The metals used most widely a t  the present time in manufacture of dairy equip- 
ment are tin-plated steel, prepared either by  hot dip or electroplating methods, 
and 18-8 stainless steel. The usual feeling (1)  is that organic acids are "mild" 
in their corrosive action on dairy equipment metals. Data on corrosion of t in  
plate or stainless steel by some of the acids and acid dairy cleaners used on dairy 
equipment are available (2, 3, 5, 6, 8 ) .  I-Iowever, comparative data on some 
acids presently used in dairy cleaning seem to be lacliillg. Therefore, i t  was 
considcrcd clesirable to study factors involved in corrosion of t in plate and stain- 
less \tc'el by acitlic materials in present use as dairy cleaners, near the tempera- 
tnrc ant1 con(vntratioi1 limits of dairy cleaning, with the hope of obtaining com- 
parative data of possiblc practical valne. 

MATERIALS AND METHODS 

IIot-dip heavily plated tinned steel strips were prepared by cutting 3.5 x 1 in. 
st,rips froin electroplated tinned steel sheets, tinning the edges by ineans of molten 
t in and a zinc flnx and retinning the entire str ip in molten tin, using a palm oil 
flux. Electroplatecl tinned steel strips were prepared by cutting 3 x 1 in. steel 
strips, cleailing with a foaming scouring powder, rinsing, picliling in diluted 
HC1 and electroplating froin a sodium stannate bath. The electroplated strips 
were flow brightened by dipping illto hot vegetable oil. I n  this manner, electro- 
plated strips with a tin coating between 0.2 and 0.3 mils (thousanclths of a n  inch) 
were obtainecl. Stainless steel strips, 3 x 1 in., were cut froin 18-8 sheet and 
buffed to approxiinately a medium polish. All strips xvere cleaned just before 
use ~ v i t h  a n  alkaline detergent, rinsed, cleaned with a non-ionic synthetic deter- 
gent, rinsed xvith distilled water, shalicn in carbon tetrachloride, dried a t  100' C. 
for 0.3 hr., cooled in a desiccator for a t  least 0.5 hr. and weighed on an  analytical 
balance. 

All acidic solutions (see table 1 for graclcs of chemicals) were preparcd in dis- 
tilled \rater in a final concentration of 0.25 per cent by weight. Seventy 1111. of 
each solntion were placctl in a 4-oz. witlc-rr~outh jar. This solution roluinc covered 
the lower 2 in. of an i~~nnersed metal strip. A wciglled str ip was pliircd in cach 
jar, thr  jar closrcl \\-it11 a bakelite cap ant1 hel(1 a t  various teinprraturc~s for 66 hr. 

Rrcrirrd for  pul)liratiol~ .T:III. 7, lllB!?. 
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Duplicate strips were treated with each solutioii a t  each temperature. Tempera- 
tures of 40 ancl 50" C. were maintained within 0.5' C. by ineans of thermostati- 
cally controlled water baths. Maintenance of a temperature of 60" C. within lo 
C., was accolnplished by means of a thermostatically controllecl, gravity convec- 
tioii-type incnbator. At the end of the exposure period, strips were removed 
from the jars, rinsed three times with distilled water, with light brushing during 
the second rinse, dried at  100' C. for 0.5 hr., coolecl ia a desiccator for a t  least 
0.5 hr., weighed and duplicate weight changes averaged. Appearailce of the 
strips was noted after weighing. All pH measurements were made at  room tem- 
perature by means of a Beckman glass electrode pH meter. 

RESULTS 

Averages of losses in weights of treated tinned steel strips are listed in table 1. 

TABLE 1 
Weiglrt losses of hot dip and electroplated tinned steel strips after treatment witA acidic 

solutzons a t  different tenzperatvres 

0.2.7s Hot dip Electroplated 
solution Weight 

loss 40" C. 50" C .  60" C. 40" C. 50" C. 

Phospllorie acid (C.P.) ............... mg. 2.05 1.85 
MDDa 3.60 :<.20 

Glueollic acid (tech.) ............... mg. 13.00 '74.65 
M D D  22.i0 42.90 

LC\-ulinic :(rid (tecl~.) ............. mg. . -- 11.30 
M D D  13.50 1!1.60 

Glycolic acid (tech.) ................. nlg. 31.35 28.46 
M D D  54.30 49.50 

Citric acid (C.P.) .................... mg. 31.10 21.65 
M D D  36.i0 37.60 

Acetic acid (C.P.) .......................... mg. 10.30 14.10 
M D D  l i .90 24.90 

Sulfalllie acid (C.P.) .................... mg. 29.50 23.70 
M D D  51.30 43.20 

Sodium hisulfate (tech.) . . . . .  mg. 38.50 41.10 35.50 28.15 30.30 
M D D  6i.00 i l .50 61.'70 49.00 52.70 

a M D D  = Loss i n  mg./decimetela/day. 

I n  general, losses in weight of hot dip strips were lo~ver than those obtained with 
electroplated strips. Treatment with phosphoric acid resulted in very low 
weight losses at  all temperatures. IVith gluconic acid and sodiurn bisulfate, hot 
dip strips lost more weight a t  50' C. that1 at both 40 and 60" C. Electroplated 
strips lost more wight  a t  40 than 50" C. xith gluconic acid, while the reverse 
occurrcd with soilium bisnlfatc. Levulinic, citric and acetic acids caused in- 
creasing losses in weight of hot dip strips u-ith rise in trmprratnre. With levu- 
linic and citric acids,  wight losses of chlectroplatc~tl strips were constant, while 
acetic acid sho\vetl an i~~c.rclasct in \vright loss with a 10' rise in temperature. 
Glycolic acid caused a slight dc~crease, s~ilfai~lic: acid all increase in weight loss of 
electroplatecl strips with rise in temperature. Relating effects of the acidic solu- 



tions by means of weight losses revealed that hot-clip tinned steel a t  40 and 50" C. 
sho\vecl the greatest weight loss with sodimn bisnlfate, followed by glycolic, 
sulfamic, gluconic, citric, acetic, levulinic and phosphoric acids in that order. 
At  60' C., the descending order was citric, sodium bisulfate, glycolic, snlfamic, 
acetic, gluconic, levulinic and phosphoric. With electroplated tin strips a t  40' 
C., the descending weight loss order was citric, glycolic, snlfamic, gluconic, so- 
diuiil bisulfate, levnlinic, acetic and phosphoric, while a t  60' C. it  was citric, 
sulfamic, glycolic, sodium bisulfate, gluconic, acetic, levulinic and phosphoric. 
I t  is pertinent to note that all of the MDD (milligrams per square decimeter per 
day) figures were below the "serious" weight losses represented by 100 MDD 
(2, 8), an indication of the essentially mild nature of the tested acidic solutions. 

Observations on changes in appearance of tinned strips indicated fairly well 
defined relationships (table 2) .  I n  all cases, changes in appearance Taere most 

TABLE 2 

Appearances of hot dip and electroplated tinned steel strips after treatment with acidic 
solutions a t  different temperatures 

0.25% P H  Hot dip Electroplated 

o f :  25-300 C. 400 C. 500 C. GO" C. 40" c. 50" C. 

Sulf amie acid ............ 

Phosphoric acid ..... 

Sodium bisulfate .... 

Citric acid . . . . . . .  

Glycolie acid .............. 

Gluconic acid ............ 

Acetic acid ................ 

Levulinic acid ........ 

slR 
- 
GSP 
NC - 

SWSp 

NC 
slBrBSp 

NC 
BBrSp 

NC 
BBrSp 

NC - 
BrBSp 

NC - 
IslSp 

NC - 
IslSp 

NC 
sWSp 

NC - 
SWSp 

NC - 
681' 

NC 
R B ~ S ~  

NC - 
BBrSp 

NC - 
BrBSp 

R P  - 
IslSp 

NC - 
IslSp 

S C  -- 
SWSp 

NC - 
SWSp 

NC 
wsp 
NC 

B B ~ S ~  
EP 
'3% 
NC - 

BrBSp 

R P  - 
I R P  

NC - 
I R P  

R P  
SWRPSp 

NC - 
SWSp 

R P  
SWRPSp 

NC 
GBS~ 

slR - 
BGSp 

slR - 
GBSp 

R P  - 
I 

NC 
Br  

R P  
SWslRPSp 

NC - 
SWSp 

R P  
SBRPslSp 

NC 
mp 

slR 
BGsp 

SIR - 
GBSp 

R P  
IRP 
slR - 
I 

a B-black, Br-brown, G-gray, I-iridescent, NC-no change, P-pits, R-rust, S-silver, 
sl-slight(ly), Sp-spangled, W-white. Appearance of portions of treated strips above and 
below air-liquid interfaces is iudieated by the position of key letters abo\-e or below dashes (3) .  

intense a t  the air-liquid interfaces; liquid phases vere nest in intensity, while 
vapor-phase exposed strip portions showed the least change. A relationship be- 
tween color of treated strips, particularly in the liquid phases, and p H  of the 
solutions seemed to exist. Liquid phase portions of strips treated with solutions 
between pEI 1.65 and 1.96 were colored silvclr, ~vhite or gray, those between p H  
2.06 and 2.94 were gray, blaclr and brown, while a t  pII 3.10 ancl 3.14 an irides- 
cent rainbo~v-like film predominatcvl. " Spangling, " a tern1 usecl here to de- 
scribe seemingly etched patterns on tin surfaces, was noted with all solutions 



except acetic ancl lerulinic acids, the only orgi~iiic. iicitls used ~r1iic.h vere not 
hydroxy acids ant1 ~ ~ h i c h  gale thc highwt plI  rcatlit~gs. Of the o~.panic acids, 
volatile acetic and levulinic acids causetl pitting of thc titlnetl stec.1 strips. Ia- 
organic wlfur-coiltaiili~~p acitlic materials; ,i.c., snlfaniica avid and sodiuiii bisnl- 
fate, also caused pitting, while phosphoric acitl (lid not. In g!.c~neral, appearance 
changes were inore illtense with the electroplated rather than hot dip strips. 

Treatnient of stainl~ss s t ( ~ l  strips by the ac:idia solntio~is res11ltec1 in estremely 
srriall weight changes (table 3).  Only slxlfarnic acid caused weight losses a t  all 

TABLE 3 

Il.cig11t ckn~~,q<.s  of s t n i ~ t l ~ s s  s t c ~ 1  strips after t~ .eat~irc~t t  faitli acitlic solrrtio~~s n t  r l i f eren t  
tenlprrat?crc.s 

Pl~osplloric acid . . . . . . . . .  
Gluco~lic. acid . . . . . . . . . . . . . . . .  
Levnlinie acid . . . . . . . . . . . . .  
G l o i  a i l  . . . . . . . .  
Citric :1ci11 . . . . . .  
Acetic : ~ c i d  . . . . . .  
Sulf81mir :~cii l  . . 

Sorliu111 I~isulf:~tc, 

'+ weight giri~i, - \veigl~t loss. 
b Strips trritterl wit11 vitric. :~virl : ~ t  this t,en~l)cr:~t,l~rc. 11:ttl :I light, ~ v l ~ i t e - g r a y  film helow the 

licluitl level. .\I1 other strips ~ v c ~ w  I I I I ~ . ~ I : I I I ~ ~ ( ~  ill : I ~ ~ ~ I ~ ~ : I ~ ~ I I I ~ * ~ ~ .  

trmperatures, while citric and acetic ads ant1 sodi~lin bisulfate causecl w i g h t  
losses only a t  60" C., the highest temperature used. With all other solntions, 
small weight increases occurred. Strips treated with citric acid at 60' C. de- 
veloped a light white-gra- film and also lost t h ~  greatest amonnt of weight. All 
other strips were unchanged in appearance. 

Acidic corrosion of tinned steel apparently is an extremely co~nples process 
involving many interrelated factors. Ko one effect, such as weight loss at a 
single temperature, for example, can be relied upon to accnrately describe or 
predict the actirity of an acid, for weight losses may vary in an mlpreclictable 
nlanner ~ ~ i t h  temperature changes. I-Iowever, certain trends which inay be of 
practical value became apparent in this study. 

Depending on the acidic colnpound and possibly related to chemical struc- 
ture, weight losses of tinned stec.1 rernainetl constant, increased or decreased with 
changes in temperature. Fnrther, the type antl/or thiclrness of tin plate had 
a bearing oil the intensity of the changes prodr~cetl as greater weight losses, more 
pitting, Inore pronounceil color changcls, etc., were evident with electroplated as 
coinpared to hot-dip hea~,ily plated strips. l'robably in thr (aiise of cllectroplated 
strips a good deal of corrosion of steel, as w ~ l l  as tin, oc.onrred. The pTI of the 
solutions a t  roo111 t e ~ n p r r a t n ~ c  hat1 no apparent relation t.o weight losses of tinned 
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stctel but did seeill related to color challges altd "spailgling." Color changes 

possibly were due to fonnatiott of lllorr or less soluble reaction products and, as 
the experiinental method ~yas essentially static, iilaximnm macroscopic reactions 
probably were proilncetl. I n  atltlitio~~ to pII  of solutions, "sganglil~g" seemccl re- 
lated to structure of hydroxy organic acids but not to strncture of carbosylic or in- 
organic acids, weight lossc:s, color production, type of tillplate and teiiiperatnrc. 
Pitting, partic.nlarly of ttlil~ cblec.tr.oplated tin strips, apparelltly wits c2at~sccl o~lly 
by volatile organic aclitls ant1 also related to the presencc3 of su l f t~r  v-itliin the: 
nlolrc.nl(.s of inorga~lic ac*itlic compounds. However. it is probitl)l~ that th(: 

kno~vn and possibly variable porosity of till plate also played a role in the, pit,tiug 
of tclst strips ( 8). 

Thr lo\\- itvtivity of phosphoric acid on tin has been recaortlctl prc>vio~isly (8 ) .  
Thr forn~ation of insolttble tin phosphate as a protecti~e cwrrosion p~.otlncat. re- 
stilting from interartion of the tin or tin oxide s~trfacc with phosplloric! acid, 
sclcnls c'ntir~ly possible. Objections to excessive corrosioll by phosphorit! acid of 
iron ant1 stec.1 surfaces ( 2 ) ,  snch as those found i ~ t  can wash(>rs, tlrains. etc., inay 
possibly be removed by use of inhibitors (4).  l'reliminary rxperinleiits in this 
laboratory indicate that "spanglinp" of tin plat(, by phosphoric. avid inay be re- 
tluced by use of inhibitors. 

Stainless steel was resistant to all of the acidic solutions a t  the tcnzperatures 
employed. Citric acid was the only tested 1natc.ria1 which caused a visible change 
in appearance of stainless stt,t*l strips, ant1 this occurred only a t  the highest test 
te~nperatnre. 

Factors co~t t r ib l t t in~ to corrosion of tinned steel by mild acidic solutions were 
found to be temperature, plZ, apparent volatility of organic acids, structure of 
acidic co~npou~lds and type of tinplate. Factors apparent as results of corrosion 
\rtAre weight loss, rolor changes, pitting and "spangling." 

Weight loss of tinned steel changed or remained constant with change in tein- 
pcratnrcx depending on the acidic componnd and the type of tinplate. I'ncier all 
te\t c.oatlitions, phosphoric acid caused only very slight weight losses as coinpared 
to rarious organic acids, sodium bisulfate and slxlfamic acid. 

A relationship between pH of acidic solutions and fontlation of colored de- 
posits, as well as "spangling" of treated tinned steel strips, seemed to exist. 

l'itting of tinned steel mas caused only by volatile organic acids and also ap- 
parently was related to the presence of sulfur in mole(-ules of inorganic acidic 
c*o~npouiids. 

Corrosion manifestations were more intense on thinly eleetroplatecl than on 
hot-dip heavily plated tinned steel. 

Under the experimental conditions, stainless steel ~ a s  not corroded appre- 
ciably by any of the acidic solt~tions tested. 
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SOME CHARACTERISTICS O F  T H E  LIPASE O F  G E O T R I C H U M  
CAhTDIDUM 

W. 0. NELSON 

Laboratory of Bacteriology, Department of Dairy Science, University o f  Illinois, Urbana 

The conditions necessary for optimum lipase activity vary with the source of 
enzyme, the substrate and the methods used in obtaining the lipase preparation. 
Thus, it  has been reported (4)  that both Asperyillzts niger and Penicill ium roque- 
forti produce two types of lipase. The extracellular lipases were most active a t  
p H  8.0, whereas the mycelial lipases exhibited maximum activity a t  p H  6.5. In 
addition, the optinlum temperature for lipolysis varied with the substrate. Simi- 
larly, Tainmisto (13) demonstrated that the heat-resistant intracellular lipase of 
B. fiuorescens liquefaciens became heat sensitive when the cells were air-dried. 
Furthermore, the dried preparations exhibited a lower pII  optimum than did the 
fresh cell preparation. 

The lipase of Candida lipolytica, characterized by Peters and Nelson ( 7 ) ,  
was active over wide ranges of pH and temperature. Maximum cleavage of 
butterfat occurred a t  p13 6.2 to p H  6.5 and a t  28 to 33' C. The activity of cell- 
free preparations was virtually unchanged by storage a t  3 to 5' C. for 3 mo. 
However, considerable activity was lost during lyophilization and foam concen- 
tration. The same authors (8) also reported that favorable growth conditions 
resulted in low lipase production. The accumulation of lipase was enhanced by 
growing C. lipolytica without shaking and the addition of reducing substances 
to the cultures had little or no effect on the accumulation of lipase. 

Although it has been reported that cysteine reverses the inactivation of milk 
lipase brought about by aeration (6) and that wheat germ lipase requires in- 
tact sulfhydryl groups for activity (12),  the lipase of some microorganisms may 
differ in this regard. According to Fiore and Nord (2) ,  the intracellular lipase 
of Pzcsarium l in i  contains no sulfhydryl or disulfide groups essential for activity. 
Similarly, microbial lipases also may vary in sensitivity to oxygen and other oxi- 
dizing agents. I11 this connection, it has been reported (3) that the lipase of 
Clostridiztm perfringens was unaffected by air or lo-' Jf H,O,. Conversely, 
H,O, or KBrO, have been added to cultures of (Jeotrichzcm candidum during fa t  
synthesis studies (9) to prevent lipolysis of the accumulated fat. 

Thus, it  is apparent that growth and assay conditions directly influence 
lipase production and activity and, therefore, the behavior of an organism and 
its lipase in a given situation cannot be predicted. Although 0. candidurn rap- 
idly hydrolyzes butterfat in cream (5) ,  the characteristics of its lipolytic system 
are relatively unknown. It is the purpose of this paper to report some of the 
characteristics of the G. candidum lipase. 
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Bacteriological: G. candidurn, strain I:?, isolatecl fro111 c~ommercial raw cream 
in this laboratory, was selc.cted as the test organism becausc. of its lanown capacity 
to l~yclrolyze butterfat (1 1). Stock c u l t ~ ~ r e s  werc lnaintainecl on tryptone-glu- 
cosc-beef extract-agar slants and were stored at 4' C. after initial incubatiou a t  
20" C. 

Cell-free filtrates froin broth cultnres served as the wurce of the lipaw. 
Active filtrates were obtainecl by growing the orga~lis~ll 011 a medium colltai~linp 
10 g. Protolysate,' 1 g. SaL13PO4, and 0.1 g .  KC1 clissolveil in 1 1. of distillecl 
water. The lncdiulrl was dispensecl in 12.5-ml. quantities into cBottoll stopprred 
1-1. Er1enmeyc.r flasks, acljustecl to pI I  7.0 and autoclaved a t  121" C. for 18 mill. 
The flasks were inocnlated with 0.1 ml. of a water suspension prepi~recl fro111 a 
24-hr. agar slant culture of G. cnndidltnt, and incubated without aeration for 4 
days a t  20' C. The c.1.lls were remored by filtration through asbestos-mattcbil 
Gooch c.r~icibles. 

Liposc nsso,y: The activity of filtrates was measured by titrating the fat ty 
acids liberated froin a b~~f f r r ed  snbstratr>. Except wherc indicated the t.mulsion 
used in the assay contained 1.0 ml. U.S.P. olive oil (or other substrates), 44 1111. of 
0.3 per cent agar dissolvcvl in buffer (pII 6.0), and 0.3 1111. toluene. The agar 
solution was prepilred by tlissolvi~lg 3 g. bacto-agar in I 1. of buffer containing 
250 ml. 0.2 V pota\siuin biphthalate, 228 ml. 0.2 M NaOII and 522 ml. distilled 
water. The buffered substrate was sterilized a t  121" C. for 1.5 min. and then 
stored a t  4" C. until used The system was brought to incubation temperature 
and 3 ml. of culture filtrate and 0.3 ml. toluene added. The reaction mixture 
was shaken until a stable emulsion was obtained and then incubated a t  20" C. 
Aliquots of the e~nulsion were titrated daily during the 3-day ine~tbation period. 
Duplicate or triplicate assays were performed in eavh trial. Controls containing 
either sterile growth medium or a heated culture filtrate \yere used. I n  no in- 
stance did the titration values of the controls change (Illring the test period. 

A 10-1111. aliquot of the reaction eri~ulsion was diluted with 23 ml. of I : 1 
neutral 95 per cent ethyl alcohol-cliethyl ether, and the free fatty acids titrateil 
with 0.1 N alcoholic ICOH to a phenolphthalein end point. Initial titration 
values, obtained prior to incubation, were subtracted from the values obtaincvl 
during iucubation. The net titration values obtained in this manner were thus 
a measure of lipase activity. Experimental data are expressed as the net titm- 
tion 1-alne (milliliters 0.1 N KOII) of the 10-nll. aliquot. 

RESULTS 

The data in figure 1 show the i~lflnence of pEI and te~nperatnrr on the activity 
of the extracellnlar lipase of G. condicllc~rr. Lipolysis was stnilietl in emulsions 
bnfferecl a t  p H  4.0, 5.0 and 6.0 with potassiu~ll biphthalate-SaOII mixtures, and 
in emulsio~ls buffered a t  pI I  6.0, 7.0 and 8.0 with TCH,PO,-XaOH inixturc~s (10). 
Since there were no significant differences bet\veen the lipolytic acativity obtained 

I 1Ie;ld Joh~~son  & Company, dry e~izynlir digest of casein. 



in a pho\phat~  buRer and in a biphthalatc~ buffer a t  pII 6.0, thr data were co~n- 
billed into a single graph. 

As can be seen fro111 the graph, rapid lipolysis occanrrrd in substrilt's bnf- 
fertltl bet\\-ern pII  3.0 it~ld 8.0, ailil a t  20, 30 and 37" C. Milaxi~num activity was 
ohservrtl at 1111 (i.0 ant1 30" C. The cnzyme way co~npl~te ly  i~liictire at pII  4.0. 
In this eonnt.cgtion, atltlitional csperiments clemonstrated that the lipase was de- 
stroyed ~vhen ac'tive filtrates were acidified to pII  3.0 ant1 i~iimediatel- renen- 
tralizecl. 

FIG. 1. Effect of temperature and pH on activity of G. candidztn lipase. Assay flasks eon- 
tained 45 ml. buffered 0.25 % agar, 2.5 ml. butter oil, 2.5 ml. filtrate from a 4-d. broth culture 
and 0.3 ml. toluene. Tile assay emulsion was incubated for 3 d. a t  20, 30 and 37" C. Data 
are expressed as mean net titration value of 20-ml. aliquots from triplicate emulsions. 

The enzyme hydrolyzed numerous substrates; however, natural fats such as 
butterfat and olive oil were attaclird more readily than synthetic triglycerides, 
monoglycericles ancl fat ty acid rstcArs of the glycols. Tripropionin, tributyrin 
and tricaprylin a t  pI I  6.0 were hydrolyzed to a moderate degree, whereas tri- 
acetin, tristeariil, trilaurin, tripahnitin and trimyristin did not nndergo lipolysis. 
Greater activity was obtained with glycderyl mono-oleate than ~vitll glyceryl mono- 
stearate. laurate or rici11ole:tte. Diglycol oleate, diglycol laurate and propylene 
glycol monolanratc yielded low titration vah~es. The fat ty acaitl esters of poly- 
ethylene glycol wrrr not hydrolyzed. 

The data represented by figure 2 show the influence of r ~ l a t i r r  substrate con- 



~entratioii on the reaction rate when butterfat, olive oil and tributyrin were ein- 
ployetl as substrates. Lipolysis increased when the concentration of olive oil 
was increased, and did not appear to reach a ~naxirnum with the concentrations 
stutlied. A similar response occnrred when butterfat waq tested; however, it  
was noted that wit11 5 1111. of ciilture filtrate maximum lipolysis occurred i11 the 
presence of 3 ml. of substrate. The influence of increased conceiitrations of tri- 
butyriii was different than that observed with the other substrates. 111 this iii- 

FIG. 2. Influence of relatire substrate concentration on rate of lipolpsis. Assap emulsio~~ 
contained 40 ml. 0.3 yo buffered agar (pH 6.O), the type of substrate and volume of culture 
filtrate as shown, and 0.3 ml. toluene. Duplicate emulsions were incubated a t  20" C. for 3 d. 
Data are calculated from mean net titration values for  10-1111. aliquots. 

stance the eilzyme activity reached a maximum and decreased rapidly to zero. 
Complete iiihibitio~l was observed when high concentratioils of tributyrin were 
present. This inhibition may have been caused by the presence of impurities in 
the substrate. The differences in rates obtained by comparing the substrates 
indicate relative substrate specificity. Variation in absolute substrate concen- 
tration and emulsion-forn~ing properties of the substrates nndoubtedly contribute 
to a small degree to these differences. 

A study of the distribution of lipase in broth cultures demonstrated that 
filtrates mere illore active than the corresponding nlycelial preparations. For 
this comparison the inycelia were inaceratetl a t  4' C. in a glass tissue-homogeaizer 
in the presence of no. 600 carborllndum and 4 ml. of biphthalate buffer a t  pH 6.0. 
When thoro~ighly ground, the homogenate was diluted to a volum' equivalent to 
the culture filtrate by the addition of buffer. The lipolytic activity of such prep- 
arations conlpared to that of the culture filtrates is illustratecl in figure 3. Al- 
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though the filtrates varied in lipolytic activity, in all instances the filtrate activity 
was greater than that of the correspondiilg nlycelial preparation. Thus, the data 
suggest that the lipase of G. candidlrnz is primarily an extracellular enzyme. 

LIPASE DISTRIBUTION IN g. CANDIDUM CULTURES 

FIG. 3. The distribution of lipnsc in broth cultures of G .  candiduqn. The lipase was ob- 
tained from mycelia and filtrate of :I 4-tlny broth culture grown a t  20" C. Activity was deter- 
mined in an emulsion containing 44 ml. 0.3 % buffered agar ( p H  6.0), 1 ml. USP olive oil, 
5 ml. of enzyme preparation, and 0.3 ml. toluene. Other conditions are as in figure 2. 

These data also emphasize the differences in lipolytic potential normally encoun- 
tered in cultures classified as G. candidurn. 

I INACTIVATION OF L I M E  BY AERATION I 

10 20  30 40 lo 20  30 40 
SUBSTRATE INCUBATION, HOURS 

FIG. 4. I~laet ivat io~l  of liljnsc 1j.v nerntion. Assay conditions as in figure 3. 



The lipase \\?as reatlily i~ractivatc,d by merhauical aclration. Broth cultures 
pro\v11 a t  26 to 30' C!. ancl arrated by shaking 1120 strokes 1.378 in. per 1nin.1 
(111ring growth were complett~ly clctvoitl of lipolytic activity. A progressive in- 
ac:tiration of lipase occurrecl when active. filtratw obtain(.(\ from stagxiant cultures 
jvc.rcJ aerated by mechanical shaliing. Th(bsr r c~s~~ l t s ,  shown in figure i7 suggest 
that i~~tac ' t  sulfhj-dr-1 groups xilay be necessary for lipolytic activity. To inves- 
t,ipate this possibility, additional tests for the prcAsclnt.e of active s ~ ~ l f h y d r - 1  groups 
were perfor~necl by the use of sulfhydryl group inhibitors. I t  \\.as fonncl that 
tllc~ l i l>as~  was ~ ~ n a f f e ~ t e d  bj- 1-hr. exposure to I t 4  1%' Agh'O:,, CnC'l, or 1 0 - q I  
I-I,O,. Co~lversely, the presence of oxygen or M IIgC1, ct~useil ;I 50 per cent 
retll~c*tion in lipase a r t i ~ i t y .  These results are ilhlstrated in fig11r.c. 5. 

FIG. 5. 'I~ll~il~itio~l of lip:~sc l )y  111et:t18 alld ositlizi~~g agents. Assny renditions ns i n  

figure 3. 

The lipase preparations inac+tivatetl 11-ith oxygen or mercury responded dif- 
ferently to the addition of retlncilig tigelits. After 1-hr. incubation with the in- 
hibitor, the reducing agents werr atltl(.tl and the mixture allo~\,\.c.d to stand an 
additional 30 min. before being assayc.tl. I n  this nlanner it TT-as folund that 
3 x lo-' 111 glutathione, cysteine or Ka,S at p l l  6.0 partially rerersed the Jriercury 
iaactiration, whereas asvorbic acid \\.a> inc.ffec.tive. Conversely, oxygen inactiva- 
tion mas irreversible with respecdt to thc>sr r(v111~ing agents llnder the same condi- 
tions. The data s h o ~ ~ n  in fipnrr (i illllstratc. the cff(.rt of glntathione on both 
IIgCI, and oxygen inactivatecl lipase. 



REACTIVATION 

I 2 3 
SUBSTRATE INCUBATION, DAYS 

Reaet iwt ion of ir~lrihitr~l lip;~sc. Assay conditiorrn as in 

Some of the  characteristic.^ of the lipolytic system elaboratecl by G .  ca~tdidlbm 
closely parallel those ~vhicli have bern dercribed for the lipase of C. lipolytica 
(7) .  Points of similarity are t h ~  optimum pII and ten~peratnre. oxygen sensi- 
tivity and extracellular occurrence of the enzyme. 

A major point of difference between the above two lipases is the acid sensi- 
tivity exhibited by the G .  cn71didlinz lipase. This enzyme was inactive a t  pII  4.0 
and was destroyed when it was acidified to pTI 3.0 and iiiimediately reneutralized. 
These data are consiste~lt with other investigations mhich have sho~\-n that (a)  
lipolysis is retarded when raw cream undergoes a rapicl natnral lactic acid fer- 
mentation (1) and (b)  the rate of lipolysis decreases in clirect proportion to the 
increase in acidity of cream supporting the growth of G.  candicllrn~ (11). 

A study of the substrate specificity shows that the estracellular lipolytic sys- 
tem of G. cnnrlidlrnl rontains a trne lipase which is specific for triglycerides and 
which exhibits masiintnn acstirity on naturally occnrring mixed triglycerides. 
Thus, the high lerels of frcv water-insolnble fatty acid4 encountered in cream 
inoculated with G. candidtrnt (11) nlay be tlue to the action of this enzyme. 
Data obtained by the use of inhibitors i ~ n d  redtl(2i11g i ~ g ( ~ ~ l t \  s~lggr\t the neres\ity 
for intact sulfhydryl groups for lipase activity. 

SUhlAf AltY AND ('ON('IAI'SIONS 

Filtratc~s froin vr~ltl~res of G. cnndidwn~ contain a trnc3 lipase n-hich \\.as acbti~e 
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at p l I  5.0 to 8.0 over a teniperat~~re range fro111 20 to 85' C. 3laximuni activity 
occurred in substrate buffered a t  pII 6.0 and iricubatecl a t  30' C. 

Saturally occurring inixed triglyrerides were niorc readily hydrolyzed than 
were synthetic triplycericles ant1 other esters. Lipolytic activity was dependent 
upon the type of snbstrate, substrate concentration, enzyme concentration and 
reaction time. 

The lipase was inactive at pII 1.0 and was destroyeil at pII  3.0. The enzyme 
was partially and irreversibly inactivated by oxygen. IIgC1, inhibition was par- 
tially reversed by glutathione and other rednring agents. 
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9 : 00-12 : 00 a.m. CHEMISTRY, MILK HEATING, EVAPORATED 
MILK. 0. I". GARRETT, I'residing 

Roonz 1, Chcn~istr .y  H~iilditrg 
5126 Observations on the Iceepiag Qnality of Pasteurized 

Milk, with and without Added Bureomycin. which 
\lTas Obtained from Various Sources and Stored a t  
4.5" F. J. C. O ~ s o s ,  .JR., D. S. \VILLOUGHBY, E .  L. 
THOMAS and H. A. MORRIS, t ' n i ~ e r s i t y  of Xirrnesota. 

3127 The Glyceride Structure and Polymorphis~~l of But- 
terfat. G. R. GREENBANK, Bureat6 of Dairy  Indl l s t ry ,  
U. X. D .  A. 

5228 Isolation ant1 Colnpositiot~al Characterization of the 
Fat-membrane Proteins of Konhomogenized and Ho- 
~nogenized Milk. J. R. BRTTSSER, C. IT. ~ U S C A S  and 
( 7 .  M. TROITT, Michigaiz S ta te  College. 

512:) Elrvtrophoretiv Characterization of the Fat-mem- 
bra t~e  Protritts of Nonhomogrnized and IIomogeaized 
3lilk. .T. R. IJRUNSER, 11. A. IIIILCVIK, G. Jl. TROUT 
al~t l  C .  lV. I)uN(*As, .llich icjn 11 A'ttrtc College. 

51:30 I'~('pilratiOl1 of Satnples of Slrilnn~ilk for Electropho- 
rc,ticd Stlltlies. 3. Toirras, R. JIcL. \VHITSEY and P. 
I1 TKA(*Y, l*~tiucr..sitq of I l l t ~ t o i ~ .  

A1:JI E:ff(~c.t of IIrating to 300° F. by Means of the Jlallory 
Sttli~ll-tnbc IIeat Exchanger on the Electrophoretic 
l'ropcbrtic3s of Slri~nmilli. J .  T o ~ r r ~ s .  R. 5IcL. WHIT- 
SEU ant1 P.  11. TRA~Y,  I' t t iuerft ty  o f  Illiilois. 

5132 Li~nitat io~ls  of the Use of Sermn Protein DPtermina- 
tion.; in Evaluating Heat of AZilli. 11. 3. IIARLAXD, 
S. T. COUI,TEH and R. . J x s s ~ s s ,  17~rrrsc~.sity of Jfilzwe- 
sofa .  

5133 The I'hosphatase Inactiration Curve in  the HTST 
Paste~trization Range. S. A. HASSES, F. JJT. \ IToo~ 
and H. K. THORNTON, IY~t ice i . s i fy  of Illbei.tn, Ednton- 
tott, Crriiadn. 

3134 Estimiition of Calvilul~ 1011 Activity in  JIilli and 
Othcr Riologic~al E'l~~icls. (i. CHRISTIASSOX, H. .TEN- 
NCSs and S. '1'. C'OITLTI:~. r ) t t t - ~ ? . s i t y  o f  .lfittltesota. 

A133 Observation.; on thc Color of Evaporilted Alillr. S. 
~'ATTOX, I'c q i t t  s?jlrwrr in ~Vtrrtc Collcrlc. 

M3G A Spectrographic. M(~tl~oc\ for the 1)etrrmination of 
Tin, Col)p(,t., Irotl ant1 I~rntl i l l  Evaporiltrtl JIill\- and 
the ERec*ts of Storitg(b OII  Evapol.atcd Jlillr. C. IT. 
GeIIRse a ~ l ( l  C'. VAY R r - ~ s o s ,  C ~ ~ i r c r s t t y  of 31 isroIwi. 
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1 : 30- 3 : 00 p.m. SYMPOSIUM : T H E  ECONOMIC STATUS OF T H E  
DAIRY INDUSTRY. E. L. JACK, Presidi~zg 

Roonz 1, Chemistry Bzrilding 
Changing Economic Conclitiolls in the Dairy Industry. H. 
C. TRELOGAN and L. IIERRMANN, Agric~tltzrral Researclt Ad- 
ministration, U. S. Departnzent of Agric~tlfnre. 
The Impact of Technological Developments upon Economic 
Conditions in the Dairy Industry. G. W. SPRAGUE, Tirestern 
Condensing Co., Appleton, IVisconsin 

Discussion Leader: R. G. BRESSLER, JR., University of 
California. 

3 : 00- 4 : 30 p.m. Association Business Meeting 
Room 2205, Veterinary Science Building 

PRODUCTION SECTIOK 

Tuesday, June 24, 1952 

1 : 30- 4 : 30 p.m. Sevtion A. ARTIFICIAL BREEDING. G. IIPITT, JR., 
Chairnla~z 

Roonz 2205, Veterinary Science Bzcilding 
P1 Relationship of Maximum Daily Air Temperature, 

Mean Daily Air Temperature and IIumidity to Physio- 
logical Reactio~zs of Dairy B ~ ~ l l s .  J .  E. JOEISSTON and 
C. BRAXTON, Louisiana State University, Baton Rouge 

P2 Uniformity and Nutritional Stuclies with l~onozygotic 
Bulls. 11. 11. OLSON, U?ziversity of Jlinnesota, St. 
Paul 

P3 The Effect of Frequency of Ejaculation on the Semen 
Characteristics and Libido of Young Bulls. F. N. 
BAKER alld N. L. ~ASDEJIARK, Un'i~e).~ity of Illinois, 
Urbana 

P 4  The Influence of Gonadotropic Hormones on Semen 
Quality. J. 11. BTERS, G. MCCURLEY and 11. VONKRO- 
SIGK, Oregon State College, Corvallis 

P5 The Use of Racitracin and Terranlycin in Semen Di- 
luters and the Storage of Semen a t  -15' C., in a Glyc- 
erin-citrate-yollr Diluter. 0. T. STALLCUP and H. K. 
MCCARTNEY, University of Arkansas, Fayetteville 

P6 The Relationship between Dilution Rate of Bull Semen 
or the Number of Pllotilc Spermatozoa and Fertility. 
C. BRANTON, IT. C. RELLGREN and T. E.  PATRICK, 
Loziisiana State Uiziuersity, Baton Rouge 

P'i The Reclucing Co~iiponents of Bull Semen as Deter- 
liiinrtl by an Iodimetric Titration. B. I,. LARSOS and 
G. ITT. SALISBURY, Universify of Illinois, Urbana 

P 8  The Effect of Sper~natozoa Coilcentration and Dilution 
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on the Respiratory Activity of Bull Semen. JI. W. 11. 
B r s ~ o r  and (i .  lv. SAI,TSRI-RY, ~niz.ers i ty  of Illinois, 
Urbana 

P9 Oxygen Cons~~mption of Semen from Dairy Rnlls on 
Thrcc Levels of Carotencl ant1 lTitamin A. 11. roN 
I~ROSIGK, Orefjon State Collcgc, Corzlallis 

PI0 Reconstitutecl Skimmillr as a Dilllent for Borine Semen. 
G. R. MARION and 11. 11. OLSON, TJ)rit*cr~~ty of IMinne- 
sota 

PI1 Impedance Change Frequenry in Bull Semen. 11. \Iv. 
13. BISHOP, R. C. CAMPBELL and .J. IJ. I I d s c o c ~ ,  Agri- 
c~tltzrral Researclb Council, d r ~ i t ~ r n l  Researclr. Station, 
Canzbridge, England 

1 : 30- 4 : 30 p.m. Section B. CALF NUTRITION. S. N. ALLES, Chairnzan 
Roont 101, Horticulture Building 

P12 Simplified Calf Starter Containing Corn, Oatq ancl Ex. 
peller or Solvent Soybean Oil Meal. 1;. E .  GARDSXR, 
University of Illinois, Urbana 

P13 Slacked Lime as a Preventive of Scours for  Whey-fed 
Calves. I>. C. BROWN, J .  READ and 11. S. \YILLARD, 
1Vyonzing Agrict~ltztml Erpcrimcnt Station, Laranzie 

P14 E:ffec.t of Dietary l~ipi t ls  on the Polyunsaturated Fa t ty  
Acids in  I3lood Pla5ma of Young Dairy Calves. R. S. 
ALLI.:N and J. 11. ZAI.I~:TEI,, Iowa Bgr. E.rpt. Sfation, 
Ames 

PI5 The Effect of Vitamin Snpplernents on Carotene Utili- 
zation from IIay by Dairy Heifers. S. R. SKAGGS, 
Sew Mexico Agricrlltrrral Erperintent Xtatioi~, State 
College 

P16 The Value of Arsonic Acid Derivatives a? a Growth 
Stimnlant when Fed  to Calves. G. C. GRAF and C. \I7. 
HOLDAWAY, Virginia Polytecltnic Institr~te, Blacks- 
burg 

Pl'i Effect of Ration upon Riboflayill Levels i n  Calf Tissues. 
E. G. MOODY, S. M. ~ I A U G E  and S. S. LUSDQUIST. PUT- 
clue University, Lafayef te, Indiana 

PI8 Effect of Type of Dietary Lipid upon the Blood Plasma 
Lipids of Young Dairy Calves. N. L. JACOBSON, d. 11. 
ZAI~ETEL and R. S. AI,I.EN, Iowa Agricltltural Ezperi- 
nrent Station, Anles 

P19 The Valne of Various Levels of Anreomyein in  Milk 
lteplacements for  Dairy Ctilres. C. R. I~SODT and 
EARL B. ROSS, I'cnns!jlr~ania il!jr. E.rpt. Statio?~, Rtate 
College 

P20 The Influence of Anreomyein and Cntl Inoculatio~l on 



the Growth of Dairy Calves. A. D. P~I~GII~LIARD, M. 
RONNINQ, E. It. SEROUSEK ant1 C. L. SORTOS, Okla- 
lzonln A 6. M College, 8trllwatcr 

1'21 Effc~cdt of Type of I ' r o t c i ~ ~  on the Re\ponse of Young 
Dairy Calv's to Aurcoinpc*in with Data on the Micro- 
flora of the F(~c.c.s. 11. L. RUSOFF, .I. A. ALFORD and  C. 
E. IIYDE, Lolrisiana Agr. Expt .  Station, Rcitolt Rouge 

P22 Effect of Aureomycin Supplementation on Changes in 
Weight and  I h d y  bleasure~nents of Dairy Cahes. N. 
IJ. J a c o ~ l s o ~ ,  J. G. I<AFFETZAKIS alld P. G. HOJTEYER, 
Iowa Agr. Expt .  Station, Anzcs 

9 : 00-11 : 00 a.m. Section A. BREEDING AND MANAGEMENT. G. 
IIYATT, *JR., Chairman 

Roonz 2305, T'eterincrry Scici~ce B l i i l d i ~ ~ g  
P 2 3  The Eff(~c2t of Stress Co~lditions on Dairy Cattle. G. C. 

C ~ R A F .  l T ~ ~ ~ t ~ e r h r t , y  of .11111n~hot(1, Sf. Pal11 
P24  Facator5 Inflr~enc*ing thc I'rodnc.tion of High-quality 

31ilk. . J .  Tj. C o v r i x ~ ~ o x ,  IT. 11. GRIEI~EI,ER, J. B. ROD- 
Gl:Rs, I .  It. JoNI,:~, 1'. Jt. I ~ R A N D ' ~  tilld L .  IfT. BOSNICK- 
SEN, Oregon State College, Corrtallis 

1'2.5 Methotls of Millring and  Milli-hanclling as Factors Af- 
fecting thc Quality and  Economy of Milk Produced. 
11. A Fur ther  S tudy  of the Effect of Permanent Pipe- 
lines in  the Dairy B a r n  on Milk Quality. M. H. ALEX- 
ANDER, IfT. 0. NELSON ant1 E. E. O ~ a r r s ~ o s ,  7Ynrr~rrazty 
of I l l~nois ,  Urba?za 

P26 Growth Unifornlity Trials with Identical Twin Dairy 
IIeifers-Estimates of Heritability and Twin Effi- 
ciency. H. TfT. THOELE ailcl M. C. IIERVEI-, University 
of J!linnesota, St .  P a ~ d  

P27 Progress Report on the Production Records of Cross- 
bred Dairy Cattle. J. P. L E ~ ~ A S T E R ,  G. Tv. BRAXDT 
and  C. C. BRANXOX, Sozith Cnroli7ta Agr. Expt .  Sta-  
ti or^, and M. 11. FOHRMAN, B~creatr of Dairy Industry, 
L..S.D.A. 

P28 The Partition of Evaporative Cooling between the 
Respiratory ant1 Onter Surfaces i n  European ancl 111- 
dian Cattle. IT. IT. I ~ I ~ L E R  and S. BRODY, 11Jissoi~ri 
Agr.. E s p t .  Sfnt~on,  Coltrnr bia 

P29 &Ialtnnary 1)c~vc~lopmc~nt ant1 Heart  Birth Relatio~lships 
ant1 Changes with Agc. T7. IJ. BALDWIN anrl AI. C. 
IIER\~I.:Y, l , T r ~ i r ~ ~ ~ ~ ~ t y  of ~ I l i ~ r ~ e ~ o t c r ,  St .  Patil  

1'30 A Srunlmary of a Ten-year Comparison between Loose 
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Run and  Stanc~hion ITo~lsitig for Dairy Cattle. E .  E .  
IICIZISR, C. E .  ZEHNICR il11c1 IT. R. S ~ I I T H ,  l i n i t~evs i t y  o f  
IYiucottstn, Madison 

9 :  00-11 : 00 a.m. St~vtion 1:. MILK SECRETION. S. S. IZT~LES, Gllairnzan 
Root11 101, I f o r t i c ~ i l t l r ~ r  Blrilrli~lg 

1'31 A S t r ~ d y  of Some Causative PIIe(~ha1lis111s i n  Bovine 
Strc~ptoc~ot~cal Mastitis. C. P. ~IERIIJAK and 11. A. 
I I E R ~ L A N ,  l 'nirrerslfy of ~llissotrvi, C o l ~ r n ~ b i a  

P 3 V T h r  Role of I'lasma Cells in thcl Protlnetion of Olobnlins 
TT-ithin the Mam~nary  Gland and Time Studies oil Anti- 
body Response from Experimentally Induced Iuflam- 
 nation of the Udder. R. 31. PORTER, Univers i ty  o f  
J l in  izcsota, S t .  Pau l  

P33 11istological Evideizce of a Hyalin-fibrin Complex in 
the Bovine Bfan~mary Gland. J. R. I~UIKEY, D. L. 
1311,~ atid N. S. LUNDQUIST, Ptrrcllre r ) l i~ t e r s i f ? j ,  Tlrest 
Lnfn! je t tc ,  I l tdlaiw 

1'34 TIi\tologicd;~l and Chen~ical St~idies  of F a t  Jletabolism 
ill th r  iLlaminary Glands of Cows and  Goats. AT. L.  Y. 
S~IITH, 13. C. I I a ~ r z r o ~ o s  and S. I<UJIAR. C ~ t i v c r s i f y  of 
Illnrlyla~lrl, College Parlr 

1'3.5 15lootl Levels ~ L I I ~  1Jri1ii~ry Excr r t io~ i  of Certain Con- 
stititelit\ ill TC(1totir Cows. 1'. J. T'AS SOEST, T. 11. 
I~I~ossI ' :I~, (:. M. WARD, J. 13. CRII.I,Y and 11. F. L 2 ~ ~ \ r s ,  
A'fnfe Collrge of Ilra.sl~i.ngto,r, Prrll i l~ni~ 

P3(i The Effects of Sodium Acetate Give11 Orally ~ i p o n  Cows 
with ICetosis. W. J. MILLER ant1 S. S. ALI,ES, r-r~iver- 
sit?! o f  IVisconsin, 3Iadison 

PSi I'ituitary-adrenal Cortical Syndrome i n  Ketosis of 
Dairy Cows as Evidenced by the Adreilaline Test, 
Eosinophil Levels and Replacement Therapy. J. C. 
SHATV, B. C. I~ATZILOS, E .  C. LEFFEL, TIT. 31. GILL and 
A. C. CHUSG, Univer s i f y  of Karylancl,  Collegt: Pnrk  

11 : 00-1" 00 a. 111. SECTION BUSINESS MEETING 
Roonz 2205, Ve ter inary  Rcience B u i l d i i ~ g  

1 : 30- 4 : 30 p.m. JOINT SESSION O F  EXTENSION AND PRODUC- 
TION SECTIONS. R. D. LEIGHTON and S. S. ALLEN, 
Co-c l~a i rn~en  

R o o n ~  I ,  Chcnzistrjj Riiiltling 
Joint Committee Reports- 

Breeds Relations, A. R. PORTER, Cltairnzan 
Dairy Cattle TTralth, G. M. WERNER, Chnirman 
Dairy Cattle Breeding, C. D. MCGRETT-, Chairnzan 
Type, 1. mT. RIJPICL, Chairnzalz 



FORTY-SEVENTH A S X U A L  XIEETINQ 

Pnrc.bred Dairy Cattle Association. .T. F. CA~AXAUGH, 
Secretary 
Antibiotics, I\'. A. I~RIESKE,  C1znir)ttatl 

Symposium on Bloat 
The I'lace of Leg~unes in  the I'asture Program. 

R. E .  I I o ~ c s o ~ ,  Hlrreatr of I)airy Indirstr!~ 
The Status of Our l~'11ndaiiienta1 Inforniation on Bloat. 

11. H. COLE, Ilrii~~ersity of Califoi.nia 
Practical Xlethods for  Prevention of Bloat. 

S. IT. MEAD, ZTnii~ersit.tj of California 
Treatment of Bloat. 

G. EI. IIART, University of California 
Panel Discussion 

Thursday, June  26, 1952 

9 : 00-12 : 00 a.m. Section A. REPRODUCTION. G. HYATT, JR.. Clcairman 
Roont 2205, Vetevinary Science Builrli,ig 

P38 The Incidence of a Sterility Syndrome in the Rabbit 
Fed  Soybean IIay and the Failure of Certain Supple- 
nients to Alleviate the Symptoms. I<. A. I~ESDALL 
and R. 11. IIaus, Gnitqersity of Illinois, Grbana 

P39 A Study  of the Birth IV\'c.ights of Purebrecl and Cross- 
bred Calves. R. TVV. TOUCHBERRY, 'University of Illi- 
iiots, C-rbanu, and li. A. TABLER, Rirreazl of Dniry In-  
dustry, 'U.S.D.A. 

P40 Thionracil-induced IIypothyroidism in Sexually JIa- 
ture  Dairy R~llls.  E .  I\'. SWANSON and J .  P. BOAT- 
XIAS, University of Tennessee, Knoxt*ille 

P 4 1  The Intracrypt  Space in  the Placentolne of the Cow. 
11. ITT. % T ~ ~ ~ ~  and 11. A. HERJIAS, Gni~~ers i ty  of 1Vi.s- 
sotcri, Colirnzbin 

P42 The Effects of Relaxin on the Cow's Cervix. E. F. 
GRAHAM and A. FJ. DRACY, So~l fh  Dakota Agr. Expt .  
Station, Brookings 

P43 The Sampling of the Endometrinln of the Bovine 
r s i n g  a Biopsy Technique. J. D. DOSKER, University 
of Minnesota, St.  Pall1 

P44  A Dairy Cattle Pregnancy Test. .T. If. BYERS, Oregon 
Stnte College, Coreallis 

P45  Effect of Hormones on r t e r i n e  RIotility and Sperm 
Transport i n  the Perfused Genital Tract of the Cow. 
R. 1,. 1 1 ~ ~ s  ant1 K. IJ. V A N ~ E ~ ~ A R K ,  I'nit'crsit?~ of Illi- 
nois, Urbn na 

P46 Chromatographic Separation of the Seu t ra l  Steroids 
of COIIT'S T'rine. J. 1'. MTSSER and 11. L. SAUSDERS, 
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JR., Sr lo  .Tc~r.sty Agr. E x p l .  Stnt i o n ,  S I L P S P ~ ,  i n  coopera- 
tion with Bureau of Ilairy Illtlnstry. 1-SI)A 

1'47 ('ol~~p;lrison of Ne~ltral  Strroitls fro111 Colvs' ITrine 
a f t w  Various 1Iytlrolptic. I'roccvlnrcbs. -J. 1'. JIIXNER 
a i d  II.  1,. SAUNDXRS, *JR., XCIU JC~SP,~J .1~jr. E.rpt.  Sta- 
tioiz, 8trs,ses, in  coop(>ration with Rnrcvi11 of Dairy In-  
dustry, ITSDA 

P48 Prcl imii~ary Studies of Irregular Erc'tling i n  Dairy 
Cattle. E. G. MOODY, \IT. A. S ~ I I T H ,  J .  \\'. CRL-AIBAKER 
and G .  13. PI~CIIEROY, AI-IZOIIO ~Stnte College, Tempe 

9 : 00 -12 : 00 a.m. Section B. FEEDING. S. ;\'. ALLEN. (lllfl;r171fl?l 
Room 101, Hortic7ilttrre Btrilcllrlg 

P.29 Three Years' Studies Using Snlfnr  Dioside as a Pre-  
servativc~ for  Forage Crops. C. B. IZSODT, S. R. SKAGGS 
ant1 1'. S. WILLIAMS, f'etr,~.\lj~c~t,ria Agr. E.rpt. Stntiojz, 
State College 

P30 Gra\s Silage rqs. 1 - l ~  a\  the S11pplelncnt;iry Roughage 
for Milltilig Cows on Good l'astt~re-(Preliiliillary Re- 
port) .  S. 11. MORRISOK a11d .J. 14'. DEAL, 1~ir i rser~i ty of 
Georgia, Athens 

P.51 Sclf-l+ectling a Croluitl I Iay ant1 (:rain Ration to Dairy 
cows. I i .  E .  ~ I A R S E I ~ A H ~ E R ,  lT,rii-rrsity of I/li?zois, TJr- 
bn,rcr 

1'32 Alfalfa 1Iay rlu. I'rairic 1Iay for 1)airy Calves. d. B. 
TITrr,~,r~ars, 8. 11. MITSGRAVE, ('. I,. S o r t ~ o s  alirl TV. D. 
GAI,I,UI>, Olrlahorrla -4 c(;. ill Collegc, Strllusafrr 

P53 Efc~c.t of ICincl of Pastnrcl and the Feeding of Snpple- 
nlents on I'ersistency of Jlillc l'rotluction i n  Summer. 
I>. If. S ~ A T H ,  tiniuerhrty of Ilenflrcky, Frankfort  

P34 I I i R e r ~ n t  Grazing Inter\-als on Laclino Clo~er-Fescue 
Pasture as  Affecting Milk Procluetion and Flavor of 
ASilk-(Preliminary Report).  S. H. ~IORRISON, J. J. 
SHEURIYG, R. A. MARDES and .J. F. DEAL, U?lzversity 
of Georgia, Athens 

P33 Soil Fertilization and P lan t  Dereloprneilt as  Factors 
Relating to Nitrogen Digestibility. I<. A. ICENDALL, 
R. TIT. r T ~ ~ ~ 1 3 ~ ~ ~ ~ ~  and W. B. NEYEYS, rniversity of 
Illinois, I'rbana 

P56 Rc~latiollrhip b c t w ~ e n  'I'DS and Eiiergy Values of 
Feeds. 11. A. MOORE, Rtrrpaii of Dawy I ) ~ d ? ~ s t r y ,  
7 v ~ ~ l ) i l ,  alltl IS. M. ~ R W I K  and J. C. S a a w ,  Ct/iz*erstty 
of illn~.ylontl, College I'ark 

1'37 Th? Relatior1 of Sulfur  Colr~po~~llcls to T~tict;ition i n  
R n m i ~ ~ a n t s .  I. R. -JONES, J .  R. IIABG and P. 11. TTT~s- 
wla, Oregon Ftntc College, Corvallis 



1'38 Th(3 EtT-frc,t of 'l'hyroprotc~in 1q7(~eding on the I ~ e r e l  of 
tho I'rotc>in-hol~l~cl ant1 1norg:lnic. S ~ ~ ~ I I I I I  lotline in thc 
Bovine*. d .  14'. TJONG, IJ. 0. (:II.IIORI$:, J .  IT. I11nns ant1 
I? 131,~.  Ohio S f a f e  I;trir~crsit!/ and the' Ohio .I!jr. E . r p f .  
S tn f  ion 

1'59 Thr ITtilization of I'taar Cann(>ry IVa4te a4 a F(brd fo r  
Dairy Cows. F. It. MITRI)OCK, A. S. IIOI)GSOS, T. IT. 
BI,OSSI~:R and A. 0.  SHAW, N t n f ~  CIoIl~ge of T1.'nshilrgfoit 

1 : 3Cb 3 : 00 p.m. Sec~tion A. MILK SECRETION. U. IISATT. .JH., Cltntr- 
n101t 

R o o n ~  2205, Veter inary  Science Blrildiltg 
P60 IIornlones in Lactation ; Administration of IIormones 

in  Declining Phases of Lactation. -1. D. DOSKER and 
IT. BE:. PETERSEN, I;niver.sify o f  dlr~rtresota, S t .  Pattl 

P61 11iiltic.tion of Lactation i n  Dairy Cattle b -  Diethylstil- 
bestrol-progesterone Implants. .I. NEITES. E .  P. REI- 
S E K E  itlld C. F. CAIRT, ;lIichigorr S f n f e  C o / l ~ ( j f ,  Ensf  
Lans i~ tg  

1'6'2 Espc>ri~nc~ntal Dc~vc~lop~urllt of thc1 ~ I R I I ~ I I I R ~ ~  (:land of 
thck I<orine. I). 11. Ilrr,~,, T'ttit~rr.sif,tj of Jl i t t~ tcsofn ,  S t .  
Z'a tt  1 

1'63 Thv Met:ibolisn~ of Lac~tosc~. \IT. .J. RITTTER, E .  &I. 
CIZAINE ant1 R. (:. IIANSICN, 17itic-cr.srt!j of Zlliltois, [-I .-  
bana 

1'64 Th(. I'tilizatio~l of Carboxyl Labelletl V4 Acetate by 
the I'c~fnsed 13ovine M a ~ n ~ n a r y  (:li~11(1. 1,. S. MIX, IT. 
E .  I'ETERSEN and I-I. E .  STRITSS, I - ~ t i l - e r s i f ! ~  of J f i ~ t ~ t e -  
so fa ,  S t .  Paul  

1 : 30- 3 : 00 p.m. Section B. RUMEN FUNCTION. S. S. ALLES, Chait.- 
ntan 

Roonl 101, Hortictrltlire Bttilcling 
P65 Early Development and Function of the Bovine 

Stomach. R. B. BECKER, P .  T. DIX ARSOLD, S. P. 
MARSHALL and J. IqT~xc, Florida d g r .  E x p f .  Station,  
Gainesville 

P66 Effects on Ruminating Calves of Changing to C)masal- 
Abornasal Feeding through a Rtnuen Fistula. H. J. 
LARSEN ant1 G. E. STODDARD, Iouw -1gr.  E.rp t .  S fa f i o l t ,  
Antes 

P67 R~nncw Synthwis of 1'rotc.in ant1 Anlino ~ lc i t l s  in  the 
13ovinc. on Natural and l'nrified Rations. C. llT. nus- 
('AN, C. F. ~ ~ T J I ' I " X ~ A N  ~ l l ( 1  1 .  1'. ;\GRA\VALA, .lfichign?t 
A g r .  E.rp t .  ~ Y t a f i o ~ t ,  Bnsf  I ,ntt .s i~~g 

I'(iX Sonlc. Chen~ic.al ant1 Sntritional 1'1.opertics of the 
Rumc.11 Contents of 1)itiry Cows. B. 1I. I'ATEL ancl 
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N. S. ALLEN, l~ntt)cr.stt!j of \T'IscoI!.\~II, .llrtdi.so~l 
I'(i!) 'I'hr E f r c t  of Milk l'rotl~~cdtion, 13otly \\'right and I"c.ctl 

I)igestibilitg of Frctliug IIay ant1 Grain i n  Various 
Ratios. (:. E .  S T O I ~ A R D  ant1 T. G. BIARTIS, Iouta i lgr .  
Erpt .  Stotioi~, Antes 

3 : 00- 1 : 30 p.n1. ASSOCIATION BUSINESS MEETING 
Koon~ 2205, Veterinary B C ~ P ~ I C P  R t t  ilding 

EXTENSION S E C T I O S  

'I'ttesday, Jztne 24, 1952 

1: 30- 4: 30 p.m. OPENING BUSINESS SESSION AND TEACHING 
METHODS AND EXHIBITS 

R. LEIGHTON, Chairman 
Room 100, AgriczcEtlrral Engineeriilg Bi(11clt1lg 

E l  Identical Twins in  Researvh. H. THOEI~E, I'nicersit!j 
of Minnesota, St. Pan1 

E 2  Visual Aitl in  Teaching through Colorecl Slides. G. C. 
ANDERSON, Uni~iersity of Idaho, .lIo.~co~iq 

E:3 Trc.hnicolor Film, "The Right Srn le l~  to I'rocluce t h r  
Right Calves." A. C. I<ALTZE:R, .111rhi!j(111 Rtafe Col- 
Irgc, Ensf Lnr~sing 
R ~ p o r t  of T?aching M~rthotls Colinl~ittee 
E'illn-' '\qTcight Control through Diet, " National 
Dairy Council 
Stat(+ Exhibits-Explallatio~l and I>iscl~ssion 
Delmar d .  Young, Chairmail in Charge, Z7?ziversity of 
De/aware 
(Exhibits adjoining Room 100, Agricnltnral Engineer- 
ing Building) 

Wednesday, .J~ine 25, 1953 

9 : 00-12 : 00 a.m. 4-H CLUB WORK, ARTIFICIAL BREEDING COM- 
M I T T E E  REPORTS, BUSINESS MEETING 
R. IJEIGHTON. Chairman 

Room 100. Agriclrltztral Engineering B~rilrling 
E4 The Group System of Judging and its Merits. G. E. 

UOHDOX, 17niversity of California, Da~siv 
I33 A I'roposctl IJnifornl Score Card for 4-11 Judging, Fi t -  

t ing and Showmaaship Contclsts. R. D. STEWART, The 
.2m~rica?1 (I'?rc.rrtsc~ Cattle Cltrb 

X6 Artifivial Rrccltling, W e s t t ~ r l ~  Statc~s. IT. P. EWAI~T, 
Orcgow, and Assoc~iatc~s 

COMMITTEE REl'ORrJ'S 
IZTTSISESS ME1I:TTNG 
C'OMM I 'I'TEE Al'l'OINrI'~TENTS 



1 : 30- 4 : 30 p.ln. JOINT MEETING O F  EXTENSION AND PRODUC- 
TION SECTIONS AND COMMITTEE REPORTS (Srv 
Production S(~c.tioli l'rogrtnn) 

4 : 30 p.m. Extenhion Section, Roont 100, Agrll~icrrlf~r~~al E ~ ~ q i n e c r i ~ i q  
Rlrilding 
COMMITTEE ANI) BIJSINESS l2EETISCiS 

D : 00-12 : 00 a.m. DAIRY HERD IMPROVEMENT ASSOCIATIONS 
I. E. Charrrrtnic 

Roonz 100, Agriczilf lrral Engzneei ing Blriltliizg 
E i  Dairy Records Committee Report. L .  11. STISNETT, 

Chairnzan, Oklahoma Agricz~lttrral ancl Jfechanicnl 
College 
a. The standarc1 D H I A  prograni ancl its iliajor goals 

and niin~mtun requirements 
b. Training and supervision of personnel 
c. Continuation and expansion of various $\-steins of 

testing 
d. Assc~mbling, proc(lssing, am1 l~tilization of DISTA 

data 
e. Analysis and interpretation of DHIA results 
IXscussion of report 

EH I)IIIA Itc~g~ilations. E. .I. I'CRKX-, 1izitqo.s I ;niz '~rs t ty  
Xrw 1 ' 4 ~ s  of 1)ilir.y IIrrtl  11111)rovclnc~nt Reeorcls. .T. F. 
ICENIIRICK, R~rrrozi of Dazry Indlrstry, lVSD,1 

El0 IIow DFITA Operates in  I\'estern States, Rrpresenta- 
tires from 
California, G .  E. GORDON 
Oregon, 11. P. E W A I ~ T  
Sort11 Dakota, C. C. O ~ s o s  
Utah, L. R I C H  

1 : 30- 3 : 00 p.m. PUBLICITY, PIPELINE MILKERS 
R. LEIGHTON,  Chairntan 
Roonz 100, Agr~eultlrral Engtncering Bliildzizg 

E l l  N a y  the, l n t ~ r p r e t e r s  Cooperate. G. I IEERISK,  lT7est 
T7irgi~r ia Tr~zirvrsity, ;Morgantouvz 

El2 Pipelin(. M i l k ~ r s  ancl Operational Problems. G. E. 
GORDOS, Untt)crsttq~ o f  ("nlrfortrrn, Dauis 

17SI~'ISISIIEI> BUSINESS 



JOURNAL OF DAIRY SCIENCE 

ABSTRACTS OF LITERATURE 
Prepared in cooperation with the 

Interllational Association of Ice C r r a ~ n  Manufacturers 
and the Millr Industry Fountlation 

ANIMAL DISEASES 12 mo. Many infections of several months dura- 

W. D. POUNDEN, SECTION EDITOR 
tion were not yet cured following 6 courses of 
treatment ( 4  daily infusions ~vi th  antibiotics in 

276. The effect upon cattle of Arizona waters 50 ml. ~va t r r ) .  The use of massive doses is 
of high fluoride content. W. E. RAND and H. J. recommended for all cases of clinical mastitis 
SCHMIDT, Stanford Univ., Palo Alto, Cal. Am. of unknown etiology. E. \V. Swanson 
J. Vet. Research, 13, 46: 50-61. Jan., 1952. 

Results and illustrations present the fluorine ef- 278. Of cattle to Brucella suis 

frets on cattle of 3 ranches, 2 bcrf and 1 dairy with abortus 

wherr the F intake varird because of v;lryini strain 19. F. V. \\'ASHKO and I,. 1 I .  HUTCH- 

levels of F i n  drinking and irrigation INGS, Purdue Univ. iZgr. Expt. Sta., Lafayette, 
M~~~ of ;Inimals on Ind. Am. J. Vet. Resc;irch, 13, 46: 24-25, Jan., 

ranches as much a? I0 yr. Prriodic analyses of 
,vatrr sho\\,rd a relativrly constant of Two hrifrrs whirl1 had brrn vaccinated with 

~ : ~ ~ l ~ ~ l ~ ~ i ~ ~ ~  of F intake sho\,.ed that daily levels fir. ab0rtu.r strain 19 at t i  nlo. of agc: were ex- 

i n  thr dirt of mg., kg,'. of body \,,(,ight wc.rc. to l -  posed while lactatin: to Rr. sitis by an intra-mam- 

th r  \v i th  only sliSht ,.ffect uporl 'nary inorulation. Infl;~lnrnation of the inoculated 

the trcth, I , ~ ~ ~ ~ ~  of mg, F , ~ ~ , ' ~ ~  body wriSh, quarter occilrrtd in hoth cotvs and Br. suis was 
rc.sultrd i n  tretll stiffncss, clnAri- rrc"vrred in  intcrmittrntly 
ation and  Renrral unthriftinrs. urine s;lmp,es of 

sure, although all milk samplrs had brcn nrga- 
more than ppm, F indicatrd intake in tive before. Blood serum-agglutination reactions 
damaging amounts, F in the metacarpus of less indicated an activr hrucrllosis. When slaugh- 

3,000 ppm. indieatl,d no damaging effect, trred 2 Ino. after rxposure, Rr. suis was recovered 

\jut 4,000 ppm, or more was associated with from the '"an1"'arY gland and the supramammary 
cffccts other than harmless teeth changes. These lymph was 
firld observations are in very =lose agrrrment effrctive against intramamnlary Br. suis infection. 
with reports of experimentally produced fluorosis. E. I\'. S\van.;on 

E. \%'. Swanson BUTTER 
277. Effect of massive doses of penicillin and 0. F. HUNZIKER, SECTIOX EDITOR 
dihydrostreptomycin, employed singly or in com- .-. . 
bination, Staphy]oco~c& pyoge& mammary 279. Forsok med ett av vassle framstallt anti- 
infections. 0. \$'. ScII,&.~.>[ and G. M. W o o ~ s ,  oxidationsmedel vid tillverkning av smor (Ex- 
Univ., of Cal., Davis. Am. J. Vet. Research, 13, periments using an antioxidant prepared from 
46: 26-30. Jan., 1952. whey for butter manufacture). K. E. T~olri-.,  

A comparison has been made in a single herd T .  OI.SS~N,  L. 0. LOI)IN and A. R. RUHRGARD, 
of the effectiveness of 1.5 million-4 million units State Dairy Expt. Sta., Alnarp, S\vcdrn. Med- 
penicillin alone, 2-8 g. dihydrostreptomycin alone drlandr no. 32. 195 1 .  
or cornhinations of these antibiotics in trrating About 120 parallel churning7 were made 
dry and lactating quarters infected with S/aph .  under commercial conditions using the antioxi- 
py0genr.r. In  lactating quarters only 33 and 20% dant ARV prcpared from whry (Swedish patent 
corcs wrrc rffrctrd hy thr antibiotics alonr, while no. 129024, 1950). The butter \\.:IS made from 
7370 were cured by the massive combination, riprned rrram and had a pH of ;tpproximately 
In  dry quarters 65% were currd by pmicillin 4.8. Each churning with ARV was accompanied 
alonr ;und 73% by thr combination, T h r  itn- by a parallrl churning of cream containing no 
portancr of early trratmrnt of infrctions is shown ARV. For 1 series a "Sprrial Salt" (NaCl t 
by the curing of only 18% lactating- and 38% Na,CO,, + NaH,PO,, 2H,O) was used. T h r  but- 
dry qu;irtrrs 1vhic.h had hrcn infccted more than trr  was stored for 14 d. and 1 mo. at  13' C., and 

A41 
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for 3 mo. at - 20' C;. Peroxidr valurs wrre deter- 
minccl. 

T h r  addition of 3 kg. ABV to 1,000 1. crcani at 
an rarly stage had a definite antioxidative effect 
and oily flavor did not drvelop. The buttrrtnilk 
was discolored. When the preparation was adclrd 
to both cream and butter, or to butter alonr, it 
had a definite antioxidative rffrct, but the addi- 
tion to crram only \\-as most rffrctivc. Wherr the 
oxidative effect tvas pronounced, thr product did 
not have a sufficient antioxidative effect to pre- 
vrnt oily flavor, but the "Special Salt'' was fully 
effectivr. G. H. Wilster 

280. The manufacture of aromatic butter. J. W. 
I'ETTE. Netherlands Milk 8r Dairy J., 2, 1: 12- 
24. 1948. 

In order to produce an aromatic butter, a 
weakly reducing starter must br used. The reduc- 
ing power of a culturr can be ascertained by ap- 
plying the crratine trst after 1, 2 and 3 d. of incu- 
bation. A positive trst on the 3rd day indicates a 
\veakly reducing starter. T h r  aroma in butter 
also is increased by rollring the cream in the prm- 
ence of air and churning to rather largr granules, 
followrd by a mini~riu~n of washing. Avoid an)- 
contamination with forrign microorpnistns, ehpe- 
rially yeasts, which havr the ability to rrduce the 
flavor and nromn convtiturnr. 

\Y. \Y. Overcast 

281. Butter soreader. E. I. \ 'ANI. U. S. 1':1tcnt 
2,589,000. I 'cl;lim. M;I;;'~ 11, 1952. Official 
Chz. U. S. Pat. Officr, 656, 2: 512. 1952. 

A 0.25-lb. stick of butter, inserted in this dc- 
vice, is advanced 1))- a simple hand-operatrd 
mechanism, so that sqilarr pats of I~uttcr may be 
sliced off as drsirrd. R. Whitaker 

CHEESE 

282. Forsek med skimmelbekaemplse pH ost 
(Experiments to control growth of mold on 
cheese). Danish Dairy Expt. Sta., Hillerod, Re- 
port no. 70. 1951. 

A total of 2,317 Edam, Gouda, Steppe and 
Swiss-type cherse containing 45% fat in moisture- 
frer portion Ivas used. The milk was pasteurized 
at 68-70' C. in a plate pasteurizrr. T h r  mois- 
ture contrnt ranged from 44-47% brfore salting 
and fell to 3 9 1 3 %  in 10 vvk. The salt contmt 
was 1.75-2.00% for Edam and 1.4-1.7% for the 
others. T h r  follo\ving \verr trsted: Nipagin T 
(HO-C,iH,-COO-CH:,), sodiutn hrn~oirte, 
Pandurol A, propionir arid, oils from A S Frr- 
rosan, mustard oil, Nipahutyl (G.M.D.) oil. l'cn- 
toxol. Watcr, alcohol (not denaturrcl~ or rcfinrd 
oil was used as carrirr for thrsr antimold prod- 
ucts. 

Application of chetnirals to supprrss the growth 
of mold is not to be rcco~nmrndcd for non-parid- 
fined rhrrsc duririg ordinary riprning. Dipping 

thr chccsr in a bath of chemicals i~nmrdiately br- 
forc treatment with paraffin wax did not prvvent 
mold growth during subsrqurnt storage of the 
paraffined chrcsc. It was possible to krrp the 
chrese frrc of mold for more than 3 4  wk. only 
in a frw cases whcrr t h ~  cheese had bren treated 
with a mold preventive during thr preceding stor- 
age. 

Prevention of mold on paraffined rlierv- qave 
satisfactory rrsults ~ h r r e  the mold prrventive 
had been workrd into or pa~nted on thr paraffin, 
whereas treatment of the cherse itself immedi- 
atrly before paraffining proved inrfferttvr. 

G. H. Wilster 

283. Forsek med antimuggbehandling av ost 
(Experiments to control mold on cheese). .A. T .  
BERCUM and K. WESTRE, Dairy Resrarrh Sta. of 
the Agr. College of Norway, Report no. 44. Jan., 
19.51 -.... 

Gouda cheesr containing 45% fat fro111 5.1 
batches ~nanufacturrd in 2 cherse factories were 
used in the rxpcrimcnts. Thc experimental and 
control cherse wrre idrntiral until thry \vrre re- 
moved from the brine bath. Diffrrent treatment 
of the rhresr to prrvrnt mold groivth on the sur- 
facr consisted in one factory of: ( ; I )  dipping the 
chrrsc brforc. waxing in 5 or 15% Nipagin .;olu- 
tion, (I)) placing chrrsr on shrlvrs trcated with 
I'andurol T ,  ( c )  dipping c h r r c  Ibrforc tvasing in 
25% Nipagin, hrnzoic ;icid solution (Nipagin = 
para-oxybcnzoic acid mrthyl rs trr) .  I n  anothrr 
factory trratrnrnt consisted of: ( a )  dipping chresc 
hrfore ripening in 15% water solution of Nip;~gin 
M (Na salt of para-oxyl)cnzoic arid mrthyl rster), 
( b )  placing chresc. on shelvrs treatrd \\.it11 2% 
watcr solution of I'andurol M, ( c )  cherse ruhbed 
with paraffin oil containing 7% sodium henzoatr. 

Brst results were obtainrd \\.hen thr cheese were 
treatrd with a water solutio~i of Nipagin. The 
oil treatment also was vrry satisfactory; the cheese 
thus trcated had a good rind and the gro\vth of 
mold was insignificant. The cost of treatment was 
0.7 ore/kg. cheesr for oil treatment, and 2.65 
orr for Nipagin M Sodium trratment. 

G. H. \tlilster 

284. Manufacture of cheese. L. L. R U S ~ F F  and 
A. J. GELPI, JR. (assignors to Board of Supervisors 
of Louisiana State Univ. and Agricultural and 
Mechanical Coll.). U. S. Patent 2,585,501. 4 
claims. Frb. 12, 1952. Official Gaz. U. S. Pat 
Office, 655, 2: 486. 1952. 

The sr~rfacc of chresr i 4  trcatrd ~vith an anti- 
Ibiotic prior to curing. R. Whitaker 

285. Manufacture of bakers' cheese. M. M. 
KI.OSER, 7'. I.. I(IXIR.~I.I. ;111d 0. J. S(:HRESR (as- 
signors to Bo\vm;rn Dairy <:().). U. S. I'atmt 
2,58Ii,830. 7 claims. I:ch. 26, 1952. OfIicial 
Gaz. U. S. Pat. Officr, 655, 4:  976. 19.52. 

Bakrrs' ch(.r.;r i.; tnadr by cooling coagi~latrd 
skimmilk to I)rlo\v 65' I:., thrn pumpirig it to ;I 
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filter prvss at  not over 35 p.s.i. pressure. The curd 
in the prcw is roolrd further \vith \vatrr and the 
moisturc contrnt rrducrd \\.it11 cool air. 

R. Whitakrr 

DAIRY BACTERIOLOGY 

1'. R. ELI.IKF.R, SECTION EI)ITOR 

286. Influence of refrigerated storage on dye re- 
duction time of milk. C. K. JOHNS, Dept. of 
Agr., Otta\va, Can. J. Milk & 1:ood Technol., 
15: 8-12. Jan.-Feb., 1952. 

I t  apprars that the 2-hr. icing of raw milk 
samples for methylenr blue and resazurin tests are 
not justified. When rriazurin was added to milk 
and stored overnight, the results were comparable 
to samples refrigerated for 2 hr. When milk 
was refrigeratrd overnight without methylene blue 
added. results agreed closely with thr controls. 
The 2-hr. and overnight holding of milk with the 
dye slowed dobvn the rate of the reduction of 
methylme bluc. None of the differenrrs were 
statisticall)- significant. 

If thr trsts are not run on the day of sampling 
the milk for the methylcne blue tcst, milk should 
be storcd overnight Jvithout thr dye, while those 
samples used for thr rc,sazurin tcst shol~lcl contain 
thr dyc. H. H. Wcisrr 

287. An improved procedure for microscopic 
grading of milk intended for pasteurization. M. 
1:. MORC;.AS, I ) .  Mi\{: LEOI) and F,. 0. ANI)I<KSON, 
Storrs i\gr. Espt. St., Storrs, Conn. J .  Milk R. 
Footl Trchnol., 15: 3-7. Jan.-Frl)., 1952. 

l 'hc authors havr proposrd a sequential analysis 
for ~nicroscopic grading of ra\v milk. T h r  grad- 
ing procrclurr suggc.sts a bacterial standard of 
200,000 clumps/ml., as wrll as additional stand- 
ards of 100,000 and 400,000 clumps/ml. 

Sequential tables provide for 3 gradrs of raw 
rnilk in xvhich milk can be accepted or rejected as 
each microscopic firld is counted. The main ad- 
vantage of sequential grading provides for exami- 
nation of fewer microscopic fields while achieving 
results comparablr to the present standard pro- 
redure. H. H. Weiscr 

288. Evaluation of food irradiation procedures. 
Quantitative chemical measurements utilizing 
high energy cathode rays. S. A. GOI.I)BI.ITII, R. 
E. PROCTOR and 0. A. HAIIIIERLE, Dept. of Food 
Technol., .M.I.T., Cambridge, Mass. Ind. Eng. 
,Chem., 44, 2 : 3 10-3 14. Feb., 1952. 

The 5terilization of foods and drugs by ionizing 
radiations rvithout hrat rnay somrtirne br a real- 
ity. This study was mad(. to dcvelop a rapid 
routinr trchniqur to drterminr quantit;~tively thv 
depth of prnrtration of thr radiations and th(. 
area subjrct(.d to thc radiations. Supcrvoltagr 
cathode rays destroyed the trst dyr, ~ncthylenc* 
bluc, in aqurous solutions, but in non-aqueous 
solutions rc.vrrsihlr reduction occurrrd in part, as 
~vcll a.; d(,struction. Applications of the, findings 

to evaluations of brams of ionizing radiations have 
bren made . B. H. Webb 

289. Preparation of diacetyl with butter cul- 
tures. M. W. Ma~c:orrx (assignor to Armour and 
Co.). U. S. Patent 2,586,072. 5 claims. Frb. 
19, 1952. Official Gaz. U. S. Pat. Office, 655, 3: 
696. 1952. 

Diarrtyl is producrd by culturing milk with 
Strrptococcus diacetylactis for not over 12 hr. at 
75-80' F. until the acidity is about 0.55% as 
lactic acid. R. Whitaker 

DAIRY CHEMISTRY 

H. 11. sonl.\ltR, SECTION EDITOR 

290. Fractionation of the calcium in bovine 
blood by fluoride precipitation. A. H. CRAICE, 
Univ. of Md., College Park. Am. J. Vet. Re- 
search, 13, -1.6: 31-37. Jan., 1952. 

Concentrations of NaF from 1-6 mg./ml. were 
found to precipitate increasing proportions of Ca 
from bovine blood plasma \vith fairly constant re- 
sults from 3, 4 and 5 mg. NaF/tnl. This method 
then was used to follow "frce" and "bound" 
Ca under various conditions. 7 ml. of freshly 
drawn hrparinizrd blood wrrc blown into clean, 
dry centrifuge tubrs containing 12 and 16 mg. 
NaF. After shaking twicc at 15-min. intervals, 
the trrated and untreated blood was crntrifugal- 
izrd and analyzrd for Ca. By this rnrthotl cows 
with krtosis had Irss frer Ca than normal; cows 
with milk frver had less frcr and Imund Ca than 
normal. Normal cows ;it parturition dropped 
more in bound than in frer blood Ca, I~ut  seemrd 
to rrcover normal bound Irvrls ahrad of normal 
free Ca. Injrrtions of CaCI, which produced 
more arutc symptoms of hypercalcemia than did 
Ca borogluronatr also caused much larger in- 
rreasrs in frrc blood Cia mrasurcd by this method. 
The free Ca levrl in normal bovine blood rangrd 
from 5.2-6.4 mg./100 ml. plasma for stable-fed 
cows and 4.3-5.8 for pastured cows. 

E. W. Swanson 
291. Determination of l,l,l-trichloro-2,2-bis 
(p-methoxyphenyl) ethane in milk and fatty ma- 
terials. H.  V. CLABOKS and H. F. BECKMAN. 
Rurcau of Entomology and Plant Quarantine, 
U.S.D.A., Kerrville, Trx.  Anal. Chem., 24, 1: 
220-222. Jan., 1952. 

The  proposed use of methoxyrhlor for livestock 
pest control has indicated need for a Inore accu- 
ratr mrthod of determination than has been avail- 
able. This method may br usrd to determine 
thv mcthoxyrhlor deposited in fat tissur and rx- 
rrr trd in milk. Fat from tissur or milk is dis- 
solved in n-hcxanc. The  mcthoxychlor is srpa- 
rated from thr hcxanr solution of fat \\-it11 nitro- 
methanr, which thrn is rrmovrd by rvaporation. 
The  sa~npl r  is nitrated \vith furning nitric acid at 
100' (:. for 30 mill., thr color measured by photo- 
rlrctrir colori~nrtrr and mcthoxyrhlor detrrminrd 
by a standard curvr. R. H. \Yrbh 
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292. Method of iodinating proteins. W. R. 
GRAHAM, JR., G. 0 .  KOKI.ER and R. D. HOOVER 
(assignors to American Dairics, Inc., and The 
Quaker Oats Co.) .  U. S. Patent 2,586,425. 1 
claim. Feb. 19, 1952. Official Gaz. U. S. Pat. 
Office, 655,3 : 79 1. 1952. 

Proteins, such as casrin, are iodinated with free 
iodine with sodium paratoluenc-sulphochlor- 
amine. R. Whitalier 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

293. Frozen confection apparatus. C. ERICKSON 
and E. SPELLXIAX. U. S. Patent 2.587.127. 16 

claims. Feb. 26, 1952. Official ~ a i .  U. S. Pat. 
Office, 655, 4: 1055. 1952. 

An ice cream freezer of the horizontal continu- 
ous type, has a positive feed pump which intro- 
duces mix under pressure into the center of one 
end of the freezing cylinder. The frozen and 
whipped product is forccd out of the other end 
through a dispensing outlet. R. Whitakcr 

294. Homogenizing apparatus. E. H. REEB (as- 
signor to Star Mctal Mfg. Co.) .  U. S. Patent 
2,586,258. 10 claims. Frb. 19, 1952. Official 
Gaz. U. S. Pat. Office, 655, 3:  747. 1952. 

An rmulsificr for oil-in-~vatrr type of emulsions 
such as milk, consists primarily of a rapidly rotat- 
ing cylindrical I~owl. The product is drawn into 
the bowl and discharged, by crntrifugal forcc, be- 
tween 2 concentrically grooved discs, into a col- 
lectinq chamber. R.  Whitaker 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

295. A study of normal bovine serum solids with 
vitamin K added as an oral prophylactic for calf 
scours. I. Use of healthy newborn calves. G. 
W. ANDERSON, W. M. DUPRE and J. P. LA 
MASTER, So. Carolina Agr. Expt. Sta., Clemson. 
Am. J. Vet. Research, 13, 46: 5-9. Jan., 1952. 

Serum solids prepared from slaughterhouse cat- 
tle blood, defibrinated, centrifuged, filtered and 
lyophilized was used in combination with vitamin 
K and enzymatic digested milk solids to feed to 
calves during the 1st day after birth. Part of the 
calves remained with their dams, the rest were 
separated at birth. Primary scours xvas not com- 
pletely prevented by treatments, but there was 
evidence that treament was helpful in effecting 
rapid recovery. No deaths resulted from scours 
in 36 trratrd calves nor in 21 control calves. 

E. W. Swanson 

296. The effect of the ingestion of urea on the 
rate of wool production by Merino sheep. A. W. 
PEIRCE, Univ. of Adelaide, So. Australia. Austra- 
lian J. Agr. Research, 2, 1 : 435-116. 195 l .  

Urea nitrogen \vas not as well utilizrd by 
Merino ewes as an equivalent amount of nitrogen 

from whcat gluten as measured by ~vool produc- 
tion and wool fiber diameter. When added to a 
low-protein high-fiber ration, urea had no sig- 
nificant effect, whereas there was a significant 
cffrct of added urea on a similar ration with 
added starch. I t  is suggested that urea is most 
useful when added to a diet low in protein and 
high in available carbohydratrs but is not as use- 
ful to sheep as whrat gluten. The possible benefi- 
cial effects of sulfur on urea utilization are dis- 
cussed. G. E. Stoddard 

297. The influence of the amount of starch on 
the utilization of urea by sheep. 12'. A. PEIRCE, 
Univ. of Adelaide, So. Australia. Australian J. 
Agr. Research, 2, 4: 435346. 1951. 

Urea was fed to Merino wethers on a low-pro- 
tein ration with potatoes added as a source of 
starch at the rates of 50, 100, 150 and 200 g. daily. 
As measured by wool production, increases of 0, 7, 
19 and 23%, respectively, for the 4 levels of 
potato feeding were obtained. A mixture of red 
palm oil and peanut oil added at the rate of 28 g. 
daily to each of the above rations to increase 
caloric intake gave similar increases of 0, 9, 15 
and 15%, respectively, indicating little or no 
rffcct of added calories in the form of oil. Simi- 
lar proportionate increases in wool fiber diameter 
were observed but with smaller percentage in- 
creases than total ~ '001 production. 

G. E. Stoddard 

298. Animal protein factor supplement pro- 
duced by direct bacterial fermentation. Produc- 
tion and evaluation. H. M. HODOE, C. T. HAN- 
SON and R. J. AI.I.GEIER, U. S. Ind. Chemicals 
Co., Div. of Nat'l. Distillers Prod. Corp., Ralti- 
more, Md. Ind. Eng. Chem., 44, 1:  132-135. 
Jan., 1952. 

This report describes production of B,, by 
anaerobic fermentation of plant proteins in vari- 
ous cereal grains and in yeast and bacterial cells. 
Some protein sourcps including dried skimmilk 
were unsatisfactory. The production of B,, with 
cultures of Pseudomonas sp. and Proteus r'ulgaris 
was 0.03 and 0.13 yjml., but a mixture of these 
cultures grown together on an anaerobic neutral 
medium produced 0.32 y/ml. The product has 
been evaluated by experimental feeding on rats 
and chicks. B. H. 1Vebb 

HERD MANAGEMENT 

1%. A. H E R M A N ,  SECTION EDITOR 

299. Milking machine. D. F. AYRFS (assignor 
to The DrLaval Separator Co.). U. S. Patent 
2,587,680. 5 claims. March 4, 1952. Official 
Gaz. U. S. Pat. Officr, 656, I :  87. 3952. 

A portahle milking machine built on a 2- 
wheeled cart i~ described. R. \\'hitaker 

300. Test milking apparatus. J. 12'. I,. ATTER- 
I.INC, E. RF.DIN and H. RYIX (assignors to Aktie- 
I~olaget Manus). U. S. Patent 2,588,461. 16 
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claims. March 11, 1952. Official Gaz. U. S. 
I'at. Office, 656, 2: 367. 1952. 

A device is dcscribrd, which attaches to a milk- 
ing machine and \vhich metrrs the volume of milk 
producrd and delivers an aliquot portion into a 
tcst tube on thr outsidr. R. Whitaker 

301. Milk can cooler. H. W. HOUSEWEART. 
U. S. I'atcnt 2,588,927. 3 claims. March 11, 
1952. Oficial Gaz. U. S. Pat. Office, 656, 2: 494. 
1952. 

Milk in a can may be cooled easily by this de- 
vice which consists of a lid for the can supporting 
a cooling coil capable of being rotated by the 
pressure of the coolant. R. Whitaker 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

302. Stabilizers for variegated ice cream. C. D. 
DAHLE and \Y. F. AULI., JR., Penn. State College, 
State College. Ice Cream Rev., 35, 5 : 52, 54-56, 
58. Dec., 1951. 

A stabilizing agent is necessary in preparation 
of variegating matrrials to prevrnt blceding and 
iciness and to de\.elop sufficient viscosity so that 
smrary streaks or pools in the icr cream will be 
avoidrd. 

Six stahilizrrs, including pectin, Irish moss ex- 
tract, crllulosc gum, locust bean gum, gelatin and 
gum karaya were each used in preparation of 
strawbrrry and chocolate variegating syrups. 
Gum karaya was least efficirnt. Prctin proved 
satisfactory \vhen used at thr ratr of 2% for 
chocolate or 1 % for stratvberry variegating syrups; 
Irish moss extract was rffectivr whrn used at the 
rate of 0.3%; locust bran gum was satisfactory 
at 0.5%; cellulosr gum \vas effective at a coneen- 
tration of 0.75% in chocolate syrups or when 
used at slightly over 1% with strawberry syrups; 
gelatin (200 Bloom) was effective at 1% in choco- 
late syrup but this proved inadequate in the case 
of strawberry syrups. 

The formula suggested for a suitable straw- 
berry syrup included 45 Ib. of 3: 1 pack straw- 
berries, 36.97 Ib. of sugar, 18.45 lb. of water and 
stabilizer and 0.3 Ib. of citric acid. The mixture 
is heated to 170' F. or higher depending upon 
the stabilizer used, cooled and held overnight at 
40' F. or below prior to use. 

The chocolate syrup formula included 13 Ib. 
of cocoa, 40 Ib. of sugar, 0.2 Ib. of salt and 46.8 
Ib. of water and stabilizer. The syrup is pro- 
cessrd in thr same manner as the strawberry syrup. 

W. J. ,Caulfield 

303. Method of adding emulsifying agents to 
prepared ice cream mixes. hT. H. NASH ( a ~ ~ i g n o r  
to I.anco Prod. Corp.). U. S. Patent 2,587,369. 
5 claim?. Feb. 26, 1952. Official Gar. U. S. Pat. 
Offi(-r, 655, 4: 11 19. 1952. 

A cold solution of an rster of a higher fatty 
acid 2 ~d a polyh~dric alcohol in a suitable rol- 

vent is added at the rate of 0.1-0.270 b!- \\-eight 
to ice cream mix after it has bern pasteurized. 

R. \\'hitaker 

304. H.T.S.T. pasteurization of ice cream mix. 
P. H. TRACY, J. TORSAS and J. ORI)AL, Univ. of 
Illinois. Ice Cream Rev., 35, 8: 145-147. Mar., 
1952. 

Pastrurization of icr crraln mixes by the 
H.T.S.T. procrss at 175' F. for 30 sec. \vas found 
to be just as effective as use of 155' F. for 30 
min. from the standpoint of bacterial destruction. 
To obtain bacterial destruction comparable with 
that resulting from pasteurization of mixes at 
160' F. for 30 min., it was necessary to use a 
temperature of 177.5' F. for 30 sec. 

11'. J. Caulfield 

305. A study of some factors related to volume 
shrinkage of ice cream during storage. E. L. 
THOMAS, W. B. Conras and S. T. COULTER, Univ. 
of Minnesota. Ice Cream Rev., 35, 8: 134, 136, 
138. Mar., 1952. 

Heat treatment of mixes at 185' F. for 10 min. 
or 165' F. for 30 min. resulted in more shrinkage 
than when a longer or shorter holding prriod was 
used with either temperature. Hmt  treatments 
which yielded the maximum tendency tobvards 
shrinkagc also coagulate significant amounts of 
the serum protrin, but do not caucr co~nplrte 
coagulation of these protrins. Increasing the glo- 
bulin content of the mix by either 0.0.5 or 0.10% 
through addition of colostrum milk t o  the mix 
tended to increase shrinkage. 

Dry ice-inducrd shrinkage is dur primarily to 
internal pressure changes associated with alternate 
absorption and desorption of CO,. 

Jolting of qt. ice cream samples at the rate of 
230 jolts/min. for 4 hr. during which the trm- 
perature of the ice cream increased from - 18 to 
6' F. did not accrlerate shrinkage. 

Shrinkage trends were found to be similar for 
spontaneous and vacuum-treatment methods. 
The vacuum treatment, however, failed to yield 
results which would predict either the rate or 
magnitude of shrinkage that can be expected to 
occur under spontaneous conditions. Spontaneous 
shrinkage could always be obtained provided the 
storage temperature is such that the ice cream 
lacks structural rigidity and the storage time is 
sufficiently prolonged. Time rrquired for spon- 
taneous shrinkage to occur in ice cream samples 
stored at 2'?3' F. ranged from 4-12 \vk. 

The authors conclude that there is nerd for 
much more research work on the shrinkagc prob- 
lrm before it will be solved. \Y. J. Caulfirld 

306. Simplified laboratory equipment for test- 
ing mix, ice cream samples. J. TOTH, Harry W. 
Dietect Co., Drtroit, Mich. Ice Crram Rrv., 33, 
6: 78-80. Jan., 1952. 

Plans are presented for an efficirnt hut rela- 
tively inexpensive ice cream plant laboratory de- 
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signed for checking composition of raw materials 
and icr crram mixes. Total cost of equipment 
in the laboratory was rstimatcd to br undrr 
$1,100. Data show that thr acruracy of fat ancl 
total solids determinations is comparable with 
that of the A.O.A.C. procedure. 

W. J. Caulfield 

307. Luick applies power take-off units for re- 
frigeration of ice cream trucks. ANON. Ice 
Crram Rev., 35, 8 :  50, 157. Mar., 3952. 

Complete automatic temperature control is 
provided on ice cream trucks operated by the 
h i c k  Ice Cream Co., Milwaukee, Wis., by equip- 
ping the trucks with refrigeration units operated 
as needed from the truck motor. During the 
prriod whrn the trucks are not in service, the re- 
frigeration unit is operated by electricity. 

Temperatures within the truck body are main- 
tained at - 5  to - 1.1' F. Since temperature 
within thr  truck is at a suitable level for ice 
cream storage when trucks return to the plant, it 
has bcrn possible to load the trucks in the after- 
noon for thr  follo\ving day's delivery. I t  is esti- 
mated that the compressor unit draws the rquiva- 
lrnt of about 3.5 h.p. from thr  truck motor. 

W. J. Caulfield 

308. Credit in the ice cream industry. F. MUR- 
P H Y ,  Hendries' Ice Cream, Milton, Mass. Ice 
Crram Rrv., 35, 6: 108-109. Jan., 1952. 

The  ire cream manufacturrr should sell his 
proclurt for cash. The  lrnding of monry is a 
function of the banks or  other lending agencies 
and not a function of thr  ice crram industry. 
Sinre ice cream is sold for cash and it is a product 
with a rapid turnover, there should be little o r  no 
nred for credit sales. W. J. Caulfield 

309. Building ice cream gallonage through retail 
milk routes. ANON. Icr Cream Rev., 35, 8: 48, 
49, 92. Mar., 1952. 

The  retail milk route offers an important pa- 
trntial and profitable market for ice crealn, in the 
opinion of sex-era1 milk companies who have had 
rxpcrience in this field. Some of the essential 
rules for a successful and profitable operation are 
listed as follows: ( a )  Compensate the driver 
salesman I\-ith a lil,eral commission for his ice 
crr;tm salcs; ( b )  don't reduce pricrs rxrept for 
sperialc; ( c )  try out the venture on 1 rout? to 
determine potential salrs possihilitirs before 
?quipping too many trucks. 

T h r  usr of a ~vrll-insulated box on the milk 
t r u c k  rcfrigrrated with frozen I~r inr  slug; havina 
cutectic points of from - 8 to - 1 2 O  F. has proved 
to I)r ;I practical ant1 rconomic;tl mcthocl of m;~in- 
t;~i~iing icr crratn ;it a satisfactory trmpc.rature 
~ . h i l r  on  rrtail routrs. This system of refrigera- 
tion has proved Irss rsprnsivc. than usr of dry icr 
and icr rrraln is ~naint;lincd at a more satisfactory 
trmp(br;ttl~rr. \V. J. Caulfirld 

SANITATION AND CLEANSING 

K. C .  WECKEL, SECTION EDITOR 

310. Sanitization of dairy farm utensils. A com- 
parison of a cleaner-sanitizer containing Hyamine 
1622 with a n  alkaline cleaner and hypochlorite 
sanitizer. W. E. R~TWRIGEIT, Rohn and Haas 
Co., Phila., Pa. J. Milk & Food Technol., 15: 
29-33. Jan.-Feb., 1952. 

The  effect on thermoduric and total bacterial 
count was made on 3 1 farm5 u5ing a cleaner-sani- 
tizer composed of 10% Hyamine 1622, 5% Triton 
X-100, 30% sodium metasilicate pentahydrate 
and 55% tetrasodium pyrophosphate as com- 
pared to a standard cleaner and hypochlorite 
sanitizer. T h e  detergent-sanitizer group was su- 
perior to the control group of compounds in  re- 
ducing the bacterial count and also gave an ex- 
cellent appearance to the uashed utensils. 

H. H. Weiser 

311. RengjBring og bakteriologisk kontroll av 
melksalgsmeierienes apparatur (Cleaning and 
bacteriological control of equipment in milk 
plants). ROLF HONORE, Dairy Rrsearch Sta. at 
the Agr. Collegc of Norway, Rrport no. 42. July, 
1450 . - ., . , . 

The circulation method of cleaning rquipmrnt 
was studird in several commercial plants. In one, 
the rquipmrnt was not disassrmbled during 1.5 
yr. Inspection thrn showed no visible deposit on 
milk pipes and the bacteriological condition of 
equipment was good. It was found that thr  bottle 
fillers could satisfactorily be a part of thr equip- 
ment cleaned by the circulation method. 

Examination of hands, boots and brooms indi- 
cated, that in cleaning the vats and tanks, serious 
infection of the metal surfaces might occur from 
these sources. If subsequent sterilization should 
fail, there is a risk of infecting the milk with 
pathogenic bacteria. 

Tanks were flushed with hot water, or with an 
alkaline solution, with no scrubbina. They were 
sterilized with either steam or chlorine. After 
several months of cleaning by this method they 
appeared clean. T h e  bacteriological condition 
was good. Sterilization of the pasteurizer, pipe 
lines and fittings aftrr circulation-cleaning by 
heat proved more efficient than chlorinr. For 
tanks, vigorous flushing of the surfaces with hypo- 
chloride was equal to heat sterilization. 

G. H. Wilster 

312. Better and more economical cleaning in ice 
cream plants. J. R. PERRY, Nat'l. Dairy Prod. 
Co., Inc., NC\V York. Ice Crram Rev., 35, 7 :  48, 
50, 60, 62, 65, 68, 71. Fcb., 1952. 

T h r  us? of new cleaning aids, drvrloprd for 
nlorc efficient and more rconomical clraning in 
ice crrain plants, is discussed. Usr of thrse effi- 
cient clraning tools will save time, savr materials, 
protect equipment from damage, lower procrssing 
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costs, irnprovr product quality and hoost the 
moralr of prrsonnel rngagrd in thr clean-up oprr- 
ation. W. J. Caulfirld 

313. A single reagent field test for quaternary 
ammonium solutions. D. A. CONKI.IN, Research 
Div., \V!;\ndotte Chem. Gorp., Wyandotte, Mich. 
J. Milk & Food Terhnol., 15: 27-28. Jan.-Frb., 
1952. 

A qualitative method for testing the concentra- 
tion of quaternary ammonium or dctergent-qua- 

ternary compounds is hased on the rraction he- 
tween quatrrnary and a drfinitr :mount of bromr 
phenol blur buffcred on the acid side. When 200 
ppm. or more of quaternary and dye solution are 
mixrd, a blur color apprars. If lcssrr amounts of 
the sanitizer are presc.nt, various shadrs of grern 
appear. This is due to col~version of t h ~  dye to 
its blur complrx plus the aridifi1.d yellow rxcess. 
The method is simple, low cost, quick and adapt- 
able to many types of quaternary products. 

H. H. \\Jeisrr 
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Save Bulk cooling and tanker pickup of milk have increased milk 
checks and reduced power bills on dairy farms in all parts 
of the country. Milk i s  weighed and sampled in milk house, money eliminating stickage, spillage, and fat losses. Lower hauling 
costs are often possible. Bulk Cooler compressor runs only 

with during milking; less power i s  used. Fast cooling to 38OF. protects 
mi lk  qual i ty ,  and 
much labor is saved. 
Get the money-sav- 
ing facts about Bulk 
Cooling. Write for 
Mojonnier Bulletin 
240 "The Bulk Cool- 
ing Story." 

Left: W. D. Hahn. Ceres- 

ADDRESS MOJONNIER BROS. CO., 4601 West Ohio St., Chicago 44, 111. 

disinfect all your 

utensils thoroughly with 

RENNET and COLOR 
Strong, clean Rennet 1s lrnportanr 
in the rnak~ng and curing of 
cheese. Use Marschall Rennet 
generously for maximum results. 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN LA 
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we do not sell them unless the complete set of volumes is purchased. In  many 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 

Volumes ADSA Members Nonmembers and institutions 
1-16 (if available) 5.00 6.50 

17-32 (if available) 6.00 8.00 
33- 8.00 10.00 

I f  you are interested in procuring back copies please write to the Sec'y-Treas., 
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Make all checks payable to the 

AMERICAN DAIRY SCIENCE ASSOCIATION 
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SUBSCRIPTION. ORDER 

To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
Publishers of the l o u d  of Dairy Science 

Ohio State University, Columbus, Ohio 

Pleaee find enclosed Ten Dollars in payment of subscription to the Journal of Dairy S c i c m  for 

one year beginning with January, 19.. .. 
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Address .................................................................................. 

........................................................................................... 
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Comple te Stabilizers 
and Emulsifiers 

BODY - G U A R D @ - f o r  the finest 
grade of ice cream, high active in- 
gredient content-83$/lb. 

PR I DEXm-for ice creams with pleas- 
ing mellow consistency~conomi- 
cally priced-57$/lb. 

Straight Stabilizers I I 
HY-GU ARDB-for ice creams, milk 

sherbets, ices and stick confections- 
excellent stabilization-57Q/lb. I 

pRIDEm-for  deliciously smooth tex- 
tured ice cream, with maximum sta- 
bilization at  low cost-53&/lb. I 

Straight Emulsifier I I 
EM EX@ - for increasing whipping 

ability of ice cream and controlling 
overrun when used with good sta- 
bilizers-44$/lb. 

m e .  

Ask your Dairy Supply Jobber or us 
for testing samples and bulletins. I 

*Registered U.S. Patent Office 1 I 

WRITE FOR literature 
describing G.B.I. Ice Cream 
Stabilizers and Emulsifiers 

GENERAL BIOCHEMICALS, INC. 
20 L A B O R A T O R Y  P A R K  C H A G R I N  FALLS, O H 1 0  
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and Cheese circles 
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For Complete Information 
on the Paul.Lewir Products 
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CULTURE MEDIA 
for Examination of Milk 

Bacto-Tryptone Glucose Extract Agar 
is recommended for use in determining the total bacterial plate count of milk 
in accordance with the procedures of "Standard Methods for the Examination 
of Dairy Products" of the American Public Health Association. 

Upon plates of medium prepared from Bacto-Tryptone Glucose Extract 
Agar colonies of the bacteria occurring in milk are larger and more representative 
than those on media previously used for milk counts. 

Bacto-Proteose Tryptone Agar 
is recommended for use in determining the bacterial plate count of Certified 
Mik. The formula for this medium corresponds with that suggested in 
"Methods and Standards of Certified Milk" of the American Association of 
Medical Milk Commissions. 

Bacto-Violet Red Bile Agar 
is widely used for direct plate counts of coliform bacteria. Upon plates of this 
medium accurate counts of these organisms a n  readily obtained. 

Bacto-Brilliant Green Bile 2% and 
Bacto-Formate ~ihnoleate Broth 
are very useful liquid media for detection of coliform bacteria in milk. Use of 
these media is approved in "Standard Methods." 

Specify "DIFCO" 
THE TRADE NAME OF THE PIONEERS 

In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 

Your ndvertieement is  belnp read in every State and in 45 Forelgn Countries 
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