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The No. 160 CP Filler is designed and built to give long, 
uninterrupted fdling runs. With your entire plant produc- 
tion line keyed to filler performance, dependable CP Filler 
operation cuts down-time costs all along the line. 

Just one of many reasons for dependable operation is 
capper design. The CP Filler has more cappers for the 
number of filling valves than any other filler. Six cappers 
to 16 dr+-proof filling valves permit lower capper speeds 
which reduces capper wear and cuts the possibilities of 
,breakdowns. 

Easy disassembly speeds cleaning. With all external pans 
of stainless steel or nickel alloy, the CP Filler stays as sani- 
tary and neat appearing years from now as when new. 

The No. 160 Filler handles half pints to half gallons- 
square, rectangular and round. Write for a full description in 
8 free copy of Bulletin F-913 o r  see your CP representative. 

For smaller operations. ask for information on the CP 
No. 100 Filler. 
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In the interest of highway safety all of US 

are glad to comply with the regular 

automobile safety check-ups required by 

most cities and states. 

In like manner all of us should encourage 

milk and cream producers to use 

the safety check-up for milk quality.. .the 
*The Rmpid-Flo Farm Sediment Check-Up Rapid-Flo Farm Sediment Check-Up.* 

Here a clean used Rapid-Flo Filter Disk 

following filtration is the sign that the 
producer should care- 
fully remove the used dairyman has kept his milk or cream clean 
Rapid.ilo Filter Disk 
from the strainer and and of high quality. 

In the further interest of safety always 

recommend genuine Johnson & Johnson 

Rapid-Flo Filter Disks. They're 

fibre-bonded for extra protection.. . 
engineered for maximum retention and, 

SAFE milk filtration.. . and at  no 

rence. extra cost you get the safety check-up for 

quality milk, the Rapid-Flo Farm 
When conditions causing sediment 

3,are corrected and the Rapid.ilo Fil- Sediment Check-Up."' 
ter Disk, following filtration, is clean 
then you have the PROOF of clean milk 
production that you want. - FILTER PRODUCTS DIVISION 

Y o u r  adver t isement  is bein:: r end  in every  State and in 45 Foreign Countr ies  



O h  now you're in the 
driver's seat 

You're in  the driver's seat, too, when it comes to 
getting processing vats from Cherry-Burrell. You 
can get practically anything you want. Our line 
of Round Processors is complete . . . with a 
model that's "just right" for your process- 
your product-your plant setup. =example: - - 
What Size Do You Need? C h e r r y - B u r r e l l  
Round Processors are built in 200- to 1000-gallon - 

What  Tybe of Heating? Two choices .  
. - (1) Spray heating with steam vapor or recircu- 

lated hot water. (2) Pressure channel heating - 
with hot water or steam. 

What  Type of Cooling? T h r e e  choices.  
( 1 )  Spray cooling with well, city, tower or sweet 
water. (2) Channel cooling with refrigerated 
water. (3) Combination direct expansion and 
pump spray cooling. 

What Tjlpe of Agitation? Choice  of  two. 
Long sweep agitation for light-bodied products. 
Scraper blade for heavy-bodied, viscous products. 

What Products? Buttermilk,  chocolate milk, 
cream, cream cheese, evaporated milk, ice cream 
mix, market milk, skim milk, sour cream, sweet- 
ened condensed, superheated condensed. 

What Process? Heating, pasteurizing, cooling. - - -. 

Model ',DP,, Round Processor--Spray mixing, blending, holding, refrigerateditoring. 
- .  

heating with steam or hot water; com- 
bination direct expansion and cold water Your Cherry-Burrell Representative can help you 
cooling; 200- to 1000-gallon sizes. pick the Round Processor that's best for you. 

RRY-BURRELL CORPORATIOH 1 427 W. Randolph Street, Chicago 6, 111. 

men1 and Supplier for Industrial and Food Processing I ~ c ~ ? ~ ~ ~ ~ 6 u ~ ~ f ~ " ? % ~ ~ 6 ! ~ s * . " c ~ f T l E S  

Tour advertisement is being read in every State and in 45 Foreign Countries 
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G .  G .  C A R S E I R 0 2  asn J .  Id. TAT-SII 

Zlf )~trrtr~~c?rt of A7ii111nl Nl~shandr?/, Zo~ca St t~ t (  C o l l r ~ l r ,  .4 I H C S  

That cilttle of breeds originating in Europe thrive. 1~sq well in tropical 
climates than in the regions of their origin is ~viclely belierecl. The actual evi- 
dence is estcnsive enough to h~ convincing b ~ ~ t  is inostly froin general observa- 
tions or from experience of the "trial aiitl error" liilld. rather than from 
experiinents dcsigned expressly to test the rlnestions inrolred. Printed descrip- 
tions of such pertinent vital statistics as reprodnctire an11 growth rates, n~ortali- 
ties. length of life, etc., for whole popnlations of cattle in tropical and subtropictil 
regions are rare. 

The present article suiniuarizcs from a study of 1:rtizilian data on Brown 
Swiss cattle ~ r l i a t  seem to be the facts most interesting to Sort11 American readers. 
These cattle are commonly called "Sch\ryz" o r  "Rac;a S11i1;ii I'ardti" in Brazil. 
The detailed evidence ancl topics which will hc of interest mainly in Brazil are 
expected to be publishecl there. 

The literature on cattle breeding in tlic tropics has bcen reriewecl by I-Iowe 
15) and Rathore ( 1 0 ) .  I n  Brazil, several aspects of dairy cattle breecling have 
been studied bj- some investigators, among which Ilia?- be cited Joviano 17'. 8) ,  
Rhoacl ( l l ) ,  Carneiro ( 2 ) .  Villares (13) .  Jorclgo and Lissis (6'), ancl Carneiro an11 
Lush (3 ) .  I11 general, the mortality of the calves is  high and the reproductive 
rates and the milk production are low. IIomever. the calves proilncrcl by crossing 
European sires on the native stork generallj- have enough resistance to ~vithstand 
the environment, and such crossbretl cows are higher in lllilk procl~~ction than 
the natives. But,  as the anionnt of exogenous bloocl increases beyond certain 
limits, the hardiness decreases and the milk production falls. Those l i~ni ts  and 
the raliclity of the general ideas just stated are not well verified. The specific 
causes of maladaptation are not a t  all well iclentified. I I ~ ~ n e e  the feasible reine- 
dies for the111 are even less certain. 

Recei~ci l  for puhliv:~tion Fel~runry 23, 1!15-4. 

' .Totir~~nl Pnprr S o .  J-2477 of tllc To~v:t Agricultural Esperi~ncilt Station, Ames. Project 
S o .  1053. 

' P r c s t ~ ~ ~ t  :1111lr1~ss: Dcpa~t111e11to 112 ]1ro11111:io : I I I ~ I I I : I ~ ,  Rvlo I ~ I I ~ ~ Y . I I I I ~ ~ ,  3ti11:1s Gvr:~is, Brazil. 
- -- 
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The data  can~c. fro111 two sonrces: Volumes 1 to i of the herclbooks of the  
registry society. ".\ssociikc:~o (10 Rrgistro (fenealhgico Rchwyz (10 BrasiI' ' \vhich 
11-as founded in 1984, and fro111 the cletailed recortls kept a t  five experimental or 
demonstration farnls. ~ n t ~ i ~ l t a i n e t l  hy federal o r  state governments. The southern- 
niost station \\.as 1'01ltil C:I'~SSII i l l  Pi~rilnA i ~ t  abont % clcgrces sontll, a11t1 the 
farthest north of the five was Tigipiti in I'crnmnbuco, ~vllicli is not f a r  f r o ~ n  eight 
degrees son t l~ .  T l ~ c  ot11e1-s \ v ( ~ e  I'etlro T~eopoldo and  Tieopoldina i n  If inas  Gerais 
and Pinheiral in the s tate  of R,io tle .Ti~neiro. Yearly all of Brazil lies i n  the 
tropical zone 1)nt tliff(11-ences in  latitntle, altitntle, rainfall. and soils, makc the  
variation in rlimatic conditions t~nornrous. ('lin~atic factors m a -  affect the  cattle 
directly by altering ~>hysiologit*al ~woccsscs and bringing discomfort, o r  indi- 
rectly through their effects o n  the. 1)astlu.e~ ancl on the prr~valenee a n d  derelop- 
nlent of parasites. 

P,razilian cattlc al-r raisctl i ~ l n ~ o s t  \ v h o l l ~  on grass. Under farm co~ltlitions 
the milk protlnetion falls abont 20 to :IO% chiring the tlry season, as compared 
with the met season 1.7. 11). I n  the tlairy regions. fretling the cattle (luring the  
dry  season is a grnc1*a1 PI-artier. The fcctls ;ire silage, grass hay. chopped sugar  
cane, and snl;~ll amo~unts of c.o~~ccntratcs. TTo\verer. the amounts of proteins 
ant1 minerals llsetl a re  small. 

Efforts t o  niinimize the harmful  r fec t s  of parasites and  diseases are  made. 
brit the country is large ant1 laelts transportation facilities, the level of rn ra l  
education is low, and trained vc4t+rinarians a re  scarce compared with the largt. 
n ~ l n ~ b e r  of cattle. 3Ia11agernent sometilnes i ~ ~ c l n d e s  siieh poor o r  questionable 
practices as  n~i lk ing  once a day, failing to  test o r  t o  keep herd recortls, rising 
nntested sires. failing to  cull lev- prodlleers. and pri~oitil-e methods of h a ~ ~ c l l i n g  
rnilk and ~nilli  1)rodncts. 

Nost of the agricnltural extension \vorlt has been done through the cattle 
sholvs ant1 b y  lentling 01- selling purebred or high-grade bulls to  the farmers. 
This is a large par t  of the work of the governn~cnt  f a r ~ n s .  Their esperimental 
work mainly concerns methods of managnnent. The  neth hods of breeding ant1 
rna~~agement  llsrcl i n  other count~*ies often (lo not p rod i~ce  the cxpcctrtl results 
in RraziI. 

The general sitnation with regartl to  brcc>tlinp is that  new i~nportat ions a r e  
made frequently. On acconnt of their valne for  breeding pin-poses, practically 
110 vohlntary rnlling is done among purebred males o r  felnales. Low yields a r e  
pent~rally esciis(~t1 011 tile grollnd that  the rows a re  not yet adapted to the iw\v 
enyiro~lnlrnt.  IIo\vt~vc~t.. int l i~i t lnals  ~ ' ( ~ a e t i n g  1>0sitively to  tests for  tnberculosis 
ant1 for  Bang's tliseasc a rc  t~liminatc1tl. Thc p ~ ~ r e b r e t l s  a re  ~nos t ly  otvncd hj- 
the governnicnt far~ris.  1vlii(41 raise f(~11ia1es for  their o ~ v n  nse a ~ l d  males to  sell 
or to  lend to farmers fo r  crossbreeding \\-it11 native colvs o r  wit11 Xchns. Son~c. 
lwivate farms do h;~vr l)nrehrc(l ~ ~ t t l ~ .  h11t th r  0~1~11ers ('xpeet to get cor~sitlf~~-ilhlc 
revenue from the sale of those for  breetling p1lrl)oses ancl do not tlt>l>c~ntl \vholly 
011 ~ ~ t i l i z i n g  them for con~merci;~l lnillt p~.otlnction e n t e r p 1 . i ~ ~ ~ .  



Sr.r rrrtio. 'l'he first scve~i vohlnirs of tht1 repistrj- book., rontain 863 gnrebred 
Swiss calves born from 1981 to 1!)4i, of \rhirll 4.50 were males ancl 413 were 
f en ia l e~ .~  The niales were 52.1% of tht. total. This slight excess agrees ~vitli 
most data 011 sex ratio in cattle. A homogeneity test indicated that the sex ratio 
did not flilctuate from year to yeat. any 1nnt.c. t l ~ a n  \~-oiilcl b ~ l  e~pecterl  froill 
chance. 

Tzuinning. The twins folul~d alnonp these hirths were eight vases in \vllicli 
both were males and nine cases in \vliich both were feii~ales. Twins of illixecl ses 
coulcl not be counted readily, since registration ill the herd book is for each sex 
separately. Presumably the frequelicy of twins of all kinds was about twice the 
frerluwncy of like-sesetl twins, or sonielvliere near 2 7  of the calvings. 

TABI,F: 1 
Distribictio~~ of the calrings B?/ ?~~oiitlr.s ( t o  Ikr ~renrmt ) w r  r r ~ ~ f )  

3fonth of Pr~ lro  Ponta 
the year Season Pinheiral T,ropolilina Lropolrlo Orossa Tigipi6' 

April D;s 6 1 2  in 4 9 
May 9 i  $3 9 3 $1 
.Tune 16 I0 10 15 1 2  
.TIIIV 1.5 !I i n  19 11 .. . 

Aug. 11 2 < 18 S 
Sept. l n  3 (i 18 4 
Ort. Rainr I I2 ti 9 6 
SO!-. 1 1 !I n s 
Dec. 2 6 !I I I; 
.Inn. I 11 > trncr 7 
Fch. 0 1" '4 1 I 

Marrl~ tr:~re n i n  3 9 

' The dry rainy seasons ill Tigipih nrr from i \ i~gust  to March nnd from -4pril to  .Till?. 

3fol1tl1.v of bir th .  Thr pet-cetitage of calves horn ill earl1 nio~itli is s1io\v11 it1 
Table 1 for each of the fire farms. Births clnri~ig tltc. tlry season are generally 
preferreil. since it is snpposecl to be easier to raise c.alves at this time of year. 
provided tliat feed is snfficient for the calvc~s as well as for their dams. Diil.ing 
the dry  season, niucl and flies are scbarce anil the tenlr)eratii~.r is cooler. IIourever, 
some of the purebred cows are bred xvhenever the?- are ~.eatly. in order to get the 
maximum numher of calves fro111 t h r n ~  within tl pirc.11 periotl of years. Tlir 
data siiggest a high degree of sncerss a t  Piuhei~wl a11t1 a t  Ponta Grossa in getting 
the calves born tlnring the dry  season. hilt tile calviiigs a t  tlir three other f a r m  
orci~rrcd it1 a11 nionths of the year in fairly large 1n1rnbt.r~. The 1nonth1:- clistri- 
l)ntioi~s at these five farms (l ifer  cotispic~u1oiis1~- 1)nt we do itot linow \i,hether 
any of them approarhetl the l i n~ i t  of ~vliat the nlan ill rll;n.gr of the farms eonl(1 
arhierr. 

. l f o ~ ~ t n l i f ! j  o f  c r r l r~s .  The tlata 011 1uo1-tality c+olncb from only two farms. 'I'hc 
nianagement at these farins c1iffe1-etl tlistinc.tly i l l  somcx 1.c3sl,ec~ts. ~rhicll srcrn 
likely to be important. 

3Registry mles  an11 ronditiong were snrll that we tl~inlr 111:11~s m111 frlnnles werr equally 
likely to he registered. 
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TABLE 7 
Morl tr l i f !~  1111 lo /i ~~ho~ttlrs of age at tlrr Fcrac~ttlo Pcclro I . ~ ~ o ~ ~ o l ~ l o  

Number 

'I'otal Born Abortions and Died bcfore PI-r ernt 
Sex llorn alive stillbirths 24 l i ~ o l ~ t l ~ s  R:~isetl r:~isell 

Males 746 018 28 97 171 4 9 3  
Femal1.5 219 2tIO 1!l 73 127 .iq.f\ 
U n k n o n ~ ~  - 3 - - - . - - 
Total 41;: 418 49 1 7 0  24$ 33.1 

Pedro Leopoldo was lrrpt free from Bang's disease a i d  tuberculosis. Soon 
after birth the calf was separated from its dain and put in a previously disin- 
fected individual pen. iCIilB was fed in a clean bucket. A grain ration was sup- 
plied and the calves were weaned ~vhen 6 to 8 months old. They mere sprayed 
for ticks at  regular intervals. ,Ibortions and stillbirths and all dcaths np to 24 
months were ~-ecordecl. Table 2 sl~lnnlarizes these data for all calves born from 
1931 to 1947. They inclicate that around 40 to 50% of the 11urel)recl Swiss calves 
born did not reach breeding age. 

The annual inortality at  Pedro Leopoldo ranged from as low as 6% to as 
high as 78Yc of those born. Theso year-to-year variations were 11ighl)- significant 
statistically, but no regular time trend was evident. Whateyer factors increased 
or decreased the mortality from one )-ear to another seem to hare operated 
irregularly. 

FIG. 1 .  3Iortality at  various ages alnollg the calves at  Petlro 1,eollol~li~. 

I \ 
BIRTH 3-6 6-9  9-12 12-15 15-10 16-21 21-24 
TO 3 MO 

AGE A T  DEATH, IN MONTHS 
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The nnmbers of cleaths occurring at each ape interval a t  Pedro Leopoldo 
are shown in Figure 1 on a semi-logarithmic scale. If  the percentage rate of 
deaths had been constant, these ~ ~ o u l c l  be straight lines. Steep slopes downward 
indicate percentage death rates in the interval to ~ rh ich  the line leads, lower 
than in the preceding interval, whereas rising slopes or even slight downward 
slopes lead to periods when the cleat11 rates rose. I t  appears that  the periods 
of maxininnz cleath rates were before 8 months and froin 9 to 12 months. The 
latter is the period when the calves were weaned ancl starting to live on pastures. 
I t  is in these two life stages that  inrestigations of the causes of cleath seem most 
likely to be fruitful. 

At  Pinheiral. the calres were a l lo \~ rd  to snclrle their cla~lzs a t  will during the 
clay in orcler to iniizimize the calf losses. The clata a t  Pinheiral extencled only 
until shortly after weaning and did not inehlde abortions and stillbirths. Eighty- 
nine cleaths in both sexes were reported among 649 live births from 1932 to 1947. 
This is a mortality of about 14%. If abortions and stillbirths occurred a t  the 
saillc rate as at Pedro Leopoltlo, the cleat11 percentage a t  Pinheiral \roullcl rise to 
24.67&, which is close to the 26.3% found a t  Pedro Leopoldo for deaths within 
the first 9 months of age. Thus, as f a r  as they go, the results a t  Pinheiral con- 
firm those a t  Pedro Leopoldo in indicating that 0111- ahoi~t  30 to 60 pnrebred 
Sn-iss calves reach hrerding ape for each 100 calvings a t  these farms. 

Joviano (8) lists. in order of their frequency, the follo\ving causes of death 
from 1937 to 1941 among purebred Swiss of all ages a t  Pedro Leopoldo: abor- 
tions and stillbirths ; foot-and-month clisease ; pneumonia : snake poisoning ; 
pnenmo-enteritis ; weed poisoning ; tuhcrcnlosis : gastroe~~teri t is  f acnte and 
hemorrhagic\ : congenital debility; ancl "others." .It Pinl~c~iral  the inspector 
in charge reported the most i~npor tant  causes as : tick fever; foot-and-mouth 
disease : pneumonia ; congenital debility : anrl diqturbances in the dipcstive 
and urinary tracts. 

With a mortality of near 6 0 3 ,  the avrrape number of calvings per cow must 
be nearly fonr in order to nlaintain nninberq. even if no rol~uztary culling is 
practiced. If mortality rates mere lower, there n-oulcl be more opportunity for 
intensive selection, there woulil be less neecl for continning large importations 
of cattle from foreign countries, ancl the purebred populations could expand 
more rapidly in numbers. ~Zlthongh vrterinarians hare clone much to minimize 
the heavy loss of calves, much nlore needs to be done. 

Length of generotion. The interval between generations can be measured by 
the inean age of the parents a t  the t i m ~  their offspring were born. I~ength  of 

TABLE 3 
Mean ages ( in months) of sires and dams o f  male and female calces 

-- 
Sires of Dams of 

Males Females Total Males Females Total 

Number 739 706 1,445 739 706 1,445 
Average in months 62.5 60.5 61.5 77.6 77.n 77.3 
Standard deviation in months 23.0 23.4 23.2 32.6 35.3 34.0 
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MIDPARENTS 
MEAN 69 0 MONTHS 
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AGES, IN MONTHS 

I'IG. 2. Distri l~~itio~l of the sires, dams, :uitl niidparrrtts aceorcling to  agtb. 

generation neecls to be lrnowll if the rate of ilnprovement per generation is to 
be translated into rate of improvement per year for a breed or any other group 
of domestic animals. The evidence on this point came from 1,445 purebred 
Swiss calves, 739 males and 706 females, boru from 1937 to 1946 and registered 
in volumes 1-7 of the Herdbook. The results are s11on.n in Table 3 and Figure 2. 

As might hare heen rspected, the ages of the parents of males and of the 
parents of females clitl not differ sig~~ificantly. b l ~ t  the sires averaged much 
younger than thv dams. The mean ape of the parents was 69 months, which is 
a bit higher than the 5.4 years found hy Yodzr and Lush ( I f )  for the Brown 
Swiss in the United States. 

In a newly introduced ant1 espantli~ly brccld of cattle, the proportion of 
oltler individnals (~nostly co\vs) is expected to be a bit loxver than in a popnla- 
tion consta~lt in n ~ ~ ~ n b ( ~ r s ,  but to increase with time. The mean age of the parents 
in these data \\-as calculated for each year separately. and the results show a 
rather steady increase from 64.5 months in 1937 to 73.8 months in 1946. A 
straight line fitted by least squares showed an  average increase of nearly 0.9 
month per year during this 9-year interval, with only a faint hint that  this 
trend in the yearly averages really deviated from a straight line. 



l 7 . ~ ~ , f i i 1  lift o f  blilla. The data for this phase of the stn;ly came froln t h ~  
IIerdbooli. Rulls with kilo\vn age a t  death nun~berecl 193, anrl their average pro- 
tlnctive life after 24 n~onths of age was 75 t 2.4 months, with a standard clevia- 
tion of 34 n~otltlis. This is a longer period than that fo i~nd by Sillith ( I . ) )  ill 
Britain ant1 by Lush and Lacy (9) in the Unitctl States. This tliR(3rcnce ntigl~t 
1)t. tlne i n  part to thc registry systen~ which in Brazil n-oul(1 inclnde many of tht. 
1)11lls \vllic.h wrrc i i s~t l  only ill grade Ilerds a t  the older ages. Those ~vould not 
have her11 clt.tecret1 by tlir nlethotls used ill the stndies in Britain or in the TTllitetl 
States. illso. purebretls are scarcer in Brazil. so that there is Irss ~ l i l l ing  ainong 
tllcm. I ~ n r t l ~ c ~ t - n ~ o ~ ~ .  the ~)rogra~l l  of leniliiig blills to farinel-s teiltls to lteep as 
11la11y 111111s as possil)l~~ i l l  active service. If the average prodl~ctire life ac.tiially 
is 7 5  ~nontlls. the annnal replace~net~t is aboilt 1 6 7  of the bulls in nse. Surh a 
long ~)rotlncative life gives opportuility for iitilizing progeny testing. sin(*e a 
1)111I (.all l)c1gil1 to be proven by his danghters about fonr years after he is first 
1 ~ 1 t  into sewice. provided his first daughters are tested. 

l ' sc f~r l  l i f c  of cows. The average age of 3!)0 cows at first calvilig on tliescs 
five farnis was 44 months, with a stanilartl tleriation of 11.7 months. The aver- 
i1gt.s at the fire farlns ranged only from 39 to 45 months. alitl the diffcrenrc.~ 
I)rt~-een farms do not seem significant. This average is higher than the figiires 
reported for temperate zones. as T ~ S  folintl also by various other students of 
vattle in the tropics. In .Jamaica. Ilowe ( 5 )  fonnd a mean ilgc at first calving 
of 34.7 months for pnrebretl .Jci.srys iultl 37.6 months for all .Jerseys, including 
grades and plirebrerls. ITe also fonntl 38.6 months for piircbretl Guernseys. 
42.9 months for all Gnernseys, antl 41.6 ~nonths for crossbred ITolsteins. 11th 
concluded that animals with I~igllrr prrcentagc3s of Zehii blootl are slomer-nlatur- 
inp sesnally than are European cattlr. Jortliio R I I ~ I  .\ssis ( I ; )  at Siio l'a~ilo fo1111tI 
that the age of calving was 39 ~llollths for itnporterl ITolsteins antl 35 inonths 
for grade Holsteins. Carneiro ( 2 )  rcportetl an arcrage of 38.7 months for grad(, 
Simmenthalers kept under the pen-keeping system. .Jbvia~lo (8)  reported for 
the purebred Swiss heifers a t  Pedro Leopolrlo 1)rtmeen 1936 and 1941 a mean 
age of 3.5 years a t  first freshening. This is rlosc to the finrlings of the present 
stlid>-. whirh incliiderl part of .Toviano's data. 

TABLE 4 
Accmgc ngc2s ( i n  months) of coos ,  bj/ 0 i . d ~ ) .  ~f ~(11ring 

Cnlrings Mcnn 11 a 
. -. 

First 44 390 11.7 
Second 62 090 11.8 
Third 78 219 13.4 

Fourth 93 170 14.3 
F i f t h  109 196 15.7 
Sixth 105 89 17.6 

Seventh 140 51 17.5 
Eighth 153 0 s  90.0 
Ninth 165 18 14.0 

Tenth 179 6 9.6 
Eleventh 194 2 19.1 



One plansible reaso11 for the high age a t  first calving is that  first serrit.c \\-as 
deliberatc.ly tlt.layc~cl in ~niuiy cases in ortler to avoid troubles a t  l~ i~r t~rr i t io l l .  
which arc saitl to 1)c fl.er~nent on acconnt of the size of the S~r i s s  calrrs. .Joriit~io 
reports 29 months its tile arerage iIgc a t  first service for 275 11cift.r~. This. 
h o ~ ~ ~ e r e r .  is not rcry  different fro111 lhgeler ' s  report ( - f )  that tilt. 11lea11 iigtls 
for the I!~.o~rn Swiss 11eifet.s in S\vitzc~rlantl arc 28.5 mo~ltlis a t  the first b~.c~tvling 
and 38.2 n~ontlis at the first c;~lving. Tlw average apes by order of t . i~lr i l~g arca 
shown in Table 4. Difft~renccs between the BRTII IS  sern~etl to be onlj- s a~n l~ l ing  
ones; at least there was no hint of statistically significant diff'c~rt~ncrs Iwtwee~~ 
farms a t  calvinps after the third. 

The average ~ ~ r o t h ~ c t i r r  life of purc.hrcd S~r i s s  co\=is is shun-11 ill T;thle 5, 
productive life being tlcfiucd a s  thc ~)eriod from first calving to the tlatr of corn's 
disposal or tltailtll. P~.es~in~al ) ly  tllc slightly longel- 171-odnctire life of tht. intl>ortt.tl 

TARLE 5 
.Icerage proflzrctive l i f e  of prrrr.br(r7 SWLSS COUIS 

Avrragr 
protlurtlrc Standard 

Groups No. life rleviation 

fnronl7r.s) f'r)rontltn) 

All rows 210 57 41 
Imported rows 61 62 - - 4 R 
Nonin~portrd cows 149 o J 11 

con.\ is tlur to thei~. having rccaeived sonie~rhat better care bccanse more Inoney 
had brrn inrestet1 in them. Ailso. thr cows in Table 5 are a selected group in that 
each had calvt.tl at Irast once. i\nalysis of uariance in length of productive life 
gave no intlicatiou that age a t  first calving had an effect, either among the 
in~portetl or no~ii~~il>ol.tt.tl cov-s in 12razil. I f  57 n ~ o ~ ~ t h s  is the average productive 
life of the ~In~.txbred Swiss cows, the annual rel~lacement necessary to maintain 
numbers ~ ron ld  be 21.35. 111 an)- cstrapolation of this fignre to the future, it 
is to be r e ~ n r ~ ~ ~ h r r e c l  that the tlata conle from a period in ~rliich nn~iihers \rere 
expanding ant1 there 11-as little if any voluntary culling. 

The arerage of the 941 l a ~ o ~ r n  calving intcmals on tht,se fire far111s was 16.8 
months. For the i~nportctl cows tlie nvn-age was 16.7 ~ u o ~ l t h s  and for those bor11 
in Brazil it  was 16.9 n~ontlis, the diflcrence being m~ich too s ~ ~ l a l l  to be statistically 
significant. 111 S~ritzerlantl, Engeler (4) reported an arerape interval of 13.8 
months for Brown STT-iss. The length of calving intcrral appears to decrease 
slightly as the colr-s became older. but this only borclrrrtl on statistiral signifi- 
cance. Most of this appare~l t  trend came from the nnnsually long first intervals 
at Pinheiral. T.ong interrals bet\reen calvi~lgs I-er111ce the prodiiction of tlie cow 
in conscqucnre either of tlic low amount of milk produced near the end of thr  
lactation or of her having a dry  periocl longer than is op t in~un~ .  The length of 
calving interval lnay indicate something abont the reproductive ability of tlie 
cows. although genuine differences between the cows themselves 1nay be almost 
inextricably entangled with cliffer~nces causecl by management practices. 



The 210 cows \111ose lifeti~nes were complete areragerl :I.(; llor111~1 calvitlgs 
clnring their lires \\it11 a standartl tleviatio~l of 2.3. 

I t ibt .ccdi l ,g .  As the total n m ~ i h e r  of SIT-iss cilttle in IZrilzil is s111aII. it J\.;IS 

conreivable that  a 11igli level of i l~brecd inr  ~ n i g l ~ t  h a r e  I)c.en reaclletl. a l t l lo~~gll  
generally popnli~tions must he c s t r e ~ l ~ e l ~ -  sslna11 and r ~ ~ l ~ i l i l ~  co~nplet(~ly isolatetl 
for 111a11y generations fo r  this to occllr. The 678 repistert.tl f t ~ n ~ a l e s  bo1.11 ill 
the years 1940-1916 were i~lrc~stigatcd. The average c.ocfficient of inl)l.c>etling 
(TYright's) increased from 0.1'; fo r  the 79 lieacl born i l l  1940 to 2.2% for  t h ~  
106 Iieatl born in 1946. These roeficie~lts a re  1.eltltire to  the g r r a t - , n r a n t l l m ~ ~ t s .  
I':xt~.cme illhreciling is cer tai l~ly Ilnconlmon. hnt the pt%~.iod of t i ~ n c  covcrctl is 
so short. in generations of ei~ttle,  that a Iliglt average cv,efficicnt of inhl*ceili~~p 
for the ~ r h o l c  group is scarcely to 1)e expected. 

(;rotc#th o f  pirrebrcrl S ic i s s  cult-cs. Average live ~vc~ights for  tile valvc~s i ~ t  I'cdro 
1,eopoltlo and I'jnhcirnl at agcas 11p to 12 months are  shown in Table 6 fo r  ~n;ilcs 
ancl frmales srl-mrately. The tlilta incliicle all live weights available a t  eac.11 ngc.. 

TABLE G 
Azcmoe weinhts (in 160.) o f  azrrebred Swiss cnlzes a t  J-?tlotcth i t111 1.1.1t1.v 

Pedro IAropoldo Pillhrirnl l'ot:rl 

(1931-1947) (1941-1947) St:i1111:1r(l 
A ge Ses n Av. n 4r. n . ,Ivrintion 

Adult 

rcga~*(lle'rs of wl1et111~r the c'i~lf Ila11 it5 weigllt reeo~.ded a t  till other apcls \V(lizl~t\ 
a t  age\ oltlcr than 12 month4 were arailahlc only from I'cdro Leopolilo. 

The cliffernlee hct\vcel~ the t\ro farms was s111i111. the c.alrcs a t  Pi1111eiral being 
l a r g t ~  a t  hirtli. abont the \ a n ~ o  a t  3 1110nths. smaller a t  6 ~nonths.  larger at  9 
months, and  larger, but  not significantly so. a t  If! mol~tllr. The t n o  111ct11otls of 
rearing, artificial feeding a t  Pedro I~eopolilo. and bci~lg t1Ilo11ei1 to  follow tlleil. 
d a ~ n s  a t  Pinheiral, seem to protlnre nearly the same rc.411lts a t  1"no11tll\. 

The males y e r e  consistently ancl significantly Iiearier than t h r  fclnales. The 
<lifference is of the order of 5 t o  8'7. 
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AGE IN MONTHS 

F1(:. 3. Growtli curves of four clniry breeds in the United States (after Brody) : I I I I I  $sf t l ~ ( ~  
purehreil Swiss cattle in Brazil. 

Figure 3 shows on a semi-log scale the growth curve of the Swiss heifers 
compared with the standarcls of other breeds in the United States as given by 
Brodp (1 ,  Table 16.2). As judged by this standard, the Swiss heifers in Brazil 
grow well during the first 3 months hut afterward more slowly than the other 
breeds reported by Rrody, until finally a t  ages of 15 months and upward they 
are even lighter than t h ~  Jerseys in the United States. Apparently solne factors 
affect adversely the growth of Swiss heifers after they pass 3 inontlls of age 
ancl still nlore estremely a t  ages of 9 to 15 months. Although these adverse effects 

TABLE 7 
Analysis of variance in the 1-7-nzonth weights of heifers 

- - - - - 

Degrees of Composition of the 
Source of variance freedom Mean square mean square 

Total 222 

Between years 1 7  

Within yeara 225 

Betwecn sires within years 54 

Within sires within years 1 7 1  



were not itlentitietl, the stagc at \vhic.I~ t h y  occllr iuclicates that they are things 
which began to happen at or ahout ~veaninp tinle. n-11~11 the heifers were turnetl 
into the pastures. 

Ilerifnbilif,tl of tlifwcrtcc~s irr live ti:ciglrts. Table i shows an analysis of rari- 
snce of weights a t  12 n ~ o ~ ~ t h s  for all 243 heifers for which individual sires were 
known. DiRerences bt~twt~en years were highly significant, but the interpretation 
of this is nncertain. Many things  night hare cl~angecl from year to year, in- 
clucli~lg snrh biologically cliverse things as changes in management, changes in 
weather. ant1 resultal~t fcctl supply and insf1c.t incitlence. and changes in the 
grnrtit. c.ornpositiorl of the popul t~t io~~.  

S 
The intra-year correlation het\vc>e11 p a t r r ~ ~ a l  sisters, - was 0.066 which, S + E' 

~nultiplietl by four, yieltls 0.264 as an estimate of the heritability of individual 
differences between tl~ose heifers in their lire weights a t  12 months. However, 
this is not statistically significant, as the 95% co~~fidenee interval for the paternal 
sib correlation of 0.066 was fro111 -0.10 to +0.20. On this volume of data this 
estimate of l~eritability call he regarded only as a straw in the wind, hut no way 
of esploring heritability fnrther was evident. The large size of the I' component 
may serre as a warning against nsinp the paternal half-sib correlation mitholit 
first subtracting or rorrecting for time trencls. The nn~nerical valne of the 
paternal half-sister c~orrc~latio~l in these data. if 110 attention is paid to years. 

\~onltl be : +' \vhi(*11 is 0219. Any nsr of this caorrelatio~~. or in(Iee11 
S + E + T '  

of the intra-year one, as a basis for estimating heritability, obviously requires 
some knowledge or working hypothrsis concerning how inuc*h is genetic in the S 
and 1' components. Multiplication by four to c.stiulatr l~eritability girrs  t r r -  
meniious leverage to any errors r;lnst~tl by sllp~ociing that all of S or Y arc tl1111 
to genetic differences. 

/ 

Pertinent facts about thtb rcprotli~rtire and g~.o\vtl~ rates of pnrebred Bron711 
Swiss cattle in Brazil are ilescribrtl as a strp i l l  lorating the i~~flnences which 
lower the adaptability of Eurol)ean 1rrrc.d~ of cattle to tropical co~lt l i t io~~s.  

At two of the five public.ly-onnrtl farn~s.  about 80#h of t l ~ c  r a l ~ . i ~ ~ g s  orcurretl 
clurinp the dry season. At the tllrchr otller f a r m .  t l ~ r  ralvi~lgs xvt3re tlistribntrtl 
nearly equally in the srasolls. 'l'llt~ s r s  ratio was .;?.I r/ ;  males aluorlg the purr- 
brecl calves born. 

.It the one f a m ~  which hat1 c.olnpletc, tlata 011 calf ~ l~or ta l i ty .  219 of the 465 
born were abortions and stillbirths or ilietl hrfore rrac.hing 24 1no11t11s of age. ~t 
anotl~er farm. 89 of the 634 born i i l i ~ ~  Ilacl died by \ ~ c ~ a n i ~ ~ g  time or shortly 
afterwartl. These two farms agrrctl fili1.l.v \vrll on the alnount of mortality before 
weaning il111o11$ those born alive. I t  appears that only about 50 to 6 0 p  of the 
calrings result in ani~nals which lirtl to at lrast 2 ycwrs of age. '2 little niorr 
than half the total deaths before 34 months occnrred hetwt.ell birth and 3 nionths. 
The other period \\.hen mortality was especially hip11 was from 9 to 12 molltlls. 
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~vhich coincitlrs rougI11y ~vi th  the 1)criod when the calves are turned out ill the 
pastures. Tear-to-year variation in the death rate was large and statistically 
significant. hut irrepi~lar. .\cc*o~-(ling to the men in charge a t  these farms. the 
most important causes of death were: abortion, stillbirths. tick fever. pnemnonia. 
congenital debility, ant1 foot-ancl-mouth disease. 

The sires nvcrilgt.tl 61.5 1no11t11s and the dams 57.3 months of age when their 
offspring were born. This amounts to an  average interval of 5.75 years between 
generations. 'J'Ile pu~.cl)red Rro~vll S~viss ca.ttla population was expanding over 
this perioil and the generation interval was increasing a t  about 0.9 month per 
year as the popnlation calnc to include a larger fraction of older breeding 
animals. If it is ass~uncd tllitt the bulls go into service a t  24 months, their 
average productivt~ life was 55 months and the annnal replacement of those in 
me was about 167L. The average productive life of the coms from first calving 
to the date of their disposal or death was 62 months for imported coms and 55 
months for tl~ose born in Erazil. This lnalres an annnal replacement rate alllong 
c o ~ ~ s  of 21 X .  hilt this figlire malres no allonancr for heifers ~vhich mere intended 
for breeding hilt nercbl. c~;llvctl. or for tlic ~)oplilation being an espancling one. 

The. 1lcift.r~ a~cragctl  41 nlontlis old a t  first freshening. The averaae interval 
bet~vecn c~o~iseclitive calr i~lgs mas 16.8 ~nonths. No significant difference in 
calving intcrml was fo111lc1 between imported and nonin~ported COTVS. ancl there 
was no clear cvitlcnce of ralring interval being affectetl by the age of tlle cao\v. 

liittle inhrceclinp has occurred among these Brown Swiss cattle in Brazil. 
011 the t\vo fi11'111s \vIlic11 recorded lire ~v\.c.igllts. the males were s ig t~i f ic~a~l t l~-  

Ileavier. the tliffercnce generally being of the ortlcr of .', to 8%. The calves prelv 
well during the first 3 months but after that, and especially after meaning. the 
gro~vtll rates xvcre innt41 lower than those generally reparcled as standard in the 
United States. 

IIeritahility of intr;i-year differences in live ~ve ig l~ t  among the Brown Swiss 
heifers a t  12 months was estimated at 0.26 on the basis of mean squares \v i th i~~  
and between sires within years, but this mas not statistically significant and can 
be regarded only as a highly uncertain indication. 
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1nfi.rtility i l l  tlairy cattlc is ollch of the. ulorc sc.rious problrnls f a c i ~ l g  t1itil.y- 
men today. Trilnhcrgrr and  Ibis (9) have c~stitnatetl that  abont 6': of tllc 
cows are  sterile ant1 tha t  nbont 14% of those which (lo cot~ct~irc. rrqliirc. tltrrc or 
more services. Finanrial 1ossc.s o r ~ ~ l ~ r  ~vl lrn v:llnahlr aninlalr tnllst he solt1 RS 

nonbreeders. I2c~vc~r calves ant1 111.;r milk i11.1, ~)rotlnc.c.tl ~vl l rn vitlving int(v'vitl\ 
exceed 11 months. 

The present st1111y way I I I ~ I ( I I ~  i t 1  orcl~lr t o :  ( ( 1 )  gitin infor111atio11 ~c*pi i r~ l inp  
the variation t o  1)e esl)rrtetl in the norn~a l  size of repro(11ictivr organs i n  co~v.;: 
( b )  confirm and c ~ s p i ~ n d  infornti~tion r ~ p i ~ r d i n g  the establishment of f r t a l  Inein- 
hranes; ( c )  corrc~latr thc sizt. of thc~ fetns with the tliameter of the nterus. AS an 
aid in  estimating t h ~  stage of pestation hy rectal palpation in l i re  eo~vs:  ant1 
(d )  tahnlate thc frcrlncncy of pros.; i~hnormillitics in tllr f twale reprotl~lctivc~ 
organs. 

Tllr clntii for  this httl(ly ~vt>rr  g a t I ~ ( ~ r e ~ I  front t111, ~ ~ x i l t ~ ~ i ~ ~ i ~ t i o l l  of the repro- 
tluctivc traets of 1.000 sla~igl~trt--hollse c . 0 ~ ~ ~  ant1 I~eifrrs .  In  r o l l t i ~ ~ e  slatightcr of 
cattle no donht many cows arc. i t lrlntl~~tl that  have hcc.11 sol11 as nonhreetlerh. 
These data  ~vol~ l t l  llavc~ bcwl more tlesirahlr hat1 t111.y hc.rn obtainctl from ;I 

rantlom sample of the cow poplllation. R'c~verthc~lrss, it is likrly that  the ~*elative 
frequenry of ahnornriilities will he silnilar to t l ~ a t  fo111111 in ill1 ovrr-all COW 11op11- 
lation. The comparison of ilhnorn~illitirs fount1 in heif(1rs ill111 in ('o\jVs ~11011111 
indicate the ahnornlalitic~s \vllic,ll arch assot.iat1.11 wit11 pl.t.gnancy it1111 l> i l r t~~l ' i t i~ l l .  

'~'III.  var io~ts  ~ ) i ~ r t s  of tile rcprocl~irtivc. trac?ts of 100 palwns c.o~vs were Ineas- 
11red. 'l'l~e :ivcrape of these n ~ e a s n ~ ~ c ~ n c ~ n t s  itre f o ~ u ~ t l  in Tahlc 1. 0111y those free 
of an)- risihlc ~>atllologici~l (*oll~litiot~ \vt>l.(* 1ts1~11. Rrslilts f~*oni the ~ ~ i e a s n r e ~ ~ i e n t s  
~verc  in genel.al itgreenlent \\.it11 tllosr of Sisson alltl GI-OSSIII~III (6). I I n ~ ~ e v e r .  
t1iel.c were sonic riltltc.r o ~ ~ t s t i ~ n d i n g  dif l~~rc~nces.  The mean Irngtli of the vagina 
was fonnrl to he i~pproximatel?. 7 in.. as  comparrcl with 10-12 in. as  reported by  
Sisson ant1 ( : ~ O S S I I I ~ I I .  an(l tllr c*(>~vis  was 1'0111111 to h r  an inch s l~or te r  than the 
4 in. 1~11irli they rcportrd. 

The riglit ora1.y was slightly I ~ I I ~ I T  t11it11 tlto l r f t  ovary. ant1 t h r  1-ig11t uterinr 
horn IPRS ~ ~ . r i ~ t r r  in 1e11gtli a11d i l l  t l i a n ~ e t e ~  than the left liorn. I t  is possible that  

I<ercbire~l for p~~l~licntion Xfnrch 20, 1954. 

' Tl~r inre+tig:ltic~~ rc~pol.te11 in this p:llwr is ill co~~i~rction \\-it11 n ~~ro,jcct of the Rcntl~rky 
Agric11lt11r:il 7.:\-1>t~rin16-11t Stntinn : I I I I ~  is ~)~ll~lisI~rd 11y ltrr111issio11 of tllv Director. 
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TABLE 1 
The avera(rc sizr  of the reprod?tcticc orgnjrs of pttroxs coton 

- -- - - - 

Measurement --- - - - - - - . - 

Number Standard Stantlard 
Organ measured Mean clevia tion 3Ienn ~leviation 

( i n . )  
V111ra 

Lengt11 

Vagina 
Lengtl~ 

Cerris 
Length 
Diameter 
S o .  of folds 

Left uterine horn 
Length 
Diameter 

Right uterine horn 
Length 
Diameter 

Left oviduct 
1,ength 
Diameter 

Right oviduct 
Length 
Diameter 

Left ovary 
Length 
Width 
Thickness 

Right ovary 
J~engtli 
Width 
Thirkness 

the greater size of the right horn was due to thr  more freqnent occnrrciicr of 
pregnancy in that  horn. 

Of the 1,000 specimens stnrliecl, 2.15, or 2.i.Ei'T. 11-ere pregnant. Tlir right 
horn containeci 57.37o of these pregnancies. Other worliers (I. :i) also have 
found that the right ovary fnnctions niorc frcclnently than tlir left. 

The rorplls lutenm of pregnaiicj- was foiinrl on tlie ovary oppositc tllv Iiorn 
carrying the frtus in four of thr  255 pregnancirs. Prcsnmably, this roiiltl 1)c tliic 
to intra-nteriiir migration of ora. Siich a pl~rnonicnon is of coninion occlirrrncc. 
in swine ( 1 1 ) .  Another possibilit?- has been sngpestrd by the ~vorlr of C'larlr ( 1 ) .  
11-110 found that some pregnant ro~vs in,?- tlrrrlop a nrw rrol.pns liitrnin on the 
opposite ovary while the original corpus liitemn of pregnancy wprrscirs. The 
physiological mechanism for this occurrence is not understoocl. Tt has been 
reported (2, 3 )  that 3 to 574 of the cows return to heat while p r e g ~ ~ a n t .  

A positive correlation mas fonntl b r t w e n  the cron-11-rilnip lrngtli of tlie fetns 
(rlistance from crown of brad to rnmp) ant1 tlic diamrter of the i i t~~r ine  liorns. 



d taalcnlation of tlic. i.egressioli 1.elatiollqhip ( 7 )  sho~vecl that there lvas an illcrease 
of 0.:354 cln. in the cliameter of tlie pregna~lt  horn for each ceiitinieter increase 
in c~-o~vll-rmnp length of the fetns. There was a correspondii~g increase of 
0.079 cln. in the tliaineter of the nongravid horn. 

]*'or conrcniencc in haiiclli~ig, specimens \vhich were estiniatecl to be Inorc3 
than 4 ~nontllh pregllant Tve1.e discarcled a t  the slaughter house. A snmmary of 
the 1ner?s1lrc111e1its 011 p r eg~ ta~ l t  specimells is gireil ill Table 2. 

TABLE 2 
Crorr.tr-rtt?ilp length o f  fetiis and dianictcr o f  the utrri~tr 11or1ts at t.rrrioir.s stagc2s of pregnancy 

Estiln:~ted pcrio~l' Crown-rump Prcgnnnt llorn ATonpregnnnt horn 
of ]>rrgnnnc;r- lengt,l~ " ~linmetrr cliameter 

-- 

/ T)~I!IS) ( ~ l i t . )  ( P I ~ ! . )  (em.) 

: < I 1  1.2 2.7:) 2.43 
42 2.4 3.211 2.52 
611 6.1; 4.81 2.86 
!)(I 16.4 9.4; 3.64 

120 
- - -- 

27.1 
--- 

12.4h 6.59 

a T l ~ e  estimntrd ages for f e t n s ~ s  111, to 6.0 em. were taken fro111 \\'inters ( t  al. ( 1  !), at111 tllv 
estimated ages for  frtusrs over 6.0 rm. were taken from Swctt et  (11. (8). 

Straight Iinr n ~ ~ ~ n s ~ l r e n ~ e l ~ t  from csro\vn of head to rnmp. 

Tlir tlcvrlopn~cltt i t l t t l  att;lc.ll~iient of ft8ta1 mcn~l)l.alles were str~diecl ill 153 
single pregna~lcic\. The ~nenlbranes ~v\.c.re fo~untl to be in the ~ ~ ~ ~ o c c s s  of forniatioi~ 
a t  r e ry  early stageq. 'llhey were e t ~ t r r i ~ l g  the ~ l o ~ ~ g r a v i d  1101'11 \\?\.hen the crolv11- 
runill mea<nrcnlcnt of the fetus ~ r a s  1.2 en]. (about 3.5 days old). When tlic f c t w  
WRS 2.r) e111. long (abont 40 days),  the mc~nbi.anes began to show evidcllce of 
at tach~nrnt  in the pregnant hoi-11, ant1 ~vllc~ii the fetus was about 6.0 cm. long 
160 days olcl). the attachlnent hegi~u ill the nolipregnant liorii. 

.\bout .i4' I of the 556 rcprod~irt ire tracts fro111 co~vs and the sanle per rent 
fro111 tlie 444 heifers sho~ved one or more abnornialitics of the reproductire tract. 
Although there was n o  difference in the percentage of co~rs  and heifers having 
abnormalities. certain conditions xve1.c more prevalent ill one than ill the other. 
(Ser Table 3.) 

I3asetl on tht. I)l.rst51ic.e and scl~cbrity of ;~l)lrornlalities. it srenled eel-tain that 
at least 3 . 3 7  of the sy)ec.in~c.iis were from co\vs that  vcre  sterile. 111 atltlition. 
a h o ~ ~ t  8.6'): of the sperimens had a1111ornialitic.s which, though they ~liiglit )lot, 
cause complete stc~~il i ty.  l>rol)ably ~vonld lolvcr fe~.tilit>-. More tlli111 half of these 
abnormalities \vt3l-e infections 01. i l~j~il.ics ~vliich probably co~ilcl hare beer1 prc- 
~cntcld 1 ) -   ope^ luani~gc~lncl~t a t  calving time or possibly ronltl have bee11 snc- 
cessfnlly tl-eatetl by conipetent ~etcrjliai*ians. (These ohserrations arc only rsti- 
 nations ai~cl slioiild not be considered as established facts.) 

Gra1111lar ~ag in i t i s  was the 111ost frec~nent abnormality cncou~itcrc~tl ill this 
study. -1s shon-11 in Table 3, 28.37 of the 1.000 spccinle~ls had g r a ~ ~ n l a r  ragillitis. 
although ilolie of thcsc \\-ere listed ill thr  1 3  9 cases of lolvered fertility ~ne~itionecl 
abore. Trontnla~i (10) has foumtl from a field study that granular uaginitis ma>- 
lolvcr the breeding efficiency by 3 to 10 percentage units. clepending on its 



TABLE 3 

- 
Oc~~~trrotcr of crbtror~rrnlilics i l l  1.000 slnicglr11.r 11orrse spccii~tcrta 
-- - - - - 

Frerl~lcney of occurrence 
- .- . -- -.  

In all In all In all 
speeimc~ts cows 11t:ifers 

. I l ~ n o r ~ n a l i t y  (1,000) ( . a ;  I (441) 

(5) (',>) ( % I  
C;ranolar  giltitis it is 3.:: 23.0 34.!1 
Ccrvicitis S.!I 15.45 0.675 
Vaginitis ti.; 8.27 4.73 
Hpnrns ti.:< o.no 14.175 
Mctritis 5.3 !).O 0.675 
Ovarian acll~rsio~is 4.5 6.77 4.25 
Cysts of t l~e T I I I W  3.4 .3.!1 0.425 
Cystic orarirs .) -.- .) 3.013 1.125 
Salpingitis 1 .:% I .tin 0.9 
Vaginal cysts 0.7 1.09 0.243 
Inrolnplete tr:ivts 0.5 O.O(l 1.125 
Douhlr rcrrix 0.3 n.no 0.675 
;2dl1esion of uterus 0.3 0.18 0.45 
Punrtured rngina 0.2 0.00 0.16 
Crrrical cysts 11.2 0.30 0.00n 
Uterus unicorn~~s 0.2 0.n0 0.45 
Decomposing fetust-s 0.2 0.00 0.45 
3l11mlnified frtm 0.1 n.15 n.000 
Inmgiaatcd nterus 0.1 n.1 s o.m0 

-~ - - - -. .- 

sc.rc.~.it~.. l l i s  s t i i t l~.  was 111adr f~-olll i lrtifi~ial brcetli~ig results. ant1 i l l ( .  t.Rrrts 
~niglit  h r  11101'~ S P Y C I . ~  if natural  service were used. 

Cc~.ricitis, ~nctr i t is ,  and raginitis Irere found to oec11r almost entirely in the 
ri1l)rotluctirc tracts of cows ant1 not ill heifers. These filiclinps intlic,att1 that  
these disri~ses may I)e closely associatrtl \vitll pregnancy antl parturition. 'rhe 
c*ontlitions fonl~t l  ranged fro111 n~il i l  to q ~ i i t c  severe. 11-itli s o n ~ e  few cases of 
mctritis 1)eing serere enough prol)ahly to  cause ~ ~ e r m a n e n t  sterility. 

Grannlar  vaginitis. plus the ])I-escnce of llynlrns n ~ l d  an;rtomical ahllo~.lnalities. 
was fotincl to oeclir niore frequently in the organs of lleifers thau in those of 
c.o~vs. Tl11,rt. iirc no Incans of t1-eatinp ;ulntolnical a h ~ i o r ~ ~ ~ i ~ l i t i e ~ .  antl tlir I~yniens 
see~netl to 1)t. lost a t  the time of service or p;~rtnr i t ion.  

C'ysts otht11. tllan ovarian mere fomltl in  43 of the 1.000 rc.~wodlictire tracts. 
34 of tl1t.111 I)t'i~lp of the ~ n a j o r  vcstihnlar gland. Cysts were foiind also in tlic 
vagina i111f1 t.tv.\.is. This type of ej-st has not hecw rcportecl as  having a n  effect 
rill fertility. 

All orariall cysts. cystic follicles, and cystic corpora lntea \vrrcs listetl to- 
prtlier. Of t l ~ r  22 cases, 14 were follicular and 8 \ ~ e r t ~  Illteal cysts. 

T l ~ e r r  \\-;IS a tlrfinite drt~1.casc in  nl>normalitics of the reprotluctire t ract  as  
e s a ~ n i n i ~ t i o l ~  ~wogl.rssed fl-oln tllr r i i l r a  to  the oriducts. Thirty-six and  nine- 
telitl~s 111'1- cent of the ~ ~ i l v i ~ s .  13.9',& of the vaginas. 9 .4y  of tlic cerriecs, 5.97  
of tllr ~ ~ t c r i .  and 1.3':: of tlic oritlncts had onr or more ahllormality. T l ~ e  ovai.irs 
sho~vrtl  ahnorlnalities in 7.0v7 of the sprcimens. 

Th(1 occurrrnce of abnol-n~alities of the rariolis 01-galls \rliicl~ \\-ere tlefillitel- 
severe cnongh to cause lo~vered fertili ty o r  sterility numbered 119 cascs antl \T7ere 



distribntecl as follo~vs: ol-aries. 4 0 7  ; iiterus, 3374 ; vagina. 18% ; cervix, 73 ; 
and ol-iduets. 9 % .  

SUMMARY 

The average measiirenient (length, unless othcr~vise stated) for the various 
parts of ap~)Hr~ll t lp normal reprotli~ctive tracts fro111 100 parolls colvs l\rpre as 
follo~vs: vulva. 3.8 It 0.49 in.; vagina, 6.9 t 0.52 in.; cervix, 3.1 t 0.54 in. 
( 2  to 4 t l~a11h~~rSe foltls; dianl. 1.:3 F 0.:% in.) ; uterine llorns, 15.46 2.80 in. 
(diam. 0.9 t 0.2 in.) ; oviducts. 8.1 f 0.9 in. (dian~.  0.1 * 0.01 in.) ; and ovaries. 
about 1.4 X 0.9 X 0.65 in. The 1.ig1it ovary and I-ight nterine 11or11 \\,ere. on the 
average, sliglitlp larger than their eoilntcrparts on the left. .\mong 255 prcgnant 
specinirns stutlictl. 57.3(,4 of the frtnses mere fouritl in the right literine horn. 
1'11~ eorpns luteuni of pregnanry was fount1 in the ora1.y opposite tlie horn 
t.arrying the fetus in four cases. 

Fetal n~enil)~.ancs were stiiilietl in 1-53 spccin~ens Iiaring single fetiist>s of 
V H I - ~ ~ I I ~  sizes. Though there wc~.e ohvions variations. thc membranes appraretl 
to extend into the nongravid uterine liorn when the ftltus was abont 1.2 cni. long 
(35 days) and slio\ved evidence of atti~chment in thr gra~ritl horn \i,hen the frtlis 
\vas abont 2.5 cm. long (40 days). 

r\mong 1.000 slaiigliter-honse specimens. aboiit 5474 slio~ved visible evidenc.r 
of one or n i o ~ ~ e  abnol.n~alitirs. Of the 1.000 organs esamine(1. 3.3'X had abnor- 
~nalities ~vhieh drfinitelp wonltl have rentlr~.rcl the en\\- sterile, and another 
hail ahnor~nalities severe cnoiig11 probably to rause lorvered fertility. 

G~.annlar vaginitis was present ~ J I  28.3'J. of thr  sl>erimens and \vas thc I I I ~ . ; ~  

frecliient abnormality found. Vaginitis (nongranular) , cervicitis, and metritis 
\\-ere milch more frecliient in specimens fro111 cows than in those from heifers. 
Among specimens from heifers. g~.anulilr vagi~litis. persiste~lt hpn~elis. ant1 other 
a~~atomical  ahnormalitirs were   no st often foiind. 111 ge11eraI (a11 specimens). 
the ineide~~ee of abnormalities clecrt~~ised as the distance from the exterior in- 
cwased. (The ovaries \Irere an exception to this rule. 1io11-ever.) 

R E F E R E S C E S  

(1) C~.snrc, C. F. Dors the Right Ovary of the Bovine Function JIorr Frequently Than the 
Lef t?  J. Ant. V r t .  Med. Assoc., 88 :  62. 1936. 

( 2 )  CI.NKEI.Y.~N, J. W. The Clinical Diagnosis and Treatnrei~t of Brce(1itig Unsoundness in  
Corns. .7. Ant. Tr t .  Med. Assoc., 112:  295. 1948. 

( 3 )  Dos.\r.n, 11. P. Hrnt  During Pregnancy in Dairy Cnttlr. Tct. Record, 55 :  297. 1940. 

(4) IIESDERSOS, .I. A. Ol~s~rva t ions  on Rrprodliction xnd Associatr~l Conditions in  n Herd 
of Dairx Cattle. Cornell Vet., 28:  173. 1938. 

( 5 )  REECE, K. P., .4sn TURNER, C. W. The Functional Activity of thr  Right and Lef t  Bovine 
Ovary. .7. Dairjl Sei., 21 :  37. 1938. 

(6) Srssox, S., AND GROSSMAN, J. D. Tltr an atom!^ of tlte 11011tcsttc dt~imnls. 3rd ed. W. B. 
Sat~ndcrs  Con~pany, P1ril:idrlpllia. 1938. 

( 7 )  SXEDECOR, G. IF7. Statistical Methods. 4th cil. Iowa s t a t e  College Press, Amrs. 1946. 

(8)  SWETT, \V. W., MATTHEWS, C. A., Ah.n FORRN.\S, M. H. Dcrelopment of tlie F r tus  ill 
the Dairy Cow. USDA Trch. Rlcll. 964. 1948. 



.\ STUDY OF ROVINE GESITALI.\ 1163 

(9) TRIXBERGER, C;. IV., .\SD DAVIS, H. P. Conceptio~l Hate in Dairy Cattle by Artificial 
Insenlinatioll :it Variorls Stages of Estrus. Neb. Agr. Expt. Stn. l?r~search Bull. 129. 
1943. 

(10) TROUTMAN, E. C. Gmnnlar Vaginitis as a Cause of Infertility ill Dairy Cattle. J .  Atn.  
Ve t .  Yed. ASBOO., 124: 184. 1951. 

(11) WARW~CK, B. I.. Intra-Uterine ?Iligratiotl of Ova in the Son-. -4aflt. R~corcl, 33: 2!). 
1926. 

(12) ~VINTERS, L. M., GREEN, W. W., I\WD COIISTOCK, R.  E. Prt)l~:~tnl Dcrelop~nellt of the 
Bovine. lfinn. Agr. Expt. Sta., T c c ~ .  Rulr. 1.51. 1!)12. 



TIIE EFFECT O F  STORAGE TEMPER-ITURES OX TIIE GROUTTIT 

O F  I'STCHROPHILTC ORGANISRfS IS STERILE AND 
I~.\ROR,ITORP I'ASTFXTRIZED SI\'I~IJIITIKS ' 

TV. C. LAWTON AND F. E. NELSOS 

Dtriry InfTttstr!/ Section, Iozvn Agric~ilturnl Experiment .Station, A?nen 

Growt11 of organisms a t  refrigeration temperature in ~narket  millr is b c c o ~ n i ~ l ~  
more important bccausc of the longer periods of holding before e o n s ~ ~ ~ ~ ~ ~ > t i o ~ ~ .  
Rogick and Rurgwalcl (12)  reported that  no psychrophilic bacteria ever Ifrere 
fonncl in 4.1 1111. of pasteurized mill< taken from the vat or l ~ i g l ~ - t c ~ ~ i ~ ~ c r i ~ t n r e  
short-time ~>asteurizcr : psycl~ropllilic bacteria w r e  fountl in some of the 1)ottlcd 
milk. pi~rticularly in tllc first milk bottlerl. indicating post-pasteurization con- 
ta~nination. E rd~nan  ant1 Tliornton (9) found that o~ily fonr of 722 p\ychrn- 
philic isolates were ahlc to withstand pasteurization in the laboratory. These 
reslllts ~\-ould srem to acconnt for the findings of Sherman c t  nl. / I . ? )  that hac- 
terial growth in pasteurized millr was mnch s l o ~ ~ ~ e r  a t  O0 C. tllan growth in ran- 
milk at the same tcmpera t~~rc  ant1 the keeping rluality was two to three times a\ 
1o11g. Rcino~i~la t io~i  of paste~irizc(~ milk with mini~tc arnonnts of ran- milk dc- 
c~.ca\ctl the keeping quality of the pasteiiriz~tl milk so t11at it was siniilar to raw 
milk. 

I)allll)t~~.g ( 7 )  fountl that eoliform bacteria in pastenrizeil mill< ~toreci at 
refrigeration t~mperatures i~lcreasecl more rapiclly than total count. This may 
hare been clnc to psychrophilic coliforms or to the fact that they were recon- 
taminants. not snl).iectetl to heat treatment. ancl so were more actively growing 
than those organisms 1~11ich silrvived the heat treat~nent. I n  n study of com- 
mercial millr snpplies. Dahlbcrg ( 6 )  also found that coliforms increaseil on low 
tcmperaturc storage as rapidly as other bacteria. IIov-ever, standard plate cotults 
 rer re maclr at 37' C".. \rllieh ~rould  not allow tlic enumeration of so~ne 1)ilcteria 
gro~ving at lower tcmperatnrrs. 

Burgn-ald anil .Tosephsou (I), Dahlberg (6). and Chaffee (5) all reported 
that the bacterial count did not tent1 to increase until after 3-4 days. Tncuhation 
temperatures nsetl for plates mere not reported in all eases, and it is possible 
that some of the counts are not valid in the light of later knolrleclge ahout the 
growth of lo~v-temperature olaganisms. 

The studies rcportccl in this paper Irere started ~rl len pastenrizetl milk 
samples from different eo~llmrrcial sources all were found to contain some orgall- 
isllls that moult1 grow a t  R0 C. ~vhen a 10" dilution was plated after the ~nilli hati 
been held for 1 ~vcelr at 3 O  C. Tt was decided that if organisms capable of growth 
a t  this lolr temperature are so prevalent i t  may be clesirable to know more about 
their activities a t  different growth temperatures. 

Reccired for publicatioll April 2, 1054. 

'Journal paper Wo. J-0195 of tlie Iowa Agricultural Experiment Station, Amcs. Project 

1035. 
1164 



EFFECT OF STOR.ZC;E TEJIPERATCRES OX PSTCHROI'HILIC O R t i . \ X I S ~ I S  1165 

Commercial samples of pasteurized milk were obtained, plated on tryptone- 
glucose-extract (TGE) agar (8) and incubated a t  3' C. until colonies appeared. 
Single colonies were pielred from these plates and propagated in litmus milk. 
Each cnlture obtaineil mas subscqnently purified by  a t  least three single-colony 
isolations. Cnltiire 13. a known Psetrclonzoi~ns frngi, mas obtained from the stock 
collection of the department. All cultures mere carried a t  5O C. and transferred 
in litmus mill; every 10 clays. .\ 10-day-old culture was used as iiiocululn for 
all gro~vtli curre studies. 

Tests used to characterize o t -~anis~i is  \yere those outlinecl in the JInnlrnl of 
.lIethofl~ for 7'irre C~ l t ? r r c  St~rr l !~  of Bnctrt-in (If). Rcri~e?j's ;linn?rol (3) was 
used in classifyiiig the organisms. 

Milk in 100-ml. quantities was laboratory pastelwizetl at 61.5' C. for 30 
minutes. rapidl?- cooled. ancl heltl a t  3' C. overnight. The follo\ving morning the 
samplec; mere diviclecl into two parts, one part  being inocnlatecl mith 10' cells 
of 0 1 1 ~  of the isolatetl cl~ltnres, the other par t  serring as a control. Each part  
\[-as then fn r t l~c r  snbtlivitled into serem-cap test tubes in about -5-ml. quantities 
so that a separate tuhc \vas available for each sampling period for both sample 
and control. Tubes then were storcil a t  5, 10, 21, 25, and 32" C.. a single pair 
being plated fro111 each temperature for each given time interval. A11 samples 
were glateil on TGE agar and incubated a t  2.i0 C. for 3 days. This time and 
tcmpcratnre ~vits used as it hacl been founcl previously by Nelson and Raker ( 2 1 )  
to 1)e most favorable for bacteria which grow a t  refrigeration temperatures, 
while also permitting many other organis~ns to grow. This mas supported by 
.Itherton et 01. (I). When they plated samples a t  32, 26, and 20' C., nearly 
iclentical counts were obtained and these counts were equaled by counts a t  10' C. 
after 6 days of holding. 

Gron-t11 enrres also were made mith sterile skim~ililk prepared by reconsti- 
tnting dry  skimmilk solids to make a 10% solution ancl autoclaving for 1 5  
minutes a t  15 Ib. pressure. During these tests 50-ml. quantities of milk were 
heltl o~ernigli t  a t  the storage temperature to be used, ii~oculated with about lo3 
cells of a pure culture, subdividecl into screw-cap tubes, and incubated a t  the 
indicated temperatures. Again, plating was clone on TGE agar with incubation 
at 25' C. for 3 days. 

Generation times were calculated for some intervals by  the use of the formula : 
T log 2 

= log b - log n 
\i,liere g is generation time in minutes, T is time interval i n  minutes, a is count 
at the beginning, and b is count a t  the end of time T. 

RESULTS 

Jq'ifty isolates were made from tell sources of co~ninercial milk. Since screen- * 

ing tests indic.ilted that nlany of the isolates were very similar, eight organisms 
were selectetl irs being representative of the various species present. 

The orpanisins used and the number clesignations were as follows : 



Culture 1 was identified as Pseudomonas ovalis. 

Culture 3 was very similar to Psezcclomonas fl~torescens escept that  i t  did not 
reduce nitrates, and gelatin was con~pletely liquefied in 3 days a t  
25" C. 

Culture 4 was identifiable as Pse7rdon~onns arvilln, but its reaction in naphthe- 
lene was not checked. . 

(2ulture 8 was ide~itifiable as Pseudon~onns- cv~tcioine, but its action 011 pheiiol 
and 111-cresol myas not checked. 

C'ulture 9 was iile~~tifiable as Plar~obncteritin~ crq~intile except that its optimum 
teml,eratnre was not as high as 25' C. 

Culture 10 was a Z'seitdonzona.r species which did not seen1 to fit i n  Bergey's 
classification, as it was not fluorescent, caused rapid and complete 
proteolysis of milk, liquefied gelatin, and did not reduce nitrates. 

Culture 11 was identifiable as Z's~ttdonzo?~as fl~rorescens escept that  reductioii of 
nitrates coiitinued beyond the nitrite stage. There was a slight sug- 
gestion of viscid character on initial isolation, and it is possible that  
this culture was Psc~rrlomonas cjiscosa that  hail lost its viscid charac- 
teristics. 

CONTROL SAMPLE 
3-c.- .- 0-----0 
IO.C.= --. o-----o 
21'(;= A-A &-----A 

25.C- x-x x-----X 
32-C. +-+ +-----+ 

TIME OF STORAGE (HOURS) 
]JIG. 1. Cultnre 3 in Inboratory-pasteurized milk. 
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Culture 12 was sinlilar to I'scirrlonlot~rra gctzic~rl/rtn. the only differences being 
that i t  ditl not retluce the l i t~nus  milk 01- cause any visible coagulatiol~ 
except after prolonged incubation at 25" (1. 

Culture 13 was a typical Pscwtlonro~tnn frngi  except that it ditl not cause an acitl 
coagulation of milk except a t  32' C. 

Although there \va\ some variation froni the characteristics given in Bergey's 
manual for some of tlie species, irlentification as indicated seemed to be warranted. 

Figure 1 sho~l-s c.u~.vcs ohtainetl a t  fire storage trniperatures ~ r h e n  culture 3 
was grown in laboratory pastnrizeil milk. Tt Ivas apparent from both sample 
and control that 21. 3.5, ant1 82" ('. lint1 a similar effect on the rate of growth in 
the logarithmic phasc~. The uninoculated controls and the inoculated samples 
Irere separated a t  tllche tenlperatnrrs only hy the amomit attributable to the 
inoculum usccl. as the two gro~lps of cnrres rose ~lear ly  parallel to each other. 
At 5 and 10' C. the control increac;ed in count very little, whereas the count of 
inoculated S ~ I I I P ~ P S  rose to R lel-el ~ i m i l a r  to that reached a t  the higher tempera- 
tures but at a much slower rate. The 3 and 10" C. curves u7ere similar ancl xvertl 
separated only hy the increasetl lag phase c~nconntered a t  the lower temperature. 
Tlie sanle or very si~iiilar resnlts were obtained with cultures 3, 8, 10, ancl 11. 

-1s results in Figure 2 tlemonstratr, \\*hen the cultures were adcle'd to sterile 
skiliiniilk and stored i ~ t  the various ternperiitl~res. the reslllting gro~vtll curves 
were strikingly sin~ilin. to those obtained with label-atory-pasteurized milk. 

lob 24 48 72 96 W 
1 

216 
TIME OF STORAGE (HOURS) 

FI~;. 2. Culture 3 in sterile milk. 



Some of tlie cultures used ditl show soinc variation fro111 thc penel.al picture 
presented in Figures 1 and 2. Culture 9, when grolvn in sterilc slrim~nilk, grew 
very slo\vly with a lag phase of about 48 hours at all teml~eratures. The. laate of 
growth was much slower, even in the logarith~nic phase. Gro~vth tli~l not take 
place at 32" C.. ancl the rate of growth a t  21 ancl 25' C'. was slo~vc~r tllali a t  5 
and 10" C. At  the end of 9 days the counts at 21 and 25' C. ~ - C I . C  only ahont 10". 
as compared to about 1 0  for 5 and 10" C. storage. Some of the poor results 
obtainetl may be esplainecl by the poor gro~vth of this organism on niost agar 
media. malring plate counts rather er~vatic. Cnltures 4, 12. and 13 grew slower 
at 32" ('. than at 21 or 25" C. This is illustrated by the data for cnlture 12 
~vl~icll are graphrtl in Figure 3. The short logarith~nic phase. follo~vt~tl h\- a 

TIME OF STORAGE (HOURS) 

FIG. :l. Cult~lre 15 in sterile milk.  

leveling off a t  32' C., may have been due to the temperature being veqv near the 
upper limit of growth for many low temperature organisms. Erdman and 
Thornton (9) reported that not a single culture of the 722 isolated by t h c ~ n  
mas able to gro\r7 a t  35.5' C. Rogiek and Burgmald (12) reported grolvth a t  
35" C., but incubation a t  this tenlperature tencled to change the ability of some 
of their isolates to procluce acicl or alkaline reactions, indicating some effect OII 

their growth by this higher temperature. Cnlture 8 grew rather slolvly a t  .j and 
10" C. but reachetl a high level after 8-9 days. This organisin had a I~ ig l~e r  
optinlu~n temperature than the other isolates, and the lower temperatnrt, 111ay bc 
right at the extreme limit of its growth range. 

The mini~num gencration time at each tenlpe.rat111-el for  clac.l~ ~ . l ~ l t i i ~ - r  ~vils 
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calculated from tllc growth curyes obtainecl in the sterile skimmilk. T11v sllortest 
generation time was recorded along with the time period fro111 ~vhicll it  came 
and reported in Table 1. These figures are to he consiclerecl rclati\~e, rathcr than 

TABLE 1 
Generation time of c1t1terc.s inclrbaterl at rlifcrettt tentperot~crts 

Inrubntion trnlprmture of sa~nples 
Culture 

No. 5" C. 10" C. 21" C. 28' C. 30" C. 

1 48-72! 48-72 3 2-24 12-24 12-24 
255 255 83 90 100 

" First row of figures for  each rulture is the intrrral in n ~ l ~ i e l ~  the minimum gcnrrntion time 
mas olrtained. 

JIinimum generation time in  minutcs. 

absolute. The figures from this table indicated that 21 or 25" C. was the optimum 
temperature for increase in numbers of the majority of the pure cultures studied 
and that the logarithmic phase was in the first 24 hours a t  these temperatures. 
When the storage temperatures were 5 or 10" C. the logarithmic phase usually 
mas not entered until either the 21-48 or the 48-72 hour interval. Except for 
cultures 8 and 10, growth a t  32' C. was some\rhat slower than a t  21" C. and 
usually slower than a t  25' C. 

DISCUSSION 

Colnlnon practice in the dairy industry is to cool and hold milk a t  or belon- 
10' C. in the belief that microorganisms do not grow readily a t  this temperature. 
The data presented here demonstrate that low temperatnres only retard growth 
of some organisms. If the milk supply is contaminated with as littlc as a thousand 
of these organisms per milliliter they will tend to increase, even a t  5" C.. to about 
10 million after only 3-4 days, a length of time for holcling that is not uncommon 
with our present handling ancl merchandising procedures. The relative ease 
with which me werc able to isolate large numbers of psychrophilic organisms 
from all of the 10 samples examined indicated that this type of organis~n was 
fairly common in rommrrcial milk supplies. a t  lrast ill this area. 
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The lag phaqes observed are of interest as they are soniewhat different than 

the usual lag phase associated with lolv temperature organisms. Figure 2 indi- 
cates that there is a lag phase of 21 honrs when the cultures are held a t  5 and 
10" C., but littlt. or no lag phase mas demonstrable a t  the higher temperatures. 
This ~voulcl seem to inclicate that  the lag phase associated mith low temperature 
organisms is not a characteristic of thc organism but is a pl~ysiological conclition 
which can be nrini~nizecl with an increase in temperature; this can continue to  
sonic point bct~vee~l 10 and 21" C. with the cnltnres w e d  in this stncly. These 
short lag phases a t  5 ant1 10" C. and nearly nonexistent lap phases a t  21, 2.5, 
and 32' C. are ill contrast to some of the ~>i~blisliccl ~vork  on 1)s)-chropllilic bac- 
teria. Chaff'rv (.j) founcl that counts on pastrnrizecl milk dicl not increase for 
120 hours ancl in some cases cleereasetl. Of eourse this could be clue to  the fact 
that there was a rcr)- low level of recontamination with psycl~rophilic organisms 
or that the tcnipera tur~  of plating, lvhich was not given in the article. may have 
been nnfarorablc for the mumeration of pqyc11rol)hilie 1)actn-ia. Bnrgwald and 
Josephson ( I )  rcportecl that psychrophilic bacteria ditl not begin to grow rapidly 
until after 4-.i (lays of storage. 1)ahlherg ( 6 )  also f o ~ m d  a decrease in standard 
plate connt of ~nillr storetl a t  te1nperat111-cs n p  to 10' C. ancl the eolunt did not 
h ~ g i ~ i  to increase nntil after :3 days storage. Ayres c f  n l .  ( 2 ) .  w o r k i ~ ~ g  with cnt-up 
ponltry. fonncl I'scrrr1orno1ln.q orga~l is~ns  very prevalent and capable of fairly 
rapid g r o ~ v t l ~  at 1.1 and 10" C. These organisms had a lag phase of less than 
2 days a t  both temperatnres. 

Tn Figure 1 the inocnlatrd sa~ i~p les  prom-ing nncler iclentici~l conditions mith 
fhe nninocnlated controls maintain their initial aclra~itage and in the case of the 
three higher temperatnres grow on nearly parallel courses. TIowever, a t  5 and 
10" C. the i~iocnlatecl samples showed a greater rate and a higher level of growth 
than the nninocnlatecl controls. This type of information clearly shows that  low 
temperatnre organisms are important becanse of their ability not only to grow 
at low temperati~res but also to grow rapidly at higher temperatnres. 

Tilentification of the typical cnltnres isolated from plates incubatetl a t  3" C. 
as prrcloniinately members of the genus P s e i t d o ~ ~ r o n n s  agrees with the results 
obtainecl by Grcenc (10) and Ayres c f  nl .  ( 2 ) .  The finding of one cnlture of 
F T n r ~ o l ) n c f r r i ~ r ~ ~ ~  also is of interest. The n ~ ~ m b e r s  of these two genera are able 
to prow at refrigeration temperatnres and also are capable of considerable bio- 
chemical a c t i ~ i t y  a t  the low temperatnres. some protlncing pronounced changes 
in milk. Organis~ns of these types arc con~nion in soil and water and thns may 
easily gain entrance into dairy products. As these organisms appal.ently do not 
snrl-irc. l>astcllrizatio~l, they probahly arcA post-pasteurizationrizatio contamina~~ts,  being 
particnlarly hacl where sanitary precautio~ls are not a t  a high level. 

\fTith the exception of the culture of Pln~~rn1)ocferi~rvrr nqirnt i le .  these organisms 

probahly a11 shonld be classified as " f~c~ i l t a t ive  ps-ehrophilic" hactc~ria. The 
P.?ordo?~io~ln . s  species all grew more rapitllp, in either pastenrized or sterile milk. 
a t  teniperatn~.es of 21 to 32" C. than a t  5 or 10" C. On the basis of final total 
population. all five growth temperatures gave essentially the sanlc r e s ~ ~ l t s .  The 



Flo~~obnctcriltnl culture probably sl~oultl be classifiecl as truly psychropl~ilic. for 
both rate of growth ancl final pol>i~lation level were greater a t  5 and 10' ('. than 
a t  21' C. and above. 

The lengthening of the lag phase associatrd \\*it11 the tlecrease in int.ilhation 
temperature for the Pseudomonns species is of probable practical inlportance. 
Since these bacteria grow well a t  refrigeration te~iiperatures once they arc 
started. holding a t  the lowest practical temperature to retard initiation of growth 
for as long as possible assumes practical importance. Rapid cooling of milk to 
belo~v 5' C. and holding a t  or below that teniprratiirr ~vill retard growth of low 
temperature barteria. When ~ililk is cooled only to 10' C.. initiation of growth 
may be expected in an appreciably shorter period of tinie. antl at 21" C'., and 
abore, the lag phase is almost completely eliminatecl. After grolvth has heen 
initiated. a return to lower temperatures \voiild only slow clon.11 the pro\\-th rate 
of the bacteria which already had left the lag phase. Stiidies no\\- in progress 
indicate that the amount of inocnliim does not influence the lag phase appre- 
ciably. Therefore, a low level of inociiliim means that more generations will bc~ 
reqiiiretl to reach a given population. At 5" C. the generation times rommonly 
are 4 hours or more, and any significant increase in nnmbers of generations re- 
qiiired to reach an undesirable popillation level increases the lifr of the protliict 
considerably. 

CON CI.USIOXS 

Seven of the ciiltnres isolateil from commrrrial n~illi a11d 1is~t1 i l l  this stiidy 
merc members of the genus Pselrdon~onrrs antl one hclongrd to thr  gclliis. Floiqo- 
hocteriwnl. A11 but one of thcsr eight strains ~vcrc cssc~itially itlentical with 
species previously described. 

The temperature for optimiim gro~vth apprnrs to he a1)olit 21-32' C'. for   no st 
of the organisms isolated. Thus, with thr cxreption of riiltnre 9. thr  organis~iis 
are faciiltative rather than obligate psychropliilcs. Cnltiire 9 prohahly is a11 
obligate psychrophile, as its optimiim gron-th tempcratnrr appci1t.s to he aroiind 
30" C. ancl i t  does not grow a t  all a t  32' C. 

The so-called low-temperature orpa~iis~iis ran grow rapitlly at thr 11igl1cr 
temperatiires and can make significant contl-ihntions to thr  total plate t.ollnts 
if plate counts are made at 32" C. or hclom. 
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T H E  E F F E C T  O F  RELAXIN UPON MILK EJECTION 

I. T H E  LET-DOWN E F F E C T  UPON S H E E P  

D. D. SHAFFHAUSEN, R.  M. JORDAA-, AXD A. E. DHACT 

Depart~rrents of  Anisial Htcsbnndr!/ aad Dair!~ Httsbont7r.11 
Soi~tlr Dakota Agrictcltural Experiment Statiott 

Brookings 

The effects of relaxin upon the symphysis pubis have been deinonstrated (1, 
2, 4 , 5 ,  8) and may be similar to the relaxation of the symphysis pubis occurring 
naturally a t  parturition. Frieden and Hisaw (5) also noted iiiiportant actions 
of relaxin upon connective tissue. I n  addition. Graham and Drac5- (6) have 
shown that relaxin aided in dilating the cow's cervix by causing a relaxation of 
the cervical muscle. 

Assuming that relaxin is present a t  parturition to cause relaxation of the 
symphysis pubis, and since Hamolsky (7) and Smith (10) hax-e sholr.11 that 
relaxin plus estrogen and progesterone increase mammary derelopn~ent Inore 
than estrogen and progesterone alone, relaxin may also have a contracting effect 
on the myoepithelial cells surrounding the alveoli of the iiianimar~- gland. Re- 
laxin is known to relax certain smooth nluscles; the opposite effect ma)- occur 
in the mammary gland whereby the milk is forced down, since the teats usually 
fill prior to partnrition. This investigation is concerned lvitli the effect of relaxin 
upon milk ejection of lactating ewes. 

EXPERIMENTAL PROCEDURE 

Ten elves, in various stages of lactation, were milked after the la~iibs liad been 
removed for 12 hours. Only one half of the udder was milked in order that the 
lambs might consume the accumulation of the other half after n~ilking. Since 
the blood supply is common to both halves of the udder, any let-don-11 effect is 
evident upon either half of the udder. Therefore, only one half of the ndder 
had to be milked to determine the let-down effect of relaxin upon milk ejection. 

The ewes were first milked without any induced hor~iioiial effect upon the 
alveoli, thus allowing each ewe to serve as her own control. Iinmediately after 
this milking, 500 G..P.U.' of relaxin in a relaxin preparation were injected 
intrajugularly, and after 1 minute the ewes were again milked to deter~iline the 
let-down effect of relaxin. I n  order to evacuate the gland conipletely, 10 I.U. 
of oxytocin were given intravenously. After each procednre. the iuilk obtained 
was measured to the closest 5 ml. 

RESULTS AND DISCUSSION 

The amount of milk obtained from each of the treat~nents for the individual 
ewes is presented in Table 1. The data show that although there was a wide 
range in production prior to any hormonal injection, on the average the ewes 

Received for public.ation April 2, 1954. 
' Guinea pig units. 
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TABLE 1 
The erect  o f  500 G.P.U. of relaxin upon milk ejection in sheep 

Sheep No. Pre-injection" 500 G.P.U. relaxina 10 I.U. oxytocin" 

-- 

Total 870 975 390 

Average 87.0 97.5 39.0 
Per cent of total 39.1 43.5 17.4 

'All milk obtained from one half of the udder after s 12-hour accumulation. 

yielded 87.0 n~l.. or :39.1'/( of the total protluctio~l. The injection of 500 G.P.17. 
of relaxin then initiated further average response of 97.5 ml., or 43.5g of the 
total milk prodncetl. Oxytocin (10 I.TJ.) \\,as then injected to evacuate the 
gland and enable tht. detern~iaation of further let-do~r-11 of milk, which amounted 
to 39 1111.. or 1i.4', of the total production. 

The f0110\ving a\suinptions are drawn fro111 the da ta :  First, less than half 
of the nlilk was obtaineil fro111 the ewes without the use of an agent to force the 
milk fro111 the alveoli. This is natural and call be expected from animals 11ot 
accustomed to being n~ilked, becalise adrenalin is secreted, which inhibits the 
action of oxj-toein and (lirertly affects milk let-don-11. The necessity of using 
oxytocin to evacuate the gland completely is in agreement with data from 
samples analyzer1 by Shaffhansen (9). 

Second, the effect of this relaxin preparation upon the alveoli appears to be 
evident by the amonat of lnillr ejected. Since the animals dicl not completely 
milk out n-ithoiit \onie let-clo\vn agent, the response to relaxin seems to  be self- 
evident bj- the amomit of milk obtained after the relaxin injection. In every 
case a response ~vah obtained after the relaxin admi~listrat io~l which was nearly 
equal to or preatc.r than the amount obtained prior to injection. If relaxin dicl 
not have a contracting effect upon the all-eoli, such a large portion of milk 
mould not. in all probabilitj-, hare been available. Table 1 shows that although 
all sheep respo~iclecl to relasin, only one (So.  1) gave more milk when oxytocin 
was injected than \\-hen relasin was injected. 

Third, the amount of lnillr released by the addition of 10 I.U. of oxj-tocin 
was enough less t h a i ~  that obtai~leil after the ailministration of relaxin to suggest 
that relasin contracts the alreoli in a 111an11er sinlilar to oxytocin, ba t  not as 
completely. To date. oxytocin is belierecl to evacuate the gland by contracting 
the alveoli (3). Thus. these data suggest that  the relaxin preparation may have 
a contracting eflevt upon the alveoli as well as a relaxing effect upon the 
symph~s i s  pubis. 
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SUMMARY 

Ten sheep were hancl-milkecl after the laillbs had been renlovecl 12 hours to 
determine normal milk let-down, effect of 500 G.P.T'. of relasin 011 let-clown, and 
the nse of 10 I.U. of oxytocin to evacuate the glancl. On the average, 39.1% of 
the total milk proclucecl was obtainecl with no injection; an additional 43.5% 
of the total milk produced was obtained after 500 G.P.V. of relaxin was injected; 
and 17.4% of the total milk produced was obtained by evacuating the gland with 
10 I.U. of oxytocin. 

The authors express their appreciation to Robert L. Kror ,  Director of Biological Research, 
Clrilcott Laboratories, Morris Plains, S. .I., for  supplying the r e l : ~ s i ~ ~ - r o n t a i n i ~ ~ g  estract, 
' ' Releasin, ' ' prepared from sow ovaries. 
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During the stnily of a variety of bacteria clllturctl from bovine rumen con- 
tents, a number of anaerobic, Gram-negative. nonmotile, actively cellulolytic, 
rod-shaped bacteria were isolated (2, 3). The importance of these organisms in 
the ruminal fen~ic~ntation mas suggested by the large iilmlbei*~ ill which they 
were found and because of their rapid clegraclation of cellulose. 

The strains were similar in that they all fermented glncose, cellobiose, aiicl 
cellulose but not sylose or starch; none of them liqnefietl gelatin or produced 
hydrogen sulfide. There was considerable variation in morpl~ology and, more 
recentl>-, several strains hare been found which produce a yellow pigment. 

Comparison with cellnlolytic bacteria previously described sholvs these bac- 
teria most siinilar to Bacteriodes s~rccinogenes Hungate (10).  On the basis 
of the few cliaracteristirs studied, they differed from the latter in not fermenting 
starch. Also. since colonies did not develop when strains were i~loculated into 
celllllose agar. co~iiparison could not be made with the uniqne type of colony 
formed in cellnlose agar by B .  s~rcci~rogenes. 

The purpose of the present study was to obtain detailed information on the 
characteristics of this group of organisms. 

EXPERIMENTAL I'ROCEDIJRE 

Eight strains of cellnlolytic rod-shaped bacteria were selected for study to 
include strains slio~ving the range of variation in morphology described previ- 
ously (3). strains wit11 and without pigment, and strains from different animals 
maintained on clitfcrent rations. Strains S23, 861, S85, S111, and S121 were 
isolated froin rninen rolltents of three heifers fed a ration of alfalfa silage (4) ; 
strain C'2, from a con- fed wheat straw; a11c1 strains MI3 and bT3.2, froin a heifer 
fed hay a~i t l  grain wit11 limited pasture. This animal was located a t  the Univer- 
sity of ?tIarylantl. ancl the others, a t  the Reltsrille station. 

The bacteria xere isolated from the lBS dililtion of ruinen contents and were 
carriecl in RGC.1 slant cnltl~res by using methods prerionsly described (2) .  
Stock cultures were iiiaintained in a dry ice box a t  -60 to -70' C. Cultures 
stored i11 this maliner for as long as 13 lnonths remained viable. 

To detelniine ft1r1iientation of various carbon sources, the basal medium was 

Rcecivcd for pul~licntioll April 5, 1954. 
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~nodifit~d froin that formerly used (2) in that Trypticwst1 i111t1 y e i ~ ~ t  extract wcrt: 
oliiittecl alltl 20% of strai~ltbtl rlullen fl~iitl was adtlotl. Qlnt.ostl. 1)-sylosc. 1.-arabi- 
nose. n~altose, et~llobiose, sl~t>r-ose, trehalose, lactose. giili~t.tos~, fl'~~t.tost*, gl~t.t'l'01, 
n~annitol. and inositol were sterilizetl by filtration t11ro11gh H Staitx filter ant1 
added aseptically to the sterile basal ~nrdi ln l~ .  1)t~xtrin. innlin, salit*ill. t1st6i~lin, 
gnin a]-abic, sylaii, ;rut1 pectili were sterilizecl in the a ~ ~ t o t ~ l a r t ~  before atltlition 
to the stei.ile iilrdiulll. I'c.c*tirl was atldctl to girt. il final t.oncAt~nt~*atioli of 0.75% 
ill tlie lnetli11111 ; and the other slibstrates, 0.55: . I ~ ' t ~ r i l l t ~ ~ ~ t i ~ t i o ~ ~  was ( I t ~ t ~ t ~ t ~ t l  by 
obserring for growth ant1 lo\rerilig of pH. Rroln thy11101 blutx was acldt~tl to tlie 
test metlia after 1 ~veelr of inrubatiol~ at 37' ('. Solu1)le sti1rt.11 \\.as atltlctl to 
the iiiedium ill O.lf/: c*ollc*rlltration before stt11-ilixatiol~ i~ncl its l~yclrolysis was 
iletectrtl by the atlditioll of iodine solution to the. mccliunl afttar 1 week of int.llba- 
tion. Cellnlosc cligestiol~ was dtltrctctl as previolisly clt~sc~ribctl ( 2 )  rsecpt that 
20V , illsteat1 of 1 0 7  , of rlunrn fluicl was nsrtl i l l  thc, ~lit~tliln~l. ( ' O I I ~ I ' O ~ S  il~t.l~ltlcd 
iillillor~ilatrtl iliedia \ritli each earboll sonrer i~ntl  inot.llli~ttvl ill(v1inlll \vitllont 
(*arb011 sot~rce. 

Tests for gelatin licll~c~fac~tiol~ were t1etcrlnint.d i~ftel. 1 i111t1 2 \rcv.ks of illc*il- 
batiol~ ill the basal inetliuiii with 1.0% of Trypticasr. 0.1'4 of glucose, and .i.O% 
of pelatill atltlrd. 

Casein tligestioll was tleterlninetl in the 1)il~ial 111etlinlll with O.2'j; of 1-aseii~ 
a~i t l  0.1C4 of g l l ~ ~ o s e  atltlctl. After 2 \rc~t~ks of inc*nbatio~~. 1.0 1.111. of S ?V snlfurie 
acid ~ r a s  atlcled to tnbrs t.ontaining 6 1111. of nl(~dil~nl ant1 the ~ I I I ~ O I ~ I I ~  of t ' i~s~in  
precipitated was coillpal.etl with the aii~oii~it in ~~liillo(~ulatetl t*ontrol ~llt~tlilnll. 

Tests for indol protlnction and nitrate recluctiol~ \\-(.re nlatlr a f t t~ r  1, R. ant1 
i days of incubatiol~ in the basal mediiln~ with 2'h of 'l'ryptit.ase, 0.1 of g111- 
cose, and 0.1% of potassinm nitrate added. Tests for nitrite and resiclnal nitrite 
\rere made. 

Cultures for tleterliiinatioii of ferinentation procl11t.t~ \vrrtb prt.psrrtl ill all- 
glass cnlture ressels \\-it11 inlet aud ontlet tubes. The 111t~tlil1lll (ao~ltaillctl 20fj/o 
rmnchn flnid. 0.057 eystcille hytlrochloride, ~ii i~lerals  ( 2 ) .  0.4': c~cllulose (What- 
mall So.  I filter paper) ,  and 0.2% sotliniii bicarbonate illltl \\-as ~)rt~parc.tl I I I I ~ C ~  

~iitroprn gas. The mediluu, minns sotlinia bicarhol~att* alltl cystt~i~lt., \vils ad- 
justed to p H  6.2alld antorlared, antl, after cooling. stcl.ilt~ soliltiolls of sotli~iin 
bicarbonate and cystcine hydrochloride were added. The meclin~u was illoclrlated 
\rith a 21-hour cell~~losc ~l lediu~n culture ant1 th t~  vesstlls \rtlrc erat*llatc~tl lllltil 
the ~netlium boilecl so that gases \rere s\rcl>t ont. The rt~ssels 1vrl.e tllel~ sralt~tl 
wit11 a flaine. Colitrol cultures \rere itlenticaal \\-it11 cspc~rilnc~ital c11ltllrt1s tlxccpt 
that the controls were stored ill the refrigeratoi. i~lld ~ I I P  t~xpt~rillltlllt~l t*~ll t~lres 
\rere incubatc~cl a t  3i0 C. for 2 \reelrs. 

The a~iionnt of cc~llnlose fermented was csti~ni~trcl 11y tllcb tl~.y-\c.~ig]~t (lippr- 
elice bet\reen the centrifngcil residue of the esperilllc.l~ti~l alltl eolltrol i~lt.~lia. 
Gaseous prodnets were estimated as forlncrly dtlscribt.tl ( I ) .  I:t.lltylict's ((llRli- 
tative reagent was 1lscac1 to test for rednring sngars. Tht~ 111et11ocIs of F r i ~ t l t ~ l l l a l i ~  

(7) were usc3tl to cstimatt~ alcohols, total rolatile acaitls. iilltl forlllit. i~eitl. Soil- 
rolatile acid was extracted froin the n~et l iun~ ~vi th  tlit~tllyl t.tllt.r. Lac.tic acid 
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was determined by the methoct of Fr ie i len~al~n and Graeser (8) ancl succinic 
acid by precipitation of the barium salt from solntion by adding five volumes of 
957- ethanol and weighing the d r y  product. 

A second deternli~~atioll of acid end products was carried out on strain S85 
grown in the medium contailling the carbon dioxide gaseous pl~asc~ a l ~ t l  O.4y 
soilium carbonate in which larger amomlts of cellulose were f e rn l r~~ ted .  The 
acids were d e t e n n i ~ ~ e d  chromatographically by the methocl of Bnlc.11 r t  (11. (:i) 

motlified to c o ~ l t a i ~ ~  alphamine red R indicator in the column (I.?). The acids 
were t411ted from the column by suc*cessive ad(1itions of 6 1111. chloroform, 33 ml. 
of 1.0y 11-butanol in cl~loroform (CR,) ,  20 ml. of CR,,, and 80 rill. of C'R,,. 

Tnocula used ill studying growth requirements consistrd of one standart1 
l o o p f ~ ~ l  of a 24-hour glucose medium cnltnre ~vhell glncosc was the earbon sonrce 
ant1 0.1 ml. of a 24-llonr cellulose medium culture ~vhen cellulose was the sub- 
strate. The amount of growth was estimatecl by the amomlt of acid prodncetl. 
Ten 1111. of c ~ ~ l t n r c  was acidified wit11 10 1111. of 0.2 iV s111fnric acid, brougllt 
briefly to a boil to drive off carbon dioxide, ant1 titrated to the phe~~ol l>l~thale i~l  
entl point with 0.1 h* soditun hydroxide. The acidities produced were calcnlated 
as the t l i f f t~re~~cc  bct~voen the average of duplicate tubes of the i~~ocnla ted  ant1 
uninoculatc~d media. Although quantitative comparisons \\-ere not made, the 
alnonnt of avid proctnred was roughly proportio~lal to the a m o u ~ ~ t  of risihlth 
gl~o\~~tl l .  

Extracts from alfalfa leaf meal am1 fresh bovine feces used in the study of 
growth reclniremellts were prepared b -  steamiup 10CA suspensions in distillrcl 
water in all Arnold sterilizer for 30 minutes a11d filtering t l ~ r o u g l ~  W l ~ a t m a ~ l  
No. 12 filter paper. 

~ ~ o r p h o l o g i c a l l ~  the strains mere difficult to describe because of changes 
that ocenrretl on aging and the variation in shape of cells in young cl~ltures. 
Cultures observed from the water of sylleresis of 18- to 21-hour RGCA s l a ~ ~ t  
cnltnres 1i~e1.e Gram-negative, aniodophile, nonmotile rods with more or less 
pointetl cnils. They nsually occnrrecl si~lgly or ill pairs, but one strain (M13) 
sl~o\vc~l some ellaills of three to fire short rods. Strains S61 a l~ t l  S l l l  lvere 
smaller, sleniler roils 0.5-0.6r long and a few \-"rosette" arrangemellts of cells 
were foalld occasionally in these cultures. Strain S85 \\-as a short thick roc1 
(1-1.2r X 1-21*) with nially coccoicl e ~ l l s  a11cl a few longer rods. Strains 3113. 
M34, S23, S121, a11(1 C2 were slightly smaller ill width but tendrcl to he longer 
than strain S85. As the cultures aged. cells became quite variable with lnally 
slvollen forms and rounil bodies that stained r e ry  lightly. 

Growth in glneose ~netlium ~ v a s  always evenly tnrbid ill 24 honrs. Deep 
colonies ill RGCA agar were lenticular and s~lrfaee eolo~~ies ~vere  entire. slightly 
conycx, and translnceut to opaque, a 1 ~ 1  often sholvecl a "frosted glass" appear- 
ance whet1 observed by transmittecl light. They \\-ere 11snal1y about 3 mm. in 
diameter after 3 (lays of incubation. Three of the strains, S23, S61. and 1134, 
protlr~c*catl a light yc.llo\v pigment in both liquid ancl solid media. 
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No visible growth or cal~allgc ill p H  o(.c.rtrrcd in the basal i~lclcli~~ln \ritllout 
ferlllelltable varboll SOII~(V' .  01tly glucose. ct~llobiose. c.t~llulost~, it1111 pt.c.till \\.(.re 
ferlnelltetl by all eight stwitrs. Strail1 S l l l  fennelttetl ~ltaltose. ant1 strains S85, 
S121, alltl A118 protlut~ctl i1 (l(blayet1 and \v\-c1ak fer~llel~tatioll of lac.tosch. %'it11 
the 111ethods used. gelatill was  lot liilnefietl but casein was attackvtl by a11 strains. 
Sane of thr  strains rrdricrtl ~ l i t ra tc  or protlnced illtlol or acctyl~~tetl~ylva~.bil~ol. 

Cel l~~ lose  11tilize11 Strain 81 11 S tra i i~  S85 Strain S45 
(as  C.: H,,,O-) 1.72 1.78 3.73 

Fc~ri~rciitatiol~ prod~rcts 
C'ar1)oir tliositlr 
C'oii~l~ustil~lc gas 
Alcol~ols 
Formic a e i ~ l  
.het ie  :reit1 
Propiolric arid 
Rutyrie arid 
1,artie arid 
Sllcrinir acid 
Rr~luring sugar 

" Expressell a s  i~~illinrols per 150 rill. o f  111eiliui11. 
Total volatile acid 111ii111s fol.111ie acid. 

1 ' 1 1 ~  ~wotlucts of tllcl vt~llulostl f (~r~l t~ l t ta t io l l  1~ro1111vr(l 11y tl1(1 t\vo straills 

sllo~vi~lg tlte widest tliffrrc~rtc*r ill ~trorl,liology are sllo~vt~ ill Table. 1. It is t*vitlrrlt 
that the straills prodnretl silliilar f r r n ~ e ~ ~ t a t i o n s  ~r i t l l  the p~.otlot.tiol~ of large 
alltounts of s~iccillic a(+l altd volatile acid atld sho~vetl a11 t~ptalic. of c.arbon 
dioside. 111 Esperintent 2, the volatile acitl protluc.ed by strait1 85 was sho~vll to 
hr  ro~tipost~cl predolnillarltl~- of ac.tltic alld fortliir a('it1. TIIP sllrall gairl i l l  propi- 
onir aceit1 ant1 loss of blttyric. acaitl probably were tluc~ to rrror i l l  allalysis. Thc! 
sirt*t*illic avitl isolatctl from tlw t*t~ltrrrt~s stlhIitlt(~d ant1 ltlcltctl itt tlti~ stlute ttblnl)c.~.a- 
turcs as lalo\vn succinir tivitl. 

Some gro~vth rcclnirclltcllts \vt.re stlitlirtl \vitll ollr of tllc. fastc.~. gt.o\\~iltg 
strains (S85). The orgallislii gr(>\v w\-rll i l l  gl~tcose ~lrtldiltlll a t  :j0-:38° (:. b ~ l t  (lid 
not grow a t  22 or 45' ('. I t  grcl\r i l l  glrtc.osc1 ~nctli~lltt wit11 a11 irritiirl pII  of 6.05 
to 7.7 bnt 11ot at pII 5.5. 111 vt.ll~llose 1nrtlii1 t 1 1 ~  lo\rt>r pII  lilllit \\.iIS aho~tt  the 
sarnc2. IIo~vc.vcr. gro\vtl~ oc*c.t~rrc.tl a t  1,II 7.0 hut )tot at pI I  7.5. 'I'll(* fillill p H  
aftchr growtlr ill poorly brtffn.cvl gl~~t.osc 1)rotlt was 5.5. 

nit.arboll;tte was a Ilt.crssilry ilrgretlitwt of 111~diil for gro~rtl t  of tl111 or'gallis111. 
\+'11e11 the altlo~lllt of sodit~lli biearb~rlate ill g l~~eose  111ediu111. 1is(.d I I I I ~ P ~  llitrogcn 
gas ilisteacl of carboll cliositl(1, was vi~rietl fl-otn 0 to 0.2'L . itvitl prot111c.ctl vill.itd 
from 0 to 0.36 mrq. 1)01* 10 1111. of 11tetliltltl. 

Sonr  of tlrc strains \rotlltl gl-o~v i l l  g111c.ose ~llrtlilull i l l  \vllic.l~ 0.5r.i' of ytlast 
estract a1111 1.5% of Trypticast1 rcy)lat.etl I.iutlrn flnitl. The lowtlst c+otlc.clltration 
of rlunell flititl ill tht. gl~~caose or cc~llrtlost~ ltrcclit~lll that allo~red ~llitxinl~nlt growth 
was about 20?, and 5 7  allolveil about half ~iiaxinial gro\vtll. 



TABLE 2 
The effect of addition of rariolts substances to  570 r rmen  fluid-glucose ~ ~ t e d i ~ r m  ott tlte grozutk 

of a cellrtlolytic rod (strain 885) a s  measured b?y acid prodfiction' 

-4cid produced per  
Ingredient Concentra tion 1 0  ml. of medinm 

f%) Ow.) 
Control 0.42 
Rumet~ fluid 5 0.71 
Rumen fluid 1 5  0.86 
Rumen fluid 35 0.87 . 
As11 from rumen fluid 0.4 0.31 
Complex mineral solution" 0.38 
Bovine saliva 5 0.56 
Bovine saliva 20 0.74 
Bovine feces extract 1 0  0.35 
Bovine feces extract 50 0.39 
Alfalfa meal extract 10 0.29 
Alfalfa meal extract 50 0.29 
Bovine serum 10 0.00 
Yeast extract 0.2 0.22 
Yeast-extract 0.5 0.16 
Reef extract 0.1 0.40 
Reef extract 0.5 0.00 
Trypticasc 0.5 0.50 
Phytone 0.5 0.22 
Peptone 0.1 0.26 
Peptonc 0.5 0.36 
Gelatin 0.5 0.42 
Casein 0.1 0.50 
Casein 0.5 0.94 

" Acid procluctio~~ determined a f te r  48 h o ~ ~ r s  of incubation. 
KH?PO,, 0.05% : (R-HI)ISOI, 0.1% ; MgSO,, 0.02% ; CaCI,, 0.002% : FcSO.. 7H20, 

0.001% ; and MnSO., ?;n3foOl. 2Hz0, CoCl?, ZIISO,, and CuSO,. 5H:O, 0.0002%. 

Thc growtll of the orga~~isnl  in 57r rulnen fluid-glucose 111edinn1 with various 
substances adtletl is show11 in Table 2. 0111- casein, borine salira, auil Trypticase 
stinlnlateil gro~vt l~ .  IIowerer, another sainple of salira failed to a1lo11- a stimula- 
tion of growth, auil neither saliva, casein nor Trypticase allolved pro~vth in the 
absence of runlen fli~id. When "vitamin-free" casein was atlded, 110 stimulatioll 
of gro~vth orcurred. 

Ifany of the s~tbstanres caused inore or less inhibition of gro\vth. and it Ivas 
possible that they containetl the factors necessary for prolr-th bnt the inhibitio~i 
did not allow their detection. MeNeil1 et al. (12) obserred a sinlilar iilllibitioil 
of growth of rlunen bacteria. Because of this possibilit- a inedimu containing 
known growth fartors was tested. I t  contained the usual minerals, cellulose, 
resazurin, and sodiunl carbonate plus the following materials : ferrous sulfate, 
cnpric s~ilfate. zinc sulfate, cobalt chloride, sodium acetate, guanine, nracil, 
thymine, xanthii~e, adenine, p-aminobenzoic acid, folic acid, biotin, pantotllenate. 
p?-riiloxal, pyridosamine, riboflavin, thiamin, nicotinamide, vitan~in B,,, inositol. 
choline, and Trypticase. Other media tested contained the above ingrediel~ts plus 
g1:lutainine gl.lutatl~ione, adenylic acid (yeast), coenzyme I, T~veen 80. alld oleic 
acid. These media did not allow growth of the organism, and no appreciable 
stimulation or inhibition of growth occurred when 5% of rmnen fluid was added 
as coinpared \\-it11 a 5% rumen fluid medium control. 
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The factor(s) present in rnmen flnid necessary for pro\rth of the organisn~s 
is quite stable. as 110 appreciable diniinl~tion of gro~vtli ocacurred when media 
contaillei1 rumen fluid that was autoclarerl at a pH of 3 or 9 for 1 hour at  15 lb. 
pressure or runien flnid tlried on a steam bath ancl reco~istitllted with distilled 
water. 

These studies indicate that, although variation in ~norphology and pigment 
production occurs within this group of organisms. they are very s~milar iu 
physiological and cultural characteristics and should be considered as one slwci~as. 

Their production of large amounts of succinic and acetic acid and uptake 
of carbon dioxide in the cellulose fermentation, their ~norpl~ology, temperature 
range, ancl inability to grow in media clevoid of rmnen flnid inclicate their (*lose 
relationship to Bacteriodes stcccinogenes Hungate (1Oj. 

They differ from the culture studied by Hungate in that this organism fer- 
mented glucose, cellobiose, maltose, cellnlose, trehalose, dextrin, ancl starch, 
whereas none of the present strains fern~ented the last three carbohyilrates. 
The present strains produced a measurable amount of fornlic acid and Hungate's 
organism may hare produced a trace. These apparent differences are minor when 
compared with similarities and it is concluded that the present strains should 
be identified as B. strccinogenes. 

The importance of this bacterimn in the runlen ferlnentatio~l is evident from 
a consideration of the nu~nbers in which they have been isolated, their rapid 
fernlentation of cellnlose and pectin, and their production of fernlentation prod- 
ucts fomld in the rumen or further metabolized therein. Previous studies (.?, $) 

have shox~n them to be anlong the predolninant bacteria cultured from the rumen 
of cows fed alfalfa hay, alfalfa hay and grain, alfalfa silage, and wheat straw; 
more recently, they were found anlong the predominant bacteria in cows fed 
fresh alfalfa or blue grass pasture plus grain. They have been isolated from eows 
in Texas and Washington State (9, 10) and in the present studies & Maryland 

Succinic acid has been shown repeatedly to be catabolized by rumen organ- 
isms to for111 propionic acid and carbon dioxide (6, 11, 15), both of which are 
llorn~al end products of the rumen fermentation, and formic acid was shown 
to be rapidly dissimilated by rumen bacteria (6). 

Several studies have suggested that unknown growth factors are required 
by rmninal bacteria. I n  a study of the nutritional requirements of these bacteria 
as assayed by total colony counts obtained from rumen fluid, McNeill et al. (12) 
found that rumen fluid contained essential factors not fomld to any degree in 
rich nitrogenous materials ordinarily used for the growth of l~utritionally fas- 
tidious bacteria. Using the artificial runleu technique, Ruff' et al. 114) presented 
evidence suggesting that an unidentified factor is present in certain feed stuffs 
that is stimulatory to cellulose digestion. The present study substantiates the 
observation of Hungate (10) that B. succi~logencs will not grow when various 
substances are substituted for rumen flnid in the growth medium and suggests 
that an unknown growth factor is inrolrecl. This factor is acid, alkali, and heat 
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stable. Stiidies sl~ggc~sted that it is not a conin~o~i B vitan~in,  aniino acid, peptide, 
purine, pyri~nidilie, or mineral, a l t l l o~~gh  some of these n~aterials also niay be 
required in addition to the unkilown factor. 

Work is being co~itiuued to determine the nature of this unk~io\vn factor 
and other growth recluirenients of these important celliilolytic bacteria of the 
rumen. This Irno~vlcdge sl~ould help to bring ahout a better miderstanclilig of 
the factors affecting ctllnlose digestion in the rmnen. 

Eight strains of anaerobic, Gram-liegative. ~iolimotile, actively celluloIytic. 
rod-sliaped bacbteria found in large ~iumbers in runieli colitents were selerted 
for study on the basis of variation in morphology, pignleut ~wodnetion, and 
isolation from different animals fed different rations. 

Of Illany carbon sources tested, only glucose, cellobiosc, cellulose, ancl pecti~i  
were fermentecl by all strains. Large amo~unts of snccinic and acetic acid and 
smaller amoilnts of fornlic acid were produced, and carboll dioxide was taken 
up, in the fermentation of cellulose. It mas conclutleil that  all strains belongecl 
to one species, R~ctcr iodcs sltccinogcnes Hungate. 

Studies on the gro~vtl.1 reqiiirements sliowetl that bicarbonate is ~~equ i red  a ~ i d  
suggested that I*mnen fluid contains an ulik~lo\vn heat. acid, and alkali-stable 
factor that is not a t ~ o ~ i ~ ~ i l o n  B vita mil^, amino acid. peptide, purine, p-ri~nidilie. 
or niineral and \vas not detected in sereral inaterials commo~~ly  iisetl to grojv 
liutritionally fastidions bacteria or in extracts fro111 alfalfa ~neal  or bovine feces. 
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ASSAY O F  VARIOUS MOLD-RIPENED CHEESES 

FOR ANTIBIOTIC ACTIVITY ' 

H. H. WIIJKOWSKE AND W. A. KRIESKE 

Drpartlnent o f  Dairy Science 
Florida rlgriotltrtral Experiment Stntion 

Gain ~scil lr  

111 recent years there has developed an  interest in the possible effects 011 

hmnans of intakes of very small amounts of antibiotics in foods over a period 
of time. This interest cansed the Anierican Dairy Science Association throng11 
its Mannfactnring and Production sections to create a joint Colnn~ittee 011 

Antibiotics in RIillr, charged with the responsibility of obtaining factual infor- 
nlation on every aspect of the problem clcaling with antibiotics in millr. Tlie 
Committee's reports of 1951 (5) and 1953 (6) contained sections dealing with the 
human sensitization aspect. I n  the latter report i t  was pointed ont that the Food 
and Drug Administration (7) had issued a state~nent of policy in which it was 
pointed out that "the presence of antibiotic drugs in foods intended for hu~nan  
consmnption. or the direct or indirect addition of such drugs to such food, m a -  
be deemeil adulteration." The reasons exl~ressed were that c o n s n n ~ p t i o ~ ~  of 
foods containing antibiotic drugs may cause sensitization of the consumer to 
such antibiotics and also may result in the emergence of strains of pathogenic 
~nicroorganisn~s resistant to these drugs. 

As some cheeses are of the mold-ripened type and there are numerous species 
of Penicillia and Aspergill i  capable of proclucing penicillin or penicillin-like 
substances (I,?), sonle nnfounded suggestions of possible relatio~lships may cause 
consumer cliscrill~inatioll against these excellent foocls unless data are available 
to eliminate doubt and suspicio~l. 

The research on antibiotics in milk has been reported in recent review articles 
by Calbert (3 ) .  by Claybangh ancl Nelson ( d ) ,  and by Trout ( 1 3 ) .  

Attempts to increase the yielcl of penicillin by  various culturing practices 
Tvere reported by Baron (2) to have been successful to the extent of the prodw- 
tion of 1,000 units per milliliter by  the submerged mold growth process as com- 
pared to 200 llnits per ~nilliliter when using the surface mold growth method. 
Other attempts included new strain developn~ents by ultraviolet irradiation of 
spores. As a result of this application, Backns c t  01. ( 1 )  reported the emergence 
of a new strain from Penicilliwn chr?jsogenicnt, which passed its parent i n  peni- 
cillin production. 

By nltraviolet irradiation to the spores of green colored Penicilliwvn 
l-oqtreforti, Knight e t  al .  (9) obtained white colored mutants of the mold which 
I\Iorris e t  al. (11)  have used successfully i n  the manufacture of a new type 
mold-ripened cheese, which has been named "Nuworld" cheese. 
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It was the purpose of this investigation to assay various mold-ripened 
cheeses with respect to substances active against the lactic acid streptococci of 
dairy starters, which are suitable as test organisms, as suggested by the work 
of Katznelson and Hood (8). 

EXPERIMENTAL PROCEDURE 

The 14 samples of cheeses used in this study were commerciall- produced 
and were being offered for sale to consumers. They included five different 
brands of Blue cheese, four manufactured in the United States and one imported 
from Denmark ; three brands of Roquefort imported from France ; three brands 
of United States manufactured Camembert; and two brands (two different 
samples of one brand and one of the other) of Nuworld cheese. Each sample was 
satisfactory with respect to mold development and flavor. Trials were made 
using several samples of each brand of cheese. 

With the aid of a Waring blendor, a 20-g. sample of cheese was mixed with 
40 ml. distilled water. Measurement of the p H  of this mixture was made by the 
glass electrode method. As the Blue and Roquefort cheeses were of low pH. 
sufficient N/10 sodium hydroxide \!,as addecl to  adjust the p H  to  within the 
range 6.5 to 7.5. No soclium hydroxide was added to the Canielnbert samples. 
In each case the amount of alkali addecl was such that the subsequent initial 
titratable acidity of the sample after dilution with homogenized milk was within 
the range of 0.15 to 0.18v1 expressed as lactic acid, which in solne instances re- 
quired as much as 40 ml. of N/10 sodium hydroxide. 

Some trials included molcl-ripened cheese preparations to which penicillinZ 
had been addecl. The penicillin was dissolved in sterile distilled water immedi- 
ately prior to use. Appropriate dilutions mere made so that a final penicillin 
concentration of one unit per 10 g. of cheese was obtained. 

The neutralized cheese and water mixtures (with and without addecl peni- 
cillin) were heated in flowing steam for 5 minutes and filtereil throng11 a cotton 
milk strainer to remove coarse particles of mycelia and curd. The filtrate was 
cooled and made up to 200 ml. with homogenized milk. Other desired dilutions 
were made by using this 10% cheese preparation. These received fnrther heat 
treatment for 75 minutes in flowing steam. After cooling to the incubation 
temperature of 30" C., the samples were inoculated with 3% actire clairy culture 
and dispensed into test tubes in 9-ml. quantities. At appropriate interrals sets 
of tubes were removed and the contents of the tubes, together wit11 9 ml. distilled 
water rinses, were titrated with N/10 sodium hydroxide to esactly p H  8.3 
endpoint, determined electrometrically. 

RESULTS AND DISCUSSION 

Typical of the results obtained on all the samples of cheese are those sholvn 
in Figure 1. As lactic acid developed, there were no appreciable clifferences in 

Lederle "Buffered Crystalline Penicillin G Potassium." 
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HOURS INCUBATION ( 3 0 .  c I )  

FIG. 1. Rnte of 1:lctic :trill production by dairy cultures col~t:~ining various concentrations 
of Roqoefort cl~eese. 

amount produced due to ~a r i a t ions  in concentration of the cheese in the prepara- 
tions. It is recognized that 10% cheese \vould norn1aIl~- not be added to starter, 
but this procedure was used for the purpose of assaying for antibiotic activity. 
I n  other trials extending for  a longer period of time than the one shovn, the 
titratable acidit- values tended to reach a nlaximum at about 0.85% in a nlanner 
characteristic of an active cheese or butter~nilk starter. 

When penicillin was added to the cheese preparations in several different 
concentrations as s h o ~ ~ n  in Figure 2, lactic acid dereloplnent was practically nil 

0.01 0 0  
0.1 .A 

0 2  - 
1.0 1-I 

1 2 S 4 5 6 7 8 9  

H O U R S  INCUBATION ( 30.C.) 

FIG. 2. Rate of laetic arid production by dairy eultures c o l ~ t a i l ~ i l ~ g  various 
Roquefort elieese to wllicli penicillin mas added. 
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TABLE 1 
Lactic acid p~odzcction by dairy cultltres in  preparatioas containing 

mold ripened cheese with and witho~ct added petticillin .- 
Concentration of cheese in preparation 

3 2 10 

rni ts"  penicillin added 
0.2 0 0 

Mold-ripened cheeses 
Sample Titratable acidities after 6 hoursb 
number V a r i e t ~  PH incubation at 30" C. 

(%) ( % I  (%I  
1 Blue 6.55 0.18 0.74 0.77 
2 Blue 5.41 0.17 0.72 0.79 
3 Blue 5.51 0.20 0.63 0.66 
4 Blue 5.56 0.16 0.67 0.69 
5 Blue 5.87 0.17 0.61 0.67 
6 Roquefort 6.05 0.19 0.62 0.63 
7 Roquefort 6.85 0.23 0.60 0.73 
8 Roquefort 6.95 0.2'7 0.63 0.67 
9 Camembert 7.87 0.18 0.65 0.77 

10  Camembert 7.80 0.20 0.64 0.68 
11 Camembert 7.85 0.19 0.63 0.68 
1 2  Nuworld 6.75 0.17 0.71 0.74 
1 3  Nuworld 5.60 0.19 0.68 0.71 
1 4  Nuworld 5.90 0.20 0.G2 0.69 

' Units per gram final preparation. 
Initial titratable acidity of all samples 0.15 to 0.18% as lactic acid. 

a t  levels of 1.0 and 0.2 units per pranl of preparation. At a level of 0.1 unit per 
,gram there was a retarding effect, but a t  a level of 0.01 unit per grani there was 
110 effect. These results are in agreenlent with those reported earlier by Krienke 
(10) that  the critical concentration of pe~iicillin apai11;t lactic streptococci is  
about 0.1 unit per grani. 

Shown in Table 1 are results pertaining to tx-o concentrations of the 14 
samples of mold-ripened cheeses tested. As significant clifferences ~r-ere apparent 
a t  the end of 6 hours of incubation a t  30' C., the titratable acidities were com- 
pared after such a period of time nsinp the ralues obtainrd 11-11en 0.2 unit of 
penicillin was present. As the penirillin was adcleil to the cheese preparations 
a t  the p H  level shown in Table 1, it  was eriilent that sni.11 acidities did not 
illactirate penicillin under these esperinie~ital conditions, altliough Baron (2) 
reljorted that penicillin is unstable in aqneous solution and is deconiposed 
rapidly by acids, alkalies, and penicillinase. 

I t  may be noted that in the presrnce of 0.2 m ~ i t  of ~)enicillin the initial 
titratable acidities in some instances tencletl to increase slightly cluviiig the 
6-llonr incubation period. In  the peiiicillin-free saniples the acid development 
~ v a s  above 0.6T after 6 hours of incubation. This is to be espectecl with active 
starters. The data for sample No. 6 (Table 1)  are a portion of those used in 
preparing Figures 1 and 2. 

If  there had been as niuch as 2.0 units of penicillin per grain in any sample 
of mold-ripenecl cheese, the filial concentration of penic.illin, wlieii 10% cheese 
3r-a~ used in the preparations, \ronlrl hare  been 0.2 w i t  per gram, ~r-hich would 
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have resulted i11 complete inhibition of lactic acid development, and if the 
original cheese had contained 1.0 unit of penicillin per gram, a reduction in the 
rate of acid develop~iient would have been observed by this inethod of penicillin 
assay. Thus, it may be concluded that none of the cheeses tested for penicillin 
contained as niucli as 2.0 units of penicillin per gram of cheese, which was the 
limit of sensitirity of the method used. For all practical purposes i t  may be 
assumed that there was no penicillin present in the samples of mold-ripened 
cheeses assayed. On the same basis, it can be assumed that no other antibiotic 
known for its inhibitory effect on dairy starters was present. 

A stndy was made to determine whether antibiotics are present in mold- 
ripened cheeses. The assay method used relied upon the titratable acidities, 
calculated as lactic acid, produced by regular commercial dairy cultures. The 
suitability and accuracy of the method was tested by additions of known quanti- 
ties of penicillin to preparations containing mold-ripened cheese. The method 
was sensitive to a concentration of 2.0 units of penicillin per gram of cheese. 

Fourteen different commercial brands of mold-ripened cheeses were assayed. 
The samples of cheese included five Blue, three Roquefort, three Camembert, 
and three Nuworld. One brand of Blue and three brands of Roquefort were 
imported (Denmark and France, respectively), and the remainder were manu- 
factured in the United States. 

None of the saniples of cheese tested contained as much as 2.0 units of peni- 
cillin per gram of cheese. No other culture inhibitory substances were present 
in the cheese in such concentration that they could be detected when as much 
as 10% cheese was included in the culture preparations assayed. For all practi- 
cal purposes i t  may be concluded that there is no penicillin present in commer- 
cial Blue, Roquefort, Camembert, or Nuworld cheese. 
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B-VITAMIN LEVELS I N  T H E  BLOOD O F  YOUNG DAIRY CALVES 
F E D  A MILK REPLACEMENT DIET W I T H  AND 

WITHOUT AUREOlfTCIN " - 

Q. T. SMITH .4ND R. 8. ALLEN 

I)cpnrt~~trnt of Chemistr!l, Iotcn State Collrge, A ~ i r s  

The mechanism by ~vhich antibiotics exert a growth-stiinulating effect in 
chicks, pigs, ant1 ralves has not been definitely established. Jukes ancl Willia~ils 
(9) have reviewetl the various hypotheses proposed to account for the mode of 
action of antibiotirs, and the basis for most of the proposals is the assumption 
that the antibiotics exert an influence oil the iiitestiiial microflora. 

Since it has been established (10) tliat certain B-complex vitamins are syn- 
thesized in the intestinal tract of young calves on a limited whole milk regime. 
it seems tliat an antibiotic possibly may alter the intestinal microflora in a 
manner such that greater or  less than norlnal quantities of B-vitamins may be 
present in the intestinal tract. The availability to tlie calf of intestinally syiithe- 
sized vitamins has not been adequately determilled, but it is generally assumed 
tliat part of these vitamins may be absorbed. Whether blood levels of tlie B-vita- 
mins in calves are correlated with absorption and/or state of metabolism of 
these vitamins has not been ascertained. 

The objectives of the present study were to determine the blood levels of 
thiamine, ribofl aviii, niacin, pantothenic acid, and vitamin BIZ activity in Hol- 
stein calves at 4 days of age and to ascertain the inflnence of orally fed aureo- 
mycin on the blootl levels of these B-vitamins in Holstein calves on a whole milk 
replacclnent f ee t l i~~g  rc~giiiie for a period of 12 ~veeks. 

ESPERIAIENTAI~ PROCEDURE 

Two gronps of Holstein calves were selected for this study. Calves of one 
group (ten males and ten females) from the Iowa State College dairy herd were 
allo~ved to reiliain with their respective clanis for 3 daj-s follo~ving birth. To 
characterize tlie early postnatal blood R-vitamin levels, saiiiples of venous blood 
(potassium oxalate anticoagulant) were dra\vii 011 the fourth day aiicl analyzed 
as described below for thiamine, riboflavin, paiitotlieiiic acid, niacin, and 
vitamin B,?. 

A second group of eight Holsteii~ calves (four inales and four females) a t  4 
clays of age were placed on a milk replact~nient feeding program. The milk 
replacement, coi~taiiiiiig primarily dried whey proiluct recoiistitutecl with water 
(11v (dried \vIiey product, 86%, water). was fed for the first 7 weeks a t  the 
follo~ving daily rates per 100 Ib. body weight: 3.0, 5.4, 10, 8, 8, 6, and 4 Ib., 
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respectively. Whole milk averaging 3 3  fat  was fed at the daily rates of 6.0 Ib. 
and 3.6 Ib. per 100 Ib. body weight during the first and second weeks on experi- 
ment. Ko milk or milk replacement was fed subsequent to T lveeks. A calf 
starter containing 40% ground corn, 20% crushed oats. 28% soybean oil meal, 
1 0 7  wheat bran, 17 stean~ed bone meal, and ly iodized salt was fed ad libitum 
~ in t i l  a maximnm of 4 Ib. was consumcd daily per calf. JIedinm qnality mixed 
hay, largely alfalfa and brome grass, 11-as fed free choice. Fonr calves, two 
~nales and two females, served as controls while the othrr four animals in this 
group were fetl the same ration plus au reo~nyc in .Vl l c  antibiotic was fed to 
each animal at the daily rate of 40 mg. of aureomycin Via the liquid portion of 
the diet during the first '7 weeks ancl a t  the daily rate of 80 n ~ g .  in the concentrate 
mixture from 8 to 12 weeks on experiment. With a few- exceptions, venous 
blood samples were clrawn a t  the start of the experiment and at 1, 2, 4, and 8 
weeks thereafter. In  addition, several san~ples were taken a t  12 weeks. 

After enzy~natic hydrolysis of the blood with a combi~~atioll of clarase and 
papain. riboflavin, pantothenic acid. and niacin were determined microbiologi- 
cally with Lactobocill~is casei by a n~oilification of the method of Clegg, Koclicek, 
and JIistry (5). The thiochrome method (2 )  was employed for measnring blood 
thiamine values. Extraction of vitaniin B,? activity from the blood involved 
heating the sample to which cyanide had been added, mixing with water in a 
Waring blendor, and filtering. The vitamin R,, activity mas estimated with 
Lactobacilltrs leiclinzannii by a procedure based upon the method of the United 
States Pharmacopoeia (23). 

TABLE 1 
Xean blood B-vitn?nin lrzrels in 4-da!yold Holstein calres (10 ~tlale, 10 female) 

Vitamin Male Female 

Thiamine (y/ml) 0.074 f 0.011' 0.069 f 0.010 
Riboflavin (y/inl) 0.21 f 0.03 0.23 2 0.03 
Pantothenic acid (y/itll) 1.91 f 0.33 2.04 & 0.44 
Siacin (y/ml) 9.96 2 3.4 12.1 -C 2.9 
Vitamin BIZ activity 0.90 f 0.20 0.94 f 0.16b 

fmr/ml) 

' Mean value 2 standard error. 
Values for 8 ealves only. 

RESULTS 

The blood B-vitamin levels in 4-day-old IIolstei~l calves are summarized in 
Table 1. No statistically significant clifferences between male and female animals 
were found in the vitamins studied. The variations in values for each vitamin, 
however, were great. 

The average blood B-vitamin values for calves fed the basal diet with and 
without aureomgcin are presented in Figures 1 and 2. Only the calves for 
~vhich all the vitamin values within an age period were deternlinecl are included 

3 A s  Aurofac D supplied by Lederle Laboratories Division, American Cyanamid Co., Pearl 
River, N. Y. 
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0 0 1 2  / 8 12 

WEEKS ON EXPERIMENT 

FIG. 1. Clial~ges ill the blood pnntothenic acid, riboflavin, and thiamine values in control 
and aurcompin-supplelnented dairy calves. 

in these graphs. The values a t  12 weeks represent orlly two calves, whereas the 
other values are averages for three. Missing plot estimatiolls were employed to 
supply single values for the anreomycin-supple~ne~lted group a t  2 weeks (thia- 
mine), 4 ~i~eeks (vitamin B,,), and 12 weeks (vitamin B,,). There were no 
statistically significant differences between the aureomycin-supplemented group 
and the control group at any age. Also, there were no apparent differences 
between male and female animals. 

Since the differences between experimental groups were not significant, all 
of the available blood B-vitamin data for the eight calves at  various ages were 
combined and summarized in Table 2. The average vitamin levels appear in 
certain cases to change with age. Since the values at  various ages include a 
variable number of determinations, differences between various ages were tested 
by comparing values for calves from which sanlples were obtained at  both age- 
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2 0  - - CONTROL 

--- AUREO 
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5 - 

VITAMIN 81e 

01 1 I I I 
0 1 2  4 0 12 

WEEKS O N  EXPERIMENT 

FIG. 2. Clrnnges in tlw blood ~riari~r ralrlen alltl ritanri~l BI? activity in  co~ltrol ant1 anreo- 
myci~l-supplrnlt~rlte(1 dairy calves. 

periods in question. R -  this procedure it was found that during the first week 
on experiment the derreases in pantotheiiic acid and thian~ine levels were sig- 
nificant a t  the P = 0.05 level, and the niacin and ritaniin R,,  activity changes 
approarhed significance (P  = 0.1). The decline in riboflavin values dnring the 
same period was not significant, but fro111 1 to 8 weeks the drop in blood ribo- 
flavin values was significant a t  the P = 0.05 level. Although other trends in the 
blood R-vitamins at several intervals were observed. none was significant at the 
P = 0.05 lerel. 

The aureomyc.i~~-snppleillted animals grew a t  an accelerated rate. This 
observation is ill arc.orc1ance with previous reports (11, I f ) .  

DISCUSSION 

The variability of the blood R-vitamin values, except for ritamin B,,, \\.as 
considerably greatt~r in calves at 4 (lays of age than that observed a t  later age 
periods. These data suggest possible differences in the state of nutrition of the 
calves due, at least in part, to the levels of the R-vitamins in the colostrum of 
the dam. Another factor which may be involved is the total quantity of nutrieats 
consumed during the colostral period. Calves on experiment subsequent to 
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4 days of age received approximately equal quantities of feed, and the variability 
in blood B-vitamin valnes decreased. 

The data presented in this report indicate that the feeding of aureomycin 
had no marked effect on the blood levels of thiamine, riboflavin, pantothenic 
acicl, niacin, and vitamin B,?. These results fail to explain an  earlier observation 
by Murley (1.7) wherein an  apparent riboflavin deficiency occurred in one young 
calf and a thiamine deficiency in another, both of ~ ~ h i c h  were receiving aureo- 
mycin in the diet. It now seems probable that factors other than antibiotic snp- 
plementation per se were responsible for the apparent R-ritamin deficiencies 
observed by JIurley. 

Eviclence that indicates gastro-intestinal synthesis of B-vitamins in ruminants 
is available. Kesler and Knodt (10) f o ~ n ~ d  that  on a d ry  matter basis the con- 
centrations of thiamine, riboflavin, niacin, and pteroylglutan~ic acid \irere higher 
in varions regions in the digestive tract of the yonng dairy calves than in the 
feed consunled. Further evidence of intestinal synthesis of some of the B-vita- 
mills has been reportecl by Pearson e t  ol. (16)  in studies with sheep. I t  is of 
interest to note that Chance ef  01. ( 3 ) ,  in a stud- of the effect of aureomycin on 
the rumen synthesis of some of the B-vitamins. fom~i l  that the antibiotic ap- 
peared to hare no marked effect on the rumen synthesis of riboflavin, panto- 
thenic acid, or nicotinic acid. 

The effect of antibiotics on the intestinal synthesis of some of the B-vitamins 
by various species has received attention during the past few years. Several 
reports (I. 8, 17) have shown that v i ta~nin  B,, is synthesized in the intestines 
of rats and that anreomycin feeding results in an increase in the intestinal level 
of this vitamin. The oral adn~inistration of streptomycin to  humans apparently 
has no markecl effect on the nrinary excretion of folic acid, thiamine, riboflavin, 
and pyridoxine compounds (19 ) .  This finding suggests that  streptomycin did 
not increase intestinal synthesis of the r i ta~nins  studied. Sauberlich (20)  has 
shown, however, that the addition of penicillin to a diet caused a marked stimula- 
tion in the growth of rats fed tliets free of or low in thjamine, pyridoxine, and 
pantothenic acid. The inclusion of penicillin or anreon~ycin in the complete diet 
had no effect npon the growth of the animals. The recent report by Guggenheim 
et  nl. ( 7 )  intlicates that aureomycin, streptomycin, ant1 terramycin added to 
diets low in pantothenic acitl cause a significant increase in the fceal excretion 
of this vitamin in the rat, and also that the antibiotics caused increased urinary 
excretion of thiamine and pantothenic acid at all levels of vitamill intake. It 
seems apparent, therefore, that one might expect little adverse effect, and cjnite 
probably a beneficial effect, of ai~reon~ycili-suppleri~e~ltatio~~ on the intestinal 
synthesis of several of the B-coniplex v i t a~n i~ i s  in most species. 

The bloocl 13-vitamin levels reported herein are n-ithin the range of the values 
reported for bovine bloocl levels of riboflavin (6, 2 l ) ,  niacin (15, 22),  thiamine 
(6, 23) .  ancl vitamin R,,  activity ( 1 ,  18). The authors are not aware of reports 
of blood pantothenic acid values in yo1111g dairy calves. Noreorer, virtually no 
data are available to show the trends in blood levels of the B-ritamins dnring the 
early life of the young calf. A recent report by Jfoinnddin ef 07. (12 )  indicates 
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that the levels of both riboflavin and niacin in lambs' blood decrease gradually 
from birth to 6 weeks, whereas the blood levels of vitami11 B,, tend to increase 
slightly from birth to 8 weeks. Similar trends were observed in calves in the 
present study. 

The observed trends in the blood B-vitamin values cannot be explained solely 
by gradual change in the feeding regime over the 12-week experimental period. 
However, the significant drop in the riboflavin level during the 4-to-8-week 
period may be due in part to the discontinuation of whey product (high in 
riboflavin) feeding and the subsequent consumption of hey and grain (low in 
riboflavin) during this period. The onset of rumination may be an important 
factor in the observed changes in  blood levels of vitamins. 

Since the urinary excretions of the B-vitamins under consideration in this 
report were not measured, one cannot state that the B-vitamin absorption from 
the intestinal tract was not influenced by the oral administration of aureomycin. 
However, since the blood B-vitamin levels were essentiall?- the same in each group 
of calves, it is apparent that the antibiotic had no demonstrable adverse effect. 
Additional studies, which should include urinary excretions of the B-vitamins, 
are lleeded to clarify the over-all problem of B-vitamin metabolism in calves 
receiving antibiotics. 

SUMMART 

The blood lerels of thiamine, riboflavin, pantotheriic acid, niacin, and vitalnil1 
B,, activity were determined for ten male and tell female Holstein calves at  4 
days of age. No significant differences between sexes were observed. 

Eight Holstein calves at 4 days of age mere placed on a milk replacement 
diet and were assigned to two comparable groups, one of which received aureo- 
mycin orally (40 mg. daily per calf for 7 weeks, 80 mg. daily per calf from 8 
to 12 weeks) while the other served as a control. Venous blood samples drawn 
at the beginning of the experiment and at 1, 2, 4, 8, and 12 weeks thereafter 
were analyzed for thiamine, riboflavin, niacin, pantothenic acid, and vitamin BIZ. 
No significant differences in the blood levels of these vitaniins were found between 
the two groups of animals. Moreover, no apparent differences were observed 
between male and female calves. Certain trends in the B-vitamin blood levels 
with age are evident. 
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MILK PLANT CLEANING OPERATIONS1 

G .  P. JIARLEY, W. M. ROBERTS, .WD R. \V. LLEIVELLYS 

I~c)~arttrtrtrts of Animal Zndrrstr!~ aptd Z?tdastrial Etrgit~rrring 
Nortli Caroli#ia Stntr Collcge, Raleigh 

There are inany inethods used to perforin the task of clisassembling, cleaning, 
and reassembli~~g dairy equipment anlong different plants as \yell as  within 
incliviclual plants. The wide variations in methods clepend to some extent on the 
plant layout and equipment available to do the job but to a greater extent on 
the training, experience, skill, anii incrntive of the operator. With the exception 
of the sanitary lines operations, most of the tlisassembly, cleaning, and assen~bly 
operations occur only once each day, thus reducing tlic ~vorker's desire to per- 
form the operation the s a n ~ e  way twice in succession. 

Several reports on the processing cost in dairy plants hare revealed that 
labor is the greatest single iten1 of expense. These reports also iuilicate that 
tlairy plant clean-up accounts for a substantial portion of the labor cost. There- 
fore, the application of a technique which wo11ld improve and standardize the 
lnethoils of cleaning any given piece of equipment used in the processing of nlilk 
~ v o ~ ~ l d  seen1 to be beneficial in reducing the total labor cost. 

It would be adrantageous for plant supervisory personnel to kno~v how 1o11g 
it should take to do a given clean-up task. Such knowledge would Irad to b4 te r  
use of available manpou7er, provide a basis for jndging efficiency, help in rsti- 
inating labor rcqllirements and ~vo~.kload distribntiol~ and, perhaps a t  a later 
date. aid in the for~nulation of wage incelltire payment procedure. 

Previous studies of dairy plant activities hare been reported in ~vliicli times 
were obtained by stopwatch time stndy. This technique has sonle disadrautsges 
becausr (a) the  neth hods and layout vary so ~ n u c h  fro111 plant to plant .that 
time differentials are encountered from one study to the next which are difficwlt 
to account for because of the many rariables involveil; (5) o~ l ly  one reading can 
be obtained per day, thus making the process of accumnlating data very slo\\,; 
and (c) a complcte stndy must be made on ear11 make and size of nlacdlline before 
st i~ndard data can be established for the machine. 

Methods-ti~ne n~easurcment (MTI\I) is a 1.elatirr1.v new technicli~~ and was 
nsed in this stutly to overcome the disadvantages mentionetl above. JITJI involves 
the cletermiuation of methods and times fro111 a table of standard time values 
for the fundamental body motions used in industrial work ( 1 ) .  The princ.ipa1 
motions are reach. inore, tunl ,  grasp, positio~l, disengage, and release. Thr first 
two motions, rcach anil more, are classified by type ant1 the distance the hand 

Received for pul~lientio~~ April 28, 1954. 

' Co~~tribr~tecl fron~ the Anitnal 111dustry Depart~ne~~t,  S .  C. Agricoltoral E s l ~ c r i m r ~ ~ t  Sta- 
tion, Ralcigll, Sorth Carolina. Prlblisl~eil wit11 the apprornl of the nirector of Resmrc.11 :IS 
Paper S o .  560 of the Jour~~al  Series. 
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moves in performing the motio~i;  turn is classifiecl by type a ~ i d  the ~ lu~ l lbe r  of 
degrees the ~ ~ r i s t  t n r l ~ s  during the tnrniag motio~l;  the others are classified 
by type. Fo r  the classification of each motio~l, a time value is given. To establish 
a tinie s t a ~ ~ d a r d  for all operation, it is only necessary to select the motions 
required to pcrfor~li the task fro111 thc sta~iclartl table and adtl the s ta l~dard  time 
values for the m o t i o ~ ~ s  illvolved. 

The three objectires in this stutly were : (n) to develop more efficient ~nethocls 
of perfonuing cleauilig operations; (6)  to establish standard tiines for the 
methods selected; alid (c) to evaluate the practicability of the methods ant1 the 
accuracy of the stalidard times when snbjected to plant conditions. 

Several ~ililk plants ill North Carolilia were risited to observe the cleaning 
methods n o l ~  being wed. The plants ra~lgetl ill size from 3,000 to 70,000 lb. of 
milk received daily. For  a period of 8 m-cvks data \$?ere collected on the cleall-up 
operations for the follo~ving equipment : homogenizers,' A2OO. MOO, and R800 ; 
glass bottle fillers, A10 alicl C14; a ~ i d  IITST. D2000. 111 ge~leral, the following 
procedure was used regardless of the make or size of equipment under stndy. 
The instn~ction book for the lilachilie u~ lde r  observatio~l was first studictl to 
beco~ne fan~il iar  wit11 the nonle~ic*latnre of the iatliridual parts. As the operator 
disassembled, washecl, and assemblecl the n~achine, notes were taken on plant 
arrangement. accessibility of ecluipme~lt to cleal~ing, the use (ali(1 possible use) 
of rleaning aitls s ~ ~ c l i  as portable ~ ~ a s l i  carts atid x-ats, Ie~lgtli alitl type of motions 

TABLE 1 
Bxantple of tLr MTM tcch~riqrrr for establislring stn~ldard t i l~trs  for 

r l r n t e ~ ~ t  "loosen n t ~ t s  by lrnnrl n~rd  aside to pail" 

Left  hand SgmLol TMV" Symbol Riaht hand 

Hand to nut H2OR 
Grasp nut GIA 
Turn nut  to loosen T90S 
Release nut RI,I 
To new position 011 nut T90S 
Grasp nut GIA 
Turn nut  to loosen T9OS 
Release nut RIA 

18.6 R9OB Hand to  nut  
1.7 GIA Grasp nut 
5.4 TSOS Turn to loosen 
1.7 RLI Release nut 
5.4 T90S To new position on nut 
1.i GIA Grasp nut 
5.4 T90S Turn nut to loosen 
1.7 RLI  Release nut  

4?.(i Repeat last four 
motions three times 

Regrasp nut G,0 5.6 G2 Regrasp nut 
Nut to pail M20C 18.6 3l"C S u t  to pail 
Release nut to pail RLI  1.7 RIA Release nut to pail 

1101.0 Repeat last 20 motions 
ten times for  remain- 

- ing 20 nuts 
1,011.1 X 0.0006 = 0.73 minute 

" Time measurement units - one TMU is  defined a s  0.00001 hr. 
Factor for converting TMU's to  decimal minutes. 

"he letter is the code ilesignntion for the ~nani~facturer  of each piece of equipment. The 
numerals indicate the capacity of the equipment as follo~vs: l~oinogc~~izers, gal / l~r;  bottle 
fillers, nunlber of valves; and HTST, Ibfir. 



illvolved, and nulnber of steps necessary to do the job. The best method of per- 
forming the operation mas then developed with the JITJI technique, and the 
time for the operation was calculated. 

A typical example of the MTM technique for establishing standard times is 
given in Table 1. 

The complete data including all the individual nlotions and their tirnes for 
each element are filed in the Dairy Manufacturing Section of the Animal Indus- 
try Department, North Carolina State College, Raleigh. 

The second phase of the study was directed a t  establisliing the practicability 
of the hfThl data when applied to plant conditions. A stopwatch time and 
niotion study was used for this purpose. The niethods which had been calculated 
by the MTM study to be the most efficient were taught to experienced operators 
on the following pieces of equipment; A200 honiogenizer, A10 bottle filler, and 
D2000 HTST pasteurizer. After a training period of 1 to 2 weeks, stopwatch 
readings were determined for each element. Ten readings for each element were 
taken, and the arithmetical average of these was determined. 

RESIJLTB .\ND DISCUSSION 

Standard times were established for the preparation, disassembly, washing, 
and assembly of the homogenizer, glass bottle filler, and I-ITST pasteurizer by 
the stopwatch and MTM techniques. 

Hon~ogenizer operation. A comparison of standard tinles as established by 
stopwatch and MTM for the disassembl-, wash, and assenlbly of the A200 
honiogenizer is given in Table 2. 

TABLE 2 
A comparison of standard times for homogenizer clen~t-ttp 

as established by stopwatch and MTM trehniqltes 

Stopwatch a 

time 
MTM 
time 

(Min.) 
Preparation ..................................................................................................... 0.65 
Disassembly ................................................................................................. 3.56 
Wash and rinse .................................................................................................. 4.60 
Assembly .................... ... ................................................................................. 7.50 

(Mia.) 

Total clean-up time ............................................................................. 16.31 

' Average o f  10 readings. 

The honiogenizer was located in a position to give the operator free access to 
the front and both sides of the machine for efficient operation as well as ease of 
cleaning. The nlanufacturer's directions of following the last run of milk with 
warm water until the discharge becomes clear were observed in this operation. 
This machine was disassembled into 77 parts, of which 22 were nuts. The parts 
were placed directly into a rubber pail of cleaning solution as they were dis- 
assembled. The nlilk contact surfaces of all disasse~nbled parts and cylinder 
block were scrubbed with stiff bristled brnshes. As the parts were washed, they 
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were placed in an orderly arrangement on a rubber mat that was located directly 
in front of the machine. This eliminated the practice of searching through a 
pile of jumbled parts for the desired one. After the parts had been rinsed and 
allowed to dry  for 10 to 15  minutes, they were assembled with the exception 
of the plunger assemblies and front port covers. Management had adopted this 
policy to assure complete drying of the parts, especially gaskets, and thus 
increase the life of the machine. Immecliately before the next operation, the 
plunger assen~blies and front port corers were assembled. 

In  previous work, Redfern (3) found that it required 23.22 minutes to dis- 
assemble, clean, and assemble an A200 homogenizer when the operator was 
allowed to use his own cleaning method. In this investigation, the same homoge- 
nizer was studied. No change or improvements were made except in methods 
used to perform the clean-up task. With the improvecl method, the operator 
was able to complete the clean-lip task in 16.31 minutes, which is a saving of 
6.91 minutes, or 42%. In one year approximately 35.5 hours would be saved 
in clean-up time alone on the homogenizer just by changing the operator's method 
of performing the task. 

From the data it would seein that a more efficient method of disassembling, 
cleaning, and assembling a holnogenizer was developed. The stopwatch and 
JITM standard times have variations of only 0.27 minute, or 2% for the total 
clean-up time. 

An MTM study was also made on B500 and B800 homogenizers. The results 
on these machines along with the JITAI data for the A200 homogenizer are given 
in Table 3. 

TABLE 3 
A comparison of  the time required by operation on hoinogenizer disassembly, wash, and 

assenlbly as established by MT.M for three marhines of different capacities 

Operations A 3 0  33500 RROO 

(atin.) (Min.) (Y in . )  

Preparation ................................................................................................. 0.71 6 2.16 
Disassembly ................................................................................................. 3.73 4.77 4.51 
Wash and rinse .................................................................................... 4.81 3.46 3.46 
Assembly ................................................................................................ 6.79 7.42 6.17 

- - -  
Total clean-up time .................................................................. 16.04 17.81 16.29 

The same general proceclures that were used for the A200 machille were 
followed in cleaning the BSOO anci R800 machines. It was necessary to use a 
larger cleaning vat and table, which accounts for the longer preparation time 
for the R500 and B800 machines. Regardless of the size of the machine, the 
total clean-up time is approxiniately the same. The number of parts per 
inachine seelns to be the reason for this small variation. The machines were 
rlisassemblecl into 77, 75, and 73 parts for the 200, 500, and 800-gal. machines, 
~.espectivelp. The average times per part were 0.21, 0.24, and 0.22 minute for 
the 200, 500, and 800-gal. machines, respectively. The s~nallest machine can be 
disassembled, washed, and asseniblecl in less time than the larger machines when 
the time is calculated on a per part basis. 



Bottle filler operation. MTM aiid stop~x~atch studies were made on the A10 
bottle filler. A portable two-compartment wash vat was lnoved near the bottle 
filler to enable the operator to disassen~ble the ~nachine and place the parts 
directly into the ra t .  Buttermilk was the last product bottled before clean-up. 
which made it necessary to do a thorongh prerinse of all parts before washing. 
All parts coming in contact with the 111ilk as well as the exhauster assembly 
were disassemblecl. The bowl cover and exhauster hood and tubes were placecl 
on rubber mats near the machine. ,411 clisassembled parts except the bowl cover 
and exhauster hood and tubes were washed in the r a t .  The abore mentioned 
parts plus all stationary parts of the bottle filler aiid capper were mashed from 
a pail of cleaning solution. After being rinsed with warm and then hot water, 
the machine was allo\ved to dry  10 to 15 niinutes before assembly. The machine 
was completely assembled a t  the end of the day with the exception of the con- 
densate cleflectors, valve rnbbers, transfer guide, ancl starwheels. These parts  
were assembled iinlnediately before the nest operation. 

A comparison of the standard times as established by the stopwatch ant1 
BIT31 tecllniqne for the bottle filler clean-up is given in Table 4. The times 
established by stopwatch and MTM were 29.49 and 28.19 minutes, respectively, 
for the total rleaninp time. This is a rariation of 1.30 minutes, or  5C/c, which 
is as close as can be espected for this type of nonrepetitire operation. 

TABLE 4 
A comparison of standard times as  established by tlre stoprratclr a~td  MTJf techrtiqlir 

for the disassembly, waslr, a7tt7 asnrit~bly of n bottle filler 

Operations 
Stopwatch" MTM 

time time 

Preparation ...................................................................................................... 0.76 0.56 
Disassembly ....................................................................................................... 3.99 4.06 
Prerinse and prepare cleaning solution ......................................................... 3.40 3.40 
Wash and rinse .................................................................................................. 11.60 11.57 
Assemble ........................................................................................................... 9.74 8.60 - - 

Total clean-up time ....................................................................... 59.49 58.19 

' Average of 10 readings. 
Stopwatch time. 

R.edfern (2) found that  i t  required 47.34 minutes to disassemble, clean, and 
assemble an  A10 bottle filler. I n  this investigation, an  improved method was 
established by- the MTM technique for the same bottle filler. With the improved 
method, the operator was able to clean the machine in 29.49 minutes. The reduc- 
tion in  time of 17.85 minutes, or  61%,  would mean a saring of approximately 
93 hours a year in clean-up time for the bottle filler. 

The general cleaning procedure for the C14 machine was the same as for 
the A10 machine. The only difference was that  the capper was cleaned separately 
on the C14 machine and therefore was not illcluded in the study. Table 5 gives 
a comparison of the time required to clean the t ~ o  machines. 

The C14 bottle filler can be disassembled, cleaned, and assembled in  23% 



T A B L E  5 
A con~parison of the timr requirrd b!/ operation on bottle Pller disassrnlbl!l, wash, and  

assembly a s  established by MTAf  for  tzco n~achinrs  of co~ngarable size 

(Min.)  (Min.)  

Preparation .................... .................................................................................. 0.56 0.70 
Disassembly ................................................................................................................ 4.06 2.36 
Prerinse and prepare cleaning solution .................................................................... 3.40' 3.40' 
Wash and  rinse ........................... .... .................................................................... 11.57 11.72 
Assemble ...................................................................................................................... 8.60 4.69 - -  

Total clean-up time ..................................................................................... 28.19 22.87 

" Stopwatch time. 

less time than the A10 machine. the total clean-np times are compared 
on a per part disassembled basis, ho\vever, it requires 0.01 minute longer per 
part to clean the C14 mmhine. The ,\I0 machine was clisassembled into 93 parts, 
of ~ v h i ~ h  70 n7ere filling valve assemblies, and the C14 machine mas disassembled 
into 73 parts, of which 56 \Irere filling valve assemblies. 

HTRT paste~rrizntion operatioil. The problem of establishing standard data 
on the high-temperature short-time pasteurization system is very complex be- 
cause of the many different pieces of equipment involved. I n  this study the 
system was considered as beginning with the supply tank, located near the 
HTST pasteurizer proper, and ending a t  the elbow of the pipe leading into the 
bottle filler. The equipment bet~veeh these points inclnded the HTST pasteurizer 
proper (frame, plates, and connections), positive flow pump, holding tube, flow 
diversion valve, thermometers, thernlal control bulb, air  relief valve, three-way 
valve, two-\vay valve, ancl all connecting pipes, tees, and elbo~vs. 

Standard times as established by the stopwatch ancl 1ITJI techniqne for the 
D2000 HTST pastenrizer are given in Table 6. 

The variations between stopwatch and MTJI times \)-ere greater for the 
HTST pastenrizer than for the homogenizer or bottle fillel*. The wider variety 
of equipment making np the pasteurization system probably hat1 a greater infln- 
ence on the operator's ability to learn the ncm method of performing the clean-up 

T S R L E  6 
A rowparison of tltr time rrq~tirr t l  b.11 o)>eratio?~s on H T S T  pcisteztrirrr clisassrn~bly, 

wash, and  asse~nbly as  establisltrrl b!l fitopzvatch and  NTN irch~riqltes 

S t o p ~ ~ e t c h '  MTM 
Operations time time 

I . )  (Min . )  
Change pipe connections froln milk set,up to a c i ~ l  setup . . . . . . . . . . . . . . . . . . . . . . . . . .  11.52 15.46 
Timing pump ................................................................................................. 6.80 5.02 
Disassemble pipe from acid setup ............................................................ 12.69 8.08 
HTST proper .................................................................................................. 18.82 18.91 
Wash pipes .................... .. ............................................................................. 24.12 15.10 
Assemble pipes and valves ............................................................................. 49.12 19.53 

Total clean-up time ......................................................................... 126.07 
-. 

92.10 

" Average of 10 readings. 
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job. The two major causes for the variation in total times, however, were the 
lack of proper supports for the holding tube and the lack of a quick means of 
idelltifying the pipe during the assembly operation. No attempt was made in 
this study to change anything except the operator's method of performing the 
work; therefore, these two deficiencies were not corrected prior to the stopwatch 
study. The total clean-up time established by the MTM technique was 3770 
below the stopwatch time, which means there is still a potential savings in total 
clean-up time of 34 minutes a day, or approximately 210 hours a year. By cor- 
recting the two situations mentioned above and by extending the training period 
of the operator, it is believed that the MTM standard times can be attained. No 
previous times were available for comparison with this method of cleaning HTST 
pasteurizers. 

The data on the clean-up operations of the homogenizer, glass-bottle filler. 
and HTST pasteurizer indicate that the MTM technique does have merit when 
applied to these particular operations. Before an unequivocal statement can be 
made, however, concerning the practicability of MTM as a time-setting tech- 
nique for the above jobs, more data with clifferent operators working under 
different plant conditions will be required. The data also indicate that MTM 
can be used advantageously not only in determining methods for the operators 
to use in performing the clean-up tasks but in pointing out the proper equip- 
ment and correct cleaning aids to use so that clean-up can be done efficiently. 

The methods-time measurement standard data are applicable to nonrepetitive 
clean-up operations in the dairy plant. 

The times required for the disassembly, cleaning, and assembly of the 
homogenizer, bottle filler, and high-temperature short-time pasteurizer mere re- 
duced by 40% or more when operators had been trained to use improved methods 
established by methods-time measurement. 

The training and skill of the operator were the major causes for the variations 
between the stopwatch and methods-time measurement standard times. 

For any particular machine, the number of parts disassembled, washed, and 
assembled is more important in determiriillg the total clean-up time than size of 
the machine. 

Inefficient use of cleaning aids and equipment can be ascertained by methods- 
time measurement. 
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DILUTERS FOR BOVINE SEMEN. ITT. E F F E C T  OE' LACTENIN AND 

O F  LACTOPEROX1I)ASI" TTPON SPERMiITOZOAN LTVABTLTTT ' 

R. .I. I".IPSE, STITAH'I' PATTOS,  .\sn J. 0. ALhIQrTST 

nnrr11 Cnttlr Rrrrdiag Rcs(*nrrlr Crn trr ,  Drpart rttertt of Dairy ITlrabrrrrrlr!l 
Thr Pcnnn!ll?-nlrin Stntr P~ri?-rrsit!l, Stntc Colle.nr 

Thr frartionation of milk protrins by Tharker c t  nl .  (if) indicated that the 
factor(s) present in nnheated ~nillr which are toxic to bovine spermatozoa are 
associatecl with the a l b ~ ~ m i ~ l - c o n t a i ~ i i ~ ~ g  frac*tions. TTo~vever, nnlch of the activity 
was lost t l u r i ~ ~ g  the fractionation prorrdure and none of the fractions retained 
more than a portion of thr  tosichity of the source material. The heat lability. 
nondialyzability ant1 loss of activity wit11 salt fractionation suggested that the 
factor  night be enzymatic in i1at1u.e. Most of the kno~\-n enzymes in milk are 
inartiratrd by heating to 92O C. for 10 ininutes, althongh lactoperoxidase is a 
notable rsception (9). Another approarh to the problem of identifying the 
spermiritlal fartor(s)  is snggrstrtl by the similarity between the characteristics 
of the sp~rmicidal  factor(s) of n1111eatrtl inilk (5. 13. 1 f) and lactenin (1, 2, 6. 
7 ,  8. 17. 18). an antistreptorocc*;~l substance fount1 in milk which was originallv 
preparetl in co~lrentratetl form by .Tones and Simms (7). 

The investigation reported hereill was ~lnclertaken to further characterize 
thr na t l~re  of the speriniritlal factor(s', in unheated milk, and to determine if 
either lactoperoxitlase or lactenin arronntecl for the toxicity of nnheated milk 

EXI'EHIMEN'rAI. 1'KOCEI)l'RE .\N1) RESUIRS 

With the rsreption of onr trial in \vhicll Ringrr-phosphate solution mas used. 
heated skinunilk servecl as the control tlilnont ant1 as the vehicle for the prepared 
fractions throughont the experinlent. Fresh, raw skimmilk was obtained from 
the TJniversity dairy plant. heatrtl at 92" C. for 10 minutes, and cooled in 
running tap water. Twelve to 15 1ni1111tes nsually was required to reach 92" C. 
Semen was ililuted for storage at thr ratr  of one volume of semen to 50 volumes 
of dilnent. Motility of spermatozoa, after storage of the diluted semen sa~nples 
at either 4 or 37' C., was estimated at 37' C. by means of a nlicroscope equipped 
with a thermostage. 

Pcroridosc. Two lots of prroxitlasc wrrc prepared from horseradish root as  
tlescribetl by Elliott (3). A sample of erystallinr lactoperoxidase (10) was ob- 
tainetl through the roartrsy of R. TI. l'olis, IT. S. Naral .Iir Development Center, 
.Tohnsville, I'a. The peroxitlase ant1 lactoperosidasc samples mere dialyzetl until 
salt free, then each mas adjustetl to a nitrogen content of 0.048 mg. of nitrogen 
per milliliter of solntion. Each of thrse preparations gave positive results when 
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clualitatively testetl for  pc~rositlasc~ i~vtivity. To test the  efec*t of tl~est,  ln.cAl)ara- 
tions on spcr~ i~a tozoau  s ~ w r i r a l  at 4' (I.. o l ~ e  r o l u ~ n e  of perositlasc. was atldrtl 
to  seven rolumcs of heatetl skimn~ilk and  use11 a s  the senlen tlil l~cnt.  Tllis tl i lutio~i 
l~ ror ided  a c o ~ l c e ~ ~ t r a t i o n  of t>nzymt1 in the d i lue~i t  rrlnal to t h t ~  rrl)ortc.tl lcrt>l 
in  n~illr (9. 10). Tllc htwtctl slrimniilli used as  the  co~itrol  was tlilutcltl with 
distillctl wa t r r  ( '7 : l )  ill or t l t~r  to  ~niiintain ;I coilstant ~ililli solids ( * O I I ~ ~ I I ~  i l l  a11 

TAB1,E 1 
Effcc t  o f  pcrozirlnsc front horrrraflrslt alrrl fr.0111 ~ t ~ t l l ;  0 1 1  Iltr 1 1 1 r  all 

-- per cent o f  ~ n o t i l r  sp tr ,~rntoron in  fix~ ejactrlntrs 
-- -- - - - 

Days o f  storage nt 4" C. 

( 1  (70) (%) (7%) % (74) (%) (?4) 
Heated skini t~~i lk  51  50 41; 41 36 10 4 (1 
Peroxi(lnse, lot 1 60 58 58 .5 2 3n an 1 2  n 
Pero~ i ( lnse ,  lot 2 58 58 54 52 46 3 2 12 0 
Lnetoperosiflnse (ill 54 54 46 10 I n II 

-. 

sa11ip1t.s. The lucan   no ti lit it.^ fol* firr c . j~ tdn l i~ te~  a re  sho~v11 ill Tilllle 1. ,111 

analysis of ra~*ia~~c.rx f 12) of the ~i iot i l i ty  obs t~~ .v i l t io~~s  rcrealed that  all pe~.ositlasc 
t r e a t m e ~ ~ t s  w e r ~  sigllifica~itly l)tlt t t~~. tl1a11 the c o ~ ~ t r o l .  S i ~ l c e  lac.tol)c~.ositlasc 
oh\-ionsly was not s~~c~rnrieitlwl, i i t tel~tion ~ v a s  tliret~trtl to 1actmi11 as tht. so~~rcc.  
of tosivity. 

~rrrfc ) t i l l  l~r'clxrr.f'rl !I!/ t r ! / ] ) f ; c  r!;qcsf;nl~. ,\ s a ~ n p l e  of lactellill \\-as slil)l)liptl 
throng11 tllc conrtesy of T. L. ?t l~JIec. l i i~~,  E a s t c r ~ i  Regional R.csearc.11 JAal)orator-. 
Philadelpl~ia. I'a.. ancl tcstctl fo r  sl~rrnlicitlal activity. A pre1imi11a1.y test re- 
realecl that  tl~t,  l)~*eparation was higlll>- tosic to spermatozoa n11e11 atldetl t o  
I l e a t ~ d  s lr i~n~uilk ; ~ t  the. l x t r  of 10 nix. ])el' milliliter aild sho\vetl sollie adverse 
cffrct on motility iiftcr 4 11o11rs of storage a t  37" C. ill co~lcentrations as  lo\\- a s  
0.4 mg. per  niillilitcr. Rasctl on tllese fintlings. a trial was sct np ill \vllich licateil 
s l i in~~ni lk  c o ~ ~ t a i l l i n g  5 lng. of l a c t e ~ l i ~ l  per  milliliter was comparecl with plain 
heated slrimniilk a ~ l t l  wit11 umlieatcrl slri~i~nlilli. The results. presented i n  Tahle 2, 
show that  tlir 1ac.tcni1l p r e p a r a t i o ~ ~  was highly tosic to  sper~iiatozoa storctl a t  
4" C. Tllc trial was conducted with a s i~ ig lc  lot of raly sk i~nmi lk ;  in the  first 
replicatr of five ejacnlatcs thcre was 11o motility a f te r  the seconrl clay of storage 
i n  unheated slri~nmilk. The dilueuts xvwc storctl a t  4' C'. i n  glass ressels until  
used in the second replicate 2 (lays later.  111 the secolltl replicate motility ill 

% motile spc.rnintozoa a f t e r  storage nt 4' C .  for  

Heated skimmilk 51 37 3 1 29 1'5 1.3 10 ti 
Unhcnted skimnlilk 32 16 15 1 2  9 2 t 1 0 
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t11rt.c~ ejaclllatrs pc.rsistt1tl for 6 days in nnlieatcd skiminilli. S o  difference between 
replications was noted with either Ilratr(f slrin~lnilk or the laetriiin preparation. 
Qual i ta t i~c  tests for aniylase ant1 for proteolytic actirity revealed that  both 
~ve r r  prese~it in the lactenin sample. TTl~oii il1rl11ii.y it was fo~uicl that the sample 
had her11 prepared by tryl~sin tligtlstion antl alcohol precipitation (11). At- 
tempts \rere ~natle to inactirate tlic tl*ypsin presrnt in the sa~nplc ~v i th  mercuric. 
cliloritlr ( f) anil clialysis to i.emo~-e the lulco~nhinc~d inercnric chloricle but were 
only partially sncc~ssf~i l  : la(~t(wili so t~.oatt*tl was ~nllch less tosic than nntreated 
lacttwill. aiitl the tosicity after s1it.h tl.c;ltuicnt varietl consitlcrahly from one 
trial to another. 

I,rrctrll ill I ) ) ' C / I U ~ ' P ( ~  /I!! rrccfolt r ),~.c'ci/)itcrf io11. Tlactcni~i I)l-cl)ar;~tio~i was next 
attcll~pted by a inotlification of the ilcetone frartionation p~=ocrdnre of Allclair 
antl R(~t.~.itlgc ( I ) .  TIT11ey was ohtainrtl fro111 raw sliiinniilk by rennin action, 
ant1 tlic Y ~ I I I I ~ I I  was iliactiviltt1d by heating a t  6a0 C. for 10 minntes. The whey 
\vas t.oolet1 to 1' C.. antl an equal voliune of acetone was ail(1eil in sn~al l  incre- 
~ u e ~ i t s  ore l  a 2-llo111. period while the te11111~ratllre ~ v a s  graclnally reduced to 
-7" ('. Thc l~recipitate which forlnetl was rrcorcretl by centrifugation in the 
taoltl. snspcnd(~d in ice water, antl tlialyzetl against tlistillecl water a t  4' C. for 
-I& 11on1.s. Sodintn acetate was adtlecl to the tlialyzed snspensioll to 0.015 ,If, and 
the p H  was adjusted to 6.8 wit11 0.1 n' TTC'I. C'llilled acetone was aclcled to produce 
slict~essive concentrations of 10. 20: 30. 40. ancl .',Or/: acetone. anil after each 
addition the resnlting prccipitatc was recovt~~-e(l by centrifllgatinn and taken 
lip i l l  0.05 M phosphate hllffcr. To the sllpernatant rrmaiiiing after each een- 
trifligatioi~ was atltlctl the liest inc.1-eiiic~~t of acctonr. Each of the suspend~cl 
l)re(~il>itatcs was tlialyzctl against tlistillt~il 11-atn. a t  4' C.. t h w  tlriecl in a cuiSrent 
of \var111 (40.45' C.) air. The l>i~cl)a~.t.tl f ~ . a ~ t i o n s  \ v e i ~ ~  s ~ ~ s p e n d t ~ d  in R,inger-phos- 
pllatt. solution to a concentration of 0.5 lug. pel. inilliliter and tested for spermi- 
cidal activity. The rc.snlts of this trial. which are p r e w ~ ~ t e ( l  in Table 3, indicate 
that the friivtions preparecl wit11 10 antl f1OfL acetone were toxic to spermatozoa, 
~vlir~.eas tlic fl-atations pi'el,aretl \\.it11 30. 40. antl 5 0 2  ac(~to~lo were relatively 
nontoxic. 

T\vo lots of lactellin were prcl,aretl froni separate lots of raw skimmilk by 
tllc ;tcetonc f~.actionation procedilrt,. T~iasnn~c,h as the pi.erions trial sho\~~erl 

TART,I? 3 
R f f ~ c t  of lneteniii prrpnrrrl b?y n c r t o n ~  frnctionntion nirrl .s?rsprnrlrd i n  Ringer-phosphate 

sol?rtion on thc nlrnn ppr cprrt of ?notilo xprrmntozon i n  foitr rfacrtlates 

Hours o f  storngc. nt 37" C. 

1 0 4 G 

(76) (5%) (Yr)  (76) 
Iiinger-phosphate 41 3n 7 R 10 
10% acetone frnrt io~l  15 7 0 n 
!?O~O acetone fraction 25 19 3 n 
30% acetone fmct ion 40 28 1 5 7n 
4070 acetone fraction 35 30 23 7 
30% neetone frnrt io~t  40 30 15 10 



little or no toxicity assoriatetl with the fractions prepared with the higher con- 
centrations of acetone. only the 10 a d  'Lor/:, acetone fractions were prepared 
in these trials. The dried fractions were suspendecl a t  the rate of 0.5 lng. per 
~nilliliter of heated ski~nmilk, ancl separate tests of nlotility snrvival a t  37' C. 
with six ejaculates were conductecl on each lot of lacteain fractions. Since the 
results mere similar in the two trials, thr  data were combined antl are presented 
in Table 4. 

Effect  o f  lactenin prepared b y  acrtonr frartionntiol~ of row n k i s t ~ ~ l i l k  011 tAr 
mean per cent of motile sprrmotozoo i n  1-0 efocttlntrn 

Haws o f  storage at  37" C .  

1 2 4 6 

( % I  I%) f%l  1% 1 
Hcated skimmilk 55 
10% nretone fraction 4 3  
?n% aretone fraction 39 

Tv-o ai(tlitiona1 lots of lactenin were 1,rtq~arctl froiu lots of skimmilk of 
klio~vn low spermiciilal activity: spermatozoa 1-etaincd 50 to 60T of their initial 
motility after 1 ho111.s of storage a t  87' C. in the iinheaterl skimmilks. Attempts 
mere ~ n a d e  to concrntrate lactenin hy the acetone fl-actionation procednre from 
thesr skin~~i~illrs. and 110 toxicity to sl~erniato~oa was fonntl when the dried frar-  
tions were employed at roncnitratioils of 0.5-1.0 111~. per nlilliliter of heated 
ski~nmilk and stored a t  37' C. Thrsc i.esnlts iiitlieatc the tliffe~ence in the initial 
tosicitj- of ~.;lrious lots of skiminilk. 

Lactenin was preparcil nest fro111 iionfilt tlry 11lilli solirls p~-od~icetl and 
iiiarketetl for In~rnan conslumption. ilftcl. 1-ecol~stitntion of the millr solids. the 
general procc~clnre was the saiilc as that ontliiiecl 1~rerioi1sl~- for raw skimmilk. 
I n  previons trials after the gre1iminai.y acetone trc~atment and recovery of the 
precipitate for dialysis, the snpcrnatant ~viis clisca~=tletl. Tn this trial the snper- 
natant was sto~.ctl a t  4' C.. and after 5 (lays a xvliite p~,et=il~itate settled out. The 
precipitate was rccol-ered. ilried, ;mil iiiclntletl in the lirahility trial as Frac- 
tion A. 

After dialysis of the preliiilinai*y acetone prcc3il)itated material, acetate addi- 
tion and p I I  atljnstment. the preparation was centrifuged in the cold for 15 
minntes. antl the precipitate recovered in this manner is referred to as Fraction 
R. The snpernataiit from F~-action 13 was s~ihjccted to snccessire aclditions of 
chilletl acetone to prodnce concentrations of 5. 10. 15, and 20% acetone, and 
the precipitate was recovered after eilcli addition of acetone. Each of the six 
fractions was snspeildecl in heated skimniillr a t  the rate of 0.5 mg. per milliliter 
and tested for spermicidal activity. The mean ~notilitics for six ejaculates after 
storage a t  3'i0 C. are sho~vn in Table 5. Althongh some toxicity was exhibited 
hp each of the six fractions, Fraction A appeared to he relatirely nontoxic. and 
  no st of the toxicity mas concenlrateil in the 5 and 10% acetone-precipitated 
fractions. 



1)II.VTERS FOR I3CLI. SC31ES.  I I I 

TAR1,E 5 
Rffrct o f  lnctr~rin 11rc'parrtl h!l ncrtonr3 fmrtiorrntiorr of ~rorrfnt tr~rlk solirln or# 

thr nlrnn per cent  of ?notilr .rpcr~rtntoroa i ~ t  six ejnc~rlntt-.u 

Hours of storage a t  37" C. 

1 P 4 6 

f%) f%) 1% 1 17r)  

Heated ski~nniilk 55 5n 48 33 
Fraction A 55 53 40 15 
Fraction B 58 38 30 5 

5% acetone fraction 48 PO 0 0 
10% acetone fraction 42 10 2 0 

54 48 3n 
- 

15% acetone fraction 
20% acetone fraction 55 5n i n  

-. 
1 

- 

The rcsnlts ohtai~letl wit11 pc~rositlases scenl to prc>clntle any possibility that 
lactol~erosidase is an important spernlicitlal factor ~vl~icl l  is inactivated b -  tht. 
heating of milk. The peroxidasrs testrtl significantly increasetl the s i~rvi ra l  of 
spermatozoa stored at 1' C. in hcated slrimmilk. in agree~nent wit11 the resiilts 
obtainerl by Vanllemark c t  01. ~vitli catalast~ (16) .  C'atalasc ant1 l~erosiclase pscJrt 
similar efiects ill that both tlestroy hytlrogeii pei~nsitlc. ~vl~it.li is ~ ) r o d ~ ~ c e d  by 
spermatozoa and is harnifnl to them (15). 

The trials with lactenin preparcd by t ~ v o  different prorc~tlllres t.learly tle111011- 
strate its spermicidal activity and indicate that lactrnin probably at*ron~lts for 
milch of the sppnnicitlal activity of nnl~eatetl ~nillr. A i l t l ~ o ~ ~ g l ~  tllr pos.;ihility of 
the existence of other faetors can not he esc~luclrd, sperniic.itla1 la(~tclli~l frartiolls 
were r~coveretl from all lots of lnilk 1vhic11 ~ v t ~ r c  s1~er1nicidal beforc fractioiiatio~~. 
011 the other hancl. no ac t i r i t -  was founcl in attempts to concri~trat t~ lactt'11i11 
*fro~n skinimilli \vhich was 01-iginally low in tnsicity. The absrnc*c> of Iac.tc~ni~i 
activity from lots of skinlniilk consisting of misetl n~illr from srvrral Ilprtls is 
puzzling. althongh i~ivestigators (6. 17 )  have stated that the lactenin titer va~eie.; 
considerably nit11 intlivitlnal co~vs. Pc~rliaps the most logical esplanatiol~ is 
inactivation during processing in the plant. Tf lactenin functions t l~ roug l~  its 
influence on oxidation-reilnrtion potentials. as suggrstcd by Wilson ancl Rost.11- 
blum (18). such inactivation colll(1 occur rather easily. 

Attempts to purify lat.tenin have not been siiccessfl~l ant1 its c l ~ e ~ ~ ~ i e a l  11at11rt~ 
has not been clcterniined, altho~igh .Jones and Sininls (8) 1.cportrt1 that no elc- 
ments other than carbon, hydrogen, oxygen, ant1 ~ i i t roge i~  were prrsent. The 
problem of pnrification is complicated by the fact that lactenin is inactivated 
by many of the reagents ordinarily used for protein fl-actionatioll (17) .  Tt 
apparently is not identical with any of the 1<1io\v11 antibacterial enz-mes, incli~tl- 
ing perosidase and Iysozynle, which are p1.esent in lnilk (18). Althong11 its 
properties, sunlmarizetl by Wilson and Rosenblum ( 1 7 ) .  11avt. let1 investigators 
to believe that lactrnin is an enzynie, there is no conclusive evidence that this is 
so. A l~e tone  fractions, althongh highr~.  in activity t h a ~ i  I>I-eparations obtainerl 
by other methods. still mere not pure when esaminetl elrctropho~~etically ( 1 ) .  



In  tht. trials rel)ortc.tl ill this paper, acetone-prepared fractions appearetL to ]larch 
more sperinicidtll activity than lactenin prepared by trypsin digestion a l~t l  
alcohol precipitation, in spite of the combined effects of trypsin ant1 lat~tenin ill 
the latter. 

The toxivity of the fractions l~recipitated a t  lower conce~ltratio~ls of aceto~~c. 
ancl the ab\t~nc.e of tosicity in tl~osc fractions precipitated a t  higher acetone 
concentrations intlic.i~tt~s that the 1acteni11-2 fraction describeil by Auclair ancl 
Ilirscll ( 2 )  is sl)rrn~it.itlal. whereas the lactenin-1 fraction does not appc>ar to 
affect spcrn~atozoa. I nasm~ich as lacteni~i-1 loses nearly all of its inhibitory 
arti~rity aft(11- h e i ~ ~ g  11et1t~d to YO0 C. for 20 mirn~tes, it is possible that the h e ~ t  
treatn~ent Ilcccssary to i~~iictivatc the ren~iili destroyt>d much of the lactc~nin-1 
activity. Thc o1)serration of Tliaclrcr ct  01 .  (If)  that a small anlollnt of ~lnhcatc~tl 
milk acltlecl to l1eatt.11 n ~ i l l ~  resnltetl ill toxicity. might hc atlrancecl as c.rit1t~11t.c~ 
of a role of lac.trni11-1 in thr  toxicity for sprrl~iatozoa. 

TAactc~~i~1, a11 a~~tistrt~l)to(*o(~(*aI s~ihstan(~c of ~nilk,  has bcen concentratctl 11). 
acetone frac.tiollt~tio~~ of ~rl~tay ilntl S ~ O I V I I  to be highly toxic to bovine sper~natozoa. 

IAaete~lin prepa~.c>tl by tryptie digestion of whey, dialysis. and alcoliolic I~I-c-  
c.ipitation also was toxic to spermatozoa, but the ~.csults ~vere partially tdon- 
fon~icled by the tliffic*nlty of sepal.ating trypsi11 fro111 the lactenin. 

Lactoperosiclasr. 1vl1e11 iltltlrtl to heated slri~ii~nilk and nsetl as a scaniel~ tlilnrnt 
in a storage trial. cshihitrd I I O  toxicity for borine sperniatozoa at the. collcrll- 
tration used. 
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T H E  E F F E C T  UPON MILK PRODUCTION AND BODY WEIOIIT 

O F  VARYING IVITHDRAWAL PERIODS AFTER 

THTROACTIVE SUPPLEMENT FEEDING 

E. W .  SWASSOS 
Dairy D e p n r t m r n t ,  ZTnirer.rit?/ o f  Tet~r t rssrr ,  X,toxville 

The ability of thyroactive supplemental feeding to caalise i ~ ~ c r e a s ~ ~ ~  ill Illilk 
production of tlairy c.o\vs in the declining phase of lactation has bee11 demon- 
strated by several i~iclepenclc~nt investigators, most of whose results have beell 
reviewed by Rlaxter c t  ( 1 1 .  (3 ,  1 ) .  Observeil prodllction increases have been 
acconlpanied by modwate to large losses in body weight ill spite of extra feetl. 
followed by a retnrn to iior~nal rate of gain as the prodnction stimulus declined 
(10. 13, 14). Tt also has been noted that  after abrupt \vithilraxr.al of the thyro- 
active supplement, nrilk production ha4 declinetl very rapitlly to a subnormal 
Icvel. and in some cases lactation has virtually ceased ( 2 ,  5, 8) .  For this reason 
the common nlethod of using thyroactive supplement has been to co~itinue feeding 
it nntil tinip to dry  off tht. cow. Sirice the period of significant stimulus has bee11 
about 10 to 14 weeks ill ~iiost experimc~~its f7 .  10).  it \voulcl be economically 
adva~ltageons to althtlraa. the s i ~ p p l ~ n ~ r n t  from the ration a t  that time, or earlier 
if desired, if such mithtlra~val rould be (lone \vithont causing a tlecline below 
nonnally expected production. Gl.at111ill withclra\val has been proposed to pro- 
duce this effect (2). Anothcar cluestion regarding the economy of thyroactivtb 
supplement feetling caoncerns the nature of the body weight losses and gains. I t  
has been post~ilatcltl that the weight changes may be clue to water balance shift\ 
(1.7). The improbability of the rapid weight gains, 3 to 5 Ib. daily, after witli- 
(Ira\\-a1 of the thyroactivr feed being ron~parable to normal lreight ga i~ls  has 
been emphasized in the light of insignificant changes in nutrient intake (6, 1.7) 
or digestion efficiency (1 ) .  If  the lost weight is regained without significant 
increases in nutrient intake, the energy represented by such weight losses cannot 
be charged properly against the t rea t~neat  period. This study mas conducted to 
deternline the gradual withdrawal period follolvi~lg thyroactire feeding whicah 
would produce the least loss of proilnction, if any, below nornlal and to identify 
the nature of the primary weight losses an(1 gains i l s soc i~ t~d  with thyroactivr 
feeding. 

I.:Xl'ERIMEhrTA1~ METHOIW A S l )  RESIvI2TS 

Esl)erinw?)t 1 

A limited stutly of tlifferent withdra\val rates was inade after a 100-(lay 
period of feetling Protamone' to eight cows which were compared with eight 
co~vs not fed the thyroac.tive material ( 1 1 ) .  The eight treated cow-s were divicletl 

Rcrc~irr(l for 1)ul)licntioll May 14, 1954. 

'Protm~lonr I~mnil of ioi1ill:itrd rast.in wnn furllishcd for this esl>c>rimc~l~t t l ~ r o ~ l g l ~  the. 
vo~~rtcsy  of Dr. Georpr 0. Kol~ lv i ,  ('c.rop11yI Lal~o~.:ltories, Kansas C'ity. JIissouri. 



into thrce groups to give conlparablt~ rates of proelnctio~i dec4i11e among the 
groups. Reginning at the l0lst  (lay the Y 11). of s ~ ~ p l ) l e ~ n e ~ ~ t a l  feet1 containing 
15 g. of Protamone was gradually ~vithdraxv11 from thc gronps in 10, 15, ;)!id 30 
(lays. rc~spectively. Daily milk ~veigl~ts  were recorded and weekly milk f a t  tests 
Aver? matle. 

DAYS AFTER STARTING THYROffiTIVE SUPPLEMENT 

FIG. I .  Average milk produrtion cllal~gm of cows fed Protamone followed by lo-, 15, and 
:41l-clay withdrawal prriocls. 

The results of this comparison are presented in Figure 1. These data indicate. 
that the treated cows a t  this time were rleclining a t  about the same rate as thr 
control c0lr.s. During a 10-day \vithtlra\val period daily milk yields declinetl 
rapidly and continued to decline for 6 more (lays, after ~vhich they leveled off. 
The break in rate of decline in the 15-day \vithdralval came about 5 days later 
than that in the 10-day grotip, but still continucil for 5 days aftc.1. withtlrawal 
and then leveled off. The group withdralvn over 30 days followed the ~lormal 
tlecline rate until thr 27th (lay, after ~vhirh a sharp deeline occurretl during the 
next 6 days. followed by a leveling off. These results indicated that 10- and 
15-clay periods mere too short to prevrnt a marlied (leeline of 'i to 8 lb. of milk 
daily when the thyroartive fret1 was \vithdra\vn but that the decline mas qnitt. 
uniform with a terminal tlrop of only ahont 4 111. of milk daily after a 30-day 
withdra\val period. 

Recanse of the s~nall  nnmber of eons in eac11 gro111) in the I ) I Y ~ ~ I I I ~ I I H I . ~  with- 
dra~val  comparisons. another c.o~nparison was mad(. wit11 six c.art>fl~lly 1,airc.tl 
rows in each group. Three pairs \vrl.c .Jerseys ant1 tliree pairs \vcxrr ITolstein- 
Friesians. One of the six pairs was a set of itlentic.al twill heifers. \vhic.h \rc1re 
nnnsually we11 paired even for identical twins. After a 30-(lay preli~ninary 
periotl, 3 Ib. of thyroactive feed snpplemn~t containing 15 g. of Prota~nonc 1vc.rr' 
fetl to each co\v daily for 70 days. Withdra~val of the s l ~ p p l r u ~ e l ~ t  was 1llae1~ 
gradllally in 25 clays in one group ant1 in 18 days in the secontl group. I t  \va?r 



Ilopctl that tllt.scs pc.riotlh ~llight s1101v ilitt~i.l~iediate ?fleets bet\veell tl~ost' of t l ~ e  
pr.evions 15- alltl 30-day perio(ls. ,111 COWS were sevrr*al ~veelrs past the peak of 
lactation. ant1 tilt. proul)s arrragrtl 17 weeks in lactatioli ~vlicn t r ea t iue~~ t  started. 
.\I1 inilk \veight* ~ v ( ~ ~ . t ~  1-ec.ol-det1 ancl claily coiuposite sa~nples \\.ere taken for fat  
test once a week. 13ocly weight, lieart girth, and pauncl~ girth were taken on the . 
SRIII1l day fo1' a11 ('o~vs at ~reelrly interra1~. h coinparable group of six control 
c ~ w s  was nscd for hotly weight atid ineasi~reiiietit c~omparisons, bnt not for pro- 
tluctioii c.oiiiparisollh. Rates of graill feeding were equal betweell groups. All 
co~vs Ivtw frtl 111isrd hay and corn silage at1 lib. a lo i~g with rye pasture whet1 
availablr at inflacbrliiolit intervals. 

Prorlitctio~~ chtr ,~ges .  The weekly average ~iiilk ~ ~ r ~ d ~ i ~ l t i o n  of the two witll- 
tlrawal groups is sho~vli iii Fignrc 2. The rate of clrclilie was w r y  high for both 
gro11l)s tliroiigl~ont th(> t~spt~riiiient. This inay hare been conclitionrd by the hot 
~veatlier aiitl S C ~ C I T  fall tlroiight at the start of this exprriment. 'I'l~r grol~ps 

I.'II:. 1'. . \ l i lk  j ~ r o , l ~ ~ v t i o ~ ~  (.II:III~(*s o f  t!v(~ ~I .CII I~)S o f  s i x  CO\VS (':I(III (.o~t~l):trittg 1s- : I I I I I  2.5-IIIIV 
\\.itl~~ll.:~\v;~l i1ftt.r f ~ ' c v l i ~ ~ p  I ' ~ ( I ~ : I ~ I I O I I R  fo r  7 0  tln-s. 

respontled (a~nt l ) i~~. i~hly  to tl.~c. thyroac.tivc, sup l ) l e~ t~ r~ l t .  T~vo cows ill each group 
t l~\~elopr(l  c.lillit.al niastitis du r i i~g  the 70-day treatment period. They were iiot 
elililiiiatecl het-a~~st' the chRects were about the sanie on each group average, but 
these attaelis (lit1 ~.t.sult ill a higl~er rattb of ilecliiie tlia11 normal duriug the last 
part of the es l ) t~r i l i~r l~t .  The rates of decline during the ~vithclrawal periods were 
nearly the sanie, a l ~ d  both groups leveled off a t  above their ~iorlnal expected 
protluctioii based up011 an esteiision of their pretreatnlent rate of decline. 

Tlle prodiirtiol~ data from the pair of identical twins and an untreated con- 
trol heifer romparable to the twins are plotted in Figure 3. No health or man- 
agc~ment pi.ohleins oecl~ri-c.d in these animals except the failure of Twill 6 to eat 



EFFECT OF \TITHDRA\\'IXG THYKOACTIVE 12F:ED 

~ I ~ O - ~ ~ O ~ A M O N E '  ' ' ' ' WITHDRAW ' ' " ' PROTAMONE ' ' ' ' ' ' -  

Y -----CONTROL, NOT TREATED 
t;' 6 0 -  
3 

AVERAGE WEEKS IN LACTATION 

FIG. 3. Milk ~>roduetion vl~anges of n llolitrexted co~itrol lirifer a1111 :t pair of identical 
t n i ~ l s  (Illring Protamone fewlilrg nnd 18- n11i1 05-clay witliilrn\val pcriotls. 

; i l l  of her supplement dnring the first 10 days. After that, ~)rotliictioli of thv 
t~vins was ~iear ly  identical each week cluri~ig thr  treatment periotl, dnring the, 

variable withdrawal periods, and during the 30-(lay post-treatment period. The 
protluction response of these heifers to trcwtmcnt mas marked, and it' re~nai~iet l  
high until withdrawal. The post-treatment ~~rotlnction,  although it was about 
7 Ib. per day below the prewitlidrawal yields. was not different from the expectril 
~lornlal pro(1uc.tio11 based npon either t h ~  control heifer or an extc.nsion of tht. 
pretreatment decline rate. 

Body nlcastirenre?lt clrangcs. Thr \vt>elrl.v average bod)- xveigllts and pa1111ch 
girth measurements for the txTo treated groups and a uontreated control group 
are plotted in Figure 4. Heart girth measnreme~its follo~ved the same pattern 
but to a lesser degree of change. The control group gradually increased in body 
\veight and paunch girth throughoilt the observation periotl. i\fter Protalilone 
feeding was started, the two treated groups lost \veight and paunc.11 girth con- 
sistently for 6 weeks. The average weight losses were 70 to 75 Ib. ancl the girth 
reductions were 3.5 to 4.5 in. A slight. increase in weight and girt11 then began, 
but after 5 more weeks when ~vithdrawal of the supplement had been started, 
the treated cows still averaged 54 Ib. below their pretreat~nent weight and 3.5 in. 
below their pretreatment girth. At the salne time the noutreated eo~vs had 
gained 39 Ib. and 0.8 in. 

As shown in Figure 4, there were no significant differences between the 
treated groups in the rate of body mrasi~rement changes during the variable 
withclra~val periods. The large variations a t  the 29th and 30th week mere dlle 
to widely varying weather conilitions. Rapid gains in body ~veigllt started (luring 
the second week of withdrawal ill both treated groups and eontinne(1 for 3 to 4 



14'1~. 4. Body vveigllt :uud paunch girth changes of two groups of cows, I an(l 11, fed Prota- 
monc compared with n control group, 111. 

weeks after treatinent 21ad stopped. By this time the treated corns had gained 
90 to 100 lb., compared to 40 lb. for the untreated group, and all groups were 
again in the same relative weight positions as in the pretreatment periocl. In- 
creases in paunch girth in the treated groups averaged 5.5 in., compared to only 
0.7 in. for the controls. This restored the relative paunch girth positions of the 
three groups which existed in the pretreatment period. 

Body wnter changes. The possibility of large shifts in the water content of 
the co~vs occurring during and after thyro-stimulation mas investigated by deter- 
mining body water b -  the antipprine dilution method ( 9 ) .  In  order to relatr 
body water to the nor~lial body weights observed. the anilnals were not fasted 
before being dosetl i~~travenously with 10 to 15 g. of antipyrine. After injection. 
the heifers were tiecl so they could not obtain mater or feed until after the 
sampling period. -2.5 to 5.0 hours. TIVO sets of identical twins were nsed in which 
one of each pair was treated and the mate was the control. One of the treated 
trr-ins inetabolizetl the antipyrine so rapidly that unreliably 101~ blood values 
mere obtainecl; therefort., data are presented for only one of these pairs. No. 18 
anrl 19. The two twills which were both treated in Experiment I1 mere also nsed 
for botly water tleterminations and these were con~pared with a comparable 
control heifer. 

The estinlations of per cent body water derivetl by the antipyrine dilution 
method are presented in Table 1. Rather wide variations were observed between 
heifers and in the same heifer a t  different times. The general trend in both 



TABLE 1 
Total hotly water contol~t of norliial antl Prota~iio~cc-fell eocrs 

dqcring and af ter  the  Ireat?rte~~t periods 

Protnmo~ie-fed Colltrols 
Stage 

Pasrio~l Date of espt. Cow KO. Body water Cow No. Rody water 

After 11/5 26 19 66 18 62 
wit.hflrnw:~l 12/3 54 19 56 18 59 

1/20 8 5 67 3 67 
15 6 68 

Average 64 63 

control antl treated heifers was to~vartl lo1vt.r body water percentages as the 
lactation aclvancccl. The differences bet~rcen control ancl treated heifers either 
during or after treatment are not significant. The data definitely fail to support 
the hypothesis that thyroactire supplrment feecling a t  the levels nstxtl results in 
total boclp dehydration or that part  of the rapid ~veipht pain after treat~nent is 
due to restoration of normal water c o n t e ~ ~ t .  The snpplrment was stopped in 25 
days for No. 5, in 18 days for No. 6, and abruptly for No. 19. These cliffrrences 
in withdrawal rate dicl not cans? notahle diffrrenres in hod- \vatel- in conlparison 
with the controls. 

1)ISC~'SSIOS 

The milk produc*tion cliatipes clnring raryinp rates of withdralval of t l~yro-  
active feed supplenlent indicated that yields conld be prevented fro111 tlropping 
below the normal espccted level if 'the ~ v i t h d r a ~ ~ * a l  period esceecled 15 days. The 
most gradual decline o c c ~ ~ r r e d  when the snpl)lenlent was reduced a t  the rate of 
0.1 lb. daily for 30 days. Differenc2t.s between I.',-, 18-, ant1 25-day periods were 
not noticeable. The resnlts observecl with inclividnal rows indiratrtl that tht. 
higher the sti~iiulatecl protluc.tion was above the esprctetl normhl yield. the illore 
precipitous was tht' tlrclinr after mithtlra\~al of thr. snl)plt~~nent. This is sho\vt1 
by comparing the lactation c.l~r\~es in Figures 2 antl 3. All c.o~vs ohservecl rlc- 
clinetl to their approxirnatcl 11orma1 yieltl after ~rithtlra\val. ant1 it is highly 
i~nprobable that a 11o1.nla1 ratr  of tlecline can bc obtainetl fro111 a stinlulated 
high levcl even h- very gratlnal \~~ith(lran.:~l. When the t l l~- ro-s t i~nula t io~~ is re- 
moved, i t  n111st 1)' t.spretc~d t l ~ a t  protluc.tion will a(1j11st to the IIOPIIIR~ lcvcl 1)asetl 
upon stage of lactation anc1 gestation, fred rontlitions. ant1 other nianagenient 
factors affecti~ig production. If this atljnstnlent is 6 lh. p r r  cov7 claily and the 
existing rate of decline is 0.1 lb. per day, the estension of that clecline rate for 
20 days will still rcqnire a drop of about 4 Ib. to occur near thr  end of the with- 
drawal period. If the withdrawal periocl is shortenetl the terminal drop in yieltl 
rvill be greater, and if i t  is lengthened the drop will he less. 



One of the theoretical advantages of a gradual over an abrupt mitliclra~val is 
the slow acljustnlent of thc body to renloval of exogenous thyroxine. 1)uring 
thyroactive supplenlent feecling the thyroid beconies inactive (10, 12). H o ~ v  
quickly it can reslune norn~al  operation after ~vitllclra~val has not been tleternlinetl 
definitely. The large drops in yielcl after abrupt or short ~vitlitlra~val p ~ r i o d s  
indicate that tll)-~.oitl norn~ality is not achievt~tl in~nlecliately. Aetirity of thc 
thyroitl as 111easlu.rt1 by nptaltc of ~~atlioactivc iorline indicates that 11ornla1 
function is achi r~et l  by 4 weeks after abl-npt ~vithdra\val (12 ) .  ant1 the nlinininin 
time is probably Ichs t l ~ i ~ t ~  t l~ir .  Tn vit.117 of this fact and the insignifici~llt tliff(~r- 
ellce b e t ~ ~ ~ e l l  1s- illlcI %(lay n'ithdra~va1 periotls ill this stutly, 3-week with- 
drawal periotls. or sligl~tly less. should 1)e ratisfactory ancl grac1u;ll enough to 
prevent belo~v-nornii~l 1,rotlnction (lips in practical use. 

This illvestipiltion has sho\vn that the major e l t ' n~e~~ t  ill the l)otly weight 
changes (luring ant1 after thyroactive s ~ ~ p ~ ~ l e n i e n t  fec>ding ic; the variation in 
gahtro-intcbstinal fill. T l ~ e  loss of 3.5 in. i l l  ] ) au~ lc l~  girth (luring thc early \vec>lrs 
of thyroactive fecdinp would represent about i..i pal. capacity, or niorc than 60 
Ib. of weight, c o ~ ~ ~ l ) ; ~ r e t l  to 54 Ih. average act1ia1 10s.;. The 3.,5 in. increasc in 
girt11 after ~vi t l~ t l ra~val  collld represent about 89 Ib. of ~veig l~t ,  whereas the 
actual average increase of all of the treatetl co\i*s a t  that time \var 9.5 Ib. The 
very n~inor  c.Iiangc\ in hotly 1vatc.r pe r r t~n tag~s  a t  the sanle time indicate that 
very little, if any, of the weight change is tlne to 11nusua1 shifts in bocly watrr. 
,I more logical t~xpli~nation is that tile thyroactive feet1 causes st i~n~ilat ion of the 
,nastrointestinaI travt, resulti~ig i l l  smaller capacity. Renloval of the s t i~ i i~~ la t ion  
allo~vs the orgallh to rclsnme their 11on11al condition. I n  view of this possibility. 
most of the body weight loss tluring thyroactire feetling cannot be consiclered 
as energy loss, and the weight gain after treatnlent cannot be considered energy 
gain. I11 order to nlake proper comparisons of energy balances on the basis of 
body ~veights, pretreatment weights shonld be eonipared with ~vciglits of 3 to 4 
weeks after treatment in both treatetl ant1 control COWS. 

SUM M . i R Y  

Withclrawal of 3 lb. of thyroactive feed supplement co~ltaining 15 g. Prota- 
mane daily from the ration of cows so fed for 10 to 14 ~veeks has been co~nparril 
over periods of 10, 18, 18, 2.5, and 30 (lays. Withdrawal in 10 clays was aecoin- 
pailieil by a sharp drop in mill< yield ant1 a temporary period of subnormal 
production. Less rapitl decline was notecl in the 15, IS-, or 25-clay ~vitlitlra~val 
periods, ~v i th  little difference in yicltl decline rates noted between the last two 
periocls. Yields clicl not drop b?lo~v rstimatetl nonnal prodnction after with- 
drawal periods of 15 days or more. 14:xtr~~cling the 11-ithdra~val period to 30 days 
did not prevent a terminal drop from a 1)artially sti~nulated yiel(1 to the estimated 
normal level. Rapid gains ill body weight occurred after tllyroactive feecling 
ceased. These \vercl aceonipanietl by incrc~ases ill paunch girth large enough to 
account for ~ lear ly  all of the weight inrrease as gastrointestinal fill. The total 
bocly water conte~lts during ant1 after treatment were essentially the same in 
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T H E  ULNAR EPII'IIYSEAL CI\RTIIJAGE WIDTII IN NORMAL ,\XI1 

R.ACHITIC! CALVES AN11 ITS  TJSE COXPARED TO 

OTIIER. METHODS O F  1)ETF:CTISG RICKETS 

.I. \V. 'I'ROMAS, M. OKAMO'IV, \ X I )  L. .2. MOORE 

])air!/ Hrml)andr!l Rcncarch Bmi~ch  
.Ir~ricrrltro.al Bescarck Scri,rcr#, O S D . 4 ,  B r l t s i . ~ l l f ,  Jfnr!llat~tl 

The nse of X-ray photographs of the lilnar epiphyseal cartilage to tlen~on- 
rate the presence of rickets in calres was first nle~ltio~ietl in 1938 by inresti- 
tors from Pennsylrania State College ( I ) .  More recaently this teelinirlue has 
en iisetl by the present investigators (f, .i. 6 ) .  IIo~vever, to date i t  has heen 
ed only to differentiate between nornial ant1 1.ac41itic calves. 

I t  appeared clesirable to make a tltatailetl study of the norrnal pattern of 
~ification of the epiphyseal cartilage of the ulna in calves similar to studies 
ade on the ossification centers in hnman wrists ant1 liantls ( 2 ) .  *I normal 
lttern for calves would thus be obtainetl. This \vould make it possible for 
lyone to compare any roentgenogra~~l with that of a normal which had been 
tablished for that particnlar breed, sex, ant1 age. This mould be nsed as an  aid 
a person desiring to nse this technique ill the field for the detection of rickets. 
m o ~ ~ l d  also establish a physiological or slieletal age pattern based on one phase 
bone development. 

The purpose of this stutly was to clrterminc thc~ ~ ~ o n n a l  pattern for the ossifi- 
tion of the ulnar rpiphyseal cartilage in young dairy calves and to present data 
which this methorl was compared with other eom~nonly nsetl inethocls for the 

.tertion of rickets. 

X-ray photographs were obtainc.tl on 5 X i in. X-ray safety filn~. The film 
is placed in cassettes which wrre I~eltl .cvith clanips ancl ringstand behint1 the 
stal end of the left ulna on the inner part of the leg at about a .5O to 60 tlegree 
igle fro111 the anterior view with the ralf in .;tanding position. The X-ray tube 
4s approxi~nately 30 in. from th(3 ('assrtte a t  about a 60 to 7.5 degreo angle xvitli 
e anterior rirlv. A photograph of this procetlnre is sl~olvn in Figure 1. A 
oclel F po~mtable Gent'ral Electric X-I~~I>-  Innit was nsetl and exposnre a t  15 mv. 
~rir t l  from to 1 S C C O I I ~ .  depending 011 the size of the calf. The prorcilure 
3s similar to that nl(~ntioned by R~c.litlel ct (11 .  ( 1 )  rxcc>pt that it was more sati.;- 
ctory to hold the valves in a corner of the barn than to ti-y to restrain them in 
crate. X-ray photographs of small calves were obtainecl from the horizontal 
)sition ~vith the left foreleg held above the cassette, which was on the floor, and 
e X-ray Ilea(1 above thr  leg a t  the appropriate angle and distance. 

To represent normal tlevelol,l~~c~~~t in calves. X-ray photographs \vclre taken 
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FIG. I .  Position of npp:~mtus fo r  taking X-my photograph. 

every 3 to 6 weeks during two alternate years on calves iu the breetl i~~g hrrd ant1 
some ~~ormally-fed calves in the nutrition herd a t  Reltsvillr. 

The width of the epiphyseal cartilage was tleternminetl by nlc~asnril~g its witltll 
in millimeters with calipers or dividers at fivr eclnally spac.cvl i~~ te rva l s  ataross its 
diameter on the X-ray ~ ~ e g a t i r r .  The fivr values ~ v r r t ~  averaged ant1 used as tho 
width of the ulnar epiphyscal cartilagth for the calf at that partivular ilge. Values 
smaller than 1.0 mnl. were difficwlt to measlire arcnrately. ant1 the nse of this 
measurement on animals over 8 nionths of agr was i~nprac.tical. -1 slzc>tc.i~ of the 
parts of the leg in a typical X-ray photograph is sho\vn in Figure 1. 

Regression coeficicnts were c.alcl~lattltl het\ver11 (lays of age a l~t l  averagc 
cartilage lvitlth by nleans of the Iogarithnl of avc'rage cartilagr ~vi t l t l~  at 10-day 
intervals of age fro111 0 to 240 days of age (3). 

Data on plasma calcium, serunl pl~osphatase. and hotly \wight gail~s. togetller 
with data on cartilage width. of c*alvcs fed tlrietl beet pnlp ant1 g ~ ' i ~ i l ~  with alld - without r i tan~in  D art. presentetl for csomparatire purposes. Thr c.arcl a1111 PI-o- 
cedure used in raising these calvcbs ant1 sonle of the tlata 11avt~ I ) I > I ~ I I  111~~cv.ihril 
previously ( I .  :i. 6 ) .  

Tlie average n111ar rpipl~yseal c.artilagt: ~ ~ i c l t l l  a l~ t l  its stantlartl tb~.~-ol. for tlw 
t~vo  breeds and two sexes a t  111onth1.v intervals are presented in Ti11)le 1. Data 
for the first month were divided into two intervals because of a nlorc rapid 
o.;sific*ation iluring this period. The nn~nber of calves observed is also given. 



111 general, tBr epil)hysis was ~vitler ill young male calves than in fe~nale 
caalres. The significance of these tlifferc~llcc~s a t  the various ages is i~ldicated 
tolvartl the hottom of Table I .  Male calves ~isually sho\vetl a faster rate of ossi- 
fication t h a l ~  (lit1 fc~~nal r  c+alves. A\ simili~r sex tlifference has bee11 delnonstrated 
in l i~~n ians  ( 2 ) .  

The cartilage witlth of IIolstc1it1 c.al\-es was greatcar tllan that of .Jersey calves 
for the first 9 to 3 ~ n o n t l ~ s  of agcb. .\ftt.r this titile the breed difference usually 
was not signific*ant. 

A straight line \\,as fornlecl ~vllcll logarithln of 11lnat epiphystd cartilage 
~vitltll was plottetl against age of the calvrs. The fornlulas for calculati~lg ex- 
pected \-alutls for c*al~es of hot11 brrcads ant1 sc3xes are given at the bottonl of 
Tablr 1. togcthel. ~vitll the stantlartl error of estiniatcss for l'. The regression 
roefficiellts 1vel-c not significalltly tlifferc~l~t \vhrl~ a rovarianctl analysis f.?) was 
applied to thcln. although the tlifel.c~ncc3 between the sexes approached siguifi- 
cance. The corrt>Iation coefficiellts for ITolstein fetnal(.s, IIolstein males. .Jersey 
females. ant1 .Jersey tnales were 0.99. 0.97, 0.98. ant1 0.98, respectively. 

The ulnnr epiph-seal cartilage \vidtl~ of calves of the sanie sex ant1 brt~etl 
that \verc I)oi-n in winter months was the Yame as that of caalres horn in the 
sunilnct. n~onths ancl both were tlie siuue as r i l l~es  born in the spring and antnmn 
months. 

,I coml)ilrison of the usual blootl constitllellts elnp1oyc.d in the tletec~tiol~ 01- 

study of ric.lrets and the cartilage width in normal ant1 rachitic calres is s1lolr.n 
i l l  Table 2. Tllc significarlce of the rlifferences between the two gronps of calve9 
a t  the ~i1riou.i ages also is shown. 
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During tlie scco~ltl iiio~ltl~ of life both blootl calcilun and phospllatase values 
illtlicatetl a t1iRere11c.t. het~vi~c~n these two groups of calves at 1' = 0.W2 ant1 I' = 
0.05, respectively. After 60 clays of agr a measure of cartilage \vitlth, plasma 
calcium, senunl ~)hosphatasc, a~l t l  relative rate of body weight gain all sho~vt~tl 
significant diffrrcnc.c.s bet\vec>n thesr two groups of ealres. With propc3r use ant1 
interl)retatioli. 0111' (lati1 ititli(*at(~ that vaI11es for calcium. phosphatase, ancl 
cartilage ~vitlth have ;~~l)roxitnateIy PIII IRI  ;lt)ility to permit tletection of ricskets 
in young calves. 

An expression rvhic.11 ~voultl be of mort3 ilctinite help in the dctectioll of rickets 
\vould be to observe two values at different times iind express these values iIs a 
rate of change per 111iit tilne. For instanre. the rate of ossifieatio~~ of the nlnar 
epiphyscal cartilage in ~nierons per day for t.illres 2 ancl 3 nlonths of age sho~vetl 
a significant tliffercnce [I' < 0.01 bet\veet~ the val~ics for these t ~ r o  gronps (+35 
ant1 -17 p/tlay)]. Similar colnparisons for 1)lood calcinm atit1 phosphatascl 
showetl significant tlifft~rrnt+cs (I' < 0.01 in rates of change for the two groups 
of calves. 

All these n~etliotls ran 1)r usc.11 to follow tht. riltc of healing in rachitic animals. 
For example, a 4-month-0111 calf fed grain ant1 whole milk became rachitic in  
late Decemb(1r. Analysis sliowetl that plaslna calcium was 7.7 ing.r/o ; serum 
pliospliatase was 20.4 Rotlansky nnits, ant1 t.artilage width was 9.!) mm. The 
calf was givc.11 10.000 1.17. of vitamin 1) per (lay plus some bone nieal and was 
allon-etl ac.cess to slt1lsllint1. A  non nth Iatt~r tllc respectire ra l l~es  were 10.5, 11.0. 
and 4.0. 

The X-ray metllotl of tl(~tectillg ric+kt>ts ha.; certain aclvalltages over the clle~ni- 
tea1 mcthotls thitt rclc(~~ire at3tacss to a laboratory. I t  gives a permanent physical 
rerord that is not subject to tlrror of tleter~nination. The general state of bone 
c.alt.ification illso can bc esti~nated from tlie roc~utgenogram. 

In  contrast to bloocl data, wl~ere the raliles for the  sach hi tic anillla1 tleviatt~ 
from a stationary normal ralne, in t l i ~  cartilage witlth method the normal value 
changes aeeortling to a definite pattern. \rllc~reas the (.artitage width of rachitic 
animals remains wore or less statioaary. 

The establisli~nent of norlnal taartilage t l c ~ v t ~ l o ~ ~ ~ ~ ~ t ~ t ~ t  at various ages Illay 11rovc. 
useful also in certain physiologit*al or skeletal age studies. The cartilage area of 
the ulna of t'i11~es is ilr)l)il~'~lltl,., the 111osf ~ ~ t i ~ f i I c t 0 l . y  a r ~ a  for observatio~~ a11d 
measurnncnt. since other cartilage arcbas arc ]lot \vide anil becollie owifietl a t  an 
earlier age. Tn devt.loping a physiological 01. s k c l ~ t i ~ l  age pattern in humalis the 
use of ossification centers has lwen given more c~nphasis t h a ~ i  the ankylosis of 
cartilage areas of tlie boiles (2). 111 calves these ossification centers occnr prc3- 
partum aliil rannot be used for this purpose. I t  was noticetl that the carpal 
1)ones. especially the accessory carpal. develol) and enlarge during the first few 
months of life. Their development could be used to clctcrmine a physiological 
or skeletal age pattern, but it does not offer as satisfactory a methotl of measure- 
ment as does the ulnar epiphyseal cartilage width. 



S U M  MARY 

Obsc~rvc~tl ~i1l11t.s Ilavc. hc.e~l prt.se.l~teel fol. tllr w i d t l ~  of tllc cpiph-seal cartilage 
of the 11l11il for  ITolsteill ant1 .Jrrst*y t.al\-c~s 111) to  240 ~~~~~s of age. It was wide ill 
youllg ra l r r s  a11t1 gratlllally brcal~~c. ossific.tl o r  "closc~tl" a t  about S I I I O I I ~ ~ I S  of 
age. For11111las ~vertl tlcrirrtl illit1 1)re~st~11te?tl fro111 \v11icI1 e s p e ~ t c d  ~~a11it~s can be 
obtainetl a t  ally gi.c.c.11 age. 

;\ significa~lt tlifft.reucc i l l  tlltl tdal'tilagel ~ v i d t h  brt~veell breeds alld scscs was 
folunel a t  tdc.rtail~ apt's. Tllrre ~ v a s  I I ~  seasonal tl-elltl 01- cliffcrences in  tllrsr valnes 
for calves I~orn  i l l  n-illtc~r, S I I I I ~ I I ~ P ~ ,  or sprillg ant1 fall. 

Esaml,lt~s arc1 pi\-cn of tllc nsth of this technicli~c~ ill the tletection of rickets. 
i l l  ~vllirll \-allies for  hlootl t.alt.iiu~l i111t1 ~,hospI~atasc~ were c.o~nparrcl to  cartilage 
~vieltll ill I I ~ ~ I I I ~ I ~  it1111 r i l t+hi t i~ e*al\-'~. 

Tllr lisr of this t c ~ t * l ~ l ~ i c l ~ ~ t ~  to ele~tr~.uni~~r ~,l~ysiolopit-i~I 01. slic~letal age in yo1111p 
calvc.s is intlicatetl. 

( 1 ' 1  I ~ E C I I ~ E I , ,  S. I., 111~ . s~~~ox ,  S. IV., ( ; \ .KI~R. \ s~~ ,  S. R., , \ s n  I ) I T C I I E ~ ,  I{. A. TIIP Vit:111ii11 1)  
R r ~ l i ~ i r r ~ ~ ~ ~ t ~ t ~ t  of I h i r y  (':~lrc~x. P:I. Agr. Esp t .  St:)., Hlrll. 3ti4. 19.14. 

( 2  I (;nEt.1,1(.~, IT. IV., .\SD P v r . ~ ,  S. I. Rorlio,qrn))hir :ltln.~ of S11.lvinl I ) r ~ r ~ , l o ~ ) ~ ~ i t  111 of tlrr. 
nrrtrfl cr)rrl Il'rist. S t : ~ n f o r ~ l  1'11ivc~rsit.v Prc,ss, St:lnforel, ('alif. l!l5n. 

( 3  1 SSEDE~.OK, G. IV. Statistic.cr1 ,vf'ihof/x. 4th rrl. Iojv:~ Stat( '  C'ollrgc~ Prrss ,  X111cs. l!l4(i. 
(41 'l'rrolr.\s, .J. IV. Tllc. T'sc of ,Y-R:ly I ' l~otogl ;~l ) l~s  ill tllr TIc4ectio11 of Rirkr t r  ill (':rlvrxs. 

BDZM-hrf-95. .Tlmr, 1950. 
i.5) Trroar.\s, .J. IV. Antir:~c.l~itir  Activity of So111c I ) c ~ l ~ y ~ l r : ~ t r ~ l  Alfnl f :~  H:~ys  ; I I I ( ~  t111, Ell'cnrt 

of ;\rlrling Lil~lrstolle t o  the  (:r:~il~ R:lfion 011 tl~cl I)rvr~lo])111~11t of Rickets ill C:~lvcs. 
-7. l)nir!/ Sci., 35: 110i. 1952. 

( 6 )  'I'~011.\s, J. I\'., .\SD MOORE, 1,. A. F : ~ r t o r s  AfYcc~ting tl~c. At~t i l . :~cl~i t ic  Activity of A l f :~ l f :~  
nnfl Its Allility t o  P r rv rn t  Rirkr ts  in T o ~ l n g  Cnlrra. . I .  l)trir!l Sci., 34: !ll(i. I ! l R 1 .  



TIIE TIIYKOXISE ( 'OSTENT Ob' TIIYRO,\C'TI\'E lOl) lS . \ ' I '~ l )  

I'HOTEISS A S  I)I.:TER,\IISEI) 131' ,\ R,~l)IOA("I'I\'I: 

ISO'I'OI'E I)TTATiTIOS TE('IISIQITE ' 

I ) l l ~ . i ~ ~ p  r tb t~r~l t  yt8ars th(1 eRet*ts 1)rotI11t+tvI by thyroactive iotlinated proteins 
011 nlilk seeretion ant1 assot+iate(l ~ ) r o t ~ ~ s s ( ~ s  11av~ been investigated extensively, 
as intlicaatetl ill tl~cl reviews by I<laster c f  nl. ( I )  and Sykes cf al. ( 1 4 ) .  The 
physiologic*al c.ffet*ts of srlch preparations 11avt. beell attribntrd to their thyroxine 
eo~~ ten t .  and in facat thyroxint~ ('a11 he isolattvl fro111 tl~enl readily subsequent to 
hytlrolysis. Ilo~vever, tliert. has ht~.11 c.onsiclerable clut.stiou regartling the actual 
an~ount of thyroxine prt~sc.nt. Rio-assays of iotlinatetl proteins atlministered 
parenterally to gui~l t~a  pigs yit1ltletl valuc~s that agrc~c~d \s-ithin 10'4 with their 
appartwt t l ~ y r o s i ~ ~ r  contellt ( 1 . 1 ) .  as tlt.ter111inet1 by a butanol clxtraction tech- 
nique. IIo\vevc~r, a muvh greater response to iotlinated proteins than to com- 
l)arahl(, (loses of thy~.oxinc~ is obtaint.tl in frog tadpolt~s ( 1 1 ) .  ant1 a smaller 
response is ol)tainetI in assays by t111x goit(.r l)r~\.ention  neth hod in rats (5) 
Because of tl~clse spc,cies itliosynt.rasit~s there has been considt.rable clnestion as 
to holv c.losely the results of a biological assay of an iodinatetl p r o t e i ~ ~  will 
represc311t its t r r ~ e  t l~y rox i~ l t~  c.ontcnt. 111 an earlirl- report ( 1 2 )  it was pointed 
out that the actual yield of thyroxine obtainetl by isolation is far  below the 
valnes intlic.atcv1 by biologit*al tests. 3Iore rc~c.ently. it has been f o u ~ ~ t l  by paper 
trliro~natogral,l~y (3 ,  7 )  that hytlrolyzates of iotlinatetl proteins contain at least 
two ioclinatc~tl 1)ntanol-soluble co~nponntls (diiodothyronine and triiodothyronine) 
ill atltlition to thyroxine. Thest. eompollncls woulcl be inelucled with the thy- 
roxine f r a c t i o ~ ~  in the 11-buta~~ol estl-actio~l techniclue for t l i~roxine  analysis. 

In view of these c*o~isitlt~ratio~~s it was tlrcicletl to employ a radioactive isotope 
tlilntion teclinicluc* in all attt>nll)t to ~It~ter~ll ine the trnt3 tllyrosine cnntrnt of 
thyroactive iotlinatetl proteins. 

EXI'ERl1lk;SI'AL. I'KOCEDCRE 

Seven differellt lots of I'rota~none. a thyroactive iodinatecl casein coatailling 
11-butanol soluble iotline etluivalent to approximately 3.0% thyroxine, were em- 
ployed in the series of analyses. 

Prepnrafio)~ of ~ndiorcctit .~ tlr!l,~o.ritrc'. In the initial trials, radioactive thy- 
roxine was prepal-ecl by iotlination of casein ( 1 1 ) .  For t s  g. of casein mere sus- 
pended in 1,400 1111. of distilled water. containing 10.0 g. of NaHCO, a t  30' C. 
Approximately 2.5 me. NaT1" solntioil was placed in a test tube, and the iodine 
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mas liheratetl by atitling a crystal of K I  plus an rxcrss of KIO.. follo\~ccl by 
three drops of glacial acetic acid. Concentrated NH,OII solution was then atltletl 
until the iodine color disappeared. The radioactirr solution was adtled to thtb 
previously prcparetl casein solution. The iodination was conipletetl hy atltling. 
in small portions antl with continnal stirring, 7.4 g. of powderctl 1,.  The 
temperature was then increasetl to 70' C.. and the solntion was maintaint~tl a t  
this temperatnrc, wit11 constant stirring, for 20 hours. After recovcry of the 
iodinatcd casein. raclioacative thyroxine was isolated and purified as described 
1))- Reineke and Tnrner (12).  In  latcr work. radioac*tire thyroxine was formrtl 
hy iodination of 3,.i-tliiotlothyronine. The I'31 \\-as released as already dcscrihed 
and the remaintler of the proccss conductetl 1)y the procedure of ~ o r r o \ v s  ct  01. 
( 2 ) .  Purification \vas effected hy first washing the crutle thyroxine with several 
c.liangrs of absolute ethyl alcohol containing a few tlrops of glacial acetic acitl 
and then recrystallizing alternately as the monosocliunl salt and the free com- 
pound as described previously. After drying to constant weight in a clesiccator 
at room temperature, a stock soli~tiori was preparcd by dissolving a x7eig1ietl 
quantity of ratlioactive thyroxine in an accurately cletern~ined volnme of 70% 
alkaline alcohol, usually in a concentratioa of 1.0 mg. per milliliter. 

Rtabilityj of Z'31-lnbelecl fh? /~oxine  dvtring h?/clrol?jsis. The analytical pro- 
taedure clevised depends on the extent of dilution of added radioactive thyroxine 
by the nonlabeled thyroxine isolated from hydrolyzates of iodinated protein. 

Tnasmlich as it has been shown that under certain conditions iodine mill 
exchange readily between iodide and thyroxine (4 ) .  it  seemed essential to deter- 
mine whether exchange monlil occur chiring the contlitions of hydrolysis to be 
employed. 

One ml. of stock solution, containing 5.4 mg. of racliothyroxine, and 100 mg. 
of nonlabelecl thyroxine were placed in a small boiling flask. To this were added 
21 ml. of distilled water, 10.6 g. Ra(OII) ,  5H,O and 34 g. of KI. The mixture 
was refluxed for 20 hours in a boiling water bath. After cooling, the barium 
hyclroxide was neutralized with dilute HC1 ancl adjusted to p H  5.0. The pre- 
cipitate was rerovered by centrifuging, dissolved in 25 ml. of NI,, NaOH solu- 
tion. heatecl to 90' C., anel treated with 5.0 ml. of saturated Na,SO+. Further 
purification  as effectctl by dissolving the precipitate in 2 ml. of boiling sotlinm 
carbonate solution and chilling it to crystallize the thyroxine as the monosotlium 
salt. Finally, the thyroxine was dissolred in 70% alkaline alcohol ancl crystal- 
lized from the boiling solution by adding glacial acetic acid. The crystals were 
collected in a siliteretl filter and dried to constant weight. Radioactivity counts 
\Yere nlade on weighed samples of the recovered thyroxine ancl compared with 
alirluots of the original radioartive stock solntion. 

The results are summarized in Tahle 1. The actual recovery of thyroxine in 
the two samples was 78.2 antl 79.774. TIomcrer, the ratlioactivity of the recovered 
thyroxine was 98.1 ant1 100.37; of what would he expected from the amount of 
labeled thyroxine included initially. From these results it is concluded that 
under the conditions of hydrolysis employetl no significant exchange of iodine 
between thyroxine and iodicle occurs. 
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TABLE 1 
Recovery of labeleir tk!lroxiire after rejlrrziltg i n  bnriiral Ir,~ltlro.~idr solwtioil - 

Sample 1 Sample 2 

Radioactive thyroxine added (mg.) ......................................................... 5.4 5.4 
Total thyroxine added (mg.) .............................................................. 105.4 105.4 
Thyroxine recovered (mg.) ......................................... ... ......................... 82.4 84.0 
Per cent recovery ..................................................................................... 78.2 79.7 
Radioactive thyroxine rounted (mg.) ........................................................ 0.54 0.54 
Counts per minute .................................. ..... ............................................... 2,145 2,145 
Rccorrrcd tllyroxine counted (mg.).. ...................................................... 11.0 11.0 

Counts per minute ....................................................................... 2,195 2,245 
Expected count . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9,238 2,238 
Per cent recovery ................................................................. 98.1 100.3 

Tlt?yrorinr clete~.nritrntion. I n  most instances 20 g. of iodinated casein was 
added to a hot solution containing 64 g. anhydrous Ba(OH),  dissolvecl in 128 ml. 
of distilled water. The hydrolysis was cond~lcted in a 250-ml. boiling flask. 
attached to a reflux condenser by  means of a gronnd glass joint. After the 
mixture was boiling smoothly, radioactive thyroxine stock solution was added. 
the condenser m-as connected, and the mixture was boiled gently for 18 to 20 
hours. 

The thyroxine was isolated and purified as described earlier (12) .  I t  was then 
transferred to a tared, flat-bottomed Pyrex dish 22.0 nlm. in diameter with the 
aid of distilled water, spread evenly over the bottom of the dish, dried to con- 
stant weight, and counted. Radioactivity collnts were made with an end window 
G. JI. tube connected to a laboratory scaler. Appropriate standards prepared 
from the same stock solution employecl in the hydrolysis were placed on Pyrex 
dishes, dried, and counted with each series of determinations. The thyroxine 
content of the preparations was computed from the dilution of the radioactive 
thyroxine added during hydrolysis by nonradioactive thyroxine derived from 
the ioclinated protein. The computation is that for simple isotope dilntion as 
described by Kamen (8). 

Thyroxine  content of thyroactive iorlirlatrcl case;?,. The results of analyses of 
seren different samples of Protamone are given in Table 2. The data listed under 
Stage 1 are the values obtained after the isolatetl thyroxine had been purified 
to the point where microscopic examination revealed a homogeneous crop of 
characteristic "wheat bundle " crystals. After drying, weighing, and counting 
a t  this stage, the thyroxine was pnrificil by fnrther recrystallization (Stage 2 ) .  
Preparations No. 1 through 5 were recrystallized once from NalCO: solution and 
once from boiling 7 0 7  alkaline alcohol. Preparations 6 and 7 were recrystallized 
first from Na,CO: solution, ant1 the crystals of the monosodium salt were washed 
four times with cold distilletl water. Ilftcr r~crystallizing from hot alkaline 
alcohol they were \vashctl again with three changes of cold ilistilled ~vater  and 
then crystallized alternately again from Na,CO : and hot alkaline alcohol. Finally, 
the samples were dried to constant weight ancl recountril. The lack of any 
significant change in compntecl thyroxine content a t  the two stages indicates 
that little further pnrification could h(. attained hy the methotls employeil. The 



TAB1.F; 2 
Cor~rlrfcrisor~ of trppcrrr,lct o~rd trrc~ IIr!/ro.r:i~rr co~rtt~~rl of Ilr~lrorrc~tir~~ rotli~rnl,,l vrrse i ~ r  

ns detcr?~~irrrrl by  11-brrtn?rol rrtractiotr ntrtl isolo)rv ~lil~rtiorr ~rrrtlro~ls 

Isotope dil~~tiol~ ntlnlysis 

TI~yros- Tl~yrosinr recovered ( ' ~ : I I I ~ ) I I ~ ( . I ~  
i l l ( ,  I,:~l~cIr~l thy- tl~yrosi~~tl 

l i  r o s i ~ ~ r  nllflrrl St:~gc 1 Stngc 2 I . I I I I ~ P I I ~  
1 ' .  RIIOII - -- 
So. ~ s t .  Mg. Sp. Act." Bfg. 81). Art. Jfg. Sp. Art. 1 2 

/% / ' 1  l % )  

1 2.75 9.43 5.46 60.9 1 51.9 0.20c; 1.311 1.20 
2 3.1ii 9.43 5.46 13.2 0.239 11.4 0.2Y!) 1.013 1.0s 
3 3.3s 9.43 5.46 28.5 2.227 24.7 0.226 1.09 1.09 
4 3..52 9.43 5.46 14.8 0.263 1 2  0.221 0.93 1.12 
4 3.52 9.43 5.46 21.2 0.215 11.3 0.202 1.75 1 . 3  
5 2.83 9.43 5.46 4.4 0.245 :mi 0.26 I.OO 1 . 1 ~ 1  
6 3.24 1.00 78.94 30.7 0.426 13.2 n.378 0.2 1.04 
i 3.30 1.00 78.94 22.3 n.425 6.6 n.431 0212 oi11 
1 3.30 1.00 78.94 11.4 0.455 3.5 0.370 0.81i 1.06 

I 3.24 1.04 1 .09 
S ~ I I .  lLrrclr n.43 I 11.033 

" Counts prr tng. per srro1111 rorr(~(.tr~I for bnrkgro~lnd m1~1 pllysivnl llrcay. 
" A 20-g. snll~plr \\.as nl~nlyzrll ill me11 raw. 

~vrigl~trtl Inrill1 t r n r  t l l y r o s i ~ ~ r  eontc~l t  was 1.01 -C 0.049 at  Stag(. 1 i111t1 1.09 t 
0.038'; i ~ t  Stage 2.  'I'his eolllpilres to  a11 al)parrnt t l l y ~ - o s i ~ ~ o  c . o ~ ~ t e ~ l t  of 3.24 t 
0.+29'i 1)y thr I ) ~ ~ t a n o l  r s t r a r t i o ~ ~  ~uc~tl~ot l .  It is of il~tc>~.rst that the t r~~c .  t11y1.osinr 

sho~v.; 105s rar.iahility hrtwrrn p~*ihl)a~.atio~~r t11a11 (100s t11r ~ ~ - l ) ~ ~ t i ~ ~ ~ o l - ( ~ ~ t ~ . i ~ c ~ t a l ~ l ~  
frar t  ion. 

I>IsClrSSION 

Thc. r rs~rl ts  ohtai~leil i~~t l i r i~tc .  that  only iihont o~~t.-tl~il.tl of tllc a l ) l ) a ~ ' r ~ ~ t  

c t  nl. / I . ' ? )  is t r n r  t l ly~.osi i~t~.  T11rrr j)ri~lt*il>al s o ~ ~ r r r s  of r r r o ~ .  ~ o ~ i l t l  ~ 0 1 1 ~ e i ~ a 1 ) l y  

riretl from thc iotlil~i~trtl  11rotri11 i111ring tllr I~ytlrolysis. rrbry srl.ions e1.1.ors ~v0111tl 

r e s ~ ~ l t .  Tht. tlati~ l)~.c.sentetl i n  Table 1 i~l t l i ra tr  that  I I ~  sipl~ific.a~lt t~sc. l~al~gc~ 

o r c ~ ~ r s  1111der the 1.01111itions r~llployril. I f  cit11r1- tllr Inht>lrtl t h y r o s i ~ ~ e  o r  tllr 

thyrosi~lc  isolattvl from the hytlrolyzatr co~ltainrtl  a s i g l ~ i f i c a ~ ~ t  ~ I I I I O I I I I ~  of IY)II- 

tamillants. erro~.s \vo111t1 arist'. 111 the first taasr the C O I I I ~ > I I ~ P I ~  ~ a l r i e s  ~voulcl tent1 

to br too low ant1 ill the seeo~ld. too high. F o r  this rcXasol~ r s t r e n ~ e  care was 

taliell ill p l~~- i fy i l lg  the t h y r o s i ~ ~ e  a t  hot11 of t l i e s ~  stages. 01lr-tli111r11sio11al paper  

t * l ~ r o ~ ~ ~ a t o g r a ~ ~ ~ s  run  on s o ~ ~ ~ e  of the t l ry rox i~~c~ isolatt.11 af ter  I~ydrolysis inclicated 

only one spot (Si1111ytlri11 test) ,  with no cv i t l e~~re  of significant ~ o ~ l t a ~ ~ i l ~ l a r ~ t s .  

I t  is ~)rohabl t~ that t r a r r  an~oull ts  of c o n ~ p o ~ u ~ t l s  similal. to  thyrosiue in  solnhility 

were (ba~-l.ietl alollg i l l  the pnrif icat io~~s.  bnt not i l l  siiffieic~~~t amonnts t o  introilnct, 

a gross error. 

The arerape t h y r o x i ~ ~ c  value of 1.04'4 obtai~lrcl ill the prese~lt  s tudy conl- 

pares with a ~ n a s i ~ n n r n  yield fro111 a s i~n i la r  preparation 1)- direct i s o l a t i o ~ ~  (12)  
of 0.424r/; . Ere11 though isolation of t l ~ y r o s i ~ ~ e  rntails s~tbstantial lossrs during 



p~u.ific.ation. I'itt-Hi~clrs ( ! I )  has ~oeportetl that  the yields obtai~led 011 ~ ~ r o d n c t h  
of r a ~ . y i n g  potcw.y ngrrcb calosely with their biological activity. As poillted o ~ l t  
In the review by I'itt-Kive1.s (10). all of the analytical ~llethods for  thyroxine 
:ark specificity 1~111111 al)plic.tl to  ioilinatecl proteins. The principal interfering 
substanres for lllost of the l~~ctllocls appear  to  be diiodothyronine ant1 triiotlothy- 
ronine (2.  3 ) .  Tliesc~ nl-cl rlilninatrd by fl-aetional crystallization ill the isotope 
di lut io~l  t r r lnl ic l~~e.  

inasn111c.11 as triiotlotlly~.onille is rc~l)ortcvl to c3xert 3.5 times the thyroitlal 
action of I.-tliyroxi~le (ti), i t  does not seem valid to  transpose the results of a 
cllemic*al a\say into cxl,c.ctrtl biologiral potency a t  the presellt t i n ~ r .  IIowercr, 
if the resnlts of E I I - ~ ( ~ I I C I I  ant1 Winzler (:j) are  rr-c.raluated on the basis that  only 
one-third of the 11-b11ta11ol-solnble fraction from iodi~~atecl  casein I~ytlrolyzates 
represe~lts tl . l~e t l l y r o x i l ~ ~ ~ .  the biological potencies of t h ~ r o i c l  powtler iuld iocli- 
nated caseill. relativc, to their tllyrosinr content. a re  brought into rn11(+11 rloser 
agreelnrnt. 

S17RIMARY 

A prorr~111rr is tl(lscribet1 for  thc tletc~rmination of tliyroxinr iu thyroitctire 
iotlillated ]>roteills by all isotope d i l ~ ~ t i o n  technique employing raclioac.tire thy-  
roxine. I t  is sllow~l that  during hydrolysis in  4 0 f b  barium hytlroxide sol~ltiorl 
and sl~bsecllle~lt isolatio~l 110 signifira~lt r x r h a ~ ~ g e  of iodine occurs betwec>n radio- 
ac.tive thy~.oxi~lr  alltl iotlitl~.. Analyses on seven tlifirrellt salnpl(3s yieldetl a n  
averape t rue tl~yroxillr valucl of 1.04 * 0.049'h. Thc average apparclnt thyroxine 
c.o~ltc.l~t (11-hntanol soliihle frac.tio~l) was :3.24 f 0.439'4. The "trnc." tllyroxi~lc 
thlls c.olnprisetl roughly onc-thirtl of thc apparent t hyros i~ le  valnr. 
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TIIE EFFI.:(:TS 0 1 4 -  V A R I E I )  RATES 01' IIA? I"EEI)IS(: 

ON ROI)\' WEIGIIT ,\SD PRO1)TTCTTOS O F  
IIA('TATIKG D.\IR.Y COWS ' 

T. G. MAR'I'IN, G .  E. STODDARD," arn H.  S. ALLEN 

Zorro .Igricitlfr~ral E.rprri?~~rwt Stnlio~r, -4 VJIPS 

Many Irvc.ls of 1.011gl1i1gr feeding have 1)cvw t~eportetl. JIratl ;ant1 Goss (10) 
rrported that c.ows fed coiirer~tratrs alone \vtlre IIIOI-r snbjert to hloat than 
animals frd ltily pins c3onc.rntratr.;, h ~ t t  otllc1r~visr the IT-ell-being of tlir animals 
was not affrrtrd. ,\t the othrr c~xtrc.nit~. Sht.r\rootl ail11 1)ran ( 1 . 7 )  ol)st~rvr11 that 
anin~als frd hay alone (lid not s~rffrr l ~ a r ~ n f n l  rfferts but protl~irrtl less milk 
than ro~vs given a sitl)plr~nrilt of p i i i i t .  Sntitlt ~t n l .  ( I f ; )  ohsrrrrtl that ro\rs 
fed hay aloncb tlitl not protlitcr as n~ i i c l~  niillr as ~voultl h~ rspet.tc~t1 froin thr T n N  
(total tligt~stibl~~ itlitri~~iit) rva l~~i~t io i i  of tlitb rittinn. 111 a rrvi(,\r. I l~ l f f~nan  (.I) 
statctl that thr qnality antl prochic*tirr tsil~s~-gy rontrnt of ltays a ~ ~ l  highly variable 
ant1 that hay tlors not always yip111 proil~ic~tion i.c.snlts P O I I I I I R I * ~ I ~ ~ C  to TI)N 
coiitrnt. IInffman and Di1nri111 (i;. 6. 7. R) a1111 I111fftnan r f  ril. ( ! I )  ~)rescnted data 
indirating that ra~.ions ronrrntri~te fcc~tls, ~vlirn snbstitntrtl 011 an rrl~ial TDN 
basis for part of thr hap in the ration of a lartating row ~)rcviolisly frtl alfalfa 
hay alonc. cansrd inrrrasrd inilk prodlic.tio11. As a resnlt of thrsr findings, i t  
was postnlatrtl that i~nkno\vii inilk protlnrtion factors \vliich (ai111srtl incrrased 
productinit wrrr prc~srnt in the c.onrentr;ttc ~natcrial. 

IIoorr ct  nl .  ( 1 1 )  and Saarinrn cf nl .  ( 1  1 )  Iiavr s11ggrstrt1 that tlir iiici~rasrd 
prodnrtion attributable to sn1)stitntion of grain for hay on ail equal TDN 
basis ran hr arrolintrtl for hy ill1 in(~rcv1s~11 p i ~ o ~ l i l r t i ~ . ~  ciirrgy or net energy 
content of the ration. Davis ct nl .  ( 2 )  attrib~itcil the obscrvrtl inrreasecl pro- 
duction to incrrasetl prodnrtivr rnrrgy contrnt of the ration ~ ~ ~ t l i r r  than to 
"unidentified factors." 

The reports cited aborr have, for t l ~ r  tnost 1)ilrt. rrnterrtl aroilntl t l ~ r  study of 
hay-grain replacement at high antl 1011- levels of h a -  fretling. The rsl>erin~ent 
reported here was drsigned to drtrrminr ~vhr thr r  or not varying the rate of hay 
feeding within normal limits ~vhile maintaining a ronstant TDS intake has an 
effect on the 1rvr1 of prodnrtion or t l ~ r  ~vrll-hving of the animals. 

Twenty IIolstein rows were usrd in t ~ v o  trials to evaluate four Irrels of 
alfalfa hay feeding. Ratcs of hay feeding were rstablished at 0..50, 1.17. 1.83, 
and 2.50 lb. of hay daily per 100 Ib. body weight and were designated rations 
A, R, C, and D, respectively. During a 2-~i~eelr preliminary period, all cows mere 
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fetl IIil?. at tllc, tlilily yiltcb of 2 lb. per 100 111. hotly \vc.igllt. Rwtr of ( ' ~ l l ( * t ~ ~ l t r i i t ~ '  
feetlillg d ~ ~ ~ ' i t ~ g  the prelilll i~lary ]>eriod was cstahlisllc~tl i ~ t  il Irv1.1 sl~fficicv~t to  
s~~l'l>l?. loo', ~f Jlo1.1.iso11's (12) 1.rc*onlmc1ltlet1 Irrr ls  for a ~ c ~ r i ~ g c  1)rotlllc.tioll 
ant1 1llilillt('llill1('(~ Of ('il('l1 POIV. T l l  Ol'd?~' to have 1110st of th(l ('OIVS ilt tile pc'iili 01' 

in the ( I ~ ~ v l i ~ l i ~ ~ g  1)11:1se of l a ~ ~ t a t i o n ,  110 COW was l> la (~e~l  011 the l)l-t4i1ni1lary l~eriod 
of t h r  ( ~ > ( J I . ~ I I I I ~ I ~ ~  less tllilll 30 days af ter  f~.rsllc.lli~lp. ' I ' I I ~  ri111gc~ of (lays i~f tr l .  
frcsl~c.~li~lp was flwm 30 to 139. 

111itiiil ratio11 (*i11(211li1ti1111 f01- tl111 ~ ~ s ~ ~ e r i ~ n c ~ ~ t i ~ l  pr~.io(l was basc(1 OII  th11 l ( ~ v ( ~ l  
of ]~.o~lnct iol l  ill111 il\.l'l'ilFC ~veight (Illrillg the ~)rclinlilla~'y period. T l ~ ~ r c ~ i t f t c ~ ~ * ,  
conc.c3~ltl.atcS i ~ l l ~ ) \ ~ i l ~ ~ c r  mils 1-ed11c.ct1 a t  the ~nonth ly  I.;I~I' of 6V of totill T I ) S  
i i I I O l ~ ~ l l ( . t '  f01' l l l i l l i  ]~rodll1~tio11. T ~ I '  ~ ' (~d l le t io~ l  \\.>IS ea1~11lilted a t  the cxlltl of c>i~c.h 
4-~veelr ~wriotl i l l  t l ~ c  cdolltin~lous triill ilnd a t  the cntl of rach 3 - ~ ( ~ b l i  pcriotl on 
the I * I . ( I S S ~ V P I  tl.ii~l. Tllc ~ I ~ o v ( '  r i ~ t ~ .  of 1.1.11l1c.tion was in i~ccortli~nc~c \\-it11 the 
fintlillps of C r i ~ i l l t ~ s  (.?). Tlily was frtl i ~ t  the assignctl 1crc.l and  was slrl)l,lcn~rntc~tl 
by sl~fic.i~.~lt c o ~ l ~ ~ ~ ~ l t r a t e  ~llixtlire to  s11ppIy total TI)N (from hay il11i1 conce~l- 
tratc's I ilt 100' ; of Jlorriso11 'S ~ ~ e c o ~ ~ l ~ n e ~ i ( l e ~ l  I r v ~ l s .  ( ' o n i ~ ~ o s i t i o ~ ~  of the COIICCII- 
t ra t r  ~ ~ l i s t n ~ . ~ .  l v i l s :  gro1111tl cbol.n. 50 ],arts; g r o ~ ~ n c l  oats. 35 par t s ;  S O Y ~ ~ ~ ~ I I I  oil 
~neal .  1.7 1 ) ~ l . t ~ :  s t ~ ~ a n l ~ v l  11011(~ 111cal. 2 parts :  a11i1 salt. 1 part .  The I I R ~  hi111 all 
ave~.i~gt, I > I ' O S ~ I I I ~ I ~ ~  analysis o f :  fil)cl~-. 30.:3'% ; protein. ll.ir/r. : ether es t ra f t .  
1.5'; ; nsh. f i .O1i  ; ~litl.ogc~l-frec> extract, 35.3r/r. : anil moisture, 15.274.. 

1'I)S co~ltc.~lts of thf c ~ o ~ l e c ~ ~ ~ t ~ ~ i ~ t e  l u i x t l ~ ~ - e  a11d of the ha)- \vPl'c ~itI~'llli~t('tl 
from 1)1-oxinli1tc~ f(~011 i l ~ ~ i ~ l y s ~ s  I I I ~ I I C  (Illring the course of this casl,c~ri~nc~nt alltl 
digcstil)ilit>- c.oc4Tic.ients ti1k1'11 f1.i)111 ;\Iorriso11. TTalues calculate11 in thc1 i t l ~ o ~ e  
I I I I  i i l  o ~ ~ s i l r a l l  I ~ a g  1 1 s  r e s e ~ t e l  by o r r i s o ~ .  I ro~v- 
ever. ~ I I ~ . ~ I I S ~ I I I I * I I ~  of the e i ~ l ( * ~ ~ l a t c ~ l  va111es t o  the moist l~re e o n t e ~ ~ t  of the corn- 
pa1.al111. f~.ctls listc.11 by Jlorrisoll hronght the cstinlatrs and 31orrison's va111cs 
into v ~ ~ y  elosc. agrc>c.nlcnt. ENE ( e s t i ~ ~ ~ a t e d  net energy) valne of the roncrntrate 
~ n i s t ~ ~ l - c .  antl 11ay was ro~npntet l  by iitljnstil~g Jlo~.rison's ENE T~RIIICS to  the 
rnoistul.~. volltc~~lt of the fc.ctls usctl in  this s t~l t ly .  

'I'111. 20 c.o~vs 11sci1 in these trials \vc~*c clivitlcd illto five groups ac+cording t o  
f~.esl~eninp (lilt(, so that thc. stage of lactation of the fonr  co~vs in  each group was 
as  ~ ~ n i f o l * ~ n  as ~,ossit)lc. 011e g ~ ~ o u p  of four  co~vs \\*as assigl~ed to a 4 X 4 Idatin- 
s i l ~ ~ a r ~ ~  tlrsign trial whrroin each row receive11 c.i~cll ration i111ri11p our of the  
four 3-~veek 11c11.iotls alld 110 one ration apl)rare~l  Inore than ollee (luring a n y  
g i r r ~ ~  lw1.io11. l'llis trial was desigl~atccl the crossover trial. One cow fronl rach 
of tllc. ~ . c n ~ i ~ i n i ~ ~ g  four  ~ r o n p s  was a s s i g ~ ~ r t l  t o  each of the four  rations and  all  
cows \v(.re ~ n i ~ i n t a i ~ ~ e t l  011 the assignctl ration for  a 16-week perioil. This t r ia l  
was tlesignatcvl i~s  the rolltinnous feeding trial. 

('o\vs I ~ ~ I - C  weighc11 ollrc1 weelily alltl also on tl~l-ee consecutirc days \~I I I . I I  
a11 i111il1li11 \\.iIS 1~11a11ged fl.0111 one 1.i1ti011 to illlother a1111 \vhen placecl on or  taken 
off c1sl)cari1ncllt. 1)ilily milk ~veigllts were recorded fo10 all cows all11 111ilk-filt 
ana1ysc.s 1ve1.1. ol)tit i~~etl ~vcekly and bi-meekly for  co\t7s assignecl t o  the crossover 
antl c.olltil~no~ls trials. rcspectivcly. 3fillr p r o d l ~ r t i o ~ ~  data  were convcrtetl t o  
I.'C'JI r -If ; fat-col-rectcd values). 

I'rotein ant1 d r y  matter  digc~stibilitics were ilete1.1ninet1 by the chro~nogell 



111etllot1 of H.eitl c t  (11. (1.;').  Grab s a ~ ~ ~ p l r s  of ft.c.es \vc.re collrctctl tlaily fo r  
periods of a t  least 2 (lays. (lomputation of nl~l>rosi~i late  digestibility valurs 
was based on arerags a ~ ~ a l y t i s a l  data  fo r  s i u ~ ~ l > l r s  collectec1 in rash l?rriod. 
Saliiplc~s \vrlac. collrc~trtl ( lu~ . i l~g  each l~c~riotl from each cow on tllr crossovc~l. trial 
and ill the f o ~ i r t h  i i i o ~ ~ t l ~  of the e~l)c.rinic.ttti~l l)c~.iotl ft.o~li each cow on tlir toll- 

tinnous t~mial. 1h.y mattel- and protc~ill ; ~ ~ l i ~ l ? - s r s  \\-t11.e tl~lter~nincvl 1)y -1.O.A.C. 
metl~otls ( I ) .  Reliability of t l ~ r  tligrstibility tlitta is s o ~ n e ~ v h a t  liniitrtl by the 
fact that the 1.1ironlogc~n t+ontrnt of tlls alfiilfit Ilay \\-its hasrtl on a l i~~i i t c t l  1111mber 
of analyses. 

Stat is t i~i i l  t t .eat~~lc.~lt of t l t ~  tlatil \\-as itc,c+o~tll,lished by l l t~ t l~o t l s  11rsc.t~il)ctl hy 
Snrtlreor ( 1 7 ) .  

I3otly ~rclipl~th of PO\\-s 011 the c ~ . o s s o ~ c ~ r  trial \vc1l-e variable and  follo\vc.tl 110 

set pa t te r~ i .  ,111 analysis of varia~lc.r of tltc~se tlati~ rerealrd no sipliifisit~tt rffect 
of ratio11 on hotly weight. Tn t h ~ ,  siuile trial. ~iiilli ~ ) r o d l ~ c t i o ~ i  (F(';\[\ ~ P I I ~ I P ~  to  
decrrasc as  rate  of llay feetlitig incrc.ascvl. The ilrtual data  are  l>~-rsc.~tttvl ill Tablc 
1 a ~ l t l  tlie a~~i l lys i s  of variilnce in Table 2.  The uig~~if icant  effect of r i ~ t i o t ~ s  oil 

TARI,F: I 
.4z'o'crqr rloilrl FC.V ~~ro~lrrrr~rl 1111 rorcs OII  fht o'onsorrr lrinl 

- 

Cow S o .  
I'c.riorl 

Pcrioll 3142 2956 31 2!) 2963 Av. 

D C R A 
I V 2K!) 27.6 36.6 37.1 32.1 

Cow av. (expt. per. only) 37.4 30.6 3'4.7 38.0 

A R C' I) 
Ratio11 average 36.8 35.5 34.4 22.0 

a Rates of hap feeding on tlic various rations were: A, 0.50; B, 1.17; C ,  I .53: :III'I I), %%I) 

lb. Ilny prr emt. 1,ocly weight daily. 

TABLE 2 

- 
. I  ~ialysis of ?3nrin~lrca of v1i1.k ~~rot l trctro~~ rlnln I I I  crossorr r t riul 

- - - 
Sonrec, of D ~ g r e e s  of 
r:~rianrc, f rc~eqlon~ 3Ic.al1 sr111a res F 

Cows 3 73.67 
Prrioflq 3 40.67 
Ra t iom 3 16.33 I :{.01i** 
Error - G 1.25 

-- 
** P L n.ni 
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~nilk 11ro~liirtion is snhjec~t to some cluestion. iuasrnucah as ration calculation was 
hasecl on a TIIN evaluation of hay \vl~ich was wnalyzetl at the beginning of the 
experiment. I t  was fonncl. l~owev~r .  that hay sa~nples collected during the trial 
hat1 lo\ver T D S  val~ies. T~IIIS, the ;unalyses of all hay sa~nples were averaged 
and the mean T1)X value was used i l l  compnting TDN available for milk pro- 
tlnction 1)y the follo\~~ing forlnl~la:  

Availa1)le T n S  = total TI)N - (111~illtt ' l l~11~ TI)S -t feet1 refusal TDN). 
ENE availiihlc for prodnction was c*o~npnted in a like nlallller. Interpretations 
presentc.tl i n  this rt1l)ort were basc~tl on tht' available TIIN and ENE va111e~. 

I t  secnic.tl ~.rasonahle that the tleclint. of mill< proiluction as hay mas inrreased 
slioultl he c.orrrIatet1 with the tlcrliac of TDN intake (crossovc11. trial section of 
Table :3 i. .\]I analysis of covariance mas coniputecl ~vherein the milk prodnction 
valnes ncrv atljnstccl to a rolnlnon lrvcl of TDX. .Zdji~stetl ration averages 

TARTIE R 
:l rerage TDN a n d  E.VX Inrnilnhlc for ) ~ r o ( l ~ ~ c l i o n )  vn1111.s 

Rat iona 
Energy 

'l'ri:~l - - .  - 
~ n e a s ~ ~ r e  A R C D 

Crns?;ovr.r. TDN 13.34 13.05 12.84 12.45 
ENE ' 14.58 13.74 12.99 12.04 

C O I I ~ ~ I I I I ~ I I >  'rDS 12.54 11.67 11.51 12.79 

-- -. 
R N E  13.72 12.30 11.62 12.14 -- 

V ; ~ t c . s  clf 11:t.v fc.!vling o n  the  ~ : t r i o ~ ~  r:itions were:  A ,  0..50 ; B, 1.1 7 : C. 1 .R3 ; and I). 2.50 
111. Ilay pc2r c n t .  I~clcly w e i g l ~ t ,  daily.  

" .A\-*nragc, 111. 1)c.r ( lay  per  POW. 
" ;\\.c'~.:~gc- tllc.rl11s prr clay prr row. 

ranged from 34.5 to 34.8 lb. FCM per (lay, and therc. was no significant effert of 
ration on milk prodnction. The result of this test of significance would infer 
that. had the rations actnally hccn ralculatetl on a constant TDN basis. there 
~vould have heen no significant ration pffects on millr procluction. A similar 
adjnstn~ent to a common E N E  basis also relnov~d the significant cffevt of rations 
on milk prorlurtion. 

The continnons trial was clivitled into four periods of 4 ~ ~ e e l r s  each. a11c1 the. 
weight change data \verc analyzed in each periorl separately as well as over thc1 
entire 16-~i,eek period. No significant differenres among rations were fol~ntl. 

Since co\vs were assignetl to gronps according to stage of lactation. the rangt2 
of protlncing ability was large both in group and in ration classifications. As a 
result, the analysis of va~.iance of milk prodnction data, which are sumn~arizetl 
in top sec t io~~  of Table 4, (lit1 not yield any significant effects of ration on milk 
production. Rrc.ause of the fact that production in the prelinlinary period mas 
highly twrrt+itc>tl with proclnction (luring the experimental period (see Table T,) .  

the rrniori~l of caoir tliffcrcnces by adjusting the experimental periocl data to a 
coninloll prelinlinary period level of production seemt~il justified. The adjnstecl 
ration areragt.s are presentetl in the center section of Table 4. Tests of signifi- 
cance \vert. matle by a~lalysis of covariance and a significant (I' 0.05) effect of 
ration on ~ni lk  proiluction was fonncl in the first 4-week period and in the entire 
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TABLE 4 
.4verage tlaily FCM produced by cows on the continvons trial - 

Period 
Type I{ation 

observation Ratio11 a I I1 I11 I V  Av. 

Actual 
production 
FCM 

FCM 
:tdjusted ' 
for mriation 
i r ~  preliniinary 
p~ri011 pro(1." 

A 38.2 
B 36.1 
C 34.8 
D 34.4 

Period Av. 35.9 

-4 29.1 
B 37.9 
C 35.0 
D 31.4 

Period Av. 35.8 

FCM A 37.2 36.0 29.6 26.5 32.5 
adjusted' for R 37.1 34.3 32.8 30.2 33.6 
rariation of C 36.2 31.2 28.6 25.5 30.8 
TDN available D 33.0 27.1 27.6 26.1 28.8 
for  prod. Period Ar. 35.9 32.2 29.7 27.1 

Rates of ling feeding on tlie r a r i o i l ~  rations were: A, 0.50; B, 1.17; C, 1.83; and D, 2.50 
11). hay per cwt. body weight daily. 

Average of only 3 observations. 
'Adjustments basetl on regressions of FCM on preliminary period production nncl T D x  

available fo r  production, respectively. Ration averages and period averages adjusted inde- 
pendently. 

Average daily preliminary period production (11). FCM) of cows placed on various rations 
was: A, 39.5; B, 38.4; C ,  40.4; D, 44.3. 

TABLE 5 
Correlationsa of al,rragr dnil!~ F'CBf prodrtrtion, prrlirninar?l prriod production, 

and TDN nvailnblc for  nrilk prorlrtction r7ar1rr.q exprriinrntal periods 

Period 
Entire 

Correlation I IT 111 I V  cxpt. period 

FCM and prelim. prod. 0.958 0.874 0.895 0.930 0.930 
FCJI ancl TDS 0.920 0.874 0.896 0.893 0.908 
T D S  an(1 prelim. prod. 0.963 0.959 0.956 0.963 0.964 

- 

' Correlations computed from error stinis of squares and crossproduats. 

experimental period. There was 110 significant effect of ration on protlnctio~i 
(luring the second, third and fourth 4-week periods. 

.Idjustmeiit for preliminary period production did not correct the effect of 
declining TDN as hay content of the ration increased. Since ration calculatio~i 
was based on preliminary period proclnction. TIIN arailable for production was 
higlily correlated (see Table 5) with preliniinary period production. Therefore, 
adjustment of milk production data to a co111111o11 level of TDN available for milk 
production (continuous trial ration averages in Table 3) largely corrected for 
variability of producing ability of corvs as we11 as variability of TDN availablt. 
for nlilk production. Ration averages adjusted in this iiianner are shown in the 
bottoin section of Table 4. There were no significant effects of ration on milk 
production when all rations were on a conillion TDN basis. Adjustment to a 
vommon level of ENE available for inilk production yielded similar results. 

Since the reliability of the digestibility data was subject to some question, 110 
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attempt was made to correlate digestion of nutrients with level of production 01- 

weight gain or loss. The relationship of digestibility to per cent hay in the ration, 
tlloupl~ not sur~wising, seemet1 interesting. Regression equations of the lines 

0 1 I I I I 1 
0 2 0 4 0  6 0  8 0  100 

% HAY I N  THE R A T I O N  

> 80- 
t 
2' 
E 

6 0 -  

2 
0 

* 4 0 -  

FIG. 1. Distribution and regressions of dry-matter nncl protein digestibility data relative to 
prr cent hay in the ration. 

0 
X 

0- DRY MATTER DIGESTIBILITY 
x - - - - - - - PROTEIN DIGESTIBILITY 

shown in Figure 1 are:  9 = 82.9 - 0.35 S and 2 = 82.2 - 0.38 X for protein 
and dry matter digestibilities, respectively, where Y = per cent digestibility and 
.Y = per cent hay in the ration. 

The coefficient of correlation of dry  matter digestibility with per cent hay in 
the ration was 0.82 in both trials and in the pooled data. The coefficients of corre- 
lation of protein digestibility with per cent hay in  the ration were 0.82 and 0.71 
in the crossover and continuous trials, respectively, and 0.71 when both trials 
were pooled. 

Inasmuch as both TDN and ENE (available for milk production) values were 
computed in the course of analyzing these data, i t  seemed of interest to know 
( 0 )  to \\-hat degree they were correlated with milk p~.oduction, (b)  whether or 
not one mas a more consistent estimator of the value of a ration over a wide 
range of hay:  concentrate ratios, and (c) whether or not weight change was 
c-orrelateil with either milk production or efficiency of production. 

In order to get as many observations as possible to study the above questions, 
all data fro111 both trials and the preliminary period were considered. TIIN 
ilntl ENE (available for milk production) were highly correlated with milk pro- 
tluc.tioa, the correlation coefficients being 0.941' and 0.942, respectively. 

An index to efficiency of a ration was considered to be lb. milk per lb. T1)X 
UI. Ib. milk per therm ENE. If either TDN or ESE could be considered a con- 
sistent estimator of the value of a ration, the regression of the efficiency index 
of that estimator on the per cent hay in the ration should be nonsignificant. 

4 
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Computation of these regressions on the total data and on each trial separately 
yielded no consistent pattern. I t  appeared, however, that  ENE was somelvhat 
more consistent as an estimator of the value of a ration over a wide range of 
hay :concentrate ratios. 

Correlation of weight change alicl milk ~)ro~luct io~i  was nonsignificant and 
near zero. Correlation of weight change and efficiencp of milk production (based 
on either index) was also nonsignificant and near zero. 

Twenty lactating Holstein cows were used in two trials to test the effects of 
feeding hay a t  levels of 0.50, 1.17. 1.83. and 2.50 lb. per 100 Ib. body weight. 

There were no significant effects of level of hay feecling on body weight 
change. If  TDN or E N E  was held constant. there were no significant effects of 
level of hay feeding on milk production. 

Body weight change was not correlated with either milk production or effi- 
ciency of production. TDN available for milk production was highly correlated 
with milk production (coefficient of correlation 0.!)41). ENE available for milk 
procluetion had a coefficient of correlation of 0.912 with milk procluction. 

Rased on this experiment, neither T D S  nor ENE could definitely be saitl 
to be superior to the other as an estimator of the worth of a ration, though ENE 
(lit1 seem to be somewhat more consistent orcr a wicle range of hay:  concentrate 
ratios. 

Both protein and dry  matter digestibility rallies declined as hay content of 
the ration increased. 

T l ~ e  al~tlrora wish to express t l~e i r  appreciation of time n p r ~ ~ t  I,y A. C .  Coletti in r a r i l ~ g  for 
the animals used in this experiment. 
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SOME FACTORS AFFECTING TI IE  AC'TIOS O F  I3ENXOYL PEROXI1)E 
I N  T H E  BLEACIIING O F  TtlTl,lC .\i\'l) ('REABI FOR 

BLUE CHEESE JIAST'F.\C'TITRE'~' 

S. KI-HA%IOTO .is11 J. .J. .1 I.:ZESKT 

1)~pnrtrrrrnf of T)nir!l Il~rsbcl~~rlr!l, lT,rir~r~rsil!l of  Jfi~~rrcrotn, SI. P(111l 

The color of the curd of blue-veillet1 cheese will vary depending on the season 
of manufactnre. Cheese 111ailc dl ir i l~g tlie winter months ~vil l  have a light back- 
promitl color similar to Roclnc>fort, \vll~reas chcese manufactured dnring summer 
niontl~s ~vill exhibit a yc.llo\visli ceolor becaausc of the higher level of carotene in 
the fat. Federal foot1 and tlrnp rrpnlatio~ls ( 2 )  ~,erniit the use of benzoyl 
peroxide for the purpose of hlcacallinp milk for the nlanufacture of certain types 
of cheese; and sillce it is tlrsirable to inaintain tlie light color similar to &clue- 
fort cheese, hleacahing with henzoyl ~ ) ~ r o s i t l e  affords a possible means of effec- 
tirely destroying the carotenoitl ~ ) ipn~en t s  of niillz atid co~itrolling the color of 
the cheese. 

Very little informatioll is ;tvailahlt~ i l l  the literature either as to the factors 
affecting the bleaching of the rarotcnoitl pigmcnts of niillz or possiblc defects 
that may arise through the use of bt>nzoyl perositle. Hunzilzer ( 3 )  has cited a11 
incident where benzoyl prroxitlc was 11set1 in bleaclling cream for butter making. 
-\lthougli no references were presentt.tl. IIP clai~ned that the destructive effect 
of this peroxide on the glpce~.ides alltl ritainin -2 prrrentetl its widespread use 
in the mannfacture of a light-coloretl bllttt'r. Other inforiilatioil available deals 
with the use of benzoyl peroxitle i l l  tile hl(.at.l~ing of flonr and also in the chemical 
tlecolorization of inedible fats antl tallo~vh. 

This study was undertalren to investipatr sonle of the factors in\~olred in the. 
bleaching of the carotenoid pignicnts of ~nillc hy the llse of benzoyl peroxide. The 
effect of bleaching time, tcmpcratn~-c~. a~rtl c.o~lcelitration of bleaching agent were 
stndied to establish some conditions ulidcl- \vllich inill; may he processed for Blue 
cheese manufacture. 

The benzoyl peroxitle used is n~al-lic~tecl r1ntlt.r the trade nanle of "Novatlelox," 
;I product more comilionlp usrtl ill tllc' hlracliing of flour. Because of the explo- 
siveness of the reagent, it is compo~~~it lct l  wit11 ('aSO, antl JIgCO :, which malze it 
a relatirely safe (*ompound of low 1lc.at senhitiritj- and one that will not calic. 
\\-hen stored. The a c t i r ~  ~ie~*ositl(h i l l  this p~*otlnct coml~rises 16'A of the total 
weight of po~vtler. 

It(~cc~i\.cll fur l)ulrlic:rtio~~ . J r l l l c .  4 ,  1!)54. 

' Supportcvl ill part I>g tlie F(,lis : I I I I ~  I)orotl~?. Iq'rc~ic~ikst~li ('l~orsc l<t~sc:~rcl~ ' I I I I ~ .  

'Tl~c, rlat:~ in this pnprr fro111 :r tll(>sir I W I . S I . I I ~ I . I ~  11). tl118 srllior :111t11or ill ])arti:tl fulfill- 
I I I I * I I ~  of tile r r r l ~ ~ i r ( ~ ~ i ~ ( t ~ ~ t s  f o r  t111, 111sgr(>1> of lf:~ht(>r of S e i ~ - ~ ~ r v ,  I71~iv~*rsity of \fi1111vsot:1. Svi1>11. 
l i l i v  .Jo111.11:11 S ~ r i ~ w  T ' : I ~ c ~  S o .  :115.?, ~ \ I ~ I I I I ( - s o ~ : I  ~ I ~ ~ ~ ( . : I I ~ I I ~ : I I  J S S ~ ) V ~ ~ I I I ( - I I ~  S t : ~ t i o l ~ .  
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111 the bleaching process, the milk was treated as follows: 
1. The milk was first separated to produce creain containing 30% fat ,  unless 

otherwise stipulated. 
2. After preheating the milk or cream to the desired temperature, an  aqueous 

10% suspension of Novadelox was added, the amount being calculated on a 
weight basis of the concentration of active benzoyl peroxide desired in 4% milk. 

3. The cream was bleached a t  temperatures ranging from 125 to 185O F. for 
periods up to 4 hours with concentrations of 0.00045, 0.0009, and 0.0018% bell- 
zoyl peroxide. 

Carotenoid and vitanlin A determinations were made by the spectrophoto- 
inetric method of Boyer et  al. ( 1 ) .  Carotene was determined first from a petro- 
leum ether extraction of the unsapoilifiable fraction of milk, and vitamin A by 
the Carr-Price reaction with SbC1,. A differential carotenoid separation was not 
performed ; consequently total carotenoid values are reported. Carotenoid values 
mere obtained from a standard curve obtained with crystalline a, /3, carotene. 
ITitamia A values were obtained similarly with crystalline vitamin A alcohol as 
a reference. Vitamin A ancl carotenoid ralues are expressed in terms of Inter- 
national TTnits (1.17.) per pound of fat. One 1.11. was taken as being equivalrl~t 
to 0.3 and O.Gr of vitamin ant1 carotene, respectively. Flavor scores were 
(letermined organoleptieally by three experie~lced jndges, and particular atten- 
tion was directed toward oxidized ancl tallo\\-y flavors resulting from the b1eac.h- 
ing process. 

RESULTS 

Bleaching creani with benzoyl peroxide did not appear to have an  appreciable 
effect on the vitamin A content of butterfat even though bleaching of the carote- 
noid pigments was observed. Figure 1 presents the carotenoid and vitamin A 
values obtained when cream was bleached at temperatures of 125' and 145" It'. 
for periods up to 4 hours and at a benzoyl ~jel.oside concentration of 0.00093 

TIME IN HOURS 

16000 
.p I 
\ 14000 = - 
;12,000- 
0 
5 '0.000,;" 
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FIG. 1. Vitamill A and earotelloid values of 30'; 18rp:lln l? l~ ; l c l~r~ l  o\er  n ~it.rln,l of 4 lio11rb 
: ~ t  125" and 145" F. wit11 0.00097'~ henzoyl peroxide. 
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HLEACHING MILK AND C R E A M  TVITII BENZOYL PEROX1I)E 

I 2 3 
TIME IN HOURS 

FIG. 2. The influence of eollee~~tratiol~ of blrael~illg :lgcr~t a1111 I)lencllil~g tillle 011 t l ~ c  JWT. 
eelitage loss of cnrotel~oids in cream 1)lmehrd at 125" allcl 165" F. 

Figure 2 shows the percentage loss of carote~~oicls as a fu~ lc t io~ l  of time. I t  
is apparent that temperature affects the rate of carotenoicl loss, since a t  125" F. 
carotenoid losses did not reach maximum ralues nntil after 2 to 3 hours, whereas 
a t  165" F. bleaching was much faster and maxi~num loss was reached a t  the end 
of 1 hour. An increase in temperature did not markedly affect the total per- 
centage loss of carotenoids. In general, a t  the two te~nperatures used, maximum 
carotenoid destruction of approximately 35, 50, and i s ?  resulted ~vhen  0.00045. 
0.0009, and 0.0018r/r benzoyl peroxide concentrations were used, respectively. Tt 
was significant that irrespective of the initial carotenoid content of cream prior 
to bleaching, the percentage loss of carotenoids a t  a given concentration of ben- 
zoyl peroxide was constant. Whereas increases in temperature hastened the 
relative rate of carotenoid destruction, total percentage loss of milk carotenoids 
appeared to be controlled by the concentration of benzoyl peroxide used. 

I n  all cases where 0.0018Ci; benzoyl peroxide was used, oxidized and tallowy 
flavors resulted. Despite the excellent carotenoid destruction observed with 
0.0018v of the reagent, the developinent of the tallowy flavors indicated that 
this concentration was excessive at all te~nperatures studied. Bleaching tempera- 
tures of 165" and 185" F. were investigated, but the developnle~lt of intense 
cooked and scorched flavors with all concentrations of benzoyl peroxide tested 
made those temperatures undesirable. 

Bleaching cream at  telnperatures of 125" and 145" F. resulted in the producd- 
tion of least off-flavors. However, the use of 0.00045'/0 benzoyl peroxide at thpse 
latter temperatures produced somewhat ineffective bleaching, as only abont 30f/: 
tlestruction of carotenoids was observed. The use of 0.0009v, peroxitlc at t r l~r-  
1)eratures of 125" and 145" F. for periods of up to 2 hours gave the i~lost eficient 
bleaching fro111 the over-all standpoint of carotenoicl destruction ancl mini~i lu~n 
development of undesirable flavors. Table 1 presents the oxidized flavor intensi- 



TABLE 1 
Oxidizetl flavor intensit?! i ~ t  cream bleached at 125" and 145" F.  

with 0.0008 aitrl 0.OOlSrJc be7tzo!yl peroxide 
- - 

.. 
125" F. 145" F. 

Time 0.000970 0.001870 0.000970 
- .. -- 

0.0018% 

( k  r .  I 
0 - - - - 
'/a + ++ ++ ++ 
'/2 +-t ++ ++ ++ 
% -t ++ ++ + 

- 1 
- ++ ++ ++ 

2 ++ ++ ++++ 
3 - 

- +++ + ++++ 
4 ++++ + ++++ 

-- -- 

Ice).: + sl igl~t  ositlizcd: ++ osi(lizet1; +++ strol~g ositlizcd; ++++ tallowy. 

ties of creanl bleached at 125' ant1 14.5" k'. when 0.0009'/( and 0.0018% benzogl 
peroxitle were used. ,It 125" b'. ant1 wit11 0.0009',; rc.agent. off-flavors of mild 
intensity were obserrecl early in the blrac.1linp periotl but tlisappeared on con- 
tinued heat exposlue. These were rat1ic.r atypical flavors possessing a "nutty" 
characteristic 11-hicli was thought to be tlnc to tlie ~ulespended peroxicle. 

A greater percentage of carotenoid loss was obserrecl when the f a t  percentage 
of samples was incrc~asecl (Figure 3 ) .  JIasiinnm values of about 78, 50, 38, and 
15% carotenoicl destruction occurretl ~ r l i e t ~  samples containing 50, 30, 10, and 
4.57r butterfat, respectivc1~-. were hleaclietl. On(. might expect 110 change in 
bleaching action bet\r.een high and low fat saiiiples since the ratio of f a t  to ben- 
202.1 peroxide was the saine in all cases. If one considers that the reagent be- 
comes entirely clissolred in the fat, then tlie fat  percentage of the cream should 
not affect the extent of bleaching. However, if the reagent remains suspended in 

I 2 

T I M E  IN  HOURS 
FIG. 3.  Tllc relatiol~slllp betweell tllc prrce~~tngc of cnrotenoid loss, timc, an11 tlie fat eo l~ te l~ t  

of  the sau~ple being bleael~erl at 163" F. wit11 0.0009% bellzoyl peroxirle. 



BLEACHING MILK ASD CREAM TVITH BESZOTL PEROXIDE 

I I I 1 I 
125 145 165 185 

TEMPERATURE O F .  

FIG. 4. The time-temperature relationship to produce 5070 carotenoid loss in 30% cream 
with 0.0009% benzoyl peroxide. 

the skimmilk, the relative concentration of bleaching agent increases as the fa t  
percentage rises. I t  was apparent that the cream with a higher fat  test was 
bleached to a greater extent. This might be taken as evidence that the reagent 
may not have been dissolved completely in the fat. 

Fifty per cent carotenoid loss in summer milk was assu~ned to result in a 
level of carotene comparable to winter milk ( l i ,  5). Figure 4 shows the relation- 
ship between time and temperature required to attain a 50% carotenoid loss 
when 0.0009% benzoyl peroxide was used. The regression line representing the 
various time and temperature requirements for 50% carotenoid loss was the 
result of a statistical analysis of the data. This line indicates that, when using 
0.0009% benzoyl peroxide, times from 45 minutes at  185' F. to 120 minutes at  
125" F. were adequate in attaining 50% carotenoid loss. 

DISCUSSION 

Federal regulations permitting the use of benzoyl peroxide stipulate that 
the weight of the benzoyl peroxide used should not be more than 0.002% by 
weight of the milk being bleached. Furthermore, if milk is bleached in this 
manner, vitamin A must be added to the milk to compensate for the vitamin A 
or its precursor that may be destroyed during the bleaching process. 

Apparently benzoyl peroxide was unable to destroy the vitamin A. since even 
under relatively vigorous conditions, no significant loss in vitamin A was ob- 
served. One woulld expect significant oxidation of the unsaturated r i ta~nin A to 
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result froin the avtion of an oxidizing agent such as benzoyl peroxide. I n  this 
respect, the ditff.rential clestruction of assayable carotenoids and the relative 
ineffectiveness of the reagent toward the vitalnin A was a curious phenomenon. 
Under certain vonditions, there was sollle indication of a slight, but unexplain- 
able, increase in vitamin A as the carotenoids disappeared. 

I t  has been sho\vn that bleaching call be performed efficiently uncler condi- 
tions that ~vill prevent development of highly undesirable flavors in cream. Under 
certain times and teinperatnres of processing and keeping ~vi th ia  the concentra- 
tion limits presvribed by federal regulations, mill< of acceptable quality for 
cheese making lvas found to result. 

In order to attain a color of milk comparable to minter conclitions, 5 0 9  
carotenoid destrnction was taken as an arbitrary end point to which bleaching 
shonld be carried. Ti~ne,  temperature, and concentration interrelationships were 
found to exist. Temperatures from 125O to 145" F., benzoyl peroxicle conceatra- 
tions of 0.0009', . and bleaching periods fro111 1 to 2 hours were found to be 
adequate in obtaining the desired carotenoid destruction. ITniler these condi- 
tions, prolonged bleaching n p  to 2 hours appeared to ilnprore the flavor without 
the coacnrrent development of undesirable oxidized and tallo~vy flavors. How- 
ever, the develo l~me~~t  of oxidized flavors of mild intensity may not necessarily 
be detrin~ental. hinve these flavors apparently (lo not carry over into Blue cheese 
or else are masked by the 111ore pm~gent  flavors of the saturated short chain 
fatty acid vo~nponntls produced during the ripening process. 

Milk for Blue vheese manufacture may be bleached wit11 benzoyl peroxide 
under condition.; that will prevent the dereloplnent of highly undesirable flavors. 
Using 50% carotenoid loss as an end point, rream treated a t  125" and 145" F. 
with 0.0009'/ benzoyl peroxide for 90 to 120 minutes was sufficiently bleached, 
without the forn~ation of objectionable oxidized and tal101vl.r flavors. More efficient 
carotenoiil decolorization could be efferted by using crea~n \vith a higher f a t  
content. Repartlle\.; of the original carotenoiil level of raw cream, similar pro- 
portions of carotenoids were destroyed when a given concentration of benzoyl 
peroxicle \\-as used. 
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Warnick Addresses Illinois Farmers 
11. 11. T T ' a ~ s r c ~ ,  president of A.I>.A., )v:.as 

the main speaker a t  the. annuit1 Univcarsity of 
Illinois Dairy Day held on the Urhana calnpus 
Sept. 9. Mr. Warnick explained how A.D.A. is  
spending the nloney being raised by the dairy 
farulers in 43 statcbs for  advertising, 111erchan- 
dising, pu1,lie relations, and resc,arch, all pointed 
in the d~rection of incrmsetl sales of ulilk and 
its products on a Inore profitable hasis for the. 
fartner. H e  emphasized tht. fact  that A.D.A. 
does not operate in the field of legislation. 

By this fall, A.D.,4. will be advt.rtising t h ~  
dairy industry bt.fore an audience of 50 nlillion 
people every week. Backing this u p  will be in- 
store ~nerchandising, research on nchw products 
ancl on the condition of the dairy foods ~narkc,t, 
and puhlic rrlations through ~nagazinc.~, ne\vs- 
papers, radio, and television. The whole adver- 
tising progranl is geared to the central idea, 
"you never out-grow your need for  ~nilk" and 
"drink three glasses daily." 

311.. T\':~rniclr ctnphasizcd thcl fact  that tlairy 
farnting today is big business and isn't ~ncbrely 
eking out an esistrnee 1)y milking a few co\vs 
as in past yclars. 

Grassland Farming 
A prngraln on Grasslrund Fartning sponsor(.d 

by t h ~  Joint Cornmitter on Grassland F a r t n i ~ ~ g  
and the Soil Conservation Society of A~nerica 
will he hi1ld a t  Jacksot~ville, Fla., Nor. 13-14, 
1934. On Kov. 13, tours will be ~ n a d e  to f i t r t ~ ~ s  
near ,Jaeksonrille, where different systenls of 
grassland farnring will be studied. The follolv- 
ing prograrn has bern plannc.d for  Nov. 14. 

Day Length and Crop Production-H. A. 
BORTHWICK, USDA, Beltsville, Nd. 

Potentialities of Coastal Plain Grasslands 
with Ileavy Fertilization-G. TV. HIJRTOS, 
Georgia Coastal Plain Experin~ent Stiltion 
and Univ. of Gtlorgia, Tifton. 

Lessons f r o ~ n  Pasturc. Studic.s in Florida, 
Iowa, and Kansas (Tentative title)-G. B. 
I<II,LISGER, Cniv. of Florida, Oainesville. 

Traee E l e n ~ ~ n t s  in Ani~nal  Nutrition in Flor- 
ida-G. I<. DAVIS, Univ. of Florida, Gaines- 
rille. 

Tear-Round Forage Program for  Georgia- 
B. 11. HEXI)RI(-KSON, Soil Conservation 
Service, TVatkinsrille, Ga. 

The Range Cattle Industry in Florida-W. 
G. I ~ I R K ,  Vniv. of Floricla F:speriruent 
Station, Ona. 

The ])airy Industry of tht. SOU~~- I IERMAN 
Born, president, Florida Dairy Associa- 
tion, Holl and Boyd Ilairy Fartns, Inc., 
JIialni. 

The Future of Beef Cattle Industry in the 
South ( Tent:ttivca title) - T R L ~  R ~ o ~ s o s ,  
Iiissinltnet., Fla.. forlnerly president, Flor- 
ida Cattle~nen's Assoc... state ~ ( ~ n a t o r ,  and 
cattle ranchrr. 

Kentucky Events 
The annual Unir. of I<c.ntuc.ky Anitnnl Xutri- 

tion Conf(.renee is sc.l~edolrtl for  Sept. 30 and 
Oct. 1, 1954. This ronfer(~t1c.c. is prc,sc.ntc.d each 
year by t11~ D(.partnlc~nts of Ani111n1 IIushnndry, 
I'oultry IIushandry, 1):tiry EIusl)andrg, and 
Fc,c.tls and Fertilizer. TII(~ ~l~(lt'ting is especially 
for those interrstrd ill tht. ~tl;lnuf:~cture, ~nising, 
salc,, and use of co11t111(,rci:1l f(,rds. An out- 
standing pa11111 of off-(.illnpus S P ( . R ~ C ~ S  will 
assist the Vnir. of J<cntucky staff I I I C I I I ~ C ~ S  in 
lwt~s(.nting new infnrllliition r('gar(1ing livestock 
fcc.(ls and feeding 111*;1cticc.s. 

I\'c.ntucky dairyln(~11 in n referenduln on 
August 21 rejecated a progra111 for  a eo111pu1sory 
12-lnonth set-aside to prot~~ottl  the sale of dairy 
~wo(1ucts. The 1>rogra111 was to 11e adn~inistrated 
under a Dairy Coult~lission consisting of six 
~llelnbers vested by 1:1w with thcb authority to 
assess not to esceed 2 ct.uts 11c.r hundred pounds 
of Inilk or  lh cent per pound of butterfat. 
Funcls thus raised were to he used to st in~ulate 
restarch, advertising alld ~nerchandising of 
dairy products. The rote was close, with those 
opposed holding :III admr~tage of about 10% 
in the ballots mst. As a result of the vote i t  is  
prol)able that I<c.ntucky will continue on a 
voluntary 60-day set-asidr for  the A.D.A. pro- 
gram. 

L. A. RICH.\RDSOS, \\-11o rocrived a Master's 
degree fro111 the Univ. of I<entueky in August, 
has been appointed to fill :I newly created posi- 
tion in the Agricultural Esper i~nent  Station. 
111 his position as assistant in dairy technology 
he will devote his tinle l)ri~~ciptt l ly to research 
in the field of crenln qnality ilnprovc~~nent. 

4 i  
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Preliminary plans for the 2nd Annual Dairy 
Manufacturing Short Course at  the Univ. of 
Kentucky are taking form The Dairy Prod- 
ucts Association of Tcenturky again will co- 
sponsor this edncatio~~al project. Dates selected 
are Nov. 9 and 10. 

J. A. Tar1.o~. who was granted a Master's 
degree at the Vnir. of Kentucky in June, 1954, 
is now teaching dairying and managing the 
college daily far111 at E:astc.rn State College, 
Richn~ond, Icy. 

T. I\'. DEST~S. 15-110 also received a Master's 
degree at the rn i r .  of Kentucky in June, 1954, 
has been granted a research assistantship at  
North Carolina State College. 

C. L. Daws is I I ~ I \ V  filling a staff appoint~nent 
a t  U. K. as Assistant in Dairying. The appoint- 
ment was effective .June 1, 19.54. 

The follo~vinp IIIVII  ilre grailuate students in 
dairy production at tht. Vnirc>rsity of Ben- 
tueky : 

L. D. BRO\\-S and >I.%I.RICF, COI.E, graduates 
of Western State C'ollt.ge, Bowling Green, Icy. 

G. F. FRIES. R.S.. \\-arl~ineton State Colleee. ., , 
Pullman. 

J. 'A7. RTST. B.S.. UII~V. of Kentnckv. Mr. 
Rust is also superintet~dent of the ~ a i r ~ ' ~ e n t e r  
(the U. I<. dairy cattle unit). 

Oregon to Hold Annual Meeting 
The 44th annual Dairy Industries Short 

Course and convc.ntiot1 will he held at  Oregon 
State College, Corralli4, Feh. 14-17, 1955. Sev- 
eral top-flight ~nen frotn different parts of the 
United States will apprar on the prograln. 
H. B. H~snERsos. head of the Dairy Depart- 
ment, Vniv. of Georgia. will he one of the visit- 
ing instructor%. The lazt day will be devoted to 
diseussions on n~crcliandising and selling dairy 
products. The ntain zpeaker at  the annual ban- 
quet of the Oregon Dairy Industries Assoc. on 
Feh. 17, will he RICHARD WERNER, executive 
director, Milk Industry Foundation, Washing- 
ton, D. C. 

Turk in Philippines 
K. L. TI-RK, head of the Animal Husbandry 

Department at Cornell Univ., left Ithaca Sept. 
13 for a year's work at  the College of Agrieul- 
ture of the K'niv. of the Philippines a t  Los 
Banos. Mrs. Turk accompanied him. 

The Cornell scientist will continue the studies 
in animal nutrition, heeding, and other live- 
stock research begun by J .  K. LOOSLI, who is 
returning to the Department of Animal Hus- 
bandry after a year at  Los Banos. This re- 

search is intended to increase and improve the 
quality of livestock in the Philippines. Pro- 
fessor Turk will assist also in the developlnent 
of the teaching program and with other staff 
~nenthcrs promote closer relations between the 
College and industries in the Philippines in an 
effort to obtain financial aid for agricultural 
research. 

The first contract between Cornc.11 Univ. and 
the h i v .  of the Philippines mas signed in 1952 
and has been renewed this year for three nlore 
years. Under this contract a staff of spc.rinlists, 
ntail~ly f ron~  Cornell, is sent to the C'ollege of 
Agriculture at  Los Banos. The progmnl is 
financed largely by the Foreign Operations 
Administration, supple~nented by funds frotn 
the Philippine government. Under the new 
contract, the staff of A~nerican specialists has 
heen increased from 10 to 14. 

W. H. E. Reid Returns from 
European Trip 

IT. H. E. REID of the Univ. of llissouri has 
returned from a 6-week trip to Europe, where 
he studied dairy operations. He was accoln- 
panied on the trip by Mrs. Reid. Professor 
Reid reports that   no st of the countries visited 
were unusually cool and rainy this sutnnler. 

Coulters to Take Trip Around the World 

DR. and MRS. S. T. COULTER sailed Sept. 25 
for France on a trip that will take them around 
the world. On Oct. 10-18 Dr. Coulter will par- 
ticipate in a seminar on "Milk in 1Varn1 Coun- 
tries," to be held at  Amalfi, Italy. This setninar 
is sponsored jointly by the Intern. Dairy Fed- 
eration and the Food and Agriculture Organi- 
zation of the United Sations. 

I n  addition, Dr. Coulter will attend the train- 
ing center on Milk Production Processing and 
Distribution to be held at  the Aarey Milk Col- 
ony, Bombay, India, fro111 Oct. 24 to Sov. 20. 
This meeting is sponsored hy the Food and 
Agriculture Organization of the United Na- 
tions. The Coulters plan to co~nplete their trip 
around the world f r o n ~  Bombay. 

Rhode Island News 
G. K. \\'ILDE~, Univ. of Rhode Island gradu- 

ate, was e~nployed as instructor and superin- 
tendent of the Univ. Dairy Farm, July 1, 1954. 
H e  replaced FREDERICK WARREN, who accepted 
a position with the Hoffman-LaRoehe Chemical 
Co. of Sew Jersey as a research farm manager. 

R. 11. PARRY, D.V.M., was employed as lec- 
turer in dairy products work. Dr. Parry is a t  
present directing graduate studies in dairy 
products chiefly concerned with quality milk 
control. 
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.JOHS VERSA received his JIsster's degree in 
June, 1954. His thesis work was chiefly con- 
cerned with the hacteriologiral phases involved 
in the study of granular vaginitis in the bovine 
aniu~al. JIr. Verna is now enrolled a t  Brown 
rniv.  working on his Ph.D. degree with part- 
t i ~ n e  e ~ ~ ~ p l o y ~ t ~ e n t  a t  Cllnpin's IIospitnl in I'rovi- 
dence. 

11. 11. Ca>~rnxl.r., dean of the College of 
Agriculture., who is serving as Chief Agricul- 
turist in Egypt, espects to return to the Univer- 
sity in February, 19.55. 

Recent Personnel Changes at Minnesota 
)IO\VARD THOEI.E, f o r ~ u r r  research fellow, 

will join the Pennsylvania State Univ. Nxten- 
sin11 Staff (Dairy Cattle Hrc~eding) about Sov. 

RICIIARD AI).\JIS will ~ S S U I I I P  his clutics on 
Sor .  I as ani~nal nutritionist on the I'mnsyl- 
vania State Unir. E s t e n s i o ~ ~  Staff. 

GICRHARD H.\RPESTAD left Srpt. 1 to join the 
E x t r ~ l s i o ~ ~  Staff in 1)air-f lIusba11dry a t  the 
Univ. of Illinois. 

Eldridge Joins Nebraska Staff 
F. E. EI.DRII)~;E has resigne.d his position a s  

a n ~ e ~ ~ ~ b e r  of thr  linnsas State College Depart- 
n~en t  of Dairy Husbandry to accept an  appoint- 
n~en t  as associate director of resident instruc- 
tion in the School of Agriculture a t  the Cniv. 
of  Sehrnska. Dr. Eldridge has been in charge 
of illstructio~l aud rest1ar(~h ill dairy cattle 
brec~ding at  I\'ansas State for  the1 past 7 years. 

Harmon Goes to M.S.C. 
L. G. IIARJIOS, for111c~r1y 011 the dairy manu- 

factures staff a t  Texas Terh~~ological College, 
has joined the dairy staff a t  JIichigan State 
Collcage, where he. will dt.velop a n~arkcting 
research progralll on dairy products. 

Curriculum Changes at M.S.C. 
111 1951, the. JIirhigan Stnte  college^ dairy 

departn~ent graduated only three students who 
had ~najored in dairy production. A review of 
studt~nt e.nlr)ll~~~c.nt indiebated no i ~ ~ ~ p r o v e r ~ ~ e n t  in 
the situation eonld he rxpectc.d during the next 
3 ymrs. 

Fol lowi~~g conkultatio~~ wit11 students, gradu- 
ates, and staff, it appeared that the n ~ a j o r  criti- 
cism of the then existing curriculu~n was that 
it did not provide a proper balance between 
dairy cattle nutrition, breeding, and Inanage- 
~nent. This corldition was rectified and during 
the 3 years operation of the present plan, the 
average nun~her of graduating students has 
risen to sewn each year. Further inrreases are  
expected during the next 3 years. These num- 

bers compare very favortibly the1 1930-1 939 
average of 7.4 graduates per year and thc 
1940-1919 average of 7.3. lIowt~vt.r, in view of 
the increased all-college e ~ ~ ~ r o l l ~ ~ ~ n ~ t  since 1945, 
the nun~ber  of dairy production grnduate.~ is 
still alarmingly low. 

Further ~ ~ ~ o d e r ~ l i z n t i o ~ ~  of the dairy produca- 
tion undergraduate progranl to i~~ro rpora t e  it 

business option is eon te~~~p la t ed  as a Ilteans of 
encouragi~~g student en ro l l~ne~~t .  This prograltl 
would he s i ~ ~ ~ i l a r  to the acl~~ti~listration and sale~s 
option which was adopted in 1953 for  studc>nts 
~uajor ing in dairy ~l~a~lufactures .  

Students in dairy ~~lanufaeturcs  111ust I ~ O I I I -  

plete 192 quarter credits for  graduation, Z'JO of 
which are f r o n ~  rerlnired subjects in the arts 
and sciolci~s, including agricultural scic.nc.c.. 
Thus, 72 elective careclits r ru~a in  in grneral husi- 
IICSS, C P O ~ O I I I ~ C S ,  accounti~~g, and journal is^^^ for 
students who wish to spc~cinlize in rrd~l~inistra- 
tion and snlrs. Studc~nts interc~strcl in dniry 
plant production, control, or  quality work nlay 
take their elrrtives in chen~istry, bactc.riology, 
and applied scaience. 

Michigan to Hold Annual Dairy 
Manufacturers Conference 

The 15th ~ I I I I I U H ~  JIichigan Dairy ?I'Ianufar- 
turers Confert.nct. will he held a t  Michigan 
State College on Sov. 3 and 4. Loc.al and 
nationally p r o ~ ~ ~ i n e n t  dairy~~~can will he featured 
in sectional progranls on n~arket  inilk, ice cream, 
butter, and ~~~n~lu fa r tu~ .e*d  111ilk products. A 
products clinic, inaugurated a t  the 1953 con- 
ference, \\.ill he continuc.d with strt~wbclrry ice 
crmln, cottage cheese., and buttern~ilk to hc 
rritically judged. 

One of ,Ilii.higan's outstanding c l~ i ry  Irr~tle~rs 
will be presented with the second ttr111ua1 3Iichi- 
gnn State College 1)airy Jlanufacturers Awnrd 
tat the barlcluet to be 11cbld the second night. A t  
the conclusion of the conference, J .  hI. .JI:SXEN 
of the JIichigan State staff will conduct a I-day 
clinic on cottage clrbeesr ~naking. 

Completed Theses 
J1.S. Degrrr : 

CEC11.1-4 ~ F . B I ~ I C Z . ~ K - T ~ I ~ ~ ' ~ - ~ H ~  VCrSUS oll~'-tlay 
growth 11111nsuw111ents of the young dairy calf. 
Univ. of Conne~ticut. 

J a a r ~ s  ~~AI.KER-~\.E-O~SC~V~~~~OI~S 011 ~( ' l f -  
feeding roughages to dairy cows in loose- 
housing. l l irhigan State College. 

~IARLO\VE R. NELSON-A co111paris011 of ~ ~ ~ c * t h -  
ods of evaluating butterfat production for  
developing a dairy breeding progrtt'itlt~. Michi- 
gan State College. 
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L. A. R1~~.4~~sos-TT~ater-insoluhle fatty acid 
eontent of far111 separated cream in relation 
to rr.rtain other quality characteristics. Univ. 
of Iientucky. 

T. TI-. I )ENToK-T~~ efft~cts of an Aureotnycin 
suppletnc~nt and certain surface active agents 
on apparent digestihility and blood levels of 
urea nitrogen and total non-protein nitrogen 
ill young dairy calves. Univ. of Iientuckp. 

J a c ~ s o s  A. T.~YI.OR-A cotnparison of various 
grasses as to coniposition, digestihility, and 
forage consumption wlder grazing conditions. 
Pnir. of Iirntucky. 

Ph.D. Drgrrr  : 
HAROLD TT-. ,J.\CKSOS-Identity and origin of 

the ~nal ty  arotna substance from milk cultures 
of Gtrep tororr~ t s  ltrrtis m r .  n i a l t i g ~ ~ r r s .  Univ. 
of Connecticut. 

LEOSARD R. J I . ~ T T I c K - Q u ~ I ~ ~ ~ ~ ~ ~ ~ w  dt~tert~~in:t- 
tion of antibiotics in ~nilk. Unir. of Connec- 
ticut. 

EII.ER S. Hz..IIBER-T~~ role of added nonfat 
dry tnilk solids and the pressure of honioge~~i- 
zation on the stability, viscosity and other 
properties of half-and-half hon~ogcnized n~ilk- 
Jlichigan State College. 



TRENDS IN PACKAGING OF FOOD 

.I very curious thing has tak1~11 place in this 
country-and alnlost without our knowing 
about it. A revolution is undcr way in the food 
tnarket, and the food industry appears only 
raguclly i1\r.an3 of it. Back in 1941, Atnericans 
spent $30 billion for food. 111 1953, they spent 
$60 billion. Over the past 1'2 yeillas, the increase 
in IT. S. food expenditures has het~n greatw, 
dollar~visc*, than the increasc.~ in spc~nding for  
IIOIII(~S, consuIn(*r durahles, or autot~~ohiles--or 
even for all of these c~onl!)itied. Briefly, the 
Alnerican peoplv decided that food was tnore 
intportant to thtltn. 111 1941, they wflre allocat- 
ing 22% of their cash inronte for  food. I n  
1953, the figure was u p  to 36%. 

0vt.r the past decade and partic.ularly since 
1946, the Anterican public has tttadc. a radical 
change. in its habits of buying food. Son~e  of 
the factors rc.sponsiblt. for  this change are :  

1. Jlrchnv~i:cctioiz of pcrrkogiug. The d(.velop- 
n~c.nt of nutonlatic fast-ntoving packaging lines 
tnade possiblc~ nlass volunte produc.tion of parli- 
aged foods. IYith volutne and vari~aty in pack- 
aged foods cante the evolution of the self-service 
stores. 

3. Groirth of s~cprrmnrkrts nl~rl srlf-xrrrirr. 
Superntarkc.ts now do over half of t h ~  U. S. 
grocery business. The first itnprc~ssion upon 
entering a \\-ell planned self-service store is an  
ilnpression of trentendous quantity itnd variety 
of nlerchandiscl,   no st of it in colorful, attractive 
packages. With the wide assortntent of neat, 
attractive food packages on thr carefully ar -  
ranged display shelvtfis, the custonter is greatly 
tc~tnptrd and usually chnds u p  huying a greater 
quantity of ~nc~rchantlise than shc. had planned 
to buy. IYe are aware of the tren~endous atnout~t 
of "inlpulse huying" which goes on in the mod- 
ern sc4f-sc.rvice stortls. Surveys havt. indicated 
that when hushand and wife shop together a s  
a tc~a~n,  thert' is I I I O ~ I ~  "i111pu1se buying" than 
~ v h m  either person shops alone. 

11-hile the a r t  of store ilrraligc~n~rnt, display, 
and good packaging has encouraged intpulse 
buying to the benefit of the store, it has also 
helped the shopper to huy her food and house- 
hold needs quickly, pleasantly, :~nd  econonri- 
cally. 

3. P o l ~ t ~ l ~ r t i o i ~  ~~eor r~~ tc .~&ts .  ?Ilorc. and inore of 
ou r  population is tnoving to iildustrial areas 

and living in tht* suhurbs of l a q r  c*itic.s. The 
tendency of industry to decentralizt~, the. fear 
of the atotuic bonlh, traffic congc~stion, and the 
developtncmt of housing units have caused a 
flow of ~x)pulation away front the larger cities 
into sntaller caentt.rs. 111 addition to th(' above 
change, our population is tnoving westward and 
south-eastward a t  the expense of the nliddle 
west ant1 northt.clst. Thest. lnigrations Inc.an 
great changes in living standards. Xew wants, 
pref(~renec~s, taste, and vie\vpoints r~su l t ing  
front tnigration greatly ztfect purchttses. 

4. Crolrth of orttl!,ir~g shopping C C I C ~ P ~ S .  Thv 
~videsprmd d~~centralination ~nov t~~nen t  of popu- 
lation and industry has c~nrourt~ged the rapid 
growth of n(.ighhorhood btores and secondary 
shopping centers. 

Shoppers tnadc. it cleill. to thtb groctlrs sotne 
ycsars hack that they wclre dc.tern1int.d to shop 
11,s~ frc.quc.ntly for food. And the auto~nohile 
nlilde it possihl~ to carry off the ~~ecessarily 
larger purchases. So by forceful persuasion, 
the food stores h~.gatt to provide c+ustonters with 
parking space. Rut the. provision for  space 
~ueant  that the stores could not be located in 
the older do~\~ntown shopping districts or  in 
the densely populated residential areas. Conse- 
quently, shopping renters in outlying areas 
sprang up. At thclse ~ei1te1.s once-a-week shop- 
ping is thc, rule instead of daily shopping trips, 
as was fortnerly the case. The trend .toward 
larger lto~ne rrfrigerators and refrigchrator- 
freezer ro~~~h ina t ions  allows the shoppc.r to 
keep Ittore food in her honle fo r  1ongc.r pc1riods 
of tittle. 

5. E.rp(1~zf7iizg ~reirlrllr cluss rritlr iac-owtc,~ of 
$4,000 to .$7,:iOO. After 1947, consunters with 
fanlily incoturs of $4,000-$7,500 per year began 
to dontinate the food ntarkrt. These groups ran 
afford to pay for  ~on~idwahlc .  processing and 
other services in their food purchases. They 
buy "ronveni~~t~ce" foods, i.e., foods with built- 
in service. On t h ~  other hand, people in the 
lower inrotne brackets huy basic fobds and (lo 
ntuch of the work rc1cluired in preparation of 
thchir food produc*ts. Surveys have indicated 
that people in the higher incotnc~ brackets do 
not buy Inore food, as ~neasured in pounds, hut 
they do buy higher-priced foods. 
6. I,(trgrr tzett~r/~rr (11' ~tttrrrirrl I O O ~ L P I C  iu b~rsi- 

11rs.v. Today, :?0y0 of the hontc~ntak(~rs arc work- 
ing in business. This fact, together with the 
shortage and high caost of dontestir help, Itleans 
that these housewives have vclry little titn(1 for  
1 
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preparation of food in the kitchen. Conse- 
clue~~tly, they d(.tnaad and buy convenience 
type foods which can htb prepared and served 
in a hurry. 

7.  Increasr of C O I I I - C ~ I ~ ~ ~ I C ~  food items. This 
great demand for  convenience built into foods 
has been met by the industry. Today on the 
market there are all types of prepared mixes 
(cake, biscuit, pancake, frosting, frozen des- 
sert, candy, etc.) whir11 are easy to use and 
quick to prepare. I t  is estiti~ated that over 20% 
of the fresh meat sold in the U. 6. has been 
trimn~ed, prepackaged, and labeled. W e  also 
see frozen f rui t  juices, frozen vegetables which 
are ready to drop into the pot fo r  boiling, 
frozen precooked individual items which re- 
quire only heating, and now even a frozen 
dinner, con~plete with meat, gravy, potatoes, 
and vegetables-all ready to heat and serve. 

8. Television. Television in the homes also 
has tended to relnove the cooks from the 
kitchen. And again the Atneriran housewife 
insisted on foods n-hirh are easy and fast  to 
prepare so that no itnportant program would 
br missed. 

9. Diet c1~angr.p. With developr~~ent of ma- 
chinery to do ~itost of the heavy work, heavy 
labor has been reduced, and the need fo r  high 
caloric diets also has bee11 reduced. Conse- 
quently, in recent years we have seen a swing 
an.ay from the high caloric carbohydrate diets 
and toward the lower caloric, protein type diets. 

10. Adrertising. All f o r ~ n s  of advertising 
(television, radio, newspaper, and magazines) 
have hem very effective in getting people to 
try new products and to  shift f r o ~ n  one brand 
to another. Advertising is a potent force in 
creating and changing consulner habits and 
wants. 

Because of the self-service  boon^, purchasers 
have hecotne acc*ustot~ied to choosing the items 
they buy, and they are hecoming more critical 
of the ~nerchandise. As a result of this critical 
viewpoint, the selection of the packaging ~nate-  
rials has berolne more in~portant. I n  selection 
of a package and its ro t~~ponent  ~naterials for  
a given product, four primary points lnust be 
considered : 

1. Gctlrs nppml .  Ginre the package must 
stitnulate sales and encourage repeat sales, i t  
tttust have genuine visual appeal. Color is  per- 
haps the most vital fartor ill cot~~manding atten- 
tion. After the package has caught the eye, i t  
must identify the product and infor111 the cus- 
tottter. Here typography and design are im- 
portant. Finally, the package, by pleasing the 
eye and the e~ttotions,  nus st invite the consulner 
to purchase the product. 

2. I'rotrctiou. The first duty of the package 
ih to protect its contents. I f  a package fails to 
do thi.;, there may be no first sale of a product, 
and there surely will he no repeat buying. 
Good packaging ~traterials ran protect product 
quality against the following hazards: 

a. Moisture loss or  gain a s  influenced by ex- 
ternal humidity conditions 

b. Ilantage by exposure to atmospheric osy- 
ge'= 

c. Mold and bacterial action 
d. Loss of flavor 
e. Adsorption of foreign odors 
f .  Sifting of powders and leakage of juice 
g. Light penetration 
h. Chemical reaction betn-een product and 

container 
i. Seepage and staining of f a t  o r  oil 
There is no all-purpose container n.hir.11 eat1 

be used for  packaging all foods. Each con- 
tainer must be tailor-made to fit the specific 
characteristics of the individual food product. 
After determining the product requiretnents, 
the packager must make a sound choice of 
available packaging materials and adopt these 
materials to requirements of high speed filling, 
closing, and handling operations. 

3. Con~*enieace. The great d e n ~ a ~ i d  for  coa- 
venience has led to itupl.ovements in packaging. 
I n  designing packages which will move in self 
service markets, the nlanufacturer cannot afford 
to overlook factors relating to convenience and 
utility of the package in actual use. Easy 
opening and reclosure features, a s  tear tapes, 
metal pour spouts, and pitcher pour spouts on 
paper milk bottles, are aids which facilitate use 
of the package. The convenience of accurate, 
prelneasured portions in the portion-controlled 
containers is  appealing because they eliminate 
less accurate spoon-measuring fro111 jars and 
cartons. Another package convenience which 
has proven popular is the carry-home carton 
for  glass bottles and ~neta l  cans. 

I f  plus values can be built into the package 
which make i t  easier for  the buyer to use, re- 
peat sales are insured. 

4. Ecolzom!/. The package 111ust be economical 
or i t  never will attain volutue sales. Choosing 
component ~i~ater ia ls  which are abundant in 
supply and which will pe rn~ i t  high speed fabri- 
cation will help to keep costs a t  a satisfactory 
level. 

I f  the package does not hare the proper 
balance in respect to these four points--sales 
appeal, protection, convenie~~ce, and econollty- 
its protnotion and outlook fo r  a continued mar- 
ket are hampered. 

Packaging Trends 
I n  the large supermarkets today even the 

huniblest package must take on the duty of 
salesmanship. There is a trend toward brighter 
and bolder colors on packages, probably influ- 
enced by the n u ~ ~ i b e r  of men shoppers these 
days. The prinlary colors, 'ed, blue, and yellow, 
are becoming very pro~i~inent  on food packages. 
As for  design, the pictorial design is still very 
popular. However, the trend is tolmrd showing 
a colorful illustration nf the food product in 
end use rather than a picture of the product 
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itself. In  the dairy field, the picture of the cow 
and the pasture is giving way to appetite 
appealing designs. The designs which were 
created for the American Dairy Association 
for its big pro~notion to sell butter will show 
a stack of light brown, steaming pancakes with 
several pats of butter on top-or a brown, 
roasted turkey dripping with hutter-rather 
than a picture of butter itself. Television, too, 
has played an important role in influencing 
packaging design. I t  has started a trend to- 
ward simplification of the all-over package 
design. Seater, clean-cut designs are the result 
of this trmd. 

Changes are also being made to insure pack- 
age visibility and to aid in identification of 
packages at  a distance. Since a portion of the 
shoppers move through food stores in a hurry 
and since not all packages can be displayed a t  
eye level, many srr~all packages with poor visi- 
bility are overlooked. To attract the shopper's 
eye, some packages are now being designed 
with the illustration and brand name on the 
top, sides, and botto~n panels rather than only 
on the top panel. This gives the package multi- 
sided visibility which insures that the package 
will win attention regardless of its position in 
the store display. Concise, inforn~ative labeling 
and copy large enough to read at  a glance are 
aiding package legibility. The importance of 
legibility was brought out clearly in recent 
studies on b u v i n ~  habits conducted bv Mara- 
thon. I t  was iea&ed that many packages were 
not dropping into the shopping baskets because 
the shoppers had left their glasses a t  home 
and could not read the finely printed words on 
the packages. Since the package should serve 
as a billboard, emphasis is being placed on 
shape and size, color combinations, selection 
of typography, and brevity of sales points. 
In  addition, useful information, such as re- 
cipes and serving suggestions, is appearing on 
the new packages to help the customer in her 
use of the product. 

As for packaging materials, the greatest 
advances are being found in the field of new 
films and highly protective laminations. These 
sheet materials are finding increasing use in 
single-service packages. New coatings and lam- 
inations are giving them greater strength, ex- 
cellent heat seals, in~proved protective quali- 
ties, and increased adaptability to high speed 
equipment. 

Much use is heing made of alu~ninu~n foil. 
The improve~nents in processing lighter weight 
alnminu~n foil are creating fields of packaging 
that formerly were considered i~npossible. The 
lighter weight foils are not being used singly, 
but in combination with other sheet ~naterials 
for two-ply and three-ply laminations. 

Very versatile high speed machinery has 
been developed to handle these highly protec- 
tive fi1111s and laminations. Most of the new 
pouch-forming machines can operate a t  a rate 
of 120 to 300 packages a minute. These ma- 

chines are available for automatic for~uing, 
filling, and heat sealing; some include print- 
ing, coding, and perforating attachments. Vav- 
u u ~ n  packaging ~nachines with six and eight 
head rotary units are capable of pulling a 
vacuulll and heat-sealing pouches at  the rate of 
40 packages a ~r~inute. Because of the lack of 
a good, approved antimycotic, vacuum pack- 
aging is beco~ning more popular, especially for 
sliced eheese (both process and natural) and 
for sliced luncheon meat in order to protect 
product quality for prolonged periods. And in 
the ice creanl field the developn~ent of a new, 
sliced brick machine has modernized the method 
of handling this product. I n  addition to versa- 
tility, the new packaging n~achines require less 
maintenance and can be operated by less highly 
skilled personnel. 

In  the carton field, containers of all types 
are being made to finer tolerances for efficient 
use on high speed automatic packaging lines. 
The carton ~nanufacturers are combining 
grease-proof papers and films with paper- 
board, and they also are applying heavier wax 
coatings to in~prove greaseproofness and mois- 
ture protective properties. 

The average super~narket today carries ap- 
proxi~nately 5,000 itelns, which are packaged 
in many different types of containers. Some of 
the various package forn~s are shown in the 
accompanying photographs. 

FIG. 1. One-portion packets 

In  Figure 1 a number of one-portion packets 
are shown. These packets usually contain a 
pre~neasured portion of product, enough for a 
single service. As shown in the photograph, 
some powdered milk is now being packed in a 
moisture-proof paper-foil laminate which is 
polyethylene coated on the inner surface (foil 
side) for heat sealing. Portion-controlled 
a~nounts of dehydrated cream product can be 
purchased in a triple-ply laminate of acetate- 
foil-pliofil~n. A triple-ply sheet of foil-paper- 
foil is now being employed to pack frozen 
dessert mix powders. Khen aluminun~ foil is 
exposed on the outer surface of the pouch, as  
in the dessert mix package, solile precautions 
must be taken to protect the foil from mechani- 
cal and physical damage. This can he accmn- 
plished hy varnishing or lacquer-coating the 
foil or by using heavier gauges of foil. 

A 10%-oz. overwrapped carton containing a 
granular nonfat milk product was recently 
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packages of ice rreanl, which are p ro~~ l in rn t  i n  
the reach-in enhinets. 

Orerlvrapped dairy packages are sho\\-ing u p  
occasionally. Pint and %-gal. cartons can be 
found over\vrnpped with a single. sheet of 
heavily waxed paper. These are not insulated 
packages. The orenvrap is applied directly to 
the carton to provide hetter long-tt.rtr~ keeping 
qualities. The foil orcrwrap on thc hut t r r  
package, used in ron,junctiotl with pnrchlnent 
\v~.npped prints. prnrides g l n t ~ ~ o r  a n ~ l  extra 
~rotection. 

introduced. This cartoll has a c.onvrnient ~neta l  
pour spout for easy r r t ~ ~ o v t ~ l  of the produrt. 
Thc highly prott.ctivc overwrap is fabricated 
of n rrllophane-foil l:~t~~in:ttiot~ with a heavy 
wax-type ronting 011 the foil side for heat 
sealing. 

IYnit pa~kaging is illustrated in Figure 2 by 
a photograph of half-pound packages of sliced 
process and natural cl~c~c.sc*, link cheese, sliced 
Iut~rheot~ 111eat. cartoned sausages, and indi- 
vidual 4-oz. ice rrtwtrl packages. The sliced 
natural Swiss and slirthd luncahcon meat have 
bec.11 r:lcuunl pac.krd for 1ongc.r kceping. 

Another type of parkaging known as '(frar- 
tional packaging" is shown in Figure 3. I t  
fmturrs  a standard put-up divided into snlall 
protected units. I n  this photograph, quarter- 
pound prints of hutter art2 pnckagcd in waxed 
paper and also in 1:1111inatcd foil. Research is 
under \fray a t  the presc.nt tit~tca on a reverse foil 
),utter wrap. T l ~ c  individual powdered 111i1k 
pouc11c.s are ftlhriratcd of a paper-foil lanr- 
inate \vhich is coated ~vi th  polyethylrnc on the 
foil side. Fractionnl packaging is popular hc- 
muse thr units are protected u p  to thtl point 
of actual use. This enahles the. shopper to stock 
larger quantitic~s, keep t h e t ~ ~  fresh longer, and 
elitninat(a extra store trips. 

.Just the opposite. of frt~ctional p~ckag ing  is 
L L ~ ~ ~ ~ l t i p l t ,  l~arknging." AS show11 in Fi::.urc 4, 
a n u t ~ ~ h e r  of st~tall xvrapped units have been 
handed 0 1 .  cartoned to attract bargain seeking 
custon~ers and to prevent 1)ilft.rage. 

Econot~ry ttiinded rusto~ttrrs \\-ill be interested 
it1 the "king size" parkagcxs. I n  Figunx 5 are 
sllown 21h-111. packages of frozen vegetables, 
5-lh. packages of frozen shr i~np,  and y2-gal. 

JIodernization of an old idra is illuitratcd 
in Figure 6. Herc, in the Arden and \Vestwood 
designs, is a ~nodernized version of the old half- 
gallon pail. The shape of the old pail has heen 
retained, hut the new pail is shipped Pot with 
an  autotnatir hottonl for easy set-up by hand 
or hy autontatie nrarl~inery. As can he observed 
in the photograpl~, the top lock flaps on the 
new pail hare heen altered slightly for  auto- 
t~tntic tltacl~incq-. 

The TV frozen clinner is an  esatnplc of 
ultra convenienct.. This cot~~plett. tneal, con- 
sisting of' ~ ~ t m t ,  dressing, potatoes with a p a t  
of hutter, and regetahles with a pat of huttrr, 
comes packagt,d in an  ~ I U I I I ~ I I U I I I  tray aud is 
ready to he placed into a hot oven. After heat- 
ing, the ~iteal cat1 he scrved in the a l u t ~ ~ i n u n ~  
tray, and upon cot~~pletior~ of the urea1 tl~c. tray 
can he thro\rn away, thus c>lin~inating dish 
washing. This package is protreted hy a new 
rellopl~ane-tissue lantinated overxvrap. The new 
orer\vmp has high gloss, good ht'ilt seals, and 
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good strength a t  ten~pt.ratures of 0" E'. to -40" 
F., whereas cellophane alone beconies very 
hrittle a t  lo~t* tenlperatures and has a tendenry 
to shatter. 

All of the packages illustrated in the various 
photographs hare shown a rapid gain in con- 
sumer arcaeptance-principally because of the 
proper balance in econolny, quality protection, 

. convenience, i ~ n d  attractiveness. 

FIG. (i. 3Io1lernized version of 11:1lf-galloll ice 
cream pail. 

I n  addition to the trends toward new designs, 
new package ~naterials, new ~itachinery, and 
new package forms, there also is a trend toward 
Inore research and better organized progranls 
to develop new uses, new markets, better nleth- 
ods and new equipnlent. This increased re- 
search is heing stimulated hy colnpetitive pres- 
sure. Already there are hetter coatings, linings, 
and filnls which improve the physiral and pro- 
tective properties of packages, in Inany cases 
a t  reduced cost. More packaging operations are 
hecoming ~nechanized, and equipnlent to run a t  
greater speeds is continually heing developed. 

The buyer's market is encouraging better 
packaging. As a result, consumers will benefit 
because a t  no increase in cost they will get 
foods in packages that are nlorr convenient, 
redure spoilage, and avoid waste. 

THE INFLUENCE OF DAIRYMEN'S 
KNOWLEDGE ON THEIR SUCCESS 

AND ACTIONSr 

JIany hypotheses of an  econonlie, social, and 
personal nature have been advancc1d to explain 
why sonle dairymen have failed to itnprove 
the efficiency of their dairy operations. One of 
several such hypothcases tested in a study in 
central Pennsylvania was that soinr dailylnen 
lacked the necessary 1tnowlc.dge of ilnprov(d 
production practircas and principles. 

'Authorized for publication on Narc75 25, 1954 
as Paper No. 1867 in the journal series of the 
Pennsylvania Agricultural Experiment Station. 

The 151 dairylnrn used in this study repre- 
sented a sanlple of the owner-operated dairy 
farnts' located on lill~estone soils. Althougll 
approri~nately ontl-third of the fartners in this 
area are tmants,  only owner-operators were 
contacted for  this study berause of a. general 
tendency for tenants to rationalize lnany of 
their deeisions and actions in light of their 
esisting tenure agreelttent. 

The first step in appraising the role of knowl- 
edge in relation to dairynlen's ~tlethods was to 
develop a representative list of test questions 
in cooperation with dairy estension specialists 
a t  the Pe~~nsylvania State University. Thc 
questions asked each of 1.51 dairymen, and their 
answers, are given in Table 1. Srores to he 
assigned each answer wert, deterttlinod with the 
aid of the dairy sperialists. Although this list 
of questions is short, it is felt that  the answers 
provided a reasonably valid index of the fartu- 
ers' knowledge of inlproved dairy ~nanagenlent. 

Individual operator srorrs ranged fronl 96 
to 10 with a Itlean scanre of 66 (prr f re t  score 
of 100) and a standard clt.vi;ltion of 18 (Tahlc 
1 ) .  This range in scores snggests that the test 
did segregate dairytnen into different knowledge 
glanps on the assun~ption that the operators 
ntlre exan~ined in the nignifiea~lt areas of' knowl- 
edge dealing with the dairy enterprisr. I t  is  
interesting that the average scores were fairly 
high on questions 3, 5, and 7 dealing with the 
rrlatire protein and TUX value of different 
feeds and with the principle of dinlinishing 
returns. I n  rontrast, average scores were low 
on the remaining qucbstions dealing with the 
atnount of concentrates to feed, the proper 
protein level, and selection of thr hrrd sire. I n  
these areas there appeared to he a srrious lack 
of kno~vledge on the par t  of many dairyn1c.n. 

Dairy Knowledge and Success in Farming 
The apparent rc.lationship of knowledge to 

the success of the total far111 husilless, t ~ n d  Illore 
specifically the dairy e~lterprise, was osttnlined 
hy relating the scores 111ade hy these operators 
to surh factors as labor ineolne, rrturrls above 
fred costs per row, and ltlilk production per  
cow (Table 2).  The lrvcbl of farnlt~rs' knowl- 
edge, a t  least with r ~ g a r t l  to the. dairy enter- 

'A  dairy far111 was dcvignatcd as one on wllich 
six or more cows were maintained and from which 
fluid milk had been 8old for a t  lcast 9 months of 
thc year studied. A comparison of certain charac- 
teristics of the owner operators used in this study 
with similar data for :il)proxin~ately 80% of all 
owner dairymen in the area revealed no appre- 
ciable differences with respect to sue11 factors as 
the age of the operator, size of herd, and produe- 
tion per cow. However, the level of formal educa- 
tion of the farmers included in this study was 
significantly higher than for all owners, with 46% 
of the operators in this study having eompleted 
more than eight grades, compared with only 36% 
for all owners. The difference was significant a t  
less tlian the 0.05 level by Chi square test. 
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prisc~, ilppears to be closely rt*lated to the degreca 
of success not only of the dairy enterprise hut 
also of the total far111 liusinc.ss. The operators 
with higher knonledgcl srotses were operating 
f'arlns with srrhstantially larger total capital 
it~\~c.stntents. 

The i ~ p p i ~ r e n t   influence^ of knowledge on re- 
turns was tnost evidt.nt a t  tht. Iliaher levels of 

fore, in~proved ktion-ledge scorcLs werr. asso- 
ciated with four titnes the response in lahor 
inro~nes a t  the higher capital invest~nent level 
than a t  the 1onc.r invc.st~nent level. However. 
since i t~~proved kl~otvledge is related to a nunl- 
her of other desirahle characteristics of opera- 
tors, i t  would he unfair to attrihute all of the 
assoriated responseb in Iahor inc.outr a t  higher 

TABLE 1 
List of qitrstiot~s nsikcd 151 owner-operator dairymen; mean test score n~rd standard deciatiot~ 

(central Pennsyluania, 1949) 

Question 

-- 

Perfect Mean Standard 
score score deviation" 

1. What is the recomaien~Ir(1 rate of feeding grain to Holsteins and Gurrn- 
seys T 

2. I n  your mind what shoold be considered in deciding upon the rate of 
feeding grain to d a i r ~  cows? 

3. Rate the following grains and concentrates in order of greatest to l e a ~ t  
feeding value (protein basis) for dairy cows: corn and cob meal; 
wheat bran ; soybean oil meal; oats. 

4. What percent rrude protein should your dairy ration be with liberal 
feeding of the following roughages4 legume hay (properly cured) 
with corn silage; good mixed hay with corn silage or good mixed ha?- 
alone; nonlegunie hay with or without silage. 

5. Rank the following from highest to lowest feeding value per acre under 
average weather conditions and with these assumed yields: corn silage 
(10 tons/acre) : oats (40 brc/acre) ; clover hay (2  tons/acre) ; gootl 
pasture (permanent or semi-permanent). 

6. Rank in order of iu~portance the following considerations in choosing a 
1)ull calf for a future hertl sire: milk production record of the dam: 
milk production record of his full sisters and half sisters; presence of 
world cl~an~pion milk rrrorcls in the I>lood line al)out three genrmtion. 
back. 

7. An average lirril rrceivit~g the usual atuounts of grain and roughagc 
was fed art additional ROO 11,. of grain which reselted jti an additional 
400 Ib. of milk. If  another 300 11). of grain is fed, what effect on milk 
production would yo11 expert? A1)out another 400 Ib. increase in lnilk 
proclurtion; son~etltitig lrss tlian n 400 Ib. increase; something more 
than n 400 11). incrrast.. 

Totnl 
- 

' Standard drviation is a statistical measuremellt of the decree of dispersion of scores arom1~1 tile 
mean spore of 66. The nieatt score (66) plus or minus the standard deviation (range of scores from 48 
to 84) would include scores 111:tdr hy approximately 68% of tllta 151 oprmtorr, basecl on a nornmlly dig- 
tribnted frequency of scores. 

capital investtnent. F o r  exanrple, for  an  aver- 
age capital investtnent of $14,000, there was a n  
associated increase in lahor inroue of $9.12 fo r  
each point increase. in knowledge score. In 
contrast, the assoriated rrsponses in labor in- 
contes per unit inrrease in knowledge score f o r  
average invt*stntents of $21,000 and $35,000 
were $18.17 and $36.27," respectively. There- 

Based on least squares evalnation of hypotheti- 
ral relationship where: Labor Income = a + b 
(capital investment) + c (knowledge score) + d 
(product of capital investment and knowledge 
srore.) 

investnlent levels to itnproved knowledge alone. 
Analysis disclo*c.cl a high degree of relation- 

ship hetween the I(.vc.l of fo r~na l  schooling and 
the scores ~ n a d r  on the knowledge test. I n  view 
of this an  effort wah tnade to  test the in~por-  
tance of knowledge within each of the formal 
schooling groups (Ttthle 3). Within the grade 
srhool group of farnic~rs, the 33 operatorb who 
made scores of over 65 on the knon-ledge test 
had significantly higher labor ineotnes and 
higher production per cow and were operatin- 
larger dairies with nearly $7,000 higher invest- 
ment. Also, they were a younger group of 
fartners. The sanle general relationships ex- 
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TABLE 2 
Relationship of knowledge to the st~ccess of the farat business a t ~ d  the dair!~ enterprise 

(151 central Pennsylz'ania dairy fartners, 1948-1949) 
-- 

Ranking Number Pounds Productive Average 
of of Average milk man work capital Labor 

scores cases score per cowa units" investment income 

Lower 3/10 45 43.9 7,373 428 818,928 $1,852 
Middle 4/10 62 67.8 7,994 460 23,104 2,805 
Upper 3/10 44 85.6 8,241 566 07,879 3,873 

Average 151 65.8 7,881 481 $23,251 $2,832 

'Mean differences are significant a t  less than 5% level by anal~sis  of variance test. 
Labor income represents the annual net cash farm income (adjusted for inventor7 changes) minus 

a 5% interest charge on the capital investment and the estimated value of unpaid faniily labor. 

isted within the two other schooling groups. Knowledge Related to Personal 
There were only 1 8  operators with more than 
a high school education. When these operators 
were grouped into the "over 65" and "65 or  
less" knowledge score groups, only three were 
in the low knowledge group, so that little can 
be said concerning the relationships found 
here. 

When the average labor inconies for  each of 
the for~iial  schooling groups were adjusted to 
the average knowledge score (influence of 
knowledge score on labor income is thus re- 
moved) the adjusted average labor inconie for  
the grade school operators was $2,517, a s  com- 
pared to labor incomes of $3,166 and $3,286 fo r  
the high school and more than high school 
groups, respectively. These data would suggest 
that the level of for~iial  schooling or  the per- 
sonal characteristics generally associated with 
inore fornlal education are also important con- 
tributing factors to success in  farming. How- 
ever, i t  does not imply that grade school oper- 
ators are doomed to failure, because the data 
disclose that acquired knowledge, as measured 
partly by the knowledge test, is a Inore inipor- 
tant determinant of farming success than the 
level of forn~al  schooling attained. 

characteristics and Actions 
Thr liiere possessio~i of k~iowledge in itself 

is no assurance of financial success. This poses 
the question as to what other characteristics or  
traits are associated with the operators who 
have acquired this farming "know how." Can 
we "type" the high- and  lo^--knowledge groups 
of operators ? 

The high-knowledge group (the upper 30% 
of the operators as arrayed 011 knowledge test 
scores) as conipared with the lo\!--knowledge 
group (the lower 30%) took a more active par t  
in eoni~i~unity organizational aetirities and more 
of thcni belong to the local Dairy Herd Im- 
provement Association. The high-knowledge 
group also had a better idea of what was con- 
sidered a "good" rate of inilk production per 
cow, had a niuch higher standard of satisfactory 
perfor~iiance as indicated by a high level of 
production below which they cull cows fro111 
their herd, and finally tended to rate the~nselves 
above their neighboring dairymen with respect 
to their productioii per cow and as all-round 
farmers. High knowledge scores are thus asso- 
ciated with other eharaeteristies which are usu- 
ally considered desirahle. 

TABLE 3 
Relationship of knowledge within forntal schooling groups to wz'eral persottal and business factors 

(147 central Pennsylvania dairyn~en, 1948-1949) 

Level Average Knowledge Number Unadjusted Adjusted 
of knowledge score of Average Labor labor labor 

schooling score groups eases score income" incomes incomes 

Grade 62 65 or less 46 51 
school over 65 33 78 $2,411 $2,547 

High 68 65 or less 18 45 2,860 
school over 65 32 80 3,440 3,231 3,166 

More than 77 65 or less 3 56 2,739 
high school over 65 15 82 3,888 3,697 3,286 

Average 147 66 $2,848 $2,848 

Analysis of covariance shows mean difference adjusted to the mean knowledge score groups to be 
significant a t  less than the one per cent level. 

Labor incomes adjusted to the mean knowledge score. 
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Since knowledge provides the basis f o r  cor- 
rect decisions and actions, what is the relation- 
ship hetxt-een the level of kno\vledge and actions 
by farniers? Do those who possess the knowl- 
edge aetnally apply it in their decisions and 
actions? E:videiire to support the hypothesis 
that  correct dairy kno\vledge usually prolnotes 
what is generallx considered desirable actions is  
represented in Table 5. The high-knowledge 
group as cotnpared with the low-knowledge 
group changed the protein level of their dairy 
grain ration inore often (luring the year in 
response to changes in quality of their rough- 
ages. Of the 39 operators who were feeding 
hay and/or silage as supplen~c.~~tal  feed during 
par t  of the s u ~ n ~ n r r  period hec+ause of a pasture 
shortage, 30 indicated they had taken nleasures 
over the past f e n  years to correct this condi- 
tion. Forty per cent of these operators were 
in the upper-knowledge group and only 17% 
were in the l~\~-knowltvige Troup. 

When asked whether thew inilk production 
has changed during the last 3 or 4 years, a 
higher percentage of those indicating a n  in- 
crease was in the high-knowledge group. Most 
of those indicating no change were in the low- 

kno~vledge group. Of the operators anticipat- 
ing a n  incrcase in production over the ncst  3 
or 4 years, a significantly higher percentage 
was in the high-knowledge group, and inost of 
those especting no change in production were 
in the lo\\--kno~vledge group. 

When asked whether they had thought seri- 
ously a l~ou t  any changes to reduce the tinle re- 
quired to do dairy chores, of those answering 
"yes," 41% were in the high-knowledge group 
with only 23% in the low-knowledge group. 
This ~vould seem to indicate greater concern 
and foresight on the part  of the high-knowl~dge 
group with regard to future efficii~ncies in the 
operation of the dairy. 

Summary 

The results of a knowledge test, which quizzed 
1.51 central Pmnsylvania dairynlen over se- 
lected dairy managenlent practices, suggest tha t  
:I high proportion of our dairylnen lack inurh 
of the hasic knowledge required fo r  proper 
decision making. Scores on the test ranged 
fro111 96 dolvn to 10 with an  average score of 

TABLE 4 
Relations7~ips of knowledge to certain characteristics of opcrators 

(1.51 contra1 Pennsylvania dairyn~en, 1948-1949) 
- 

Percentage of operators 
in different knowledge 

score groups 
Xun~ber 

of Upper 3 Lower 3 
Characteristics" cases deciles deciles 

Progressiv~ness : 
What year did you 1941 or earlier 62 39 16 
adopt hybrid corn ! Since 1941 80 33 38 

Do you take part in Yes i 2  10 14 
organizatiol~s ? No i 9 19 44 

Do you belong to Yes 32 63 0 
DHIA? No 115 2 1 36 

Concepts and standards: 
What do you eol~sider 31,000 or moreC 38 50 14 
to be a good rate of 9,500-10,99!) 22 41 4 
milk production per Less than 9,500 31 42 13 
cow? Doesn't know 6 7 10 51 

Down to what level 8,000-10,000 1b. 16 56 0 
must a cow drop before 6,000-7,999 1b. 3 1 45 7 
culling? Under 6,000 lb. 20 30 25 

Doesn't know 83 17 46 

Farn~er's self-rating: 
As all-round farn~cr Upper l /5  

Second 1/5 
Lower 3/5 68 18 36 

On milk produced per TJpper 1/5 14 48 18 
cow Second 1/5 39 24 21 

Lower 3/5 i 1 33 39 

a All relationships signifiea~~t a t  5% level or less by the chi square test. 
The number of cases varies quite often from the total of 151 farmers in the study because some 

onerators were not able to answer all the questions. 111 otller instatlces only tlie in~portant answer cate- 
gories are indicated on the table. 

'Productions given by farmers have been corrected to 47% butterfat basis. 



OCR INDUSTRY TODAY 

TABLE 5 
Relationship of knowledge to certain actions of operatorx 

(151 crntrnl Penasylvania dair!linen, 1948-1349) 

Percentage of operators 
in different knowledge 

score gronps 
xun~ber 

of r p p e r  3 Lower 3 
Actions of o~era tors  eases deciles deciles 

Do you change protein 
level of grain ration 
during the year?" 

Does quality of your 
rougllage influenee protein 
content of your grain Yes 108 34 22 
ration? hT o 42 17 50 

Hare you taken any measures 
during last 4 or 5 years 
to correct the pasture Yes 3n 40 17 
shortage? " S o  9 22 56 

Has milk produetion changed Yes, increased 97 30 21  
any in last 3 or 4 years? KO el~nl~ge 38 24 52 

What change in milk pro- 
duction do you expect in I~lcreasc 1.n 32 23 
next 3 to 4 years? S o  cl~ange 26 15 50 

Hhave yon thought about 
any changes to reduce time Yes 58 41 23 
to do dairy chores? No 55 15 38 

Why hare yon never joined Cost too great 26 1.5 31  
a DHIA? Never hothered 40 10 50 

Miscellaneous 36 OR 25 

"Relationship significant at  10-20'70 level hy the chi square tcst. All other relationsl~ips are signifi- 
cant at  5% level or less. 

66 and a standard deviation of 18. The g a p  
between the present state of knowlrdgc of 
Inany dairynlen and that required to actually 
adopt iulproved practices is apparently grrater 
than frequently appreciated. Tht, intportanre 
of ovrrco~ning knowledge deficiencies is sug- 
gested hy the fact that  the 44 operators who 
~nade  high scores on the knowledge test had 
herds averaging nearly 1,000 lh. higher produc- 
tion per cow, with $40 highcar returns ahove 
feed costs per eow. and were oprmting f a r n ~ s  
earning labor incon~es averaging $2,000 over 
those fartns operated hy the 45 opt~rators who 
lnade lower scores on the sanle kno~rledge tcst. 

ICno~vledge is particularly ilnportant fo r  
dairytnen operating with high capital invest- 
ntrnt. The associated response in  lahor incomes 
to itnprored ho\vledge was four tintes a s  great 
on farms operating ~ r i t h  a high capital invest- 
ment as  on fartns operating with a low capital 
inrestnlent. Likewise. the operators making the 
higher scores porsessed Inany other eharacter- 
istics or traits usually considered desirable, had 
adopted Inore of the recon~n~endcd dairy man- 
agetnent practices, \rere antiripating future in- 
crrases in tnilk production, and were seriously 
concerned about taking nreasures to further 
i t l~prore  thrir  dairy operations. 





V o ~ r r n i ~  X X X V I I  October, 1954 

JOURNAL OF DAIRY SCIENCE 

ABSTRACTS OF LITERATURE 
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ANIMAL DISEASES 
903. Control of mastitis. I,. K. WAYT, School 
of Vet. Med., Colo. A. & M. Coll., Fort Col- 
lins. J .  Milk and Food Technol., 17, 8: 343. 
1954. 

A eooperative effort should he made to prop- 
erly infor111 the dairyn~an of the sympto~ns, 
nleans of detecting n~astitis in the cow, and the 
interpretation of the laboratory examination of 
the n~ilk san~ples. If this procedure was fol- 
lowed the incidence of nlastitis in the dairy 
herd could he greatly reduc~d. IT. H. Weiser 

904. New studies on comparative Brncella 
immunity with agglutinogenic and nonaggluti- 
nogenic vaccines. F. SIEIRO, Inst. Rosenbusch, 
S. .\., B u ~ n o s  Aires, Argentina. Am. J. Yet. 
Research, 15, 56: 417. 1954. 

Three groups of heifers were used as (1) con- 
trol, (2)  vaccinated with BAI strain 19, and 
(3) vaccinated with Rosenhusrh nonagglutino- 
genic strain B. At 5 to 7 Ino. gestation the 
heifers \\.(,re inoculated with a virulent strain 
of Brttcelln abort?ts at  two levels. Most of the 
control group al1ortc.d. The difference between 
strain 19 and strain B was slight-50 and 47.6% 
respectively did not abort from the lower dose. 
I t  is suggested that strain 19 produced a 
slightly higher in~~nunity. For this reason it is 
proposed that a control program could use both 
vaccines 11y vaccinating calves with strain 19 
and using strain R for revaccination of heifers 
or for vaccinating adult animals. I n  this Inan- 
ner the a~glutination test could still be used 
satisfactorily in the control proraln. 

E. W. Swanson 

905. The teeth of the ox in clinical diagnosis. 
11. Gross anatomy and physiology. N. L. 
GARLICK, Tacon~a, Kash. AIII. .J. Vet. Research, 
15,56: 345. 195 1. 

Detailed descriptions of the variations of 
nornlal teeth in rattle are presented along with 
excellent illustrations. Dairy and heef l~rceds 
differ in the wear and attrition of the pcarlna- 
nent teeth, with teeth of the dairy rattle remain- 
ing longer ancl in strongcnr condition. Tables of 
changes with age in dec.iduous and pc.rnlanent 
teeth are given for h e ~ f  and dairy cattle. I t  
was noted that loss of teeth was more dependent 
upon age than upon the dan~age to the teeth. 

Gingivitis at the time of dental eruption is a 
normal occurrence which should not he con- 
fused with disease processes. 

E. W. Swanson 

BOOK REVIEWS 
906. Livestock Production. WALTER H. PE- 
TERS and ROBERT H. GRUMMER. 2nd edition. 
MeGraw-Hill Book Company, Ine., New York. 
115 pp, 101 illustrations. 1954. $6.00. 

This text is designed for use in a survey 
rourse for beginning college students in agri- 
culture. The hook covers in brief the produc- 
tion fields in heef cattle, dairy cattle, swine, 
sheep, goats, horses, and mules. Feeding, judg- 
ing, rnarketing, health, breeds and breeding are 
discussed for each class of livestock. The hook 
is interestingly written, hut quite brief in its 
coverage of each topic. 

Very little attention is given to the   no re 
lnodern ~nethods of dairy ~nanagen~ent. I t  is 
apparent that the hook will be of limited value 
where any number of the beginning students 
in a course have had nrevious contact with the 
dairy field. 

I t  ren~ains auestionahle whether the text is 
of college levei, although it could prove infor- 
 native, particularly to students of litnited agri- 
rultural experience. K. E. Gardner 

BUTTER 
907. A device for rapidly churning small 
quantities of cream. R. M. DOLBY, Dairy Re- 
search Inst., Pahnerston North, New Zealand. 
J. Dairy Research, 2 1 , l :  78. 1954. 

A device for churning small quantities (200- 
500 n~l.) of creanl is descrihed. The cream is 
churned in a 1200 1111. stainless steel beaker by 
means of a high speed heater directly attached 
to a 1/4 h.p. electric n~otor. Construrtional de- 
tails are adequately described and illustrated. 
Churning ran be con~pleted within one ~nin.  
and an operator can churn and work 9-10 
snn~ples per 11r. E. L. Tho~nas 

908. A note on the electrical resistance and 
the keeping quality of butter. J. H. PRENTICE, 
Katl. Inst. for Research in Dairying, Univ. of 
Readinw England. J. Ilairy Research, 20, 3: 
327. 1<:3. 

Eight seleeted salnp1r.s of butter were judged 
subjectively for testurc defects, analyzed for 
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salt :~nd nloisture cotttc~t~ts and ohserved for 
keeping quality dnrittg storage for GO clays a t  
TO to SO0 F. Distril)utiolts of frrc. water drop- 
lets ill the I)uttela also ware rstitnatc~d hy inrxans 
of hro~~tophenol blur indicator papclrs pressed 
into frcxshly cut surf:lcrs of the sntttpl~~s. 111 
addition, t\vo c.lcctricitl propertitls were Itleas- 
ured-the dielc.etrir c.ottst:u~t ilnd the specific 
resistnttc.e. Thcare nyl,c.nrod to hc little relntion- 
ship het\vee~t keeping quality aud any of the 
properties ol)sc~vc.d, wit11 the c.seeption of sptl- 
cific rc~sist;lnc.c.. I~~set~llc~nt caorrrlation hetwern 
speeitic lpsisti~t~ce aucl the onset of rancidity 
was ohservt~d \vhett resisti~nce i~lc~asurett~ents 
~verc. ~llacle using ;I po\vckr supply which gave an 
output of 6 T.r.111.s. l'oorer agrc~ettt(~~tt was oh- 
tainclcl \vltett rc~sistancc. ~l~c.asurc~t~tr~~ts were ttladc 
nt a Itigher voltage (2.50 V.r.111.s. a t  a f re (1u~n~y  
of 50 cayc,/sec). All low-voltage. ~lteasurell~mts 
wercb I I I : I ~ C  at 200 c.yca/src, nlthough no variation 
of resistance was ol)st.rvecl with :luy of the 
S ~ I I I P ~ C S  as the frc~r1uc.11c.y was varird hetweet1 
350 tlud 1500 c ~ c / s ( ~ c .  El. L. Tho~nas 

909. The problem of fishiness in butter. 
P. J~I 'SRO and <'. R. B A R N I C ~ A T ,  Riorheln. 
Dept., 1Iassc.y Agr. C:oll., Paltnerstot~ North, 
Se\v Zt~i~latttl. d.  Lhiry Resc~arc*h, 20, 3 :  274. 
19.53. 

1)c~lil)c~ratc. atteulpts to produce fishiness in 
huttrr n~ tdr r  c.spc~ri~ttcntal rotlditiotls were un- 
surccssful i t ~  at1 invt~stigation of reputt.d causa- 
tive factors involving 50 clturnings. Factors 
studied singly and ill eolltbination included low 
pH, high salt content, lack of pasteurization, 
traecls of copper, and addition of horates. The 
1)uttc.r~ \\-err gradrcl aud :~nalyzcvl after storage 
at 60-65" F. for 1-5 IIIO. Flavor drft1c.t~ sucsh 
as cl~t~cbsy. tallo\vy, ~t~c.tallie, and storage were 
cot~tt~tot~. In no case were significant ;~nlouuts 
of c3itllc.r tritnethylntl~ine or trint~thylanline 
aside clcte(*tc%d. 

Thc. hiologici~l ant1 c.l~eotic*al theories as to 
the cause of fishiness are rrvic~wc~d nncl dis- 
cussrcl. The authors cot~cludc~ that none. of the 
uro~)osocl throrirs ;tclrclu;~telr account for 'ikrr 
A .  

clc~vc-lopt~lrt~t of this c1viec.t in butter. 
E:. L. Thonlas 

910. A note on the vitamin D content of 
Indian butters. I<. 11. HESHY i ~ n d  S. I<. I ~ s ,  
Xr~tl. Illst. for Rc.se:~rrh in Ikirying, Univ. of 
Rei~tlittg, E:ngl;~ntl. .J. 1):liry I<c.seareh, 21, 1 : 
Sl. 1954. 

I3uttc.r~ were r11urnc.d front herd ~nilk eol- 
Ic.ctc.tl i ~ t  Rangalore and Coin11)ntort~. Sa111plc.s 
of the rc~11clt.rc.d fitt ~ v r l r  srnt by air to Hrnding 
\\-11c~r11 they \vtSr(. assayrd for vitiltnin I )  pott~ucy 
by the. prophylartie ~~~c.tl~ocl. The. fats fro!tt 
tllilks c.ollc~ctc~I at IZan~i~lore (luring dultc., 1951 
atltl Alwil, 1932 sho\vc~cl :I vitnlt~in 1) potcl~tcy of 
0.56 r~tttl 0.41 i.u./g. fat, respcc.tively. The fat 
fro111 t~tilk collc.rted at C'oin~l)i~torc. during April, 
1932 yiclclc.cl 21 vnlue. of 0.29 i.11. vitalning I)/g 
fat. Tllc.sc. m1nc.s are c.ortsiclrr;~hly lower $hat1 

those previously reported (Indian J .  Ned. Res. 
38: 37. 1950) for south Indian butters and 
ghecss. Thr authors report that further work 
is in progress in India. E. L. Thotttas 

911. The effect of temperature treatment of 
cream before churning on the consistency of 
butter. R.  JI. I)OI.RY, 1)airy Research Inst., 
Palttterston Korth, Sew Zealand. J. 1);liry Re- 
searrh, 21, 1 : 87. 1954. 

?IIc~asuret~~c~nts of the 11ardnt.s~ and "free-oil" 
rontc~ttt were tnade bc*fore and nftrr storage on 
saltlplrs of butter f r o n ~  ereall1 htsld a t  vi~rious 
telllp. before ehunting. 

Buttt1r fro111 creittn held nt 60°F.  and 
rhnrnrcl a t  45' F. was ttntch softer and colt- 
tained nlore free oil than hutter fro111 rrealll 
held and churned at  45" F. Precoolittg creani 
to 45OF. hefore being held at 60°F.  resulted 
in l~utter which was initially slightly softer 
than that fro111 erenu1 held at  60" F. without 
prerooling, hut the diffc.reltce disappeared aftc~r 
storagca for 4 1110. at 14' F. Fat losses wcAre 211)- 
nortt~:tlly high when ereat11 was not prrcoolcd 
p i o r  to holdit~g at 60" F. 

Slow cooling of cream to 45' F. rcbsultrd in 
softer butter \vith a higher free oil cbontent 
than lapid rooling. Butter fro111 ereant hrld a t  
a teltlp. helow that a t  which it was c*l~urlled 
did not differ sig~~ifieal~tly in hardness 01, frcw 
oil cotttent fro111 that proc1ucc.d fro111 careanl 
held at the. churning tentp. E. L. T~IOIII:IS 

CHEESE 
912. Moisture losses in Cheddar Cheese un- 
dergoing curing. J. #. SCOTT, Dairy l?rsearc.h 
Inst., Sew Zealand. J .  Dairy Research, 21, 2: 
"2. 195-1. 

Tht. loss of ntoisture it1 stored cltec~sr is ron- 
sideretl as a sprcial case of drying, and the 
l'~~ndal~lc~trtals of dryinp theory applic~d. 

Thcx rate c\t' ~noisture loss (c~sprc~ssed as 
ntoistut.t. loss per Ih. of frre tlloisture) is de- 
pt~nclrnt on the rate of i~toistute ~t~ovc.tltc.nt in- 
side tltc. cheese, and Itc.nee a fnnctiotl of iltr. 
groltp [(IitTusion rat(. X tittte/(hcight)']. Vari- 
r~ble~s eorrt.1i1tc.d by tttclans of the rthovc cbs- 
pu.ssiotl \\-en1 tittle of stomgc., tnoisturc, con- 
tent, i'i~t eontc.ttt, air Itutnidity, ttwtp. sizcb, i~ttd 
shape. of the rherse. 

A deereast1 in relative hunlidity fro111 82 to 
66% rc.sultc.cl in a 1570 inrwrtsr in ~noisture. 
lost fro111 rltc~c*st. duriug storage. At eonstc~ttt 
hntllidity, chrc~se storcld i ~ t  45' F. lost ithout S$& 
Irss ~lloisturc. tllr~n (+h(~c~st* 3t 55' F. For (*het.s~ 
of eslx)rt size, assutlling an average fat content, 
it is sho1v11 that the ilrerngcl ~ n o i s t u r ~  loss in 
lh/lh of free ~t~oisturc. ran bta take11 ns 1.75 
(a. I :., )"."' at a storage tetttp. of 55' F. Cor- 
t.ectton factors for other temp. arcb given, 
al~louttting to apprositt~ntely an 8% i~tc.rt.:lse in 
~~~ois t~ l rc .  loss for each 10" F. rise* in trttlp. 

Thc. fundantrtttals of drying theory ;IS ap- 



-4 

CONDENSED AND DRIED MILKS 

plied to cheese are discussed, and equations are 
presented showing the relation between  noi is- 
ture loss and the factors influencing it. 

E. L. Thomas 

913. Cheese slice treatment and product to 
prevent slice adhesion and mold. G. E. GRIND- 
ROD. U. S. Patent 2,684,906. 7 elailus. July 
27, 1954. Official Gaz. U. S. Pat. Office, 684, 
4:  880. 1951. 

Freshly sliced pieces of cheese are suhjectcd 
to a dehydration process which de-e~nulsifies the 
fat on the surface, thus preventing n~old growth 
and adhesion of the stacked slices. 

R. Whitaker 

914. Methods for cheese packaging and treat- 
ment. G. GRINDROD. U. S. Patent 2,684,905. 
10 clai~ns. July 27, 1954. Official Gaz. U. S. 
Pat. Office, 684, 4: 880. 1954. 

The surface of cheese is heated by lneans of 
infra-red radiation to inhibit mold growth. The 
heat treatment causes a phase reversal of the 
en~ulsified fat to form a continuous fa t  surface 
layer. R. Whitaker 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

915. The temperature variation of the spe- 
cific gravity of reconstituted skimmilk. G. 
RARAD, Y. LEVIN, and N. SIIAROX, Dairy Re- 
search Lab., Agr. Research Sta., Rehevoth, 
Israel. J. Milk and Food Technol., 17, 7: 219. 
1954. 

The sp.g. of reconstituted ski~n~nilk at  differ- 
ent concentrations and temp. has been reported. 
A constant te~np. of 1.5.5" C. was used, there- 
fore the tetnp. variation of the sp.g. reconsti- 
tuted ski~un~ilk of 7-30% total solids in the 
range of 10-40" C. was made. A general for- 
n~ula for ~naking the correction has heen de- 
rived. 

L = (4.259 - 0.00113t - 0.000050t2) TS - 
(1.249 + 0.0'282t + 0.0046t2). H. H. Weiser 

916. The influence of lipids on self-dispersion 
and on ease of dispersion of milk powder. 
W. li. STOSE, T. 1". CONLEY, and J. M. McIx- 
TIRE, Q.M. Food and Container Inst. for the 
Armed Forces, Chicago, Ill. Food Technol., 8, 
8 :  367. 1954. 

The rate of self-dispersion and the ease of 
dispersion by stirring of pre~uiu~n grade whole 
tnilk powders and laboratory prepared spray 
dried n~ilk powders were determined under spe- 
cified conditions. I n  water at 75' F., self-dis- 
persion of dry whole milk was greatly incrc,asrd 
by tetnpering the powder at 95 to 140' F. whieh 
caused tnelting of the milk fat. The temp. (50 to 
120" F.) of non-fat lnilk powder had only a 
slight effect on self-dispc.rsion in water a t  75" F. 
With the whole 111ilk powder ten~pered at 
72" F., self-dispersion greatly increased when 

the te~np. of the water was raised to the 111elting 
range of the fat or to higher ten~p. Son-fat 
milk powder, in general, showed a gradual in- 
crease in self-dispersion as the ten~p. of the 
water ~vas  raised fro111 35 to 1.50' F. -4s the 
~nilk fat content of milk powder increascbd, self- 
dispersion decreased. Ki th  the water a t  75" F., 
whole n~ilk powder te~npered a t  120" F. dis- 
persed Inore rapidly hy stirring than powder 
te~npered at  72" F. E. R. Garrison 

DAIRY BACTERIOLOGY 
9 17. Comparison of Escherichia coli and 
Streptococcus faecalis as a test organism to 
determine the sanitary quality of food. C'. H. 
AI,I,F;N and F. ItT. FARIAS, Dept. of Ract., 
JIich. State Coll., East Lansing. J. Milk and 
Food Technol., 17, 7: 204. 1954. 

The authors suggest the usefulness of E. coli 
and S. farcalis as test o r g a n i s ~ ~ ~ s  to indicate ihe 
potential danger of bacterial eonta~nination in 
food. Sinee these bacteria are nor~nal inhabi- 
tants of the intestinal tract and may he asso- 
ciated with enteric hacteria responsihle for iiu- 
Inernus food poisoning outbreaks, their presence 
should cause soine concern, and further search 
for the source of contamination should he ~~tade .  

H. IT. MTeiser 

918. Comparison of Escherichia coli and 
Streptococcus faecalis as a test organism to 
determine the sanitary quality of food. C. H. 
AI.I,EN and F. ll'. FABIAN. Devt. of Hact.. 
JIich. State Coll., East   an sin^.^ J. Milk and 
Food Technol.. 17. 8:  237. 1954. . , 

Viability tests were conducted on 6 strains of 
E. coli and 2 strains of S. fnecnlis when inocu- 
lated into 12 different foods ranging in p H  
fro111 2.8 to 6.7. Lauryl tryptose broth gave 
more positive colifor~n tests than the lactose 
broth when incubated for 16 hr. 
S. forrrtlis survived longer in orange juice 

and ntayonnaise a t  p I i  3.5-3.7 than any of the 
strains of E. coli. 

There was 110 apparent difference 1,etneen the 
viability of the test organis~tis within the time 
liuiits studied in the less acid foods. I n  the 
acid foods 8. fnecalis re~nained viable longer 
than F:. roli. H. H. Tl'eiser 

919. Comparison of boric acid and lactose 
broths for the isolation of Escherichia coli 
from citrus products. E. H. T~AI~FORD, Fruit  
ant1 Vegetahlr Chetn. Lab., Pasadena, Cal. 
111q11. ?IIirrohiol., 2, 4: 3'23. 1954. 

A eompariso~i of lactose hroth and horic acid 
as a prehu~nptivc~ enri(+hn~ent media for the 
isolatiot~ of I.:. coli from citrus products has 
Reen made. Boric arid hroth was superior to 
lactose broth hecause of the nutnher of positive 
presunlptive tests, lower fnlsc, positive tests and 
greater recovery of F:. coli. 11. 11. TVchiscr 
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920. Assay of antibiotics by use of methylene 
blue milk. I. A. SCHIPPER and W. E. PETER- 
SEX, Univ. of Ninn., St. Paul. Am. J. Vet. 
Research, 15,56 : 475. 1951. 

A relatively si~nple ~uethod for determining 
concentrations of aureomycin and terramycin 
has been developed. I t  depends upon using an 
organism (B. mrsettteriens) that is sensitive to 
the antibiotics and also capable of rapid rednc- 
tion of ~nethylene blue. Suitable test organisn~s 
for  other antibiotics have not yet been found. 
The method involves diluting the material to 
be assayed with a dried milk ~nedium from 0 to 
10 times, and mixing this 1: 1 with methylene 
blue containing the test organism. An anti- 
biotic standard is included in each series to 
determine the comparable dilution of material 
which produces the same methylene blue re- 
duction end point. E. W. Swanson 

921. Differences in the rates of deterioration 
of inoculated milk during summer and winter. 
T. J. CLAYDON, Kan. Agr. Expt. Rta., Man- 
hattan. Appl. RIicrobiol., 2, 4 :  221. 1954. 

Sterilized milk sa~i~ples nere seeded with or- 
ganisms obtained fro111 utensils, teat-cup liners, 
wash tank, floor water, nlanure, and feed on 
three grade-A dairy farms. The raw inilk sanl- 
ples obtained fro111 these farms were held a t  
1 0  and 21" C. The time required for the devel- 
.opment of quality changes in the inoculated 
sterilized milk and the r a n  111ilk produced on 
the same farms was determined. A total of 451 
san~ples was examined during summer and 
winter seasons. Quality defects were more pro- 
nounced in sunltuer than in winter. The holding 
temp. of r a n  111ilk folloni~lg production is re- 
sponsible for the lower keeping quality during 
the sumt~~er. H. H. Weiser 

DAIRY CHEMISTRY 
922. Detection of adulteration of butter with 
vegetable oils by means of the tocopherol con- 
tent. J. H. ?~ZAHOS and R. A. CHAPMAN, Food 
and Drug Lab., Ottawa, Canada. Analyt. 
Chem., 26, 7: 1195. 1954. 

The low tocopherol level in butter oil and 
high level in most vegetable oils provide a 
basis for the determination of adulteration of 
butter oil with vegetable oil. A rapid procedure 
employing a colorimetric 111ethod for the deter- 
mination of total tocopherol in butter oil is 
described. Synthetic butter colors and vitamin 
A alcohol are re~noved by extraction of the fat  
solution with 60 volume % sulfuric acid. Caro- 
tene which is not removed by this procedure 
must be estimated and a correction aplied. 
When the tocopherol value of butter oil is less 
than 50v per g. it should not be considered 
adulterated on the basis of tocopherol value 
althoueh such butter could be adulterated with 
lard, tillow, or coconut oil. A tocopherol value 
greater than 60 definitely indjcates adulteration. 

B. H. Webb 

923. Color changes in heated and unheated 
milk. I. The browning of milk on heating. 
H. BURTON, Natl. Inst. for Research in Dairy- 
ing, Univ. of Reading, England. J. Dairy Re- 
search, 21, 2 : 194. 1954. 

Reflectance methods were used to study the 
browning reaction in milk. Two different in- 
struments nere employed, a Beckman spectro- 
photometer with reflectance attachment, and an 
EEL (Messrs. Evans Electroselenium Ltd.) re- 
flectance spectrophotometer. 

Heating ~nilk for various times a t  110" C. 
caused an initial rise in reflectance, followed by 
an approxir~~ately linear fall which was expo- 
nential in nature. Reflectance changes were 
most pronounced at  the ultra-violet and blue 
end of the visible spectrum. Reflectance changes 
were ]nore pronounced in separated rnilk than 
in ho~nosenized whole milk. and the reflectance 
of 40% -erca~n was only sl'ightly affected. The 
fat  phase tends to mask the changes taking 
place in the other milk constituents. 

Curves are presented showing the variation 
of reflectance of separated milk with temp. and 
time. The variation of the logarithm of ihe 
rate of browning with te~np. is linear over the 
range of 95" C. to 120' C. The Q1" of the 
browning reaction was found to be 3.1 for 
separated milk and 2.95 for homogenized 111ilk. 

The rate of browning of heated separated 
milk as n~easured by reflectance inrreasrd .with 
increasing alkalinity. Variation of browning 
rate with pH followed a pattern sitnilar to that 
obtained by Patton (J. Dairy Sci., 35: 1053. 
1952) who used the trypsin-digestion  neth hod 
of brownness determination. Addition of s~uall 
amounts of fortnaldehyde to milk markedly 
reduced the rate of browning. I t  was further 
shown thnt no change in color occurred in 
sterilized milk during storage at  temperatures 
up  to 37" C. for 11 days. 

The practical application of reflectance Itleas- 
nrements in the routine control of the steriliza- 
tion process is discussed. E. L. Thomns 

924. Heat-induced acidity in milk. F. H. 
GRIMRI~ERY. Dent. of Aer. Chem.. Univ. of , 
Reading, England. d. ~ i i r ~  ~esea ich ,  21, 2 :  
207. 1954. 

Samples of separated raw milk were heated 
at  60, 70, 80, 90, and 100" C. for periods up  
to four hours and the titratable acidity, pH, 
forlnol titre and lactose were determined on 
the heated milks. Within the range of 60-SO0 C. 
an inverse relationship was found to exist be- 
tween titratable acidity and fortnol titre of 
heated milk, and between titratable acidity and 
lactose content. I t  is suggested that the com- 
bination of lactose and protein, with the elinl- 
ination of basic an~ino groups, is one of the 
main reactions responsible for the heat-induced 
acidity. Above 80" C., where heat denaturation 
and ther~nal decomposition of the proteins 
occur, heat-induced acidity developed rapidly 



and was accompanied by a marked increase in  
the number of basic amino groups and in the 
number combining with lactose. Browning of 
the milk occurred only above SO0 C. and its 
intensity was proportional to the temp. and 
time of heating. The faet that combination of 
lactose and protein can occur without the 
simultaneous production of brown color is  re- 
garded as evidence that the browning reaction 
proceeds in a t  least two stages. 

E. L. Thomas 

925. Effect of calcium removal by ion ex- 
change on the properties of fluid milk. R. D. 
COI~EYAN, S. J. RISHOV, and J. H. MITCHELL, 
JR., 0.M. Food and Container Inst. fo r  the 
Armed Forces, Chicago, Ill. Food Technol., 
8, 5: 211. 1954. 

The retlioval of Ca from fluid milk by ion 
exchange was investigated a s  a possible method 
of increasing the resistance of proteins to de- 
naturation when milk is subjected to high temp. 
in order to decrease lipid oxidation in the 
manufacture of dry whole milk and other dairy 
products. Cationic and anionic synthetic ex- 
change resins designated as Arnberlites were 
used singly, in series and as mixtures in the 
de~l~i~~eral iza t ion of milk by the batch and 
colut~in techniques. The niilk was analyzed be- 
fore and after treatment for  ash, Ca, fa t ,  and 
N and the p H  determined. Flavor evaluations 
of the milks were made by a panel of judges. 

A larger portion (up  to 50%) of the Ca 
could be removed from milk with less change 
in flavor rating By using cationic and anionic 
resins in intimate tliixture than by the use of 
these resins singly or in series. Change in p H  
was slight, even with extensive Ca removal, 
when the mixed-bed ~nethod was used. The 
effect of retiloving par t  of the Ca fro111 milk 
on the resistance of the proteins to heat-indueed 
changes was not studied. E. It. Garrison 

926. A simple method for preparing crystal- 
line rennin. S. J. RERRIDGE and C. WOO~M-ARD, 
Satl .  Inst. for  Research in Dairying, Univ. of 
Reading, England. J. Dairy Research, 20, 3:  
255. 1953. 

Simplified procedures for  the preparation of 
crystalline rennin were developed as a result of 
greater knowledge regarding the solubility of 
rennin crystals along with the faet that com- 
mercial rennet of higher purity is now avail- 
able. The best of four successful preparations 
was obtained as follows: One gal. of commer- 
cial rennet was saturated with NaCI. The super- 
natant liquid was decanted onto large fluted 
filters made fro111 TVhatman No. 3 paper and 
filtration was c o ~ l ~ p l ~ t e d  in 4 days. The papers 
containing the entrained precipitated proteins 
were pulped and extracted with distilled water. 
The extract was adjusted to p H  5.4 and again 
saturated with S a c 1  added through a rotating 
semi-permeable meruhrane. The slow addition 

of salt resulted in a granular protein precipi- 
tate which was centrifuged down and redis- 
solved in 60 ml. of distilled water. I t  was then 
stored overnight in a refrigerator, during which 
time a good yield of crystals was obtained. 
Throughout the process all solutions were kept 
saturated with thyrnol. The author discusses 
the possible uses of crystalline rennin in re- 
search and industry. E. L. Thomas 

927. Titration curves of whey constituents. 
fi1. BOULET and D. ROSE, Div. of Appl. Biology, 
h'atl. Research Council, Ottawa, Canada. J. 
Dairy Research, 21, 2: 229. 1951. 

Data are presented showing the effect of 
varying phosphate, citrate, and whey protein 
concentration on the titration curves and satu- 
ration p H  of artificial and natural milk sera. 
Titrations were made from p H  6.5 to 10.5 in 
the presence and absence of oxalate and the 
differenee between the two curves was reported 
as "excess hase!' 

The observed stability of Ca was found to be 
much greater than that predicted from the 
accepted solubility and dissociation constants. 
Using artificial sera, i t  was found that the pre- 
cipitation of Ca is greatly impeded by citrate. 
I n  the absence of citrate, precipitation of rri- 
ealcin~n phosphate was eo~rlplete a t  p H  6.0, but, 
in solutions containing citrate, precipitation 
was not complete a t  p H  10.0. I n  solutions in 
whieh considerable excess phosphate was pres- 
ent, precipitation of Ca ceased a t  about p H  9.7, 
even though the "excess base" consul~~ption was 
less than the theoretical a~liount needed to pre- 
cipitate all the calrinlli as tricalcium phosphate. 
Thus, i t  was postulated that precipitation of 
dicalcinm phosphate must have occurred. 

Significant differences were observed between 
titration curves for  w-hey fro111 fresh 111ilk and 
that obtained from illilk stored for  three days 
a t  40' F. E. L. Thomas 

DAIRY ENGINEERING 
928. Defrosting low temperature evapora- 
tors. H. H. HALLS. Ind. Refrig., 127, 33: 34. 
19.54. 

Energy in the fortti of heat lllust be intro- 
dueed in order to rapidly defrost the evapora- 
tor. Water defrost is siti~ply a niethod of intro- 
ducing a liquid substance with a high thermal 
capacity, distributing i t  evenly over the entire 
coil, and then draining the water rapidly. Ordi- 
nary t ap  water ~ ~ i e e t s  this requirement. I t  is  
econolnical and can be applied to either floor 
or ceiling type evaporators. The nozzles for  
distribution of the water should be arranged 
on a header so the water drains away from the 
nozzles a t  the end of the defrosting cycle. Fo r  
the floor type evaporator coils spray is applied 
a t  the top of the roil hank. The ceiling type 
evaporator utilizes a perforated pan fro111 
which the drip contacts the evaporator coils. I n  
the pan a one inch head of water is maintained 
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during the defrosting operation to insure force- 
ful drip onto the coils. A drain with a mini- 
tnum pitch of one-half inch per foot is used to 
carry away the water. The drain should be 
trapped outside the refrigerated area in order 
to keep wart11 and n~oisturc laden air fro111 
enterinx fro111 thts source. \\-here Illore than 
one unit is hooked to a cottnrlon drain each indi- 
vidual drain tt~ust be trapped before i t  enters 
the colnrrlon one. Because of the rapidity of 
water defrost little rise in tenlpernture occurs 
in the refrigerated space because heat is local- 
ized at the coil. L. 11. Dorsey 

929. Apparatus and method for preserving 
products in sealed containers. ITT. McIC. MAR- 
TIS (assigtlor to Ja~nos  Ilole Engineering Co.). 
U. S. Patent 2,685,320. 17 claill~s. Aug. 3, 
1954. Official Gaz. U. S. Pat. Office, 685, 1: 
175. 1954 

Liquid food producats which lend thetnselves 
to corltinuous hulk sterilization at  high temps. 
for short holding periods are sterilized and 
filled co~~tinuously into cans previously steri- 
lized by passage through a zone of superheated 
stealn. The filled containers are sealed with 
sterilized lids, the entire filling and sealing op- 
eration being conducted under aseptic condi- 
tions. A nonaqueous sterilized gas itlay be 
introduced into the equipment to provide cool 
filling and closing conditions. 

R. Whitaker 

930. Automatic pneumatic cooler door. L. L. 
BOYER (assignor to Iinudsel~ Creatnery Co.). 
U. S. Patent 2,685,376. 2 claiuls. Aug. 3, 
1954. Official Gaz. U. S. Pat. Office, 685, 1: 
135. 1954. 

.4n air opc~rated automatic vertical sliding 
door in the wall of a refrigerated roonl for 
passage of cases of dairy products on a con- 
veyor. An approaching case triggers the air 
lift and  the d(.parting case closes it. 

R. Whitaker 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

931. Plastic containers can show and protect 
your dairy products. Axox. Milk Prod. J., 
45, S: 24. 1954. 

JIally dairy products ~ ~ ~ a ~ ~ u f i l c t u r e r s  are US- 
in:: plastic containers for their products. Ice 
ermtn, cottage cheese, other soft cheeses, and 
dried ~nilk prodnets lend thettlselves to ~ner-  
ch:~t~disiug in plastic containers. Plastic con- 
tait~rrs arc' availnhlc in a wide variety of sizc, 
color, dilllension, opacity, trar~slucency, trans- 
p:trmcy, or clc.seription. 

The use of plastic containers increases sales 
by proriding that "so1nc.thing extra" which can 
often rlinch a sale. Eye appeal of "see-through" 
parkages and their reusability have tretnendous 
sales potential. J. J. Janzen 

932. New look in butter cartons. Asox. 
Milk Prod. J., 45, 8:  31. 1954. 

Full color pictures on packages prove effec- 
tive in building Illore sales. The new look car- 
tons have been instrulnental in stepping u p  
sales a t  regular prices. This is part of ihe ADA 
sponsored ~nerchandising prograln. Fairtnont 
Foods, Inc. officials are very enthusiastic after 
trying this schelne on their hutter cartons. Be- 
sides full color pictut.es of butter's use with 
related itetl~s, one panel is devoted to delicious 
hutter cookie recipes. J .  J. .Jnnzc~~ 

933. Manufacturing costs per pound of but- 
ter. Asos. JJilk Prod. J., 45, 8 :  30. 1954. 

Three recent bulletins dealing with the c~ost 
of ~nanufacturing hutter are discussed. The 
bulletins are: (1)  Research Bull. 389, "The 
Cost of Jlanufacturlng Butter in 13 Iowa 
Creameries," Iowa Agr. Expt. Sta., 19.52. (2)  
Research Bull. 20, 1953. Idaho Espt. Sta., 
3Ioscow, (3) Station Bull. 420, Minn. Agr. 
Nxpt. Sta., University Farms, St. Paul, 1953. 

These reports deal with a cmss section of 
both slrlall and large plants giving the price 
ranges accordingly. .J. J. Janzen 

934. Shifts in milk and cream production in 
Ohio. E. F. BAUMER and R. H. Por.r,oc~, Ohio 
Agr. Espt. Sta., TVooster. Research Cir. 24. 
1954. 

Between 1943-195'2 the nutllber of producers 
selling tllilk to manufacturing plants decreased 
about 20701 or 10,000. During the same period, 
the nutllher of producers selling il~ilk to 21 
Ohio fluid markets increased fro111 22,000 to a 
peak of 29,000 in 1948 and then dropped to 
27,000 in 1952. Statistics for the pc,riod 1940- 
1950 showed that the increased demand for 
fluid lnilk resulted in a decrease of crcaul pro- 
duction and number of producers. 

R. IT. Hunt 

FEEDS AND FEEDING 
935. The magnitude of the microbial fermen- 
tation in the bovine rumen. It:. G. CARROL and 
R. E. IICSG.~TE, Ijept. of Bact., \\'ash. State 
Coll., Pulln~an. Appl. JIicrohiol., 2, 4 :  205. 
1954. 

The rate of volatile acid productio~l and the 
total volatile acld~tp was ~i~easured at  stated 
intervals in runlen eontents incubated under 
conditions sinlulating those of the rulnen. 
Acetic, butyric, and propionic acid fractions 
were deter~nined. A study also was made of 
volatile acids produced when the ani~nnls were 
fed different rations. Grain-fed anilnals were 
the highest, hay-fed were intertnediate and the 
pasturage anil~lals showed the lowest rate of 
acid production. The energy available was ctlleu- 
lated fro111 the fermentation acids and found 
to be approxi~nately 70% of the estittiated total 
energy requirelnent. H. 11. \T7ei~er 
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936. Factors involved in forage quality for 
dairy calves. 11. E. ~ ~ ~ C ~ ~ I . L O ~ J G H ,  Ga. Agr. 
Rspt. Sta., Athens. Tech. Hull. 3. 1953. 

A new  neth hod fo r  dt.terntining quality of 
roughapc is disrussrd. Various ratios are deter- 
~nined in order to obtain an rvaluation number. 
This value is applied to thc particular types 
of roughages studied so tho ustar has an  indcs 
to their quality. R. IV. IIunt 

937. The effect of tannins in Korean lespe- 
deza and other feeds on milk production. 
11. A. HERJI.\S, G. IT. GRAHAM, and K. W. 
BO~VER, 110. Agr. Elspt. Sta., Colutnhia. Re- 
search Bull. 532. 1953. 

Over 9,000,000 acres of I<orean lespedeza are 
grolvn annually in 110. JIany farnters claitn 
that  COW^ on ~n i~ tu rcd  pastures often fall off 
in thrir  produrtion. The tannic acid in the fred 
is generally hla~nrd for  this "drying off" effrrt. 
However, after investigating the tannin con- 
tent ah affected hy season, palatability, and tan- 
nin eontent of Icorean lespedeza versus other 
type of roughages, it was concluded that ban- 
nins are not a factor in the decline of litilk flow. 
3iore likely the lowered nutrirnt value and 
high lignin content cause a lack of available 
nutric~nt\. R. IV. I Iunt  

938. Experimental tocopherol deficiency in 
young calves. J. K. SAFFORD, I<. F. SWINGI~E, 
and H. ~ I ~ R s H ,  3Iont. iigr. Expt. Sta., Roze- 
man. L i ~ ~ ~ .  J .  Vet. Research, 15, 56: 373. 1954. 

Four mlvrs after three colostrum fredings 
were fed a synthetic n~i lk  containing all known 
required vitan~ins except F;, and two were fed 
the same diet plus 148 tng. of d-a-tocopherol 
acetatt. daily. The lattrr  drveloped normally 
with no signs or lesions of dt>firirncy. The un- 
supplemented calves showed the following 
sy~np tou~s  heginning a t  the 14th day: weak- 
ness of leg ~nusr~les with a wohhlg, staggering 
gait, getting progressively worst1 until the calf 
could not staud, : ~ n d  if supported i t  was affected 
by severe ~nusrle trentors. A reltlxation of the 
fetlorks, tor sprrading, and relaxation of the 
shnn!rIc.r ~~ins.oles allowing the supmscapula to 
spread also drvrloped. 6011~. of the ra1vc.s had 
difficulty nursi~:y nipples l1c.cause of tongue 
weakness. A11 l ~ u t  one had nearly n o r ~ ~ l a l  
weight g;~ins. 

T ~ v o  of tht. ilrfirirnt calves were suppi(.- 
~ncv~t t~d wit11 a-torophrrol after defiricwcay signs 
developed and showed satisfactory clinical re- 
covery. Rody tc.n~prratures, erythrorytc. a t ~ d  
Irucocytt. rnnnts, and hrn~oglohin were not 
altewtl in the tlt.fir.ient calves. I-Icbart artion war 
affectc'cl. E!cbc.tro-cartliogra~~~s showed longer 
1'-K and Q-T intt.rr:lls in the d(1ficirnt c3alvt.s. 
Gross and ~nic~ros:.opir ~nuscwlar dystrophic 
ehangt.s \vc,rc. ohsrrvc~cl in a11 of the drfirient 
calves \vhvn slaug11terc.d a t  33 to 51 dnys. Thcse 
syn~ptotns i ~ n d  lesions wert3 w r y  sirnilar to those 
which have hren ohsrrvc.d in "white n~uscl(b" 
diseasr in calres. 'E. W. Swanson 

939. Studies of the secretion of milk of low- 
fat content by cows on diets low in hay and 
high in concentrates. 11. The effects of the 
protein content of concentrates. C. C. HALCIT. 
D. '1. B.\I.cII, S. B.~RTI.ETT, C. P. COX, S. J .  
Ro \ r r . a s~ ,  and J. TI-RSER, Sntl .  Inst. for  Re- 
search in Dairying, Cniv. Reading, England. 
J. Ilairy Resrarch, 21, 2 :  16.5. 1954. 

Twenty cows, n~ainly Shorthorns, within .I 
groups ;-ere randon~l$ assigned to 5 rations, 
-4-E, in an  experin~ent lasting 1 3  wk. The con- 
trol diet, A ,  was 1 8  Ih. hay (lucerne, 12% crude 
protein) and 4 Ih. (16.5% protein) concentrate 
per 10 Ih. n~illi daily. I n  rations R-E 12 Ih. 
hay were replaced with 6 additional Ih. conren- 
trate from the 3-9 wk. The concentrate for  
groups R-C was 22.3% crude protein for  D-E 
11.67,. 111 wk. 7-9 group C and D rc~ceived 10 
Ih. dclignified d r a w  pulp (1  lh. crude fiber) 
daily in addition to their regular ration. All 
rations in wk. 1, 2, 9, and 10  were rontrol ]*a- 
tions; a11 cows were on pasture during the last 
2 wks. Cotnpositr am/pnr samples of lr~ilk were 
collected 3 times weekly for  analyses. 

Co~npared to the group on rontrol dirt the 
other rations did not affect total ~n i lk  yield. The 
f a t  content of the milk of rows receiving low 
r o u ~ h a p e  decreased hut the dron was less for  
those cbws further along in lactition. Cows on 
the lower protein dropprd further and faster 
than those on high protein hut the differencrs 
n r r e  small. Fiber fro111 qtmw apparently did 
not influence f a t  content in the 3 rations. Va1ur.s 
for huttc~rfat increased when roughage was re- 
turned to the ration and pasture inrreased the 
f a t  content and the n~i lk  yi(llt1s of all groups. 
In  tht. 7-9 wk. the solitls-not-fat increased in 
thc1 milk of cows reeriring ration C and 1) 
(pcbriod of lowest f a t  rontent). 

J. D. Donker 

940. Studies of the secretion of milk of low- 
fat content by cows on diets low in hay and 
high in concentrates. 111. The effect of variz- 
tions in the amount and physical state of the 
hay and a comparison of the Shorthorn and 
Friesian breeds. C. C'. RAI.(~II,  1). 11. KAI.CH. 
$. RIHTI.ETT, Z. D. HOSKISG, V. IT. .JOI~NSOS, 
S. .J. Ko\vr,.tsr), and J .  TC'RXE:R, Natl. Inst. for  
Reqearc.11 in I)airying, Cniv. Rmding, England. 
.J. Dairy I<esea~*rh, 21, 2 :  172. 1954. 

Sistc'c.11 Shorthorn and 4 Friesian cows were 
uhrcl to dc.trrn~inc. th(1 effrrts of rrtlucing the 
a111ount of hay fro111 16 to 4 111. ant1 of yrinding 
the hay uupon the f a t  rontc~nt ant1 yirltl of nlilk. 
IYhen roughage was changed in the mtion an  
additional an~ount  of grain of approsintatc~ly 
thr S:IIIIC protein rontent ~ v a s  sul1stitutc.d to 
halancca the rrcluirr~nc.nts of the. cows. Cotti- 
pared to 16 Ih. of roughagt1, 12 Ih. did not 1cssc.11 
the f a t  content of 1n11k. The R and 4 Ih. levels 
depressed the fa t  content. Ground hay a t  the 
8 111. level caused a Inore serious depression of 
fa t  than did the long hay. IVhrn less Ihan 1 6  
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Ib. of hay --ere used the decline in n~i lk yield 
with time was excessive. This was checked 
when cows were returned to control rations. 
Friesian cattle behavior was similar to that of 
the Shorthorns. J. D. Donker 

HERD MANAGEMENT 
941. Effects of once-daily milking in late 
lactation. \tr. R. HESSELTINE, R. D. MOCHRIE, 
H. 1). EATON, F. I. ELLIOTT, and G. BEALL, 
Storrs Agr. Expt. Sta., Storrs, Conn. Bull. 
304. 1953. 

One member f r o ~ n  each of 5 pairs of cows 
was milked only once daily during the last nine 
weeks of a 305-day lactation to determine effects 
on milk production and milking time when com- 
pared with her pair-mate which continued to 
be milked twice daily. Cows milked once daily 
produced significantly less 4% F.C.M. The 
once-daily milked cows required about half the 
norn~al machine time. No significant differences 
were observed for milk from cows on once and 
twice-daily milking in respect to leucocytes, 
chloride values, or pH. R. W. Hunt 

942. Farm bulk milk handling. R. P. MARCH, 
Dept. of Dairy Ind., Cornell Univ., Ithaca, 
N. Y. J. Milk and Food Technol., 17, 7: 210. 
1954. 

The advantages and disadvantages of farm 
bulk milk handling are discussed. The advan- 
tages listed include: (1) milk is measured, 
judged, and sampled on the farm; (2) about 
one Ib. per cwt. or 4 to 56 saving in milk vol- 
ume; (3) a saving of fat  ranging from 0 to 56 
per cwt.; (4) the elimination of niilk cans saves 
about 2# per cwt.; (5) a reduction in hauling 
rates may be possible; (6) saving in labor; 
(7)  better quality milk if properly handled; 
(8) highly adaptable to pipe line milkers. 

Disadvantages of hulk ~riilk handling are: 
(1) considerable capital is required for tank 
and installation; (2)  freezing in some tanks 
may occur if not operated properly; (3)  use of 
syste111 may require expensive modification of 
milkhouse: (4) exuanded hot and cold water 
facilities tb lieit  &ater demands for water. 

H. H. Weiser 

943. The cooling efficiencies and water pres- 
sures of some surface milk coolers for farms. 
J. K. SCOTT, Dairy Research Inst., Palmerston 
Sorth. New Zealand. J. Dairy Research, 20, , . 
3: 280. 1953. 

Three basic types of surface coolers, repre- 
sentative of those in use on farms were tested 
for cooling efficiency, allowable flow rates under 
various controlled conditions, and cooling water 
pressures for various rates of flow. 

At a cooling-water ratio of 3 :  1, the temp. 
difference at  the bottom of the cooler ranged 
from 3.3 to iO F. for normal coolers. The 
allowable flow rate per sq. ft. of cooling surface 
varied from 33.8 to 114 Ib/hr when cooling to 

3OF. difference with a cooling-water ratio of 
3: l .  The results showed that the corrugated 
plate design had higher allowable capacity at  
low flow-rates of cooling water than the tubular 
designs. In  all cases the cooling effect of the 
atmosphere was small. 

At 3000 Ib/hr. of cooling-water, the pressure 
loss was 3 Ib/sq in. for the corrugated plate 
cooler, and appriximately 0.2 lb/sq in. per tube 
for the tubular coolers. The pressure loss for  
the tubular coolers varied approxi~~lately pro- 
portional to the square of the rate of flow. 

E. L. Thomas 

944. Reducing costs of raising dairy heifer 
replacements. L. P. SHARP and W. SULLIVAN, 
Calif. Agr. Expt. Sta., Berkeley. Cir. 435. 
1954. 

This bulletin supplies a plan for raising 
calves from birth to 24 months. Total costs. 
(labor, feed, and calf) of raising the mature 
calf is approximately $255.12. R. W. Hunt 

945. Livestock sprayer. C. J. RICHARDSON 
and A. C. WEST. U. S. Patent 2.684.658. 1 
claim. July 27, 1954. Official ~ a c . '  U. 8. Pat. 
Office, 684, 4: 80'7. 1954. 

A metal frame and pipe structure designed 
to spray cattle with insecticides as they walk 
through it. R. Whitaker 

946. Portable milk cooler. M. M. KARR. U. S. 
Patent 2,685,132. 7 claims. Aug. 3, 1954. Offi- 
cial Gaz. U. S. Pat. Office, 685, 1: 64. 1954. 

II cooler for cooling milk on a farm is de- 
scribed. The cooler consists of a jacketed verti- 
cal drum which rests on a milk can and which 
supports a niilk supply tank and strainer on 
top. A cover protects the milk as it is being 
cooled. The inlet and outlet pipes carrying the 
cooling liquid, are used as handles for moving 
the cooler f r o ~ n  can to can. R. Tlrhitaker 

947. Milk line flushing system and valve 
mechanism and regulator therefor. H. A. 
HECKENUORF (assignor to International Har- 
vester Co.). U. S. Patent 2,685,884. 13  claims. 
Aug. 10, 1954. Official Gaz. U. S. Pat. Office, 
685, 2 :  343. 1954. 

A system of two vessels and a valve for auto- 
matically flushing the tubes of a vacuu111 oper- 
ated  nilk king ~nachine. R. Whitaker 

948. Self-dumping monorail live stock feed 
dispenser. W. W. MARTIN (assignor to Pacific 
Dairy Machinery Co.). U. S. Patent 2,685,863. 
10 claims. Aug. 10, 1954. Official Gaz. U. S. 
Pat. Office, 685, 2 :  336. 1954. 

A monorail suspei~ded from the ceiling of the 
barn, provides a support for a traveling feed 
bin which niay be automatically stopped in 
front of each cog and set to deliver a predetcr- 
mined quantity of feed. R. TVhitaker 
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949. Auatomatically controlled valve assem- 
bly for milking machines. A. R. HILL and J. E. 
JONES. U. S. Patent 2.685.862. 4 claims. Aue. 
10, 1954. Official ~ a z :  U.'S. Pat. Office, 682, 
2 :  336. 1954. 

A valve is deserihed for delivering rnilk f ro~n  
a vacuum operated milker to a milk reservoir 
a t  atn~ospheric pressure. R. Whitaker 

ICE CREAM 
950. Profit through pump-and-pipe process- 
ing. J. R. FRTE, Cherry-Burrell Corp., Chi- 
cago, Ill. Food Eng., 26, 7: 76. 1954. 

At the H. A. McDonald Creamery, Detroit, 
batch vat-pasteurizing for ice cream making has 
been reva~nped to achieve a more mechanical 
operation. The core of the system is a 5000 lh. 
weigh-can on a dial reading scale. Fluid ingre- 
dients are pumped from remote storage tanks 
to the weigh-can by central control. Ahout 10 
min. are required to formulate approximately 
4000 Ih. of mix. Modified continuous pasteuriz- 
ing is attained with a series of 3 pasteurizing 
vats. The hon~ogenized and coloed mix is stored 
in four 1500 gal. tanks. The system has a po- 
tential output of 6000 gal. mix/8 hr. day. Suh- 
stantial ecnnon~ies have heen realized with the 
new layout. T. J. Claydon 

951. Ice cream cabinet attachment. M. E. 
WEISS. U. S. Patent 2,685,980. 2 claims. Aug. 
10, 19.54. Official Gaz. U. S. Pat. Office, 685, 
2 : 370. 1954, 

A elr~n~p with teeth for holding cylindrical 
bulk ice crealn cans f ron~  rotating as the ice 
crealn is dipped from the rans stored in ice 
crealn cabinets. R. TVhitaker 

952. Stabilizing device for ice cream tubs. 
G. E. RUPPICRT. U. S. Patent 2,684,172. 1 
clain~. July 20, 1954. OtTicial Gnz. U. R. Pat. 
Office, 684, 3: 610. 1954. 

A device for holding cylindrical shaped cans 
of ice cream when placed in cabinets having 
square sleeves, ronsisting of a square ~netallic 
platforn~ \vhich fits within the sleeve and to 
which is attaehed a ring of metal with pointed 
tines or fins hent almost vertically upward and 
so spaced that the metal rim of the botto~n of 
the ice cream carton is gripped hy the tines 
and thr can is held against ~Votation when the 
irc clrbnln is dipped. R. Whitaker 

MILK AND CREAM 
953. Variations in the fat content of human 
milk during suckling. W. G. WHITTLESTONE 
and I). R. PERRIN, Ruakura Animal Research 
Bta., Dept. of Agr., Halllilton, New Zealand. 
J. Dairy Research, 20, 2: 204. 1954. 

I t  was found that human lnilk was siniilar 
to cow's milk and different from sow's milk in 
crea~ning properties. The human 111ilk did not 
separate as quickly as cow's upon setting at  
body temperatures. There was no differential 

pattern in fat globule size in milk sanlples 
taken throughout the suc~kling period. The fat 
content increased on an average from 1.3% in 
first drawn milk to 4.1% from last milk. 

J. D. nonker 

MILK SECRETION 
954. A recording tympanometer for the 
measurement of intramammary pressure in the 
COW. D. S. 11. PHILLIPS, Ruakura Animal Re- 
search Sta., Dept. of -4gr., Hamilton, Neu- 
Zealand. J. Dairy Research, 21, 2: 178. 1954. 

An instrument consisting of a tympanometer 
to measure pressures and a continuous record- 
ing attachment is deserihed. This device meas- 
ures static as well as changing pressures in a 
range of 0-30 in. water. The manually operated 
device, placed against the wall of the udder 
cistern in close contact with the skin, records 
changes in the intramammary pressures in the 
lower cistern of the udder without the dis- 
turbances occasioned hy direct access to the 
interior of the udder. J. D. Donker 

955. Intramammary pressure changes in the 
lactating sow. 11. The effects of vasopressin 
and acetylcholine. W. G. ~I*IIITTLESTONE, Rua- 
kura Animal Research Sta., Dept. of Agr., 
Hamilton, Xew Zealand. J. Dairy Research, 
20, 2: 183. 1951. 

Vasopressin and acetylcholine were compared 
to oxytocin as to the characteristic pressure 
curves obtained in the Inantlnary gland of the 
sow. The response of the Inalnnlary tissue to 
vasopressin, acetylcholine, or oxytocin appears 
to he alike when considering the time-pressure 
relationship. Acetylcholine in dosages which 
did not cause an ejection of milk caused other 
responses, e.g. salivation, and in one case death 
fmrn 0.2 g. Histanline (0.4 n~g.) ,  which at  times 
causc.d a pronounced expansion of skin blood 
vessels, did not result in an ejection of milk. 

J. D. Donkcr 

956. Intramammary pressnre changes in the 
lactating sow. 111. The effects of level of dose 
of oxytocin and the influence of rate of injec- 
tion. TI-. G. TVHITTLESTOSE, Ruakura Aninla1 
Research Sta., 1)ept. of Agr., Hamilton, New 
Zealand. J. Dairy Research, 20, 2:  188. 1964. 

JIeasuring the response to a given inejection 
hy intrarna~~~mary pressure recordings, approxi- 
~nntely 0.05 i.u. of oxytncin was the ~ninimum 
effecative a~nount in a 400 Ib. sow. The response 
to this a~nount depended upon the injection 
being given in < 2 sec. There was no response 
if the injection period was prolonged with this 
srnall dosage. When using larger amounts (1.0 
to 5.0 i.u.) there was a biphasic response with 
peaks of contraction about 18 sec. apart. Inter- 
mediate dosages brought about the biphasie re- 
sponse usually only if the injection period was 
prolonged. Larger a~nounts brought about rnul- 
tiple contractions independently of the injec- 
tion times. J. D. Donker 
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NUTRITIVE VALUE OF 
DAIRY PRODUCTS 

957. Reviews of the progess  of dairy sci- 
ence. Section D : Nutritive value of milk and 
milk products. S. I\'. KON and I<. 11. HENRY, 
Satl. Inst. for Reseilreh ill Dairying, Shinfield, 
Englancl. J. ])airy Research, 21, 2 : 245. 1954. 

This conlprc.hensivc~ review covtlrs the three 
year period sinre the puhlicatiou of the previ- 
ous one (.I. Dairy Hrs., 18: 317. 19.51). The 
930 reft~rr11cc.s arc revie\vc*d under the following 
1)rinrip:ll headings : 

I. Tntroduction. 
IT. G(.nernl. 

111. Sutritive mluc. as estinl:itrd ill Inborn- 
tory and field experin~olts. 

. .A. Raw 111ilk 
I). Trc,atc~tl ~llilk 
C'. Milk protluc+s 

I\'. Sutritivo mlucl of luilk for 111811. 

A. Gc~nc~ral 
R. Milk ~ O I I I ~ O I I C I I ~ S  

C'. ISfft.ct of t r ca t t~~n l t  
R. L. Tholl~as 

958. Purified casein for  nutritional research. 

A 1)ric.f rc.vit.\v is girt211 of the propwtit~s of 
the. ~)urific*d msclin now bving used by Inany 
Iahoriltoric~s c.rlga:ed in nutritional research. 

R. \Irhitaker 

PHYSIOLOGY AND ENDOCRINOLOGY 
959. Summary of known metabolic functions 
of nicotinic acid, riboflavin, and vitamin Bt. 
R. E. SSF.I,I,, Univ. of Texas, Austin. Physiol. 
Rev., 33, 4: 509. 1953. 

Sieotinie acid occurs in biological nlatt~rials 
in free forill, as the nlnidc, and in three coen- 
zy~llatieally active for~nh: diphosphopyridine 
nuc.lc.otidc~ (Coenzynte I ) , triphosphopyl.idinc 
nucleotidc. ( Coe~~zy l t~ t~  I I ) and Coenzgn111 111. 
Tlit~scb coc~lizyllles, together with appropriate 
npoenzylnes, serve 21s (1 )  hydrogen accc.ptors 
(oxidizilig agents) in tht. dehydration of n ::rt.:it 
varichty of ~~letabnlirally actirr con~pounds, aud 
(2) phosphorylation. of inorganic phosphate 
resulting in the forn~ation of nu energy-rich 
p11ospll:lte h o ~ ~ d .  

llihoflavi~i occurs naturally it1 the free fornl 
ant1 as the coenzyu1c.s : riboflavin-5'-phosphate 
ancl flnrin-adt~ni11edit1uclt~otidc.. The coenzynles 
111:ly C O I ~ I ~ ~ ~ I C  with ~ ~ ~ O C I I Z ~ I I I C S  to for111 flavo- 
protc.ins which hervc* as hydrogen c:~rric.rs ill 
~lletabolism. They eoln~llonly liuk with the cyto- 
rhrotne syste~tl ill utilizi~lg ~nolrcular oxygen in 
rehpiration. 

Pyridoxine, pyridoxalnine, and pyridosnl as 
we11 as pyridoxamine phosphate aud pyridoxal 
ptlosphate occur naturally. The latter is the 

cSoenzynie for a great variety of enxytlles in- 
volved in catalyzing various transfor~llntio~ls of 
antino acids such as degradation and synthesis. 
Vitarnin R,; appears also to he ill sorue way con- 
cerned in fa t  ~ ~ ~ e t n h o l i s l ~ ~ .  E. G. Jloody 

960. Metabolic functions of pantothenic acid. 
G. D. SOVII.LI, Hardvard Med. School, Boston. 
I'hysiol. Rev., 33, 4: $25. 1953. 

Sutritional deliciellcy of pantothc.iiic acid 
tnay lead to a large variety of pathological 
changes in tnost tissues of the body, affecting 
particularly the adrenal cortes, the nervous sys- 
tem, the skin and hair, and antibody produc- 
tion. Most, if not all, of the pa1ltothc1natc. in 
tissues is found as Coenzyule A. CoA st2rves 
~l~etabolicnlly by (1 )  its interaction wit11 acetyl 
groups derivc.d from carbohydrate, n~l l i~lo  :~eids, 
a ~ i d  fatty acids from hoth dietary sources aild 
the utilization of pynivate; (2 )  the CoA-ac*etyl 
rcvictions considered as detosicatioti il~t*cha- 
nisnls; (3)  the c4Trct 011 cholesterol and stt.roid 
horlnotle syntllesis; (4 )  the oxidation of fatty 
ac.ids; ant1 (5 )  the provision of ac.etyl-CoA to 
initiate the I<rehs cycle allo\ving the use of a 
tuorcB c>ffic.irnt systetn for eutbrgy produc*tion 
that1 the. glycolytic syste~ll. E. G. 1Ioody 

961. Metabolic functions of thiamine and 
lipoic acid. 1,. J. REISI), I'niv. of TCS;IS, AIustin. 
I'hysiol. Rev., 33, 4 :  544. 195:3. 

Thialninc. in the fort11 of its eoclnzylile, thia- 
111int. pyrophospl~ate ( c ~ c a r b o x y ~ a ~ e ) ,  is ill- 
volved in the enzytuatic demrhoxylntioll of 
a1phi1-kcto acids. Lipoic acid (6, S-clithioorta- 
noic acid) is a biocatillyst for \vhich rc.coguized 
enzy~llatic functions atid nutritio~lal require- 
lllents havc. I)een c.stnhlished. IIowc*vc.r, it 11as 
not yet been delltonstrated to he :I dic~tary re- 
cliiirctnellt for higher ailil~lals. Tllc, rc.vic.w is 
co~lcernc.tl with current research on tilt, rr~eta- 
holic fuacticins of lipoic ncicl ilud tllianti~le 
\vhiclt l~acl not previously breil surnr~lnrized. 
Topics spc.eifically discussed \vcSre (1) the role 
of lipoic :iricl and thiatnin(. in t11c oxidntive 
deenr1)oxylation of alpha-k~to a ~ i d s ,  (2 )  the 
role of t l l ia~~line ill the g(weratio11 i ~ n d  utiliza- 
tiou of b*nctivc. glycolnlclrhyde" and ( 3 )  a pro- 
poscld role. of lipoic acid in thc light reactions 
of photosynthesis. E. G. JIoody 

962. Metabolic functions of biotin. 1%. 11. 
L.\RI)T :lnd R. PEAS.ISKT. IJ11iv. of \\-is., IIadi- 
son. Physiol. Rev., 33, 4:  560. 1!),54. 

The dt.fieic.tley syrnpto~ns in at~in~als-clc.r~na- 
titis, hair loss aud n~usc~ilar incoordinittio~l-do 
uot inclicilte the ~nocle of actin11 of th(* ri t i~nti~l.  
Studicbs with ~nicroorganisn~s nud :lnintal tissue 
prc111iwatio11 have 1)rought to light a vttric.ty of 
c~arhoxyliltioll and d~carboxylatiol~ rei~rtioils 
which arc. influc11lcc.d by biotin. Tlic.sc have 
been rc.vie\vrd. E:. G. Moody 
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963. Antibiotics in animal nutrition. E. L. R. 
STOKST.~~). Ledrrle Lt~hol.ntories. A~ t~e r i can  Cv- 
ananlid Co., P m r l  River, S. T.' Pl~ysiol. ~e ; . ,  
34, 1 : 25. 1.954. 

A rrvicbtv is pivrn of the literature dealing 
with the growth rcssportse of various antihac- 
terial con~pouncls such :IS sulfas, quaternary 
nitrogen c*otnpounds . and arsenicals, a s  wrll as 
the i~ntihiotics. Growtl~ rtBsponsrs have hrrn 
reported for poultry, rodents, dogs, and swine. 
S o  effect on growth was ohserved fo r  niature 
ru tn in :~~~ t s ;  mlvc.s, howrvcr, responded to the 
extent usually of 20-30% when receiving 15- 
100 1 1 1 ~ .  antihiotic di~ily. Per~irillin was inclffecl- 
t ire for calves. Antibiotics rclportc.dlg have a 
s p ~ r i n g  action on vitantins A, BIZ, thiatnine, 
riboflavin, ppricloxinr, choline, and certain un- 
kno\v\-l~ filetors, Ca, SZICI, and Jln,  and in Inant- 
11t:11s it protcbit~ sl'aring effrrt. Tt was concluded 
that the action of the antihiotic on growth is 
confinrvl to its cffect on the hacteria in the 
intestinal tract. On(. of the Illore plausihlc clx- 
planations for this cnffect bring the inhihition 
of ~~~ic ' roorgi~t t i s~~ts  which arc1 elc.lrterious 1)ecnuse 
they procIuc'(* toxic ~*ot~tl>ounds or da~rtnge the 
intc.stinal tissues as notc.tl 1)y the inereasrcl rca- 
sponsc.. unc1c.r clisrasc.11 or nnsnnita~.y contlitio~~s. 

E. G. RIoocly 

964. Current concepts of the action of insu- 
lin. I\-. t'. ST-~IIIE, Vniv. of I'zI., I'hiladelpl~i:~. 
Physiol. HIT., 34, 1 : 32.  1954. 

The. review discussed the role of insulin in 
(1) thr t rn~lsf r r  of glut~~sc.  across the cell, 
(2)  controlling the rat(. of hrxose-6-phosphate 
forn~ntion, (3 )  the rrgrneration of ATP, i ~ n d  
(4) the possihlr associ:~tion with the oxidative 
reactions in the TCreb's cyc'lr. E. G. AIoody 

965. Water and electrolyte metabolism. d. F. 
~ I A X E R Y ,  Univ. of Toronto, Ont. Physiol Rev., 
34, 2 :  334. 1954. 

Literature pc~ta in inp to the l~ te t i~hol is t~~ of 
\\-atcar and the ehloridrs, l~irarhonates, n11c1 phos- 
p11:1tcs of S a ,  I<, Ca, and Jig werr revie~ved. 

R. G. IIoody 

966. Environmental physiology and shelter 
engineering. If. J .  T ~ r o n r ~ s o s ,  I). M. WOR- 
STEI.L, : ~nd  S. RRODT, 110. Agr. Espt .  Sta., 
Columbia. Research Bull. 531. 1953. 

T a h u l ~ r  and graphic data are presented 
showing effects of high and low rr1:1tive hu- 
~ttidity on weight loss, tot:~l vaporized n~oisture, 
and surface tcn~p.  of Jt*rsey, IIolstt.in, Brown 
Swiss, and Brahnta rattle. Air t(1111p. used 
were 12, 40, '75, 85, 95, and 100" F. At 12 and 
-10" F., there was 110 indication that increasing 
hu~ttidity affected vaporization rate. At  75, 85, 
and 95' F., there was a noticeahlr clerrcilsc of 
vaporization with increasing huntidity. Indi- 
vidual tlifferenees and experi~nentirl variation in 
air  tt.1111). Itray have tuaslied son~e of the s l~~a l l e r  
rfferts of huntidity. Brahtna cows dissipt~trd a 
grrnter percentage of their total heat a t  high 
temp. than European cattle. Thern~ocouple 
~ ~ ~ n ~ s u r e n r c ~ n t s  nerv taken on skin tetttp. of 15 
different parts of the hody. At  8.5' F. and 
abort., skin and hair tc~np.  increi~schd sott~c.\vhat 
on inerr:~sed relativr hu~uidity, hut a t  low tet~rp. 
thew was no signifirancae. Skin ~ C I I I P .  appearrd 
lo\vc.r in Brahtnans than in Europei~n-evolved 
hrec.tls at  air  ternp. nhove 85" F. A striking 
featnre of this data was that a t  12' F. air  
trtnp., skin tetnp. of the .Jersry hoof cleft was 
ahout 30" F., that of the tnilkwell XSO F. 
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When cows are stabled, good sanitary 
practice calls for a regular clipping 
program. Clipped cows are easier to 
keep clean. Clean cows mean less 
sediment and a lower bacteria count. 
Milk with a lower bacteria content is 
more desirable. 

Leading health authorities say: "A Powerful Motor 
regular clipping program means 
more wholesome milk. It is an essen- 
tial step in the production of quality 
dairy products." Emphasize the ad- 
vantages of regular clipping. I t  
reduces sediment, lowers bacteria, 
avoids contamination and increases 

. - 
profits from production of cleaner, -. - 
higher quality milk. Handy, interchangeable electric Grooming 

Brush head fits Clipmaster. 

Bulletin 100-"The 
Method and Benefits 
of Clipping Dairy 
Cattle and Other  
Farm Animals." This 
handy manual illus- 
trates the 5 simple 
steps in cl ipping 
dairy cattle that can 

be learned everyone. An electric grooming brush saves time and 
tains no advenising- Send for your does a more thorough iob of cleonina than - .  
free copy. 

- 
hand brushing. 

&G&h CORPORATION ~ o r m e r ~ y  CIIICWIO me* shaft m.) .opt. 141, 

5 6 W  Wort Roosovolt Road, Chicago 50, Illinois - 

Your advertisement is being read in every State and in 45 Foreign Countries 
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Creamy Smooth 

FULL BODIED 
ICE-CREAMS 

A r e  M a d e  w i t h  

TRADE BODYmGUARD 
The STABILIZER that  
Guards  Your Q u a l i t y  

WRITE 
for Folder No. 207 describing 
this Top Value in Stabilizers. Ask 
about our Special Trial Offer. 

GENERAL BIOCHEMICALS, INC. 
20 LABORATORY PARK CHAGRIN FALLS, O H I O  

A LITTLE BODY-GUARD GOES A LONG WAY 

Copies of the 

20-YEAR INDEX 
covering Volumes I to XX, i n c h  

sive are available at the following 

prices: 

(7 CHEESE RENNET AND COLOR 
[7 COTTAGE CHEESE COAGULATOR 
(7 ANNATTO BUTTER COLOR 

DANDELION BUTTER COLOR 
(7 CERTIFIED BUTTER COLOR 

STARTER DISTILLATE 
(7 ICE CREAM COLOR 
(7 LACTIC FERMENT CULTURE 
(7 CULTURE FLASKS 

CULTURE CABINETS 
(7 TESTING SOLUTIONS 
[7 ODORLESS TYPE DAIRY FLY 

SPRAY 

Check and Mail for Literature 

CHR. HANSEN'S LABORATORY. INC. 
MILWAUKEE 14. WIS. 

MEMBERS 

. . . . . . . . .  Cloth Bound $2.35 

. . . . . . . . .  Paper Bound 2.00 

NON-MEMBERS 

. . . . . . . . .  Cloth Bound $5.50 

Paper Bound . . . . . . . . .  5.00 



JOURNAL OF DAIBY SCIENCE 7 

Mention 

Journal of 

Dairy Science 

When Answering Advertisements 

T H I S  HELPS BOTH THE 

ADVERTISER AND YOU 

Now Available . m . 
a limited supply of the new 

DECENNIAL INDEX 
of the 

JOURNAL OF DAIRY SCIENCE 

Covering Volumes XXI - XXX. 
All Copies Clothbound. 

COST: Members, $6.50 
Non-members, $7.50 

Send check or money order to the 

AMERICAN DAIRY SCIENCE 
ASSOCIATION 

Ohio State University 
Columbus 10, Ohio 

REVOLUTIONARY 
NEW CLEANING 

TEMPERATURE 
EQUIPMENT 

Again. Klenzade leads with a remarkable new 
cleaning chemistry advance - C he la t ion .  
Init ial cleaning with Klenzade 0-R Organic 
Acid Cleaner is followed with Klenzade 0-R 
Alkaline Cleaner. This produces an amazing 
series of chemical reactions - each one super- 
powered for  a variety of specific cleaning 
actions never even approached before. "Chela- 
tion" prevents precipitation of  water-borne 
minerals and assures film-free surfaces. Let 
us demonstrate to  you that this revolutionary 
chemical cleaning advance - the Klenzade 
0-R System -wi l l  definitely save you hundreds 
of dollars annually. 

+\c rc'o rt* 
Write for Details ,yv srxsCc *% 

#. 

Ynur advertisement is beine read in every State and in 45 Foreign Countries 



'FRIGIDRY' 1 
T R A D E  M A R K  I 

DAIRY' CULTURES I 
Save Time-Save Mon- LYOPH ILIZED* 
ey - Avoid Trouble. f o r  
u s e  rapid-growing U N ~ ~ O R ~ ~ I T Y  
'Frigidry' cultures to 1 
produce mother cul- .. v BI L T Y 
d e  in one generation 

. - I 
. - cheese. process. .*I 

and take guess work 
out of making good S T A B I L I T Y  

*New high-vacuum. buttermilk, butter and sub-sero drying 

F k E E-writefor &o&zet No. 206 onpduc- 
tion of Cultured Dairy Products. 

. 

GENERAL BIOCHEMICALS, Inc., 
20 LABORATORY PARK CHAGRIN FALLS; OHIO 

Year In, Year Out- 
Always Dependable 

UNIFORMITY 
IS IMPORTANT ! 

Leading agricultural 
schools and eolle es 
agree that the repfar 
weekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 
milk products. 

~YOCHURT CULTURE 

(shown) produce a quart of the finest 
starter on a single propagation. Single 
bottles $2.00. 

New Cheddar Cheese Culture 
Flav-0-Lac Flakes S. durans 

82.00 (plus postage) 

THE 

DAIRY LABORATORIES 
mrd & Ieoust Bts.. Phlh 8. Pa 

B W - 8  
New York ihltimrrs w1.hlpd- 

See our catalog in Dairy InducM~. Catalog 

soon aft- ' the end 
of the miZkCng period 

Using a ditect, efficient retriger- , 
ation system. Mojonnier Bulk 

' - Coolers cool the milk to low tem- 
peratures soon after the end of 
;the milking period. Temperature 
rise during the second milking is ' 
held to a very minimum with 
Mojonnier Bulk Coolers. 

As a result, Mojonnier Bulk 
Coolers produce quality bulk milk 
a t  the lowest possible operating Bulletin 290 gladly sent upon request. 
cost. 

All stainless steel Mojonnier Call or write: 

B U I ~  Coolers with round bottom MOJONNIER BROS. CO. , 

design insure calibration stability 
plus easy cleaning. 4601 W. Ohio St., Chicago 44, Illinois C 
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Bacto- Dehy drated Media . 

for Microbiological Assay of 

11 VITAMINS and AMINO ACIDS 
These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition 
of specified increasing amounts of the vitamin or amino 
acid being assayed to obtain a growth response which may 
be measured by acidimetric or turbidimetric methods for  
the construction of standard curves. The vitamin or amino 
acid content of the material under assay is determined by 
adding appropr' te concentrations of tfie test substance to 
the basal m e d i s  and comparing the growth response 
obtained with that of the standard. 

BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM RACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY M E D ~  
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY 3fEDIUM I 

BACTO-B12 ASSAY MEDIUM USP BACTO-METEUONINE ASSAY MEDIUX ! 
BACTO-CS VITAMIN BIZ AGAR BACTO-LYSINE ASSAY MEDIUM j 

BACTO-FOfrIC ACID ASSAY MEDIUM BACTO-ISOLEUCLNE ASSAY MEDmM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARQININE ASSAY MEDIUM 
BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 

RACTO-CYSTINE ASSAY MEDIUM 

The mehod employed in  carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The following media have been deve, 
oped especially for carrying stock cultures and for prepara- 
tion of the inoculum: 

BACTO-MICRO ASSAY CULTURE AGAR BACTO-B,, CULTURE AGAR USP 
BACTQ-MICRO INOCULUM BROTH BACTO-BIZ INOCULUM BROTH USP 

BACTO-NEUROSPORA CULTURE AQAR 

BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an  acid ! 

hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 

I I Descrfgtive &terature available u@on request 

D I F C O  L A B O R A T O R I E S  " 

D E T R O I T  1, M I C H I G A N  
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