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LIPASE:  A REVIEW 

B. L. IIERRINGTON 

Departezent o f  Dairy Irtdaatr!~ 
Cornell University,  Ithaca, New Y o r k  

These pages were written with the hope that they might prove useful to 
those who know little about lipase, and to those who know much. The references 
cited may not be the first paper on a given topi' nor the last. The first publica- 
tion may be indecisive, incomplete. The last may be less informative than an  
earlier publication. Some may feel that too much has been omitted; an erlnal 
number may feel that too muvh has been inclutletl. So be it. 

If these pages help some to unclemtand what is already known ; if  the^- point 
the way for further research ; if they stimnlate some to start new investigations, 
then the time spent in writing this has been well spent. 

I. TIIE R.\NCII)ITY ' PRORIAEM 

At one time, some chemists donbtetl that ~iormal milk contained lipase. I t  
is now accepteil that the great majority of cows secarete milk containing fat- 
splitting enzylnes but, in most cases, these enzy~iies are inartive. Under certain 
conditions they may become active and cause serious loss. 111 view of this fact, 
it  is more important to know the activity of lipase in raw ~iiilk than to know the 
quantity; and handlers of milk mnst pay particwlar attention to those factors 
which increase or rsduce the activity of the enzynie.? 

Several timchs in the history of the dairy industry, 11e\~ methods of handling 
or processing inilk have ac.tivated the lipase systcni ant1 procluced rancid flavors. 
Honlogenizatio~i is the best knolvn t~xaniple of this. Raw milk beco~iies ranrid 
so quickly after homogenization that the sale of ho~nogenixed mill< wonltl be 
impossible if lipase could not be inactivatetl by simple means. 

-1s a second example of changclh ill prilc.ticr, which led to trouble witti lipasc.. 
we may cite the change in tempc.rati11.e of sepa~.atioa which oc.curred in the mar- 
ket cream i~ldustry some years aao. .it one time, milk mas mar~neil to a fairly 

Receive11 for p~lhlientiol~ Frl~runry 8, 1954. 

' In this gaper, rallcidity r(.ferr o11Iy to llydroly~is wit11 1il)eratioli of fntty acids. Osialatiol~ 
is not includr(1. 

' "Activatio~l c~f lip:1se1' slloulal llot t)e illt~rpretavl ill ;I 11nrrow SCIISC. The ]>Ilr:~sc is used in 
plare of the more :~er~lratr rtatcnlc.11t: "nerc~lerntio~~ of the proerss of el~zynlntie hydrolysis." 



high temperature (110-120' F.) before separation to reduce fat  losses in the 
skimmilk. When it was realized that a niore viscous product could be produced 
by separating at a lower temperature (80-90'' F.) and i~nprorements in sepa- 
rators made this possible, the temperature of separation was gradually lowered. 
At  the same t i~ne,  there was an increase in the incidence of rancidity. The 
relation between these two events was not understood until the phenomenon of 
< < temperature i lc t i~a t ion"~ was reported in 1939 (51). 

Recently, there has been an  increase in the number of reports reaching this 
department concerning rancid milk. This time, the trouble seems associated with 
the introdurtion of pipeline milkers and farm tanks into the New York area. 
Because the use of such equipment offers many advantages anil is likely to be 
adopted widely, rancidity may become an important problem once more. 

I t  is known that several investigations of the effcct of pipeline milkers and 
bulk handling upon the quality of milk are now under way, but little or nothing 
has yet been published. Until the results of others appear, comnlent must be 
based largely upon our own investigations. Full details of these will be pub- 
lished later. 

According to reports reaching us, the milk handled by the newer methods 
frequently contains butter particles and in some cases it is rancid. Churning 
is evitlenee of agitation, and the agitation of raw milk is known to accelerate 
lipolysis (52). It see~ned probable that the two defects could be traced to the 
saine soiir(*e. 

In  a niimber of cases, the trouble mas traced to "risers" in the pipr lines, 
vertical sections connecting one pipe line to another a t  a higher l e r ~ l .  The milk 
is carried up by a stream of air  which produces considerable agitation ant1 foam. 
Any given portion of milk may be throu7n up and fall back a number of times 
before it passes over. 

In New York State. wl~ere milk is collected each day. the average acid 
degreei of ~nillt reacl~ing pasteurizing plants is approximately 0.5 unless it has 
been hantlleil in a pipeline milker (,?2). I n  that case, the acid drgree may be 
much higher. To show clearly the effect of a pipelilre milker upon lipolysis, a 
sample of"t11e entire night niilking was taken on three successive days a t  a farm 
where there mere five risers in the pipe line. On the second day of the sequence, 
pail milkers were used and the milk was carried by hand to the nlilkhouse; on 
the first and third days, the milk passed through the pipe line. The acid degree 
ralurs after holding for 36 honrs were 2.87, 0.92, and 2.59, 

If r isen collld be eliminated, much of the trouble wo~lld disappear. Ulti- 
mately. it nlay be possible to design risers which cause less damage to the milk. 
The mc~cllanisin by which agitation activates lipolysis is not understood in detail. 
I t  is clifficr~lt to ullderstand why agitating warm ram milk with air in a vertical 

' Tlie rato of lipolysin it1 (#old r;lw milk is increased greatly if colrl Inilk is  warmed momen- 
tnrily to 8.5" F. nt111 rc-c.oole11. Warlnit~g to higher or lower temperatures produees less "nrtivn- 
tiot~." 

'Acicl degree is tllc nttrnI~rr of  t~lilliliters of  normal alkali reqtrired to neutralize the free 
arid in 100 g.  of fat. 
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pipe should produce much more activation than agitation for the same time in 
a Waring Blendor. That is the case if the Waring Blendor is filled completely 
so that no space is left for air. 

The effectiveness of agitation is not determined by its violence alone. Other 
factors must be considered. The role of temperature is important. As fresh 
milk cools, i t  passes through a critical temperature zone where it is most suscep- 
tible to churning (43). If pipe lines in barns were heated to prevent cooling 
of the milk, churning in the pipe could be prevented, but this would not reduce 
trouble from rancidity. The sensitivity of milk to activation by agitation is 
related to the fluidity of the fat, and it increases rapidly as the temperature is 
increased u p  to 75 or 85' F. 

With the introduction of farm tanks and tank truck transportation, there 
is a growing interest in the possibility of alternate day pick-up from the farms. 
If this practice is adopted, an  increased effort will be needed to control lipase. 
Milk supplies which do not develop organoleptic rancidity under present methods 
of handling may do so if the milk is held raw for an  ailditional 24 hours. Under 
such conditions, any factor which may accelerate or delay the appearance of 
rancidity must be given careful consideration. 

The effect of agitating fresh warm milk has been mentioned. Fortunately, 
the agitation of cold milk has much less effect upon lipase activity. The most 
critical periods are when the warm milk is in the pipeline and when warm inilk 
enters an empty tank and does not completely rover a propeller-type agitator. 
Crowe (12) compared milks cooled in cans with illilks cooled in a vat. The vat- 
cooled milk contained more water-insoluble acitl, and the value increased with 
increasing amounts of agitation. The agitation of milk in tank trucks during 
shipment is of lesser consequence because the temperature is usually very low 
and the subsequent holding period is relatively short. 

The possibility of temperature activation when fresh warm milk is added 
to cold milk in the tank should not be overlooked. I n  the worst possible case, 
all of the second milking would be added a t  once to the cold milk in the tank. 
Under such conditions, the tempcraturc might rxceed 68" F. This is high enongli 
to produce a definite increase in the rate of lipolysis ( 5 1 ) .  I11 practice, however, 
the warm milk is added ovrr a pei.iod of time while the refrigeration nnit is in 
continuous operation, and the cold milk is not ~varmed enough to produce such 
a great effect. In  some cases, however. this sillall effect might be just enough to 
carry the inilk across the thresl~old of organoleptic rancidity. especially if alter- 
nate (lay pick-up is practiced. 

On the positive sitle, only one means of controlling ranviclity has been clis- 
covered that might be put into practice on the dairy fa1.m. I t  is instantaneous 
cooling. I f  the millr is cooled ill a few sec~oiids by ineatls of a tnbular or surface 
cooler, lipolysis during subseqlicnt storage is rednced greatly (3 f ) .  Furtli~rniore, 
this avoids all risk of temperature activation and rctluces activation by agitation 
in the vat. Installt cooling may berome an important step in a prograln of 
alternate day hauling. 

It should be empliasizeil that low temperature alone does not chrcsk lipolysis. 
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111 ~ la tnra l  111ilk. the reverse is t rue ;  lipolysis is accelerated as the temperature 
is i*educed (5.7). If the holding 1)eriod is prolonged, n~icroorganis~iis may attack 
tlle fat  a t  I ~ i g l ~ e r  telllperatures and, r u ~ d r r  these co~iditiorls, iilvestigators may 
observe less lipolysis a t  intela~c.tfiate tenlperatnres (60' F.) than at  l ~ i g l ~ e r  or 
lower ternptJ~*atnrt~s (12, TO). 

Tt seeills probable that thew will he in~rcased int,erest ill the stutly of lipase 
ill tilth nrar  future.. Those liiakii~g S I I ~ I I  studies, or reatlilig ahout t11ei11, should 
1111ttcrsta11t1 somr of the differe~lces bet \vee~~ the iut~thods ~iseil to study lipase. 
Failure to (lo this has bee11 the cause of nluch confusion. 

So11ic1 ~l~ct l lods moasurc th r  tletc~ioratio~l of milk fat  itself, but tlley (lo not 
Illeasl1l.e the salilca ki~ltl  of dt.trrioratio11. For  that rclasoll, their resalts niay not 
agrrr t.losely wit11 eac.11 otllrr. Other ~ ~ ~ c t l i o d s  do not measure the tlcterioration 
of Illilk fat. Tllcy yirld results \vhictIi may or Inay not be sig~iifical~t ill t l ~ r  actual 
l ~ a ~ ~ c l l i l ~ g  of il~ill;. Suc.11 data ~l iust  be ilitcrpretrtl wit11 ra~ i t io~ l .  T l ~ e  niost rvitlely 
iised ~nctllods wliit.11 lneasilre rha~lgrs  ill illilk fat are : 

1. Orgnrrolcpfic esnnrinatiorr. This is priinarily a mtxiisllrc of frtv. short-cdllain, 
water-soluble, fatty ac3ids. Liberation of I o ~ ~ g - r h a i l ~  a(.ids lias little effect 
011 the flaror or odor of the 111il1;. This 111rt11oel yicI(1s rrs~l l ts  of nlost sig- 
liifica~~cr ill tcrms of colisulllcBr response but it does not yieltl 1111merica1 
data. slid the 111etho(l is of 1o\v se~~si t ivi ty .  I t  ('ill1 not tlrteet ( * I I A I I ~ P S  before 
they becaome comniercially s ig~~i f ica~l t .  

'7. S111.fncr fertsiorr ~ ~ ~ r a s ~ r r . e n r ~ , n f . s .  If  tlie c.11a1ige i l l  surface tt311sio11 is clue to 
the liberatetl fatty acids, as sollle silp1)ose. t,hel~ it sholilel he ii~ost sensitive 
to the lo11gt.r rvatcar-soluble acsitls (capric, ~ a p r y l i ~ ) .  Iii~tyric. ac.icl, the 
tilost importalit factor i l l  t l ~ r  orga~ioleptic ~ n e a s ~ i ~ - t ~ n l e ~ ~ t ,  has little effect on 
thc. surface teusioll of ~llill; ( 1 0 ) .  011 the ot11t.r 11a11il. the possiblt~ rolr of 
~l~o~ioglyc.eritles a l~ t l  of tliglyt.critlt~s in rcd~l(*i l~g s ~ v f a r e  te~ls io~l  nlust not 
be orerlooked. If tiley arc. tllr ~ u a j o r  factors c.arisil~g srlrface t r l ~ s i o ~ l  dc- 
l)ressio~~, t11r11 the ile1)r.essio1l of surfacc t t ~ ~ l s i o ~ l  shol~l(l be 11ear1y intlr- 
pe~lclel~t of tlie 11atru.e of the wit1 liberated. 

I!lifortu~~ately, soiile of the ~,nblished ~ l l r a s l ~ r e ~ l l r ~ ~ t s  of surfact. tension 
arc diffirult to interpret for sr\.e~*al rtxasolls. k'irst. ~licbrrly c.ooli~lg fresh 
Illilk ant1 i~~i~uedia tc~ ly  re\var~lli~lg it  to roo111 t t ~ ~ ~ l p c ~ a t ~ ~ r t ~  will prod11ee a 
rllallge ill surface trl~sioll of stlreral t1y11t.s ~vllic.l~ is 11ot tlrlc. to lipase 
a c t i o ~ ~  ( : T O ) .  If  xvorkcrs usillp surfact. t c l~s io l~  ~ileasrirelllc~~~ts Ilavcl taken 
this into ac.c.o1111t ill I ) I ~ I I I I ~ I I ~  their esprrin~c:~lts, they l ~ a v c  11ot always 
nlatle the fact clear, 11or explai~led what provisio~~ was lllatlr to c l i ~ ~ l i l ~ a t e  it. 
Src*ontl. t11c.r~ is some tlouht ahout tlie t*o~.rec.t~~rss of tht. ra111t.s reportrd 
ill t l ~ r  l i t e r a t ~ ~ r r .  Few details llare b(11111 1)nblisllc~tl 1.011c.rr11illg tllr trch- 
11ic~nes that Ilave bt11.11 c~llil)loyt.tl so that o t l~r r s  niight tlr~plic.att~ thc work. 
Fol- e~sa111plt1. the s1lrfac.c. t e l l s io~~ of a fresh stlrfac.e (1rc.reases rapidly a t  
first. t1it~11 Illore slo\vly. Tl1c3 first cl~allgcl is so rapid that it call scarrely be 
obst.1-red 111lless the 111ilk is elilr~tecl (R.?). Sr~bsc~ql~el~t ly,  tllt1 sr~rfacca t e l ~ s i o ~ ~  
falls Inore slo~vly, probably bevause fat globult:~ are act.~~i~iulating ill the 
s i ~ r f a ( ' ~ .  (The s~lrface te~ls iol~ of erea111 is lower than that of whole 111ilk: 
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the surface tension of skimmilk is higher.) Because of this slower change, 
one who works rapidly will obtain higher readings than one who works 
more slowly. &fore important still, measnrements made with a (111 Noiiy 
tensiometer (the instrument most widely nsetl today) ninst be corrected 
as explained by the makers of the instrnment. Persoiial correspondence 
has revealed that some workers have not made this correction. There is a 
possibility that others. also. have failcbtl to correct their data. This does 
not necessarily invalidate the conclusions of an inclividnal investigator, 
but it does make it difficiilt to compare the valiies of one worker with those 
of another unless there is assiirance that both have applied proper cor- 
rections to their measurements. (With our own instruiiient, the correction 
is approximately -97%.) 

3. .Ilrnsnrement of fnt soltrble acids (ncid degree valries). Most of these acids 
have little effect on siirface tension or upon the flavor of milk. Several 
procedures are in use for their measurement. Some prefer to recover the 
fat  by extraction, some by churning ( f 6 ) .  ( I t  may be possible to use some 
of the emulsion breakers investigated by Stine and Patton, 78 . )  Some 
have titrated the acids in alcohol, and some have usecl ether ancl other 
solvents (80) .  These modifications all yield essentially the same results 
though there are sinall differences.Measurements of fa t  soluble acids 
have the advantage that they yieltl numerical results which are repro- 
tliicible and \\~hicli reveal ver?- sinall changes in the fat. Before any change 
can be cletected organoleptically. the titration value will usually increase 
from an initial value of 0.20 to 0.30 ml. [the normal range for fresh milk 
fat  (32, .?.?)I up  to 1.5 to 2.0 ml. (17). Consequently, the effert of minor 
changes in handling milk can be detected easily by this method. 

It should be emphasized that each of these three methods measures deteriora- 
tion of fat  by hydrolysis. EIowevcr, it is a common observation that any one of 
the three measures of deterioration iorganoleptic rancidity, surface tension de- 
pression, or water-insoluble acids) may change independently of the others. 
For  that reason, there are some who believe that several different enzymes are 
present in milk and that they do not always occur in the same proportions. 

Other methocls hare been used to study lipase which do not measure the 
breakdown of milk fat  directly. For  example, some have measured the breakdown 
of substrates foreign to milk, tributyrin (18, 5 5 ) ,  p-nitrophenol stearate (45), 
naphthol acetate (62, 74,  7 5 ) ,  etc. With these methods, i t  is possible to show 
differences in milks, but the significance of such data is not clear. The limitation 
of these methocls is apparent when yoii consider that the effects of homogcniza- 
tion and of temperature activation upon lipolytic activity in milk can not be 
shown by such techniques. These methods may be useful in estimating the quanti- 
ties of enzyme but, in practice, the activity of the enzyme system is of much more 
importance than the quailtit?- when handling raw milk. 

'' Hillig's ~net l~od  for water-insolul~lr arids is rrl:~tirc.l.v sprrific for acids of 16 carbons or 
more. WIA v:tlues are not strictly co~~iparahle wit11 mrasureme~lts of total fat  soluble aeid 
(acid degree). 
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11. SOME RECENT WORK ON LIPASE 

Several reviews dealing with lipase have appeared in recent years. That of 
Herrington (31) dealt primarily with lipase in milk and its products. Ammon 
(1) did not restrict his review to any particular field. Bradshaw (5) was con- 
cerned with lipase in cereal products, and Desneulle (I$) with lipase in digestive 
processes. Frisell's (23) review of nonoxidative, nonproteolytic enzymes lists 
only 12 references to lipase. In contrast, Dunkley's paper (17) was not intended 
primarily as a review, but it does cite Inany references to the literature of the 
subject. Those interested in extensive bibliographies should consult these papers 
for early references. This paper is intended to supplement, not duplicate, these 
earlier reviews. 

IdP.ZSE IN MILK 

Dunkley and his associates published a series of articles of much interest. 
In  the first of these (17), Dunkley compared the acid degree values of 92 
samples of cream with organoleptic ratings. Samples classified as slightly rancid 
ranged in acid degree from 1.47 to 4.88, with an average of 2.59. Since fresh 
milk fat has an acid degree of approximately 0.3 (.32, 3.9), it is evident that 
extensive hydrol?.sis may ocur in some samples before it can be detected organo- 
leptically. He found that surface tension values were a better index of organo- 
leptic rancidity than acid degrees. In  general, samples having a surface tension 
be lo^^, 43 dynes at 20' C. were rancid, and those above 46 were seldom rancid. 
However, the fat content of the milk should be taken into consideration when 
making predictions. Some samples containing only 2% of fat showed no organo- 
leptic rancidity even though the surface tension fell below 42 dynes. IIe made 
the cnrions observation that samples stored in test tubes differed in surface ten- 
sion from those held in lh-pint bottles by approximately 1.4 dynes. He also 
measured the surface tension of milk from individual quarters of the same udder 
and occasionally founil large differences. 

In  a seeond paper, Fredecn r t  nl.  (22) reported that lipolytic activity, as 
rerealetl by surface tensiol~ ~neasurenlents, varied with season and stage of lacta- 
tion but not with gestation or estrous cycle. This last observation should be 
co~itrastetl jvitli t h ~  results of another s t~ idy at JIaryland on the relation beween 
lipolytic activity and both nati~ral  and intluc.~d estrus (2). In  the Maryland 
inrestigation. they measnred changes in the acidity of the fat  and found a maxi- 
mum concentration of lipase on the day of tlstrus, and a maximum acidity in the 
fat 011 the day follo\ving estrus. When estrus was induced by injections of 
diethrl stilbestrol, the milk became very rancid. Perhaps the difference between 
these co~iflicting reports is due to differences in thc cows, perhaps to differences 
in the methods used to detect lipolysis. 

Fredeen af 01. reported that injections of pituitrin and stilbestrol sonietimes 
caused a decrease of almost 15 dynes in the surface tension of the milk secreted, 
but five cows did not show this response to the injection. No information about 
organoleptic rancidity was given. 

In  the third paper of the series, Dunkley and Smith (18) compared the 



activity of inilividiial samples of skimn~ilk npon tribiityrin ant1 upon a special 
homogenized ~nilli fat substrate. In  both rases. they observed the same p H  opti- 
mum, 9.5 at 10" C'. At 37" C'., the optimnm fell to p H  8.8 with tributyrin; no 
value n7as given for ~iiilk fat. The resnlts with different milks on the two snb- 
strates showed very high correlation: 0.984. 0.923. and 0.941 in three sets, of 
samples. They conelnded that measnrements of tributyrinasc are a useful meas- 
ure of lipase. I t  should be noted that they (lid not compare either measurement 
with changes occnr r i~~g  ill the original milk. 

I n  the fourth paper, tribntyrinase activity was caompared with changes in 
surface tension in natural ancl in te~i~peratltre-ac~tivate(1 milk. During the first 
3-4 months of lactation, the two showed considerable correlation but there was 
none during the latter half of the 1ac.tation period. They make the curious state- 
ment that the amoiint of tribntyl.inase present is not a li~niting factor in produc- 
ing rancidity in the latter part of the lactation period (mhen the amount of 
tributyrinase is low ant1 lipase activity as measured by surface tension changes 
is high), but it is a limiting factor in the latter part  of the lactation cycle when 
the tributyrinase values are high ant1 lipolysis (measured by surface tension) is 
low. This can be interpreted i11 several ways. What they meant is not clear. 
In  their experimeats, they fonnd that the tributyrinase activity of skimmilk was 
independent of the separation tenipcratnre and concluded that cooling milk did 
not cause an increase in adsorption of lipase npon the fat  globules. This is in 
agreement with the conclusions of Krnkovsky (50) ,  who found no difference 
between skininiilks prepared a t  10' C'. and a t  45" C. mhen tested against tri- 
butyrin and against heated liomoge~iizecl cream. Krukovsky went further and 
found that there was no difference betxvee~i the crc~anis if the lipase was activated 
by homogenization. Without activation. the 4.5" creani showed 110 lipolysis but 
the 10" creani becanie rancid very rliiiekly. 

These findings are in conflict wit11 the view of Tarassnk and .Jack (79) that 
milk lipase is adsorbed up011 the fat  \vhen it is cooled. I t  is true that their 
experimental conditions were very different. Their conclusion mas based upon 
the observation that some sa~nples of milk ~vil l  become rancicl if cooled but do 
not become rancid if kept marni. I t  is possible to explain their observations by 
the fact that lipolysis in natural liiilk is more rapid a t  lo\\, temperature, a 
phenomenon which can not be explained by adsorption alone. 

Weinstein and Trout (82) comparecl the snsreptibility of milk of different 
breeds to activation by homogenization. NO definite conclusions can be drawn 
since they studied only 18 cows distributed among five breeds. 

LIPASE IN V1T.K PRODUCTS 

Shotwell ef n7. ( 7 7 )  made a s t u d -  crf rancidity in ice crealn. They eniployetl 
a solvent extraction nirtl~od to rec.ovpr the fat for nieasurement of acid degree 
values. Samples of vanilla icac V ~ P R I I I  ~ o l l e ~ t ~ ( 1  fro111 ten ~iianufact~lrers at four 
periods during the year had a meall acid d(yree ralue of 2.91 arid a range of 
1.33 to 6.24. I11 a separate study of o~.ganolrptic rancidity of ice cream, they pre- 
pared rancid samples by using lio~iiogenizetl ran- ereani. Samples having acid 
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degree values of 4-5 were judged slightly rancid. Those above five were judged 
rancid, or worse. They made similar studies of chocolate ice cream. The mean 
values for acid degree were higher but the organoleptic threshold was higher also. 

Hood (14) has published statistics on the incidence of rancidity in 718,096 
Canadian Cheddar cheeses, and others ( I T )  have reported on rancidity in the 
butter of Quebec. 

Christensen ef al. (8)  found that spray powders made fro111 milks which had 
not been preheated were rancid. They attributed this to the agitation in the 
vacnum pan dnring condensing. The aridity of the fat continued to increase 
slowly during storage even though the ~noisture content was less than 3%. Pre- 
heating for 20 minutes at 140° F., or higher, was sufficient to prevent rancidity. 

Papers dealing with analytical procerlr~res uiay be divided into two groups: 
those ~neasuring changes produced by lipolysis and those attempting to measure 
the enzy~ne itself. Obviously, the two are closrly related. 

Hillig's (35) method for the determination of water-insolnble acids (WIA) 
in butter has been adopted by the A.O.A.C. I t  enables the analyst to judge the 
quality of the original cream, since the WIA are not lost (luring churning (39). 
Most of the butyric acid is lost when butter is made in conventional churns (.12), 
though one-third may remain in the butter made by the continuous process (40). 
This fact has been turned to advantage in judging whether deterioration in 
quality has occnrrecl before or after cliurning. Microbial activity in butter 
usually results in a sharp increase in the butyric acid/WIA ratio (1.9). 

Because of the importance of such measnremeuts, the Hillig test has been the 
subject of Illany papers. Several have presented evidence concerning its relia- 
bility (1, 48, .?6, ,?9, 41). I t  has been founci to correlate reasonably well with the 
alpha iiaphtliolplithalei~i (ANI') test when the WIA value did not exceed 400 lug/ 
100 g. (3. 30). When co~iipared with organoleptic scores, there were many incon- 
sistencies (4). This is to be c.xpec.tet1 sinve the water-insol~thle acids. themselves, 
are practically tasteless and odorless. It has been reported (fi.9) that the results 
of the Hillig test were sometinies ~iiucli higher \vhen 2.0 1111. of excess alkali 
(beyond that required for ~ieutralixation) lvas used. IIillig (37'). ho~vever, has 
explai~led this by sho~ving that excess alkali is neecled to insure conlplete extrac- 
tion of the free fatty acids. The official ~nethotl recognizes this by prescribing 
0.5 1111. of excess alkali. 

The original IIillig test is t i~~it~-co~isu~i~il ip.  A quicker procedure has been 
described (38). which measures the WIA by volrmietric titration (instead of 
isolation and weighing) and the asst~mption that the liiean equivalent weight 
of the acids is 250. By actual test, the value fell between 260 anti 280 in 71 out 
of 73 samples. Ramsey and Hess (72) reported gooti results on a collaborative 
study of the butyric acid test, but they used acjiieous solutions of short chain 
acids, not milk fat. I t  should be noted that lipolysis in butter and in sour cream 
is due chiefly to enzymes of microorgdnis~iis, not of the milk (14). 

Armstrong and Harper (3) described an i~nproved form of the ANP test 
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and adapted it for the examination of cream (30). This test can not measure 
small differences in WIA values but they recommend it as a sorting test. Goiffon 
(28) described another colorimetric test based upon the fact that Nile blue, which 
ordinarily turns red ill the presence of excess sodium carbonate, does not do so 
in the presence of free unsaturated fatty acid. He describes both colorimetric and 
titrimetric procedures based upon this fact. Snelt a test might permit the rapid 
estimation of oleic acid in the WTA of butter. The valne of such information is 
not yet known. 

Tucker and Bird (80) subs t i t~~ted  methanol for ethanol in preparing their 
standard alkali solutions because it was cheaper and easier to obtain. This 
produced turbidity (luring the titration. but that trouble was eliminated by 
dissolvit~g the fat in a mixtiire of Slrdlysolve R and propanol, 4 + 1. 

The chemical n~ethods which have been usecl to stutly the breakdown of milk 
fat are all measures of the acid products of hydrolysis. 1)esnuelle (14 .  1.5) and 
Mattson c t  al. (5,") have meas~ired the other products (diglycericle, n~onoglyeer- 
ide, and glycerine) forrued during the digestion of fats. The first step in the 
hydrolysis seen~eil most easy ; the last.   no st diffivult. The yield of gl?-cerinr waq 
increased by the addition of calciun~ bile salts (15).  Perhaps some one will 
be able to make similar studies on rancid milk. Because of the great surface 
activity of the mono- and diglycerides, such infonnatiou might be useful. 

ESTIMATION OF LIPASE 

Interest in methods of measnring lipase is not limited to the dairy industry. 
Copenl~auer ( 9 )  has described a Warbnrg method by which he coilltl nlraslire 
the estrrase activity of liver at pH 8.4, iisi~tg as little as 0.5 Ing. of frrsh tiss~re. 
T~ubert e t  nl. (:?.5) dereloped an estractio~l-titration method which c.onl(l hr tisrtl 
over a wide range of pH values. Fiore and Norcl (20) recommended polyvinyl 
alcohol as an emulsifying agent in lipase assays. Para-nitrophenol esters havr 
been used by so~ne investigators to measure lipase activity ((5)). This colorless 
substrate yields a yellow color upon hydrolysis. IIowe~er.  Dirks an11 Royt'r (16)  
found that many substanres which were not enzymes mould catalyzr this reaction 
Glutathione was particularly active, arid c~-ystalline bovine serurn a lb r~n~ i r~ ,  
crystallinr egg albumin ancl P-lactoglob~ilin possessed activity. ercn after heat 
treatment. Si~nilar  stntlies shoultl be maclr to tletern~ine whether other 11oufat 
substrates such as the beta naphthol esters are specific reagents for enzynlr~ 

A few have attempted to concclntrate ancl purify lipastx. Zrcl~~nrister 185) 
and Giri ( 2 7 )  haye clescribecl chro~natographic techniclurs, an(1 Wal le~~fr ls  (81) 

used electrophoresis in s paper sheet to srl)ilratr the enzynies of a fungus. He 
was able to iclentify z o ~ ~ e s  of amylase. proteinasr, lipase, and phosphatase. How- 
ever, lipase \Vits itlentified by the hydrolysis of para-1litropheny-1 stearatr anct, 
in view of Dirks' results, the identification of lipase is not conclusive. 

Morton (59) reported that many enzymes could not be extracted fro111 ~ ~ a t r l r a l  
materials because thry were bouncl to solid particles of lipid material. Tn some 
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cases they conld he rrleased by rs t rat~t ing the lipids with butanol. This 111ay b r  
helpful in the study of lipase. [ I t  is of interest to dairymen that he was able 
to concrntrate milk phosphatasr .5.600-fold by this t echniq~~e  (MI).] Sasliif and 
Nelson (6.2) were able to precipitate the lipasc of Pseiitlomo~rns f m g i  fro111 soln- 
tion with (NII,),SO,, hut the trniperaturr must he krpt very low to avoid 
inactivation. Shipr (;/;). also. nsed ammoninm sulfate to  precipitate th r  rnzyme 
from cultures of 1'r)tirilliwni roqrtrfo~.fi  and Aspergillirs ~ i i g c r .  bnt the brotll was 
concentrate11 first by rrmovinp al)prosi~iiatrly three-fonrths of the watrr as  ier. 

SOME EFFECTS OF T~II'OLYSIS 

The growth of S. lnrtis is inhibiteil in strongly rancid milk. Costilo\v and 
Speck (10) stndieil this pheno~nc.noii by adtling small amounts of pnrifietl fatty 
acids to milk inornlatrd with test organis~ns. Rutgric arid, caproic, oleit*. linoleic, 
linolenic, arachidonic, antl palmitic acids hat1 no appreciable effects upon growth. 
Capric acid was n~os t  toxic, follo~vetl by caprylic and lauric. Toxicity (lid not 
rorrelate with the tlrprrssion of s~irface tension. I n  a second paprr  (11) they 
rrported that the growtli of A'. c ^ ! p ~ ~ o g ~ ) t c s .  of S. I I O Z ~ ~ ,  and of R. roli was retarrlrd 
in rancid milk. bnt less than that of S. lnctis. They confir~iicd the fatat that the 
snrface tension of rancid niilk tencls to rise during incubation with S. lnctis. 
This parallels the obscrrations of ('herrington and ITammer ( i ' ) ,  who fo~uitl  
that rancidity in yonng Clicddar vherse was rrmovctl by the ac.tion of an organism 
t h o ~ ~ p h t  to he a variant of S. lnctis. 

-4s little as 0.1 rC ranpit1 niilk fat p r o v ~ l  to hr a vrry effective foal11 brraker 
(luring thc cont11.nsing of skiinmilk and whry ( 6 ) .  The effect was attrihntrtl to 
the mono- and diglycerides present. Sagar (7.7) found that rancid milk fat was 
assimilated by young c.11iltlrrn errn niorc. 1-apidly than homogenized milk. This. 
also. was attributed to the snrface activity of the mono- antl tliglyreriilrs. IIe 
nicas~~red thr  intrrfacial tension hrt~vren a 1% solution of olirc oil in 1ninera1 
oil and aqurons solntions of alpha mono-straryl glyceride, alpha, brta tli-stearyl 
plycrridr, ant1 bile. The interfacial tensions were 2, 4, and 12 tlyncs, rcspcc- 
tively. With no atltlition, th r  interfac.ia1 tension was 22 dynes. 

Blukherjee (61) has repeated the observation of Greenbank and Holnl (29) 
that fat containillg free fatty acid is more snsreptihlr to oxidation. Nnkherjee 
heltl milk fat nntlrr varions contlitions at  :jio C. and examined it  perioclically 
for 85 days. Tlie perositlr valnr ant1 thr  T\'reis test increase11 liiore rapitlly in the 
fatq llavillg ]lipher avitl values. Tlie po\sihle relation brtweel~ lipas11 at2tivity 
illld osi(latio11 ill 1llal.krt nlillr tlrsc~rvc~s inore attrntion than it has receirrd. 

Relativc~ly little is at . t~~nlly kno\vn about the lipases. There is rridcnc.(> that 
S O I I I ~  (*an be split into a therniostable c.ornxylne and a therniolabile apoenzyme 
/,8l). Perhaps this is true of all lipases. When lipases from different sonrces are  
vonlpared with rcspevt to 1311 raugr, temprratnrc of inactivation, activity against 
tl ift~rent s ~ ~ h s t ~ . a t r s ,  ant1 resI)oIlsr to di t f rrr~i t  actirating or inactivating agents, 
it secnis that scarcrly any two enzyl~lrs are c.xactly alike. Do we hare as many 
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lipases as we have sources, or are we dealing with mixtures of a much smaller 
number of enzymes? If we are dealing with mixtures, how can we separate them? 
How specific are individual components in their action? These questions need 
answers, and some investigators are attempting to find them. 

Paul J. Fodor has published many papers on the properties of enzymes frortl 
insects ant1 other sources." Others (21, 58, 63, G I ,  65, 66, 67, 68, 71, 76) have 
studied the lipases of organisms important in the dairy industry. From the 
publishecl data, it is clear that these enzymes are clifferelit and not interrhange- 
able. 

Shipe (76) described a new technique for the study of relative specificity. He 
used an equimolecular mixture of tributyrin and tricaprylin as a substrate and 
determined the relative amounts of butyric and caprylic acids set free using a 
chromatographic separation. The lipase from Aspergillus niger liberated 4 mols 
of caprylic acid per mol of butyric. that from Penicilli?inr rogueforti liberated 
only mol per mol of butyric acid. With equal activity on tributyrin, there is 
a twelvefold difference in activity on tricaprylin. Clearly, we must dismiss the 
idea that "lipases are of low specificity." 

An even more striking case of specificity was reported by Martin and Peers 
(56), who found that oat lipase would split only one molecule of butyric acid 
from tribiityriti. I t  had no action on either alpha, alpha dibutyrin or alpha, 
beta ctibutyrin, nor would i t  attack either alpha or beta monobutyrin. It did 
attack triacetin (a t  one-third the rate on tributyrin). During purification, the 
relative activities against tributyrin and triolein remained constant. This may 
mean that the same enzyme is involved in both cases, but the evitfenre is riot 
conclusive. 

Fujimura and Hamaguchi (2 f ,  25, 26) have published several papers which 
seein of unusual interest though the original manuscripts are not yet available 
to the reviewer. They found that a complex of casein and ascorbic acid possessed 
esterase aetivitp which was lost by destruction of the ascorbic arid. It was 
restored by the subsequc~nt addition of ascorbic acid. This shoulcl open a new 
field of inquiry regarding the possible relation of ascorbic acid to lipas? iwtivity 
in milk. I t  niay be significant that both 1ip;ise and ascorbic acid are clestroyed 
by exposure of milk to sunlight (48),  and both are sensitive to oxygen (51). 

Froiii the practical viewpoint, an understanding of the phenomena of activa- 
tion may be of greater value to the tiairy indiistry than information regilrding 

R 1011 the enzyme itself. In  the original report (32) describing temperatiire activ t '  
it  was stated that:  "It seems probable that activation is more depeiiclent upor1 
changes in thc state of the fat than upon changes in the lipase." This view has 
been expressed more recently by Dunkley and Smith (19), who wrote: "Activa- 
tion treatments such as temperature-fluctuation, agitation and homogenization 
generally are consideretl to clepencl on rhaiiges in the substrate for their efec- 
tiveness." 

The writer would go one step further and postulate that activation by 

'These papers are not listed here bnt may be located through the author ir~clex to Chemical 
Abstracts. 
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temperature changes, by agitation, or by lionlogenization is nonselective with 
respect to the kind of acids subsequently liberated. The relative amounts of the 
different acids set free in any given sample will depend upon the nature of the 
enzymes present. If this view is correct, then the choice of method for studying 
the effect of processing upon lipolytic activity in ~nilk need be based only on 
sensitivity and convenience. 

The exact nature of the changes in the fat surface during activation needs 
further study. I t  seems likely to the writer that a t  least two kinds of activation 
must exist. The original surface material may be removed irreversibly by 
mechanical forces, or the adsorptive and reactive properties of the fat may be 
changed by the phase transformations which follow cooling. The completion of 
a thesis dealing with the relation between lipolysis and the properties of the 
surface of the fat globule has been announced (1.3). No further information is 
available at present, but the title suggests that the results may be of unusual 
interest. 
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AhZINO ACIDS AND PEPTIDES IN TIIE PROTEIN-FREE FRACTION 
OF MILK BEFORE AND AFTER INCUBATION WITH 

.VTREPTOCOCCUP LACTZS1 

\V. ('. VAS DEK ZAKT' .\MI F. E. SELSOS 

Dairy I?~rlaxtr!l S~.rtion. lo~c~o  dqr~cirltcrral G.r))rl'iitir~~t Statro#, dsirs 

Several investigators have showii that Str~cl)tococots lnctis grown in milk can 
c.austl breakdown of milk protein. Little is ktio~v~i. lio~v(~ver, about the changes 
that take place in nlilk protein as the result of tlie actioil of inicrobial protein- 
ases. Morgan and Nelson ( 3 )  repo~.tetl ~narked iiiereases in leucine, isoleucine, 
valiiie, threonine, arginiiie. inethioni~ie. histidine. tryptophan, tyrosine and 
pheiiylalanine in tuiigstic a11i1 lacatic acid filtrates of niilk after incubation with 
S. lacfis for 15 days at 21' C. I t  was sho~vu by ran  der Zant and Nelson (4) 
that N. lncfis growing ill illilk caused a rapid increase ill soluble nitrogen and 
also ill tyrosine and t ryptopha~~ dr~ring tlie first 24 hours. followed by a smaller 
but gradual increase duriiig the next 2 to :3 days. 

111 this study, protein-free fractions prepared fro111 skininiilk after incuba- 
tion with 8. l(~ctis for different lengtl~s of tinie were ii~vestigated for their content 
of aii~ino acids and peptides by paper chronlatograpliy. 

The canlture of A'. lnctis was strain 26 used in a previous stutly (I): it was 
hai~dled as described in that publication. 

For these trials fresh skimniilk was heated for 20 uiinutes at 85" C. to destroy 
as inany undesirable orgaiiisius as possible. without subjecting the nlilk con- 
stituents to changes that might occ~ir dnring sterilization. One-liter qnautities 
of heated milk were inoculated with 0.1% of a 24-hour culture of S. lactis grown 
in Inilk and incubated for 0. 24. and 96 hours at 32" C. After incubation, 100 g. 
of trichloroacetic acid was added to each eulture. and tlie precipitate was allowed 
to settle for 1 hour at 2' C. The precipitate was reiiior~d by centrifugation and 
filtration through paper. The eseess triehloroacetic acid was re~noved by extrac- 
tion with ether. The amino acids and peptides in the protein-free filtrate were 
removed by adsorption on and elution froin a colunln of the ion exchange resin 
Dnolite C-3, as clescribed by Rlock (2) .  811 aliquot of the solution containing 
amino acids and peptides was hydrolyzed by boiling uniler reflux for 24 hours 
ill 20 ml. of 6 iV HC1 per ~nilliliter solution. The excess acid was removed by 
concentration in vacuo. ancl the residue was diluted with a 10% solution of 
isopropanol to give the saint. co~icentratioii of nitrogen as in the nnhydrolyzed 
solution. 
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Two ditnensional chro~natogra~ns of the unhydrolyzed and hydrolyzed frac- 
tions were carried out, using Whattnan No. 1 filter paper (7.5 X 7.5 in.). The 
solution (0.01 ~n l . )  was applied with a micropipet in one of the corners 1 in. 
f ron~  tht. edges of the paper. After drying, the paper was rolled into a cylinder 
and stal)lecl so that the edgrs \vould not touch. After the run in the first dimen- 
sion a i t h  phenol (80 parts of pl1e11ol and 50 parts of water), the paper was 
dried and restapled for the run in the second dimension. '1 mixture of butyl 
alcohol. butyric acid, and water (RAEW 3 :2 :1) was used as developing medium 
in the srconcl dinlension; this run 15-as repeated once. Development was carried 
out at 21' ('. in wide-mouth reagent bottles with tight-fitting lids. Each paper 
was in~~nersed 2 cnl. in the solvent; developing was continued until the solvent 
reai.lted the top of the paper. ,111 chromatograms mere run in duplicate; one 
was useel for color clevelopme~~t with ninhydrin; the other was viewed under 
ultraviolet light after heating at 100' C'. for 15 minutes. Color development was 
carried out by spraying the paper \vith a solntion of 1C/: acetic acid in 0.1% 
ninhydriu ill bl~tyl  alcohol. The paper then was dried in a hood and heated a t  
8.5' ( ' . for 10 n~inutes. Kno~vu anlino acids were run llnder the same conditions. 

The solution containing anline) acaids anit peptides w.as fractionated by placing 
20 0.01-1111. a l iq~~o t s  eq~ii-distant from eavh other and 1 in. f r o n ~  the bottom of a 
12 X 16 in. sheet of Whatman No. 1 filter paper. Five sheets were used. Phenol 
was ~rsetl a.; cleveloping n~ediun~.  After development, the sheets were dried in 
a hood. n-ashetl twice with redistilletl ether, dried, heated a t  100" C. for 15 
n~in~r tes  and viewed under ultraviolet light to locate the amino acids and pep- 
tide*. The b a ~ ~ d s  were cut out ancl thoroughly extracted with hot water and 
conc*t~ntrated to dr>-ness in vacuo, ant1 each residue was dissolred in 1 ml. of 
10'4 aclneous isopropanol. Alirl~~ots of these solutions were hydrolized as de- 
scribed earlier. Two dimensional chron~atograms then were carried out on the 
unhydrolyzetl ancl hydrolyzeil solutions as clesrribed above. Thr spots on the 
paper vielvcd under ultraviolet light were cut out and put in test tubes. The 
color xvl~ic.l~ cleveloped after addition of ninhydrin was measured as described 
by F o ~ v d e ~ ~  ( 2 ) .  Differences in color extracted from spots representing identical 
atnilto avitls then were used to compare semi-rlnat~titatirely the an~ounts present. 

111 Tablv 1 are presented data shelving the amino acids present in unhydro- 
lpzetl ant1 hydrolyzed prot~in-free filtrates of cultures of 8. lnctis incubated for 
0. 24. allel 96 hours. Free alaninr, glutamic acicl, glycine, le~~cines,  and valine 
were prrhent in the protein-free filtrate a t  0 hour incubation. Incubation with 
S. 1ncti.r. for 24 hours resulted ill the appearance in the protein-free filtrate of 
free lysint~. phenylalanine, proline, serine, threonine, and tyrosine; an  increase 
was observed in free alanine, glutan~ic acid, g l~cine ,  lencines. and ~ a l i u e  which 
already were present a t  0 hour incubation. As the period of incubation was 
extended to 96 hours, free aspartic acid appeared in the protein-free filtrate; 
increases also were detected in free alanine, glutamic acid. leucines, lysine, 
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T A B L E  1 
Amino acids an ztn7~ydrolysed and hydrolyzrd protein-free fractions of inilb 

zncabated with 8. lactis for  0, 64, and 96 hozirs 

0 hr. 54 hr. 96 hr. 

Anlino acid Unhydr. Hydr. Unhydr. IIydr. ITnhydr. Hydr. 

Alanine 
Argininc 
Aspnrtie aeid 
Cyntinr 
Glutamie acid 
Glycine 
Leueines 
Lysine 
Phenylalanine 
Proline 
Serine 
Tlirconine 
Tyrosine 
Valine 

' +weak,  $+medium, +++ strong, ++++ very strong (on  paper).  

phenylalanine, proline, serine, threonine, and tyrosine over the amounts found 
after incubation for 24 hours. 

IIydrolysis of the protein-free filtrate caused in some instances the appearance 
of anlino acids which were not present in the free form before hydrolysis and 
~ a u s r d  inweases of some of the amino acids present in the free form before 
hydrolysis. A two-dimensional chromatogram representing the amino acids found 
in a hytlrolyzed protein-free filtrate of a culture of S. lnctis incubated for 24 
h o u ~ ~ s  is presented in Figure 1. 

Fractionation showed evidence of a number of peptides. I n  the filtrate from 
the rnlture at 0 hour incubation were present peptides containing glntamic acid 
and glycine ; alanine, glutanlie acid, glycine and leucines; glutamic acid, leucines, 
proline, serine and valine. 

In  the filtrate fro111 the culture incubated for 24 hours were present peptides 
containing alanine, glutamic acid and glycine; glntamic acicl, leuci~~es, and 
raline ; aspartic acid ( a ) ,  glycine, leucines, tyrosine, and raline ; alanine, leu- 
cines, lysine, proline, threonine, and tyrosine ; alanine, glycinc, leucines, phenyl- 
alanine, and serine. 

In  the filtrate from the cnlture incubated for 96 hours were present peptides 
containing glycine anil tyrosine; glycine, leucines and phenylalanine; alanine, 
lysine, tyrosine and raline; leucines, lysine, proline and threonine; glutamic 
acid and glycine; glutamic acid, glycine, leucines, proline and valine. 

The order in which the amino acids in the peptides are written is arbitrary 
and does not imply their amounts or strl~ctural arraugelnent in the peptide. 
Thrconine was present in the hydrolyzed aliquot of the protein-free filtrate 
(0 hour) but not in the peptides, whereas proline was found in one of the 
peptides and not in the hydrolyzed filtrate. Arginine, aspartic acid, cystine, 
and serine mere found in the hydrolyzed filtrate of a culture that was incubated 
for 96 hours, but these amino acids could not be traced in the peptides of this  
filtrate. 
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FIG. 1. Chronlatogram of l~ydrolyze~l protein-free filtrate of a culture of S. lactis incubated 
at  32" C'. for 24 l~ours. 

DISCUSSION 

It is too niuch to hope that a single study \vould reveal the pattern followed 
in the breakdown of milk protein by the proteolytic enzyme system of 8. lactis. 
The free amino acids (alanine, glutaniic acid, glycine, leucines and valine) 
found in the protein-free filtrate of a milk cixlture of 8. lactis at  0 hour incuba- 
tion also were reportecl by Block (1) in a protein-free fraction of skimmilk. 
Aspartic acid and serine were reported by Block to be present in very small 
quantities but were not found in this study at 0 hour incubation. Methionine, 
which is required for growth of S. lactis. \!.as not detected in any of the protein- 
free filtrates. This amino acid is prcsent in large amounts in the milk proteins 
and it can be expected that the eilzyine system of S. lactis makes methionine 
available. Failure to detect l~letliioiiiiie in the filtrates after organism growth 
may be tlue to (0) methionine being presrnt but in such a small amount that 
the methods employed ditl not reveal its presence or to (b) destruction of methi- 
onine during p1.eparation of the samples. which may be true especially for 
the .hydrolyzed filtrates. 

Block found four peptides in the pl-otein-free fraction of skimnlilk; in this 
s t u d -  three peptides were found at 0 hour incubation, of which one contained 
the same amino acids as one reportecl by Block. The peptides found by Block 
contained the same amino acids as the peptides found in this study a t  0 hour 
incubation, with the exception of aspartic acid, which was present in one of 
the peptides reported by Block. Determination of the order in which the 



amino acids occur in the peptides found in the various protein-free filtrates 
undoubtedly woultl contribute to the knowledge of the mode of action of the 
proteolytic enzyme system of S. lactis. 

Concerning the peptides found in the protein-free filtrates, it is interesting 
to note that a cell-free extract of 8. lactis was able to hydrolyze ~ a r i o u s  peptides 
such as glycylglycine, glycyl-L-leucine, glycyl-1,-tyrosine, DI,-alailyl-glyci~~e, DL- 

leucylglycine, glycylglycylglycine and ~~-leucylgIycylglyci11e (5). Quite possibly 
the reason other peptides were not found in these studies is that the bacteria 
have destroyed some peptides. The increases in free amino acids which were 
found as incubation progressed might be interpreted to indicate the probability 
that some of the several bacterial peptidases might have attacked peptides 
formed by action of bacterial proteinases. .4 peptide containing the amino acids 
glycine and tyrosine was present after incubation for 96 hours. 

It seems advisable in future experiments of this type to use a less complex 
substrate than milk; the co~nplexity of this substrate increases the difficulties 
in the interpretation of the results. A similar study employing pure fractions 
of casein as substrate and purified enzyme extracts probably would eliminate 
some of the difficulties encountered with milk. 

SUMMARY 

The protein-free fraction of skimmilk incubated with S. lactis for 0,  24, and 
96 hours was investigated for the presence of amino acids and peptides by paper 
chromatography. Evidence \vas presented for the presence in the protein-free 
fraction of three peptides a t  0 hour, five pepticles after 24 hours, and six peptides 
after 96 hours of incubation. 

(1'1 RLOCK, R.  J .  S O I I I ~ ~  AIII~IIO Acids, Peptides, :u~d Amincs in Milk, Conee~~trated Milks, ancl 
(r'l~eese. .I. Unir!~ Sci., 34: 1. 1951. 

( 2  ) FOTVDEN, L. Qn~ntit:~tive R ~ ~ o v e r y  and Colorimetric Estimatio~l of Amino Acids Separnted 
by Paper (~hroniatogmpl~y. Biochern. .T., 48: 327. 1951. 

(3j  MOWAN, Y. E., a m  SELSON, F. E. The Distribution of Certain A~nino Acids in Soluble 
Fractions of Milk Cultures of Streptococcss lactis. J. I)air?l Sci., 34: 446. 1951. 

(4 )  VAN DER ZANT. \V. ('., AND NELSON, F. E. Protoolysi~ by Streptococccts lnctis Grown in 
Milk with :lnd wi t l~o l~ t  Controlled pH. J. Dairy Sci., 36: 1104. 1953. 

(5  I VAN DER Z.~ST, W. C'., AND XELSON, F. E. Unpnhlished data. 



CHARACTERISTIC'S 01' 80BIE ENDOC'ELLtTLAR PEPTIDASES 

OF' RTIZEPTOCOCCC'S LACZ'IS' 

111 a previons paper (12) it was reported that the proteolytic activity of a 
cell-free extract of Sfrepfococct~s  lncfis against skinimilk was destroyed a t  p H  7.0 
by heating at 61.7' C. for only 2 ~iiinutes. Subseqneiit experiineiits showed that 
these heated extracts were active agaiiist vario~is di- and tripeptides. Numerous 
reports Iiavr appeared in the literature on bacterial peptidases, but in most 
cases only a few data illustrating tlie fact that peptides were hydrolyzed are 
presented. lierger ~f nl. ( I .  :i) reporteii in sonie detail oil the pepticlases of a 
great iiu~iihrr of microorganisnis. In inost cases optimnm hydrolysis occurred 
a t  pH 8.0 to 9.0. Metal activatioii of various iiiicrobial peptidases was shown 
by lkrper  r f  (11. (3 .  1 ) .  1)udaiii ( 7 )  deteriiiii~eil soiile of the characteristics of 
pe1)tidase.j p~.ese~it in a ct4l-free extract of S. liqtrrfaciens. Ziinnicrman ( 1 4 )  
reported that a cell-free extract of S. o.oltoris showed optimum activity a t  p H  
8.0 against both glycyl-r,-ler~cine an(1 ~~~-ala i iy lp lyei~ie  ; the effect of several cations 
oil tile rate of Iiyclrolysis also ~vas  studied. 

111 tlie present stncly sonie of the cliaracteri5tic.b of the ei~docellular peptidases 
of S. lncfis were determined. 

Tlie t no  cnltures of A'. lncfis were strains 18 and 26 used in the previous 
stncties (11. 1 2 ) ;  they Irert. Iiaiicllt~cl as described in these publications. Cultures 
n-err t r a ~ ~ r f e r r ~ d  daily for three transfers prior to each trial, usiiig the culture 
mediiiiii eiiiployed in tlie exl)erinieiit. Cell-free extracts of cells of S. lactis 
grown in either skiininilk or broth ~iiedia were prepared by sonic vibration, as 
described in a previous study (12) .  

111 '80 \olutioiis of glycayl-I.-leuciiir. glyvyl-1,-tyrosine, plycylglycine, glycyl- 
glycyIglyc.ii~r ancl ilf/15 solntioiis of DL-alaiiylglycine, DL-1eucylglyc.iiie and DL- 

Ieucylglycylglycii~e were used ah substrates. These substrates, in 2.5-1111. cllianti- 
ties. were preparecl by dissolvii~g the reclnired amount of peptide in approxi- 
mately 15 1111. of distilled water and 7.5 1111. of a 0.05 111 ~omposite buffer of the 
desirrtl pH. c.oiitaining ecluinlola~* eo~icentratioi~s of acetate, borate, and phos- 
phate. Tlie sohition then was brought to tlie desired pE1 wit11 dilute sodium 
hydroxitlr or siilfnrie acid ant1 niade up to volniiie with clistilled water. Merthi- 
olatr was atltletl to all snbstratt.h a t  the rate of 0.6 iiig. per 25 1111. substrate as a 
presrrratire; this conce~itratioii Iiad 110 actverse effect oil the activity of the 

'.Tour~t:~l I I ; I I I : ~ ~  S o .  J-?-&I!! of tl~c, Io\r:~ Agric.~~ltur:~l Espcrinrc~~~t St:~t iol~.  Amrs. Project 
S o .  111.511. 

' Prr.icl~t ad~ln-ss:  Dairy Husl~:~t~~lr .v  I ) r l ) a r t l ~ ~ r ~ ~ t .  Texas A S. M C'ollcgr. College Station. 
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peptidases. All substrates were stored at F C'. rnless stated other~vise. 0.2 inl. 
of cell-free extract was added to 3 ml. of substrate ancl incubate11 at pH 8.0 and 
37.5" C. for 1 hour. IIydrolysis of the peptides was cletcrnlined by titration of 
the carboxyl groups with ethanolic KOH. by using thymolphthalein as indi- 
cator (8). In  the course of purification of the cell-free extract, protein deter- 
minations were carried o l ~ t  by using the biuret test as proposetl by Weichsel- 
baum (13). 9 standard curve was constructed with the protein of a cell-free 
extract of 8. lactis; protein nitrogen was determineil by the ICjeldahl method. 
The amount of protein nitrogen was read from the standard curve after a blank 
determination had been subtracted. The color was l~leasured in a Klett-Sum- 
merson photoelectric calorimeter with a fjlter of 355 mp ware-length. 

Bacterial counts were made according to Sta~tdard ;Methods for tire Exanbina- 
tion of Dairy Pror1zrct.s ( I ) ,  and plates were incubated at 32O C. 

FIG. 1. pH optima for enzyme pl.epamtion from S. lnrtis 26 :igainst diffrrt.nt peptides (0.3 
ml. enzyme prepamti011 per 3 ml. substrate ineuhated a t  37.5" C. for 1 hoor). 

RESULTS 

In  Figure 1 are presented reprrsentatire data showing the effect of pH of 
substrate on the hydrolysis of fire dipeptides and two tripeptides b -  a cell-free 
extract of S. lactis 26 grown in ~nilk. In  all tests maximum actirity was found 
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1'1.:. 2 .  Ell'rrt of inrrr:lsi~lg clunntitirs : I I I I ~  tilnr of inrul~ation OII  I~y~lrolysis of p:,pticlr.; I I ~  
p r~ l ) :~ r i~ t i i ; l~  fr9111 S.  l(1rti~ 5;. A :  ineul~ated :it .Z7.Fj°C'. allel pH H.0 for 1 l~our ,  R :  0." !nl. 
pri~1):lration prr A nll. sul~stratr ,  inrol)nti~el : ~ t  37.5" C'. nntl pH S.11. 

between p1-I 7.0 arid 8.5. Usually a rather sharp decline in activity was noticed 
on either side of op t i~nu~n  pH. As shown in Figure 2A, there is a direct rela- 
tionship between the quantity of cell-free extract used and hydrolysis bf glycyl-I.- 
leuci~ie and DI.-alanylglycine, at least up  to 0.2 ml. of cell-free extract. Up to 
a t  least 1 hour of incubation (Fignrr  2 R ) .  a direct relationship between time 
of incubation and amount of hydr'olysis of glycyl-I,-leucine and DL-alanylglycine 
existrd. Optimum activity against these two dipeptides, within the temperature 
limits stutlied. was found a t  45" C'. (Figure 3) : however, the increase in rate 
with increasing temperature was somewhat less above 21' C. The results found 
with a cell-free extract prepared f~.oni cells of S. lnctis I8 grown in milk were 
similar to those reported for strain 36. 

Irrflrietrcc of grototlr ~ ~ r e d i r l r t ~  otr eiizyijre pi-orl~cctio~l.  A study, employing 
media and growth co~~dit ions such as were used in studies on proteinase pro- 

TABLE 1 
Pel~firlare ncbfic.rt!l of a rcll-frre7 e.rtrarta of S. lactin 3fi grown in different ~ ~ l r r l i a "  

Per  eellt llydrolysis 
Stnn~larcl 

11t-tli11111 plrlte roollt C;lycvl-L-leueine DL-alanylglyeine 

(111iIlion8 prv I I I ~ . )  

Niven i111g1 S11er111nn (9) -- 
:I I I) 56 42 

An~unilstntl (2)  1,1011 56 40 
Vitamill-test c:~scin A 1,200 58 42 
Vitamin-test cnsrin R 2,000 fi2 46 
Tryptone ~ I C ~ ~ I I I I I  1,800 58 48 
Casein niediull~ 1,900 58 42 
T. G. E. broth !)OO 56 50 

" 1 ml. extrart represents 3 X 10"' r c l l ~ .  
0.2 ml. enzyme preparation per 3 ml. substrate incubated a t  37.5" C. and p H  8.0 for  1 hour. 
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FIG. 3. Etfert of tc.mprrature of inc*ub:rtio~~ on hytlrolyxis of ~wptides  1)y 1ir(~j):ir:iti(111 front 
8. 1acti.v 2li (11.2 !ill. prepnrntiolr per 3 nil. s:~l~str:rtr i~~c!!l~:lte~l :rt 1)H X.0 for I !~orlr i. 

duction reported in a previous publicatiol~ ( I d ) ,  hhorved (Table 1 that cell- 
free extracts prepared from cells of S. lactis 26 grown in seven different media 
possessed peptidase activities against glycyl-L-leueii~e and DL-alanylglycine com- 
parable to those of an extract prepared from cells grown in milk (Fignre 1). 
The possible effect of tryptic digestion of casein in the vitamin-test casein medium 
A was investigated. The digestion of casein was carried out as describetl previ- 
ously (12). There was no indication that the presence of whole protein (casein) 
in the growth medium stimulated the pepticlaw activities of the cell-free extract. 
A study of the effect of omission of individual vitamins from vitamin-test casein 
medium ,I (12) on the activity of a cell-free extract of S. Lnctis 26 against 
glycyl-L-leucine ancl nx.-alanylglycine showed (Table 2) that oinissioi~ of biotin, 
nicotinic acid. and pyridoxine decreased the activity against glyeyl-L-lencine 

TABLE 2 
Effect of oa~in6ton of r,itanrlns front citnnrin-twt ccrxrrtr r~rrtlirrrrr A on tlrr nc*trcrt!~ of 

erll-frcr r.rtraeta aganist glyr!ll-~-lcarrtrr nricl DI.-alcrnylglyei~rrl' 

Per  cclrt liydrolysis 
Sta~idnrtl  - 

Vitarnil~ onritted plate rount Glyeyl-I.-Ieoeilie ~r . -nln~~ylglyei~ie  

(~nillions per 1r11.) 

All 0.1 - - 
J<ihoflavin 700 60 46 
Ca-pantot11en:rte 110 5li 42 
Nicotinic arid 170 .?O 40 
Pyridoxine 200 $2 .i? 
Thiao~inr  710 70 46 
Biotin ,540 50 43 
Folic acid 790 (i 0 52 
Vitamin B,? 870 (i2 46 
None 1,260 60 58 

' 1 ml. extract  represent^ 4 X 10" cells. 
0.2 1111. enzyme p r e p a r a t i o ~ ~  per 3 nil. substrate incuhntcad a t  37.5" C. and pH S.0 for 1 hour. 



somewhat; the same was true for the omissioii of biotin, nicotinic acid. and 
calcium pantothenate when DL-alanylglycine \\,a* used as substrate, although 
some of these inay be borderline eases. In  all subsecluent experiments vitamin- 
test casein inediuin B was ~isecl to ,aronl 8. 1rrrli.c.. Data on the effect of pH, 
increasing qnaiitities of cell-f rec extracat, an (1 tiinr aiicl temperature of incuba- 
tion on the hydrolysis of peptides indicatetl that the results on cells (both strain 
18 and 26) grown in vitamin-test casein niediriii~ I? parallel closely those of cells 
grown in  milk. 

Effect of nletnllir ions n~rd  c!/stci~rc o t ~  pcptrtlosc nctivities. One-n~l. quanti- 
ties of the following solutioi~s in 0.01, 0.001 and 0.0001 .V concentrations were 
used:  BInSO, .4H,O, CuSO, .5H,O. %uSO, 7H,O. ;\IgSO,. 7H,O, NiCl,, and 
CoSO, . 7H,O. The cell-free es t rwts  (0.2 1111.) \yere incubated with 1 nil. of the 
metal solution for 1 lionr at 37.5" C'.. followetl by incubation wibh peptide 
substrate for 1 honr a t  37.5" ('. and pI1 8.0. Ah Table 3 shows, when glycyl-L- 

TABLE 3 
Effect of ~ttetnllir io~rs n~til  cgstei~re OII tlrr, prl>tidasr nrltrit!~ of n cell-frrr extract of S. lnrtin "1' 

Per cent llydrolysis when ion was added in concentration o f :  

Metal lo-? M lo-" M lo-' M 

None 
Mn" 
Cut+ 
Znt+ 
Mg++ 
Ni" 
Co++ 
Cysteine 

None 
Mn" 
Cut+ 
Znt+ - - 
Mg" 
xi++ 67 60 60 

21  45 50 
Co" 71 70 65 
Cy~teine 50 50 55 

0.2 ml. enzyme prrpar:rtiol~ pcr 3 ntl. ~n l~s trntc  illrul~ated at  37.5" C. and p H  8.0 for 1 Ilour. 

leucine was used as substrate there was increasecl aetivity a t  all three concentra- 
tions of Mn++ tested; Cu++, %a++, and Ni++ were inhibitory in all three con- 
centrations, \\.hereas Mg++, C O + ~  and cysteiiic. clitl not show any great efect. 
When DI,-alaiiylglyt~ine was nsed as substrate. C'oL- in all three concentrations 
used increased the activity; Mg++ pare some aetiration but only in the highest 
coi~centratioi~ testecl. ('u++. Zn++, and Ni++ showed inhibitory effect in the 0.01 
.If concentraticin: Mil++ and rysteiiie did 11ot sho\v much effect on peptidase 
activity. 

Stabilit!! of pcptidase nctittitics. Preliminary experiments showed that a 
cell-free extract of S. lnctis could be heated at 55' (1. for 30 minutes a t  p H  7.0 
without loss of activity against the cliffer~nt peptides used in this study when 
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tested a t  pH 7.0, whereas the proteinase activity, as determined by release of 
tyrosine and tryptophan from casein, was destroyed almost completely by heat- 
ing a t  55" C. for 16 minutes (12). Portions of a cell-free extract of h'. lactis 26 
were adjusted to p H  values ranging from 4.0 to 9.0 and heated at 61.7' C. for 
different lengths of time, as described in a previous paper (14). These heated 
extracts then were tested against glycyl-L-leucitie and DI,-alanylglycine with incu- 
bation at pH 7.0. Maximum stability of the peptidase activity (Table 4)  occurred 

TABLE 4 
Effect of heating at 61.7" C .  a t  different pH levels on the pepti(7nse 

activity of a cell-free extract of S .  lactis 26" 

pH of Per cent Per cent hydrolysis after heating for: 
eell-free hydrolysis - 
extract in control 1 min. 3 min. 5 min. 10 min. 

Glyeyl-L-leecine 

4 0 0 0 0 
5 .  62 48 36 30 
6 70 68 62 56 
7 74 74 70 70 68 
8 70 65 52 48 
9 67 5 1 32 28 

DL-alanylglyeine 

4 0 0 0 0 
5 52 42 25 20 
6 56 45 40 43 
7 60 62 62 60 58 
8 66 51 40 39 
9 42 35 20 -- 56 

' 0.2 ml. enzyme preparation per 3 ml. substrate incubated at  37.5" C. and pH 7.0 for 1 hour. 

a t  pH 7.0. Heating at 61.7' C'. at pII 4.0 for only 1 minute destroyed the pepti- 
dase activities. Considerable destruction of activities against both peptides took 
place when heated for more than 3 minutes at p H  levels of 5.0 and 9.0. 

For determination of the stability of peptidase activities when held a t  dif- 
ferent pH levels, cell-free extracts adjusted to pH levels ranging from 4.0 to 9.0 
were stored at 2" C. for various lcngths of time. After storage, the activity 
was determined at pH 8.0 against glycyl-I,-lencine and DL-alanylglycine. The 
peptidase activities (Table 5) appeared to be stable between pH 6.0 and 9.0. 
Considerable destruction of activities was observed wheu stored for 4 days a t  
pH 5.0; holding at pH 4.0 for 12 hours destroyed the peptidase activities com- 
pletely. 

Pqrrifiention of tlw eclI-ft'f~(~ ( ' . r t ) 'n~f .  The results obtainecl in the present and 
in a previous study (12) indicate that there are at least two different proteolytic 
systems present in a cell-free extract of 8. laetix; a proteinase inactivated when 
heated at 61.7O C. at pH 7.0 for 2 niiuutes and peptidases which could withstand 
this heating without appreciable loss of activity. It was found that both proteo- 
lytic systems could be precipitated from the c.ell-free extract with (NH,),SO, 
in the range of 40 to 75:i saturation. The procedure used in the separation of 
some of the activities is o~~tl iued in Figure 4. All steps in this procedure were 



TABLE 5 
Stability of peptidase activity at diferent pH levels when 

held at 2" C.  for various lengths o f  time' 

Per cent hydrolysis after holding for: 
pH of cell-free 

extract (strain 26) 12 hr. 24 hr. 48 hr. 96 hr. 

Glycyl-L-lercine 

' 0.2 ml. enzyme preparation per 3 ml. substrate incubated at 37.5" C. and pH 8.0 for 1 hour. 
Hydrolysis without holding at 2' C. = 72%. 

'Hydrolysis without holding at 2" C. = 74%. 

perforn~ed in a room a t  2" C. Either purified Kaolin or Al(OH), Cy (6) was 
used as an  adsorbent. Either one rolume of Al(OIT), Cy (20 mg. per milliliter) 
was used per six volumes of dialyzed material or  25 mg. of Kaolin per 10 ml. 
The proteolytic activities of the original cell-free extract, precipitate I11 and 
supernatants 111, IV, and IVA against casein, glycyl-L-leucine and DL-alanyl- 
glycine were expressed as activity per milligram of protein nitrogen present in the 
material tested. These activities were determined as proteinase activity on casein 
(12) and as per cent hydrolysis of the two peptides. Data in Table 6 show that  
a considerable amount of inactive material was removed from the cell-free extract 
by the described method. The adsorbent showed a preference for the enzyme 
active against DL-alanylglycine over the one against glycyl-I,-leucine (compare 
supernatants 111 and IV) .  Supernatant 1V A did not show any activity against 
glycyl-L-lencine ; this may have been becanse either the adsorbent showed prefer- 
ence for the avtirity against ~~~-a lanylglycine  or for some other reasons, such as 
inactivation or loss during the process of adsorption and elution. The proteolytic 
systeln active against casein was not adsorbed by Kaolin. Similar results were 
observed when AI(OIT),, Cy was used as adsorbent. Addition of absolute ethanol 
to cell-free extract of S. lactis 26 showed that the activities against casein. glycyl- 
L-leucine, and DL-alanylglycine were preswt in a fraction obtained by increasing 
the ethanol concentration from 15 to 60 volume per cent. Subsequent experi- 
ments with supernatant IVA showed that the optimnn~ p H  for the activity 
against DL-alanylglycine was a t  pH 8.0. The supernatant could be heated for 
10 minutes a t  61.7' C. ( p H  7.0) without loss of actirity against DL-alanylglycine; 
Co++ increased the activity. Supernatant 111 sho\v~d optimum activity against 
glycyl-1,-leucine at p I I  7.0; heating the extract for 10 minutes a t  61.7" C. ( p H  
7.0) did not affect its activity. ?IIn+I increased the activity against glycyl-L- 
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leucine. These charavteristics agree well with those founcl for the crude extracts. 
Attempts to obtain an active fraction from the supernatants 111. IV, and IVA 
in crystalline form by various adjrlstnients in pH ancl salt concentration were 
not successful. 

Production of the endoc.ellular peptidases of A'. l a c f ~ u  does not seem to be 
affected by the absence of wliolr protein (c.asei11) in tlie gro~vtli ~nedium in con- 
trast to production of eadoc~t~llalar protrinase avtivity ( 1 2 ) .  xvliicli was stimu- 
lated by the presence of casein in the growth niedi~uii. Vnless grolr-th was af- 
fected adversely, o~nission of one vitaniin at a time fro111 the grolvth nlediu~n 
failed to influencde to a great extt~nt a(+\-ity of either of the two peptidases 
tested for;  this may be a t t r ih~~ted  to the same reasons as described for continued 
production of proteinasr a'tivity afttbr omission of vitaniiiis (12) .  The activity 
of a cell-free extract of S. ! ~ c f i s  against g1y~'yI-r.-1~11c'i11e was so~lie~vhat greater 
than against DL-alaiiylglyc.ine. in cwntrast to tlie finililips of Zilii~nernia~i (14). 
I t  should be mentioned, howrver, that the extrart used by Zinuner~ua~i was pre- 
pared from cells of IV. rrentot,is which were pro\vn in a nledit~m different from 
that used in the present study. The rRect of n~rtals  on tlie activity of the pepti- 
dases active against glycyl-1,-leucine ant1 nr.-alanylglycine was si~nilar to that 
reported by Zimmer~nan. The differences obsewetl in tlie etfrct of pH and nietal- 



CHARACTERISTICS OF ENDOCELLULAR PEPTIDASES OF S. LAGTIS 803 

TABLE 6 
Results of fractional precipitation with antmonium sulfate and adsorption with Kaolin 

Protein nitrogen in 
Proteolytic enzyme preparation 

Material tested Substrate activity tested 

Cell-free extract GL 
AG 

casein 

Precipitate I11 GL 
AG 

casein 

Supernatant I11 GL 
AG 

casein 

Supernatant IV GL 
AG 

casein 

Supernatant IVA GL 
AG 

casein 

GL = glycyl-L-leucine. 
AG = ~~-alanylg ly~ine .  

'Per cent hydrolysis (incuhation at 37.5" C. and pH 8.0 for 1 hour). 
Increase in tyrosine and tryptophan per ml. triel~loroacetic acid filtrate above control val- 

ues (incubation at 37.5" C. and pH 7.0 for 18 hours). 

lic ions on the liydrolysis of two or more peptides seem to indicate the presence 
of different peptidases ; this also would be supported by the results of the adsorp- 
tion experiments which effected a separation of the activities against glycyl-L- 
leucine and DL-alanplglycine. Although fractional precipitation with (NH,),SO, 
or ethanol and subsec1uent aclsorption with Kaolin or Al(OH),  Cy resulted in 
some separation of the activities against glycyl-L-leucine and DL-alanylglycine, 
i t  should be kept in mind that other peptidascs still may be present in both frac- 
tions. In  an impure system such as a cell-free extract of S. lactis, a multiplicity 
of peptidases probably exists and the aption observed against a certain peptide 
may be the result of the action of several enzymes. Some of the peptidases pres- 
ent in a cell-free extract of 5. lnctis proved to be still active a t  p H  valucs that 
prevail in cheese of 111ost conillion types and could contribute to the hydrolysis 
of smaller protein frag~nents. The inhibitory effect of copper on the hydrolysis 
of glycyl-L-leucine and DI.-ala~iylglyeine is interesting, since very small amounts 
of copper are kno\vn to be effective in retarding normal flavor development in 
Cheddar cheese 110). 

Cell-free extracts ~>rrl>arccl froin S. Inctis growl1 in either milk 01- vitamin- 
test casein medim11 T< sho\trc~d the presence of several peptidases which had their 
optimum activity a t  pII values ranging from 7.0 to 5.5. Some of the charac- 
teristics of these peptidasc~s were studied. There was no indication that the 
production of these peptidases was stimnlated hy the presence of whole protein 
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in  the growth medimn. 80111e of the peptidases were found active at p1-I values 
that usually prevail in cheese of the most corn~non types. Fractional precipita- 
tion with (NII,),SO, or absolute ethanol and adsorption with Kaolin or Al(OH),  
Cy were helpful in re~noving inac.tive ~natrl.ial froni the ?ell-free extract and 
separation of the peptidases. 
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A STUDY O F  HEMOGLOBIN LEVELS IN TIIE BLOOD O F  YOUNG 
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It has been well established that young animals fed on an exclusive milk diet 
often become anemic. Hart et  al. ( 9 )  observed that an anemia developed when 
young chicks were fed milk and yellow corn. The condition gradually disap- 
peared as the chicks became older. Dogs (8 ,  19) and piglets (10, 17, 22) re- 
stricted to an all-milk ration and not allowed access to soil developed an anemic 
condition and in the latter species it was often fatal. LOW hemoglobin concentra- 
tions in rats (15, 23) and rabbits (5 ,  3 f )  were observed when they were fed only 
whole milk. Pijoan and Elkin (18) encountered low blood hemoglobin values in  
Shoshone Indian infants due to the continued and exclusive use of milk in their 
diet. Several investigators (7, 14, 24) have produced a nutritional anemia in 
calves by feeding milk exclusively. 

It has been shown that milk alone does not contain sufficient quantities of 
various metallic elements to support the for~nation of normal amounts of hemo- 
globin in growing animals. Supplementing milk diets with iron alone or in com- 
bination with other trace e lem~nts  prevented the occurrence of anemia in young 
animals (8 ,9 ,10 ,  11, 14 ,15 ,17 ,19 ,22 ,23 ,24) .  

In  some areas in the world forages grown on certain types of soil may not 
contain a sufficient amount of trace elements for proper hemoglobin formation. 
Becker and He~lderson (3 )  observed that in certain parts of Florida the dairy- 
men had ceased trying to raise their own replacements because of large losses 
and the constaiit development of an anemic condition. They found that iron, 
or  iron and copper, or iron, copper, and cobalt prevented this anemia. Archibald 
e t  al. ( 2 )  described a condition of young dairy animals in Massachusetts that  
was characterized by emaciation, anorexia, and a diminution in number of red 
blood cells and the henloglobin concentration of the affected animals. A spec- 
tacular recovery was reported to follo\~ the administration of iron compounds. 

The hemoglobin values of animals receiving nornial rations reported in the 
literature have been obtained from older calves and dairy animals (1,  4, 6 ,  16). 
Wise e t  al. (26) reported 17alaes for 11 young calves. The small nuniber of 
young calves used in the previous studies has given no reliable evidence on 
possible breed and sex differenc~s. The following experiment was undertaken 
to help establish average henioglobi~i values for young dairy calves of different 
breeds and sexes and to study the incidence and explore the causes of anemia 
under normal conditions. 

Receired for ~ml)liration Deee~~ibcr 4. 1953. 
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EXPERIMENTAL 

Three hundred fifty-six calves in the nutrition and breeding herds at the 
Bnreau of Dairy Industry, Beltsville, Maryland, were used in this study. Data 
on the calves from the two herds are shown separately since there were some 
differences in the feeding regime and management of the two herds. The calves 
in the breeding herd were given a liberal allowance of milli and grain, and 
alfalfa hay was supplied ad libitum. Calves from the nutrition herd that were 
used in this study were raised on a limited milk, limited grain regime plus un- 
limited but weighed amount of alfalfa. Most Jersey and Holstein cows were 
entirely barn-fed. All Red Dane and crossbred cows were on pasture in season. 

Data on the nutrition herd calves extend from late 1946 to early 1950. The 
data on the breeding herd calves were obtained from late 1946 to early 1948, and 
again in 1952-53. During this interval the use of a trace mineralized salt mixture 
was initiated in the grain ration of calves and cows in the breeding herd. A 
comparison of the hemoglobin values in this herd for the two periods should 
indicate whether these values are influenced by feeding a trace mineralized salt. 

Calves in the breeding herd were bled by venipuncture at approximately 
14-day intervals (occasionally 21-day intervals). and most calves in the nutrition 
herd were bled at 7-day intervals. The results have been grouped according to 
breed groups into age intervals of 15 days up to the 105th day. Where there 
were sufficient data the values for each sex within the one breed have been 
tabulated separately. 

Citrated or oxalated blood was slowly measured into aqueous 0.1% sodium 
carbonate solution, and the transmission of the resulting solution was deter- 
mined a t  540 mp on a Cenco-Sheard spectrophotolometer. Concentration was 
calculated with the specific absorption coefficient of 15. which was determined 
by Horecker (12). 

In the study on the effect of iron, copper, cobalt, and manganese salts on the 
hemoglobin valaes, these salts were fed in combination to two calves and singly 
to seven, four, three, and four calves, respectively. Calves selected for studying 
these effects were all under 30 days of age, averaging 20 days, and their hemo- 
globin values for a previous 7 days were well below 9.0 g. %. The amounts fed 
were : 100 mg. iron daily as ferric sulfate; 25 mg. copper daily as cupric sulfate; 
5 ma. cobalt daily as cobalt sulfate, and 155 mg. manganese daily as manganese 
chloride. The salts were fed by capsule each day for 31 days. 

RESULTS AND DISCUSSIOK 

The average values and their standard errors are shown in Table 1 according 
to age, breed, and sex, where the number of individuals warranted a partition 
of the sexes. An analysis of variance showed that the differences between age 
groups and between breeds were significant at the 1% level. A definite trend 
in hemoglobin levels according to age of the young calf was found. This is 
emphasized by the data shown in the next to bottom line of Table 1, where the 
values of all calves were averaged according to age. Hemoplobin levels started 
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TARLE 1 
Average hemoglobin val?res with their standard error for young 

dairy calz9rs of the ages, sexes, and breeds studied 

Age in tl;~rs 
Brectl :ind - .4v. No. of 

sex" Yrnr 1-15 16-30 31-45 46-60 61-75 76-90 91-105 calve8 -- - - -- - 

Breeding kerd (gra i~z .~  lirnro(l1obin prr 100 7111. blood) 

Nutrition Ierd 

H P  

H d  

All animals 10.66 9.86 9.21 9.14 9.24 9.37 9.63 284 
Calves fed synthetic milk ........ 9.9 10.0 9.7 9.9 10.2 10.0 22 

' H  denotes Holstein; J,  Jersey; X, crossbred; RD, Red Dane, and SX.T, Sindhi-Jrrscp 
crossbred. 

to decline shortly af ter  birth ancl reached their minimum value a t  10 to  60 (lays 
of age. After  this time there was a tendency for  the hemoglobin von(~entratio11 
to increase. This occurred in practically all calves examined. Thr  time that 
the Irvrls increased coincides with the timc that  calves had started t o  cnnsnnie 
alfalfa in large quantities. A similar t rend is evident in the da ta  prrselltrtl by 
other investigators (1 ,  26). The average valnes found f o r  calves under 15 (lays 
of age M-as somewhat lower than the value of 12.12 reported by  Reid ef (11. (:?q) 
for  newborn calves af ter  colostri~m feeding. 

The distribution of ealves into various groups based on minimum hemoglobin 
levels is presented in Table 2. The calf's minimum hemoglobin level representc~tl 
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TABLE 2 
Distribution of  lowest average hemoglobin calnes orer a 14-day 

period for calves of  (liferent breeds and hrrrls 

Hemoglobin (g/100 ml. blood) 
Year o f  No. o f  

observation calves 5-15 6-7 7-8 8-9 9-10 10-11 > 11 

Brltsvillr breeding herd ( % I  f f 4 )  (%) f%) f%) 
Holstciii 1947-8 57 3.5 6.9 8.6 48.3 27.6 5.2 0 
Holsteii~ 1952-3 49 0 6.1 20.4 6 1 . 2 l 2 . 2  0 0 
J e r s c ~  1947 & 52 30 0 16.7 6.7 20.0 43.3 13.3 0 
Cross-hrcd 1947-8 31 0 6.5 9.7 35.5 16.1 16.1 16.1 
Red Dane 1947-8 17 0 0 17.6 17.6 29.4 5.9 29.4 
Silidl~i X Jrrscy 1947-8 10 0 0 0 10.0 40.0 10.0 40.0 

Brl ts~~i l le  ~tatrit ion herd 

Holsteil~ 1946-50 31 0 15.2 21.2 48.5 1 . 1  3.0 0 
Jersey 1946-50 RB 8.1 7.0 22.1 33.7 s . 7  1.2 1.2 
$ Calves as O/o of  each group 78 80 61 46 36 6 47 -- 

the lowest average for two or three consecutive hemoglobin values \vhirli occurred 
dnriiig any 14-day period in the first 3 iiionths of life. 

The data in Tables 1 and 2 show that the Jersey and Holstein calves have 
lo~ver heiiioglobiii values than crossbred, Red Dane, or Sindlii-.Jersey crossbred 
calves. The Jersey and Holsteiii breeds also had a greater percentage of their 
populatioii in the low heinoglobitt groups thaii did the three other breeds. Previ- 
ous reports (1.3, 21) have iiitlicttted that Sindhi-Jersey crossbred aniiiials had 
higher heiiioglobiii values thaii soiiie other breeds. The bottoni line iii Table 2 
shows that the liiale calves are in the majority in the low hemoglobin groups and 
that they form a ~iiiiiority in the higher hemoglobili groups. 

Feiiiale IIolstein calves in the brertliilp her11 were higher in hernoglobill con- 
celitrations tliail inale calves up to tlie 75th day of age. After this tiiiie there 
were no sigiiific.aiit tlifferences between the sexes. This occurred in the data for 
1947 and for 1952. At each of the fire age periods, between 0 and 75 (lays of age, 
the differelices were highly significant (P < 0.01) when the data for the 2 years 
were conibined. Ti1 these age periods for each of the two individual years the 
sigiiifieance of the differelires railged from P = 0.1 to < 0.01. 

The sex difference in the ~intritioll herd Jersey animals was also significant. 
Tlie females \rere higher tliaii thp illales for each age group and the significance 
for each age group rangrd from P = 0.10 to < 0.01. 

The data for nutrition herd IIolsteiii calves and breeding herd crossbred 
calves slio~vecl no significant diff[~reiice betweeii sexes, although the females had 
higher Iieinoglobin values than the inales for most age groups. The number of 
Jersey inale calves in the breeding herd was only six, which was insiifficient for 
an adequate coiiiparisoii between sexes. Siliiilarly there were only five Jersey 
calves ill 1952-53 so that no coiiiparisoll between years in this breed was possible. 

This observed effect of age, breed, and sex on the hemoglobin coilcentration 
ill youiig calves has not been iveported by previous investigators (1, 4, 6, 15, 26). 
Anderson ef al. ( 1 )  fouiid higher values in female animals, but McCay (16) 
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found higher values in males. However, most of these animals were older than 
those in the present study. 

A comparison between the 1947 and 1952 values for the same sex, age, and 
breed showed no differences. Thus, the use of a trace milleralized salt to replace 
iodized salt in the grain ration of cows and calves in the breeding herd had no 
influence on the hemoglobin concentrations of the young calves u p  to 105 days 
of age. The trace mineralized salt when used a t  the rate of 1 lb. per 100 lb. 
grain mix furnished only 5.6 mg. iron, 1.5 mg. copper, 0.5 mg. cobalt, and 6.7 mg. 
manganese per pound of grain mix. It is obvious that this amount of iron added 
to the concentrate ration was insufficient to influence henioglobin concentrations 
under conditions existing in this herd. 

An attempt was made to increase the hemoglobin values of calves which 
showed low values and to prevent the decrease described previously. Two anemic 
young calves were given a mixture of iron, copper, cobalt, and manganese by 
capsule for 30 days. This treatment brought about a rapid increase in hemo- 
globin concentration. The response of these two calves, presented in Column 2 
of Table 3, shows a marked increase in hemoglobin level by the 20th day after 
initiation of the mineral feeding. The maximal effect was after 30 to  40 clays, 
which coincides with the approximate life of the recl cell. 

With this technique of using a somewhat anemic calf under 30 days of age 
any increase in hemoglobin value before 60-70 days of age should not be confused 
with the "spontaneous" increase that was foiind to occur in calves after this 
age. Additional trials were carried out to determine which of the four salts 
produced the increase in hemoglobin concentrations. 

The henioglobin values before and after supplementation are show11 in 
Table 3 along with the average age a t  initiation of the supplemental feeding of 
the metallic salt under investigation. The hemoglobin 1-alues for the 11 calves 

TABLE 3 
Average hemoglobin levrls of ealvrs before and af ter  supplementation 

with the minerals under investigation 

2 calves 5 calves 4 calves 4 calves 3 calves 2 calves 

Supplements given 

Time All 4 
interval minerals Iron Manganese Copper Cobalt Folic acid 

(grants hrmoglohin prr 100 ?n1. blood) 

8 days before 8.8 7.3 7.3 7.7 9.0 
1 day before 7.8 7.1 7.2 7.0 8.0 
6 days after 7.1 7.2 7.9 6.5 7.7 

13 days after 8.4 8.0 6.5 7.0 7.0 
20 days after 9.2' 8.7' 6.6 7.1 7.0 
27 days after 9.8" 9.3 " 6.9 7.0 7.3 
34 days after 10.4'" 10.2.'' 6.7 7.2 8.2 
41 days after 10.5." 10.3'" 6.9 8.0 7.8 

Age a t  initiation 
supplementation 22. 18. 18. 24. 51. 

Increased above other groups receiving only trace minerals P = 0.02 to < 0.01. 
" Increased above presupplemental value P = 0.02 to < 0.01. 



given copper, cobalt, or manganese salts show no increase 11p to 40 days after 
starting supplen~cntation. The five calves receiving only iron salt responded 
with an increase in hemoglobin concentration, which was noticeable 20 days 
after the beginning of supplementation. Two other calves fed only iron gave 
a similar response but were bled too infrequently for their data to be used i n  
Table 3. These seven calves showed the same type and degree of response as 
did the t\ilo calves given all four minerals. 

The hemoglobin values between the six groups in Table 3 before snpple- 
mentation showed no significant differences. The hemoglobin ralues for the calves 
receiving iron were significantly (P = 0.05 to < 0.01) greater than for ally of 
the groups receiving copper, cobalt, or manganese a t  either 20, 27, or 34 days 
after the feeding of the salt was initiated. The value for the iron-fed ealves 
after receiving the supplement for 34 days was significantly (P < 0.01) in- 
creased above their presnpplemental value, whereas the values for the calves 
rceiving copper. cobalt, and manganese shorved no significant change during 
this time. 

A hematocrit cletermination and red cell counts were made on some of the 
calves. The calves receiving iron showetl an increase in hematocrit and in num- 
ber of red blood cells a t  the time their hemoglobin values increased. The calves 
not receiving iron sho~ved no change until the spontaneous increase occurred, 
whirh was after they were 70 days of age. The aclministration of iron salts 
appears to have stimulated the hemoglobin and the red cell p rod~~ct ion  in these 
calves, ~vlvhrreas the three other metals hat1 no effect. 

Folic acid at  9 mg. per day had no curative effcct on this type of anemia in 
two calves. Their he~noglobin values at  20, 27, and 34 days were not significantly 
different from the 11 calves receiving copper, cobalt, and manganese bnt were 
significantly lower (P < 0.05) than the seven calves receiving iron salts. 

Others (26) 11avc called the temporary decreasc in hemoglohin levels of calves 
a "physiological anemia." No such temporary dccreaqe ~ v a s  noted in calvcs fctl 
a synthetic ~nillc. This milk providetl 110 mg. iron per 100 Ib. body weight per 
day;  its co~nposition was as gircn p~vviously (2f. 2.7). The data on these calves 
is presented in the bottom line of Table 1 .  This information, together ~v i th  the 
alleviation of moderate anemia in calves fed iron (Table 3) .  indirates that such 
treatment might prerent the temporary clecrease notc>tl in other valves. If this 
is so, i t  ri-o~lltl not be valid to use the term "physiological anemia" to describe 
this temporary decrease in  normally fed calvc.s. 

The iniportance of this temporary decrease of hemoglohin level in  the raising 
of calves is not known. Si~nilarly, the relation of hemoglo1)in Ierel to the calf's 
performance has not been determinetl. The relation between henloglobin level 
and body weight gains from birth to 90 days of age ~vere estimated in this study 
for thc Ilolstein and Jersey calves in the hrreding herd. All body weight gains 
were expressed as per cent of ~iornlal for that respective breed and sex. When 
these values were averaged for the hemoglobin level groups in  Table 2 the gains 
were 88, 103, 106, ant1 107% for henloglobin groups of 7.0, 7-8, 8-9, and 9.0, 
respectively. The gain of calves ~irith ~n in i~nunl  hemoglobin values averaging 
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less than 8 g. per 100 ml. was 96:h. The gains of calves whose similarly averaged 
minimum levels were more than 8 averaged 106Vl. This difference was significant 
( P  < 0.01). 

The correlation coefficient between minimum hemoglobin level (as deter- 
mined for Table 2)  and body weight gain from birth to 90 days of age expressed 
as per cent of normal for 129 calves was 0.238. This relation was significant 
( P  < 0.01). For  112 calves in the nutrition herd a similar relation was signifi- 
cant a t  P = 0.07. The correlation between average hemoglobin level and relative 
gain for the 90-day period was significant a t  P = 0.05. The correlation between 
average lowest hemoglobin level and relative gain during the period of low hemo- 
globin values was significant ( P  < 0.05). The practical significance or applica- 
tion of this relationship needs further study. 

The hemoglobin coilcentration of calves \vas determined a t  weekly or bi- 
weekly intervals for periods ranging from 1 to 105 days of age. The values were 
highest during the first 15  days of life and gradually decreased until the 30th 
to 70th day of life. After this time there mas a gradual increase in hemoglobin 
level. A large variation in hemoglobin levels between individual calves was 
evident. I n  breeds of which a large number of calves of each sex were studied 
the females had higher hemoglobin levels from birth to 75 days of age than did 
the males. Calves of the Red Dane breed and Sindhi-Jersey crossbreds and 
usually mixed crossbreds had higher hemoglobin values than calves of the .Jersey 
and Holstein breeds. 

Feeding 100mg. of iron per clap to calves that were moderately anemic 
caused an increase in the number of their red blood cells and hemoglobin levels 
and thus prevented a further decrease, which normally would have been expected. 
Iron alone or iron in combination with the copper, cobalt, and manganese cured 
the anemic condition in these young calves, whereas copper, cobalt, and man- 
ganese fed alone had no curative properties. A significant correlation between 
hemoglobin level and body weight gains was observed in the calves of one herd. 
Further studies are necessary on the practical importance of these findings. 
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STUDIES OK SULFUR TO NITROGEN RATIOS IN 
F E E D S  FOR DI\IRY COWS 

R .  F. l)hTIS,' ('ONSTAN('E \VII,I,I.41IS, . \ s ~  .r. I<. 1,0081.1 

Drl~arlrrtr~rt of .41tiiilal IIttxbnn~lr!l, Cornrll I'~!il.cr.s!t!l, 
Itlinm, N .  Y. 

I t  has been demonstrated that when urea fnrnishes the o111y nitrogen in the 
ration of ruminants the utilization of nitrogen clepends upon a dietary source 
of sulfur (12).  On a sulfur-free diet the anin~als lost weight and died. The addi- 
tion of inorganic sulfates permitted retention of sulfur and of the nitrogen 
from urea. 

Other workers (11) have demonstrated increased retention of both nitrogen 
and sulfur when snpplemental siilfiir was supplied to lambs being fed on puri- 
fied rations. 

With radioactive sodium sulfate ( I ,  5, 6 )  it was shown that the tagged sulfur 
was rapidly incorporated into the cystine and methionine of bacterial protein 
in rumen contents, into the casein of milk, and into the proteins of wool, thus 
showing directly that synthesis of snlfur-containing amino acids from nonprotein 
nitrogen and inorganic snlfur ilepended upon bacterial activity, as earlier sug- 
gested (8). On the basis of these findings it has been proposed that an  inorganic 
sulfur source should be added to the rations of dairy cattle and other ruminants 
when urea or ammonia furnishes part of the nitrogen so that the elements pro- 
vide a ratio of approximately 15 parts of nitrogen to one part  of sulfur, as fonnd 
in the average mixed proteins of body tissues. 

No attempts have been made to determine the quantitative sulfur reqnire- 
ments of ruminants or to study the utilization of sulfur from different sources. 
Many of the sulfur values of feeds summarizecl by Morrison (9) were determined 
years ago and may not be applicable to present day feeds. Beeson ( 2 )  tabulated 
the published sulfur analyses for many crops and founcl wide variations in the 
same crop grown on different soils. Under some conditions the yield and the 
sulfur content of crops can be increased by sulfur fertilization (3, 14). 

From these considerations it is evident that  more complete information on 
the sulfur content of feeds and the re~~nirements of ruminants is needed. Studies 
were undertaken to determine the snlfnr content of currently available concen- 
trate feed ingredients and by an experiment with dairy cows to find whether 
the addition of sulfates to a concentrate mixture containing urea would improve 
lactation performances. 

EXPERIMENT,!L 

Sul fur  nnalysrs. Representative samples of various feeds used in formulat- 
ing concentrate mixtures for dairy cows were obtained from two feed manufac- 
turers. The feeds were analyzed by A.O.A.C. ( 1 )  methods for the usual constitu- 
ents. Total sulfur was determined by oxidation with sodium peroxide in the 

Heceivecl for pu l~ l i~ . :~ t ior~  Jnlluary 0, 1!154. 
' Prrsel~t acldress: I)r]?t. of I)airy HIISJI:IIIIII.~-,  1-ltiv. of JI:irylai111, C ' O I I C ~ C  Park. 
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TABLE 1 
Chenlical composition of feeds analpzed for total sulfttr 

Total 
Nitro- sulfur 

Ether Crude geu-f ree Total Ratio from 
Moisture Protein extract fiber extract Ash sulfur N: S Morrison 

Alfalfa meala 
Brewers' dried grains' 
Brewers' dried grains 
Citrus pulpa 
Cocoanut oil meal 
Corn meal 
Corn gluten feed 
Corn gluten feed 
Corn gluten feed 
Corn gluten feed 
Cottonseed meal' 
Cottonseed meal 
Distillers ' dried grains 
Distillers' dried solubles' 
Hominy feed 
Linseed meala 
Linseed meal 
Milo, ground" 
Molasses, Cuban cane" 
Molasses, Pacific cane 
Oats, ground 
Rice brana 
Rice bran 

solvent-extracted' 
Rice bran 
Soybean oil meal 
Wheat, ground 
Wheat brana 
Wheat 1)ran 
Whrat gray shorts' 

' Proximate analyses performed by Nutrition Laboratory, Unele Johnny Mills, Houston, Tex. 

P a r r  Bomb (10) and precipitation as barium slilfate by the A.O.A.C. method (1). 
The results are suiniiiarizeil in Table 1. 

Certain values for  total s n l f l ~ r  in Table 1 tlitfer decidetlly fro111 those listed 
by hIorriso11 (9). A striking difference was well in ho~uiny feed \vhicli was 
reported to contain only O.O'Lv, of sulfur as (~onil)ar(~l  with a ~ a l u e  of 0.18% 
found in the saniple analyzetl. The value found is so~uewhat higher than for 
corn meal. JIorrison reports a value of 0.09C/r sulfur for corn gluten feed. Four 
different samples of corn gluten feed froin different processors contained from 
0.63 to 1.31% total sulfur. The wide variation in the sulfur content of corn 
gluten feed fro111 different sources is probably clue to  different amounts of residue 
remaining from the manufacturing process. The values for most feeds listed in  
Table 1 agreed more closely with published figures. Several feeds were analyzed 
for  which no published values were found. 

Lactation experintent. A lactation experiment was conducted with 19 pnre- 
bred Holstein cows assigned a t  random to the three concentrate mixtures de- 
scribed in Table 2. The mixtures were formulated on the basis of the sulfur 
values reported by M o r r i s o ~ ~  (9) since the analyses shown in Table 1 were not 
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TABLE 2 
Ingredients used in the coltcentrate ~nixtitres 

Ingredients I I 1  111 

Hominy feed 
Ground oats 
Wheat bran 
Corn gluten feed 
Molasses 
Soybean oil meal 
Urea 
Sodium sulfate 
Dicalcium phospllate 
Iodized salt 

Totals 3000 

'Plus 3 g. cobalt sulfat,e added to each mixture. 

available a t  that time. Ingredients mere selected to give a basal mixture as low 
as possible in sulfur content, and urea or soybean meal was added to give mix- 
tures judged adequate in crude protein basecl on accepted feeding standards (7). 
Sodium sulfate was added to Mixture 111 to equal the estimated sulfur content 
of Mixture I. The chemical coxl~position of the concentrate mixtures and of the 
roughages fed is shown in Table 3. 

The lactation study was a continuous feecling trial 8 weeks in duration with 
six cows per group. The average daily yield of fat corrected milk (FCM) by 
three groups of cows is s h o ~ ~ n  in Fig. 1-A. The highest yield was p rod~~ced  by 
the cows receiving soybean meal with the urea groups being similar in produe- 
tion. None of the differences were statistically significant, possibly because of 
the small numbers and rather large differences in level of milk production 
among the cows in each group. If one plots the average FCM for each group 
during the 3 week preliminary period before the test was started and the 
average for the last 3 weeks of the test (Fig. 1-R), an idea is obtained of the 
relative rates of decline of the three groups. Expressing the yield during the 
last 3 weeks as a percentage of the preliminary yields, values of 88, 79, and 77% 
of preliminary FCM procluction are ohtainc.d for the mixtures containing soy- 

TAR1,E 3 
Chrntical c-on~ponitio~i of t h ~  conern tmtr, I I I  i.rtrrrc.9, corn silage, and hay frfl --- 

Percentage composition -- 
Ether Crude Nitrogen- Tot:~l Ratio 

Few1 Moistl~rr Protein extract fi1,er free cxtrart Ash sulfur N :  S 

I-Soybean ~iik,:~ l ti.!) 1 4.9 5.3 J9.9 5.8 0.35 8:  1 
11-Urea 6.5 19.0 5.4 5.3 58.6 5.2 0.30 10: 1 

111-Urea + SO, 6.5 18.4 5.1; 8 58.8 5.9 0.36 8 :  1 

Corn silage 77.13 1.8 0.5 7.0 12.9 0.8 0.06 5 :  1 
Timothy hay 10.0 6 . 2 l . 5  35.4 43.7 4.9 0.20 5:  1 



R. F. DAVIS ET AL 

PRELIMINARY WEEKS ON EXPERIMENT 

FIG. 1. Avc~;tgt. 11:lil.v ~)rct~l~tc.t iol~ l)vr row of FC'JI. 

bean meal, urea plus sulfate, a i d  urea, respectively. This evidence might be 
interpreted as suggesting that  the soybeail oil meal was superior to urea as  a 
nitrogen source and that  added sulfate was of questionable value; however, the 
data are too limited to justify definite conclusions. 

Feed intakes for the three groups were very similar ant1 slio~ved no marked 
differences in the utilization of feed for milk production. The data are not 
reported but will be made available by the authors upon request. There \\,ere 
no differences i n  the fat percentages of the inilk produced on the different feeds. 

Inorgaiiic sulfur, if it is to be of benefit to ruminants, n ~ u s t  be included in 
a ration which is deficient in  sulfur ancl must be in a form which can be utilized 
by the animal. The ability of rliminants to use inoraanic sulfur has been estab- 
lished by several workers (d,  :i, 6, 8, 11, 12). There has been no attempt to esti- 
mate the stilfur rerlnireinent of runiinants: therefore, it is not known at  what 
level rations might become deficient in sulfiir for these aniiiials. 

The aiialyses reporteil in  Table 1 i~~t l i ca te  that few feeds are lacking in sulfur, 
accortlii~g to the only standard which we now have, which is the nitrogen to 
sulfur ratio in ruminant proteins of approximately 15:l .  There is soine evi- 
clenre (15) to iiitlicate that soils low in sulfnr produce roughages which are 
deficient in this element. However, there is no evidence that feeds growl1 on 
ordinary soils show, this condition. More work is needed to determine the normal 
sulflir content of roi~ghages in order to  be able to  evaluate their contribution of 
this element to most rations. Hay  usually contains appreciable quantities of 
inorganic sulfur, which may be as fully available to the runlei1 bacteria as sulfur 
in the proteins of feeds. 

In  evaluating the results of the lactation experiments, one ~voulcl hardly 
expect Concentrate Mixture I1 to be low enough in sulfur to  obtain a response 
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from added sulfate. The feeds used to make up this ration were shown by data 
obtained earlier to be deficient or relatively low in sulfur. Current analyses 
indicate that these feeds are among the better sources of sulfur. It may be that 
analyses made on these feeds several years ago do not accurately reflect the 
sulfur content of material available today. 

From these preliminary data, it appears that unless ruminant rations are 
composed of feeds grown on sulfur-deficient soils there is little chance of a 
sulfur deficiency occurring when nonprotein nitrogen is fed a t  levels up to 3% 
of the concentrate ration. Further information needs to be obtained on the 
quantitative sulfur requirement of the ruminant and on the content and availa- 
bility of sulfur in feed stuffs before recommendations can be made that sulfur 
should be added to dairy feeds. 

SUMMARY 

Data are presented on the total sulfur content of common feeds used in con- 
centrate mixtures for dairy cows. The samples of hominy feed and corn gluten 
feed analyzed contained approximately 10 times as much sulfur as earlier values 
indicate. 

In  a lactation experiment, no advantage was apparent for the addition of 
sulfate to a concent,rate mixture containing urea. 
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Flnrirln .4grirrtlt1rml Erpcr imot t  Station, Gainrst'illc 

The relationship of the oxidized flavor of milk to the presence of copper is 
wt.11 established, ant1 considerable data are available that demonstrate the role 
of copper in its derelopnient. The experimental work relating to oxidized flavor 
was reviewed in 1948 by Greenbank ( f i ) .  References cited in this review report 
the use of certain materials, which, when added to milk, act to retard or inhibit 
development of the oxidized flavor. Among the antioxidants used were: a dried 
culture of bacteria, a pancreatir enzyme. concentrated or dried milk, hydro- 
clninone, ascorbic acid, and oat flour. Tn 1944 Lundberg (7) first reported the 
antioxidant property of nordihydroguaiaretic acid (NDGA) in fats, and in 1948 
Stull et al. (8) observed that this material retarded the development of oxidized 
flavor in milk and other tlairy products. Additional data on the use of certain 
hydrolytic enzymes hare been reported recently by Forster e t  nl. ( 3 .  4), and an 
inhibitory effect of manganese was reported by Garrett (5). 

The research reported in this paper deals with the inhibition of the oxidized 
flavor in fresh milk by certain chelatinp compounds which hare the property of 
con~plexinp or tying 11p metal ions when in solntion. 

Pasteurized homogenized milk processed in commercial plant equipment was 
used for the experimental samples. KO effort was made to isolate milk from 
individual corns nor from diffrrent sonrres which might be highly susceptible to 
development of oxidized flavor. The flavor defect was induced by additions of 
copper in the form of CuSO, - 5H,O in aqneons solution. 

The chelating agents used were three of the salts of ethylene diamine tetra 
acetic acid (EDTA). These were: the disoili~iin salt, the disoclium calcium salt 
and the tetrasodium salt. Sodium diethyl dithiocarbamatc was used in a few 
trials. Although not generally consideretl to be a chelating agent, this compound 
was included because of its property of precipitating copper from solutions. 
These materials were dissolved in Pyrex-distilled water and prepared in concen- 
trations such that the additions dicl not appreciably dilute the milk. 

I n  the preparation of sonic of the samples, copper was added first, followed 
by addition of the chelating agent, and to others it was added after the chelate 

Received for p ~ ~ b l i c a t i o ~ ~  J a ~ ~ ~ ~ i l r y  11, 1954. 

' Florida -4gricnltural Espcrimei~t Statioi~ Joiirnal Series, Xo. 249. 
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had been added. After storage a t  36 to 40" F. for 48 to 96 horns, the sanil~les 
were examined organoleptically by three experienced jnclges. No a t ten~pt  was 
made to score the samples, but the judges reported their findings with regard 
to the presence or absence of the flavor clefect and its relatire intensity. ,111 

arbitrary rating as follows was established: ++++ badly oxidized. +++ oxi- 
dized, ++ slightly oxidized, + questionable to very slightly oxidized, 0 not 
oxidized. 

It was anticipated that the milk wonld vary in the degree of siisceptibility to 
induction of oxidized flavor; therefore. each series of sa~nples \\.as prepared to 
include control samples to which copper only was added. The chelate-treated 
samples were then rated with reference to the controls in earl1 trial. 

I n  trials designed to observe the effect of pasteurization, both the copper and 
the chelates were added to samples of raw milk and the samples \ryere laboratory- 
pasteurized a t  143" F. for 30 minutes. 

Data representing the inhibitory effect of the different chelates a t  the various 
concentrations arc summarized in Table 1. The major portion of the stntly \\.as 
conducted with levels of chclating agents a t  2.5 X to 1.0 x lo-"[ per liter, 
but lower concentrations were used in some trials in order to obscwe effects 
when the amount was insufficient for complete protection. 

The three salts of EDTA were approximately equally effectire i n  their 
inhibitory action. The quantity required for complete protectiol~ was of tlle 
order of five times the amount of added popper 011 a molar basis. Samples to 
which 5.0 X lo-"[ per liter of copper mere added required 2.5 x Ji per liter 
of the chelate. Tn other samples, containing a similar concentration of copper, 
1.25 x 1C1 per liter of the chelate appreciably reduced the susceptibility but 
did not give complete protection against developn~ent of the clefect. The reduc- 
tion in intensity was proportional to the amount of the chelate added. 

Although the results reported in Table 1 represent exa~ninations ~naile a t  
48 to 96 hours, the majority of the samples did not change in flal-or rating when 
storage mas extended to 120 or 144 hours. I n  a few of the samples which con- 
tained small quantities of the chelates, and in which the flal-or defect developed 
slightly, there was a slight increasc* in intensity of the flavor after prolonged 
storage. 

Sodium diethyl dithiocarbamate appearctl to be more effectire than the salts 
of EDTA since lower concentrations, on a molar basis. prevented development 
of the oxidized flavor. This compound may. however, impart a slight off-flavor 
to the milk. 

Pasteurization did not alter the effrctivcness of the chelates in preventing 
development of the oxidized flavor (Table 2). When samples of raw nlilk were 
treated with copper and with a chelating agent, and the Inilk subsequently pas- 
teurized, no change in the relative inhibitory action was observecl. 
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TABLE 3 
Tibe effect of adding cheluten prior to the addition of copper upon the 

action of the chelatrs in preventing oxidized flavor 

Oxidized flavor rating' 

Y/1 of chelating agent 

Chelating agent Cu aclded None 2.5 X lo-' 5.0 X lo-' lo4 

fM/l) 
Disodium salt of EDTA lo-' ++++ 0 0 0 

Disotlium ralrium salt of EDTA 5.0 X 1 0 - A t - t  0 
lo-' ++++ 0 0 0 

Tetrnsodiu~n salt of EDTA 5.0 X 10'"++ 0 
lo-' ++++ 0 0 

' ++++ badly oxidized, +++ oxidized, U slightly oxidized, -!- questionable to sliglitly oxidized, 
0 not oxidized 

The data in Table 3 were obtained on samples to which the chelating materials 
were added prior to the additions of copper. The chelates were equally effective 
when added before or after the addition of copper. The results demonstrate that 
the order of addition is without effect. 

The results of this experiment de~nonstrate the inhibitory action of certain 
chelates against the copper-induced oxidized flavor of milk. The inhibition is 
attributed to complexing or tying np of the copper ions and probably other ions, 
renclering them ineffective as catalysts or as activators for certain enzyme sys- 
tems. By using the compounds in the manner described, it appears that the 
antioxidant property can be attributed only to the ~nechanism of ehelation of 
the copper. 

Any consicleration of the use of these compounds in market ~iiilk or  other 
dairy products must be based upon information to clearly establish their freedom 
from any harmful effects. Although no long-term feeding experiments with 
various species hare been reported, there appears to be no evidence from other 
studies that EDTA is harmfnl to laboratory ani~nals when consumed orally in 
quantities many times greater than would be present in milk if added to prevent 
the oxidized flavor. Child ( 2 )  fell rats up to 5'i: of the sodinin salt of EDTA for 
4 weeks, and the animals failed to develop abnormalities. ITnpnblished results 
(1) from an experiment accompanying this study showed no detrimental effects 
when the disodinm salt of EDTA was fed to rats. Weanlinp rats in this experi- 
ment were fed 300 and 900 p.p.111. of the salt in a mineralized milk sucrose diet. 
Over a 10-week period, no adrerstb effects on the rats were evident. 

Samples of normal milk were treated with copper to induce oxidized flavor 
and a t  the same time were treated with certain chelating compounds. The 
chelates, which were the disodiunl salt, the disodium calcium salt, and the tetra- 
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sodium salt of ethylenediamine tetraacetic acid (EDTA), were effective in pre- 
venting development of the oxidized flavor. Quantities of the chelates which 
were five times the amount of added copper on a molar basis provided complete 
protection, and smaller quantities of the chelates gave some inhibitory action. 
The chelates were equally effective when added either before or after pasteuriza- 
tion or when added prior to or after the addition of copper. 
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EFFECTS O F  FORMALDEHYDE -1SD COPPER SAIJTS ON T H E  

HEAT STABILITY O F  EV;iPOR.ATED MILK 

TIt'TOK SE1,SOS 

C'r>rrtr.nl Rrsr.circk I)r31~nr.t,rrr~rrt, Foorl .lllnc-hi~rcr!l a~rcl Clre~rlirnl Corporation 
Srr 11 Joxr~. Calif or11 in 

Thr lnilli industry has long felt the i~eetl for an impi-oved forewarming 
proe.es4 to regulate the heat stability of cwiporatetl milk. S11c.h a proerss depends 
oil c.ontro1 of protein denaturatiou autl i.c c.oinplicatei1 by the fact that so little 
is kno\vn of the chemical and physic*al ehanges involved. The Sommer-Hart "salt 
b a l a ~ ~ c e  theory" (:?) has proved ~ ~ s r f ~ i l ,  but ailditions of trace elements to raw 
who111 inilk ancl \ ra r ia t io~i~  in processing affect the heat stability of evaporated 
milk 111ort> than can be accounted for by this theory. 

Salts of cobalt, copper, golcl. iron. Irad. nlercury, and platinum, as well as 
forn~altlt~hyile and hyt1rogc.n snlfitle. hare been aililed to raw inilk a t  various 
tinies, bnt the available literatnrcb has rery little information relating directly 
to the effects of these sabstances on the heat stability of evaporated milk in the 
cooker process. With the possible exc.tq)tion of the formaldehyde data of Town- 
ley ant1 Cro111d (5). no restllts hare bt.t.11 found in the literature hearing directly 
on the effect of these substances on the heat stability of eraporatetl milk, although 
the substances hare been discusset1 to soine c>stcAnt in industry meetings. 

Tliih paper presents reslilts of pilot plant experiments, made in August and 
Septe~nbc~r. 1953. showing effects of sn~all  anionnts of formaldehyde and copper 
salts OII  the heat stability of evaporatc~tl inilk. 

These experiments were pe~.for~ncd with grade A milk from a local dairy. 
All eclnip~nent used in processing \\-as fabrichated of stainless steel. 

Thc. ~)rovt~tlure used ill the preparation of evaporatecl lnilk was as follows': 
a 25-111. lot of niilk was heated in a jac.krtc.11 Irettle to 205" El. and held 10 ininutes 
at this ten~peraturr. Approxi~nately 10 ~ninutes \\-as required to attain 205' F. 
This \\-as follo~ved by evaporation. c.ooling to 40" F., ant1 standardization to 27% 
total solitls and i.!)? fat. Thr inilk ~vas  not lio111oge1lized. 

The standardized evaporated inilk was filled into 211 X 400 type calls - 300- 
ml. capac~ity. The heat stability \\-as tletc~rnlinecl by llsing a c*ook(>r process which 
a o ~ ~ l t l  not clt>stabilize the Itlast stable ~nilk beyond a satisfactory p o i ~ ~ t  of viscosity 
nieasru.r~nent. I n  general, cans of era1)oratrtl niilk were lieatecl in a pilot steri- 
lizer. drsc.~-ibed in an earlier papclr ( I ) .  for 6 niinutc~s a t  210" F., followed by a 
cooker proc.c>ss ~ ~ h i c h  varied for the SI>\.I.I.~I~ lots from 5 to 14 minutes a t  250' F. 

Thr rrlatire anlount of volatil~. s ~ i l f ~ l r  \\-as clrtermined by a n~ethod essentially 
the salnr as the one used by To\vnley wntl Gonld (4). The amount of sulfur 
evolved fro111 570 ml. of whole milk d u r i ~ ~ g  a heating period of 20 minutes a t  
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903' F., followed by an aspiration period of 20 minutes, was used to estimate 
the relative effect of the various amounts of formaldehyde added. A fresh 
sample of milk was used for each addition of formaldehyde. 

The destabilizing action of hydrogen sulfide was measured by the addition 
of a freshly prepared, saturated solution of hydrogen sulfide in water to evapo- 
rated milk prior to sterilization. 

RESULTS 

Seven lots of milk were prepared for estimating the effects of formaldehyde 
and copper on the heat stability of milk. These lots were divided into three 
groups: Lots 1, 2. and 3 contained 5 ml.. 10 ml.. and 15 ml. respectively, of 
copper solution added in the form of a 1.6% solution of CuSO, . 5H,O to milk 
before forewarming; Lots 4, 5, and 6 contained the corresponding amoiints of 
copper added to the milk after forewarming; Lot 7 did not contain copper. 
(Five ml. of the copper solution in 25 lb. of milk is equivalent to 1.7 p.p.m. of 
copper.) Formaldehyde (35%) was added to each can of the various lots in 
amounts varying from 0 to 12 drops. -4 can of milk in each lot was used as a 
control sample to estimate the heat stability of the lot without formaldehyde. 
Owing to the strong destabilizing action of copper in Ifits 1, 2, and 3, it  was 
necessary to add 2 g. of anhydrous disodinm phosphate to Lot 1, 4 g. to Lot 2, 
and 8 p. to Lot 3, in order that a cooker process of 5 minutes at 250' F. could 
be used. All lots contained 25 Ib. of whole milk. On the other hand, the copper 
in Lots 4, 5, and 6 increased the heat stability of the ~nilk so that a sterilizing 
process of 12 minutes at 250' F. was required for Lot 4. 14 minutes a t  250" F. 
for Lot 5, and 12 minutes a t  250' F. for Lot 6. Heating for 10 minutes at 250" F. 
was required for Lot 7. The relative stability of the milk in each lot, after noting 
the phosphate addition in Lots 1, 2, and 3, was estimated from the viscosity data 
of the milk after sterilizing. These data are given in Table 1. 

The maximum increase in heat stability of evaporated milk was produced by 
approximately 35 drops of 35% formaldehyde per 300 ml. of milk. At this point 
i t  required approximately 3 ml. of 10% calcium chloride solution and a heat 
treatment of 14 minutes at 260' F. (approximately 20 minutes at 250' F.) to 
produce a moderate degree of heat coagulation. Form01 titrations indicated 
that approximately 30 drops of 35% formaldehyde were required for combina- 
tion with the free amino groups. These results were obtained on additional lots 
of milk. 

The repressing effects of small amounts of formaldehyde on the evolution 
of volatile sulfur are shown by the data in Table 2. Although the data are only 
relative, it is evident that a minimum evolution of sulfur was reached a t  approxi- 
mately 6 drops of formaldehyde per 770 ml. of whole milk. Further addition of 
formaldehyde did not decrease the rate of evolution of sulfur. 

The data on the effect of hydrogen sulfide on the heat stability of evaporated 
milk are incomplete. However, it  can be stated that 1 ml. of a freshly prepared, 
saturated solution of hydrogen sulfide in water - about 3 mg. added to 14.5 oz. 
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TABLE 1 
Effect of formaldehyde and copper on the heat stability of evaporated milk 

viscositv in  Moionnier-Doolittle units a t  75" F.d 

Formal- Copper added before Copper added af ter  Control 
dehyde forewarming, p.p.m. foretvarming, p.p.m. samples, 

Sample drops" 1.7 5.1 8.5 1.7 5.1 8.5 no copper 

Lot 1 Lot  2 Lo t  3 Lot  4 Lot  5 Lot  6 Lot 7 

Sterilization time 
(Mia. a t  250" F.) 5 5 5 12 14 12 10 

(Grams per sample) 
N a d I  PO. 0.15 0.30 0.40 0 0 0  0 

1 0 24 250 115 1 4  1 6  1 6  1 5  
2 1 36 gel 180 35 48 23 40 
3 2 48 gel+' 240 178 170 40 gel 
4 3 55 290 235 325 230 65 gel+ 
5 4 54 200 190 325 218 78 gel++ 
6 5 42 119 110 280 135 68 gel+++ 
7 6 26 55 77 205 95 50 gel+++ 
8 7 20 32 39 55 50 33 gel+ 
9 8 16 25 28 40 30 25 gel 

10 9 14 20 25 18  20 20 250 
11 10 12 18  20 14 1 6  16 35 
12 11 12 16 16 1 4  14 1 4  20 
13  12 11 16 16 14 14 1 4  13 

One drop i s  equivalent to  32 mg. of 35%, formaldehyde. 
"quivalent parts  per n~illion of copper in  raw milk. 
' Plus (+) denotes increase in  firmness of gel. 

The viscosity of unsterilized evaporated milk a t  75" F. in terms of Mojonnier-Doolittle 
units is approximately 12. 

of evaporatetl ~iiilk - i~iimediately prior to sterilization mill generally reduce the 
maximnm holtling time possible for evaporated milk by approximately 3 minutes 
a t  250" E'. As a romparison, it woultl recltiire approximately 25-50 mg. of calcium 
chloride to prodnce a comparable destahilixation. 

Salts of cwbalt, i ro~i,  lracl, ~nc~rcnry, and platinu~ii in amounts of 10 p.p.m. 
of evaporatcvl milk \VI.I-e fo~uid to be without 111arkcd effect. However, gold salts 
on a molar basis are approximately equi\~alrnt. to copper salts in their effect on 
the heat stability of evaporated milk. 

Iffr,ct of for~~raltlrh!yrl~~ o)i tit I )  r?'olutioti of z'olnt ~ l e  siilf ur from whole vtilk 
- -- -- 

Vol:ltiltl ~11lf11r in mg. evolved fro111 770 ml. of milk 
Drops of -- 

fo rn~: i l~ lc~ l~r~~l r '  Lot 1 Lot 2 T.nt 3 

0 0.260 0.225 0.555 
1 0.070 
3 0.035 
4 0.020 
ti 0.015 0.015 0.015 
9 0.055 0.035 0.035 

12 0.045 0.035 
15 0.050 
24 0.030 

. - 
a One drop is equivalent to 32 mg. of 35% forn~:~ldellyde. 
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The data in Table 1 offer ample opportunity for speculation on the rolt. played 
by amino and labile sulfur groups in  the heat stability probleni. The fact that  
for~naldehyde clan be both a stabilizer and a destabilizer appears to be due to  
its ability to condrnsc with both s~ i l f l~ydry l  and amino groups. Srhlibert (2) 
found that formaldrhytle forms stable c o n ~ p o ~ ~ n d s  with sulfhydryl-containing 
proteins which, however, dissociate reatlily in solution and yield a ~iitroprussidc 
test. That a similar compound is fonned in inilk is indicated by the data in  
Table 2, in ~vhic*h the rolatile sulfur, althongh reduced greatly. did not disappear 
with increased amounts of formaldehyde. These data, together with the fact that 
maximum destabilization of milk occnrred with approxilnately m i n i n ~ n ~ n  erolu- 
tion of sulfur, snggest that the presenre of the labile sulfur groiip is i~nportant  
in increasing the heat stability of the protein. 

The destabilizing effect of foniialdeliyde was reduced by copper salts. This 
is more evident in Lots 1, 2, and 3 (Table 1 ) .  in which the copper salts were 
adcled prior to  forewarming, than in Lots 1. -5. and 6. I t  is also iioticeable that 
in both groups the point of n~axininni clestabilization occurred with less for- 
maldehyde than was rerluired by the milk in Lot 7. 

The striking increase in  heat stability resnltiag from the addition of in- 
creased amounts of formaldehyde has bcen k n o r ~ n  in the evaporated lnilk indus- 
t ry  for some years. Tt is only recently that a correlation bet~veen the formol 
titration and the point of maxiinurn heat stability has been sliggestecl. However, 
in these experiments, the maxi~nuni heat stability was not clefinetl sharply, so 
that it  is not knolrn whether the amount of formaldellyde required for the formol 
titration and the amount required for masimnn~ heat stability are in close 
agreement . 

Jt is ilifficult to account for the efferts of copper salts on the heat stability of 
milk. Spec~iilation si~ggests that copper ad(1ed prior to forewarming inhibits 
the appearance of the sulfhydryl gronp. Thus the effect of for~naldehyde in 
this case is additive to the effect of copper. When copper salts are ad(1ed after 
the appearance of the sullfhydryl gronp, as, for example, in  Lots 1, 5. and 6, 
formaldehyde has a destabilizing effect. The copper lnay act nolr. to reclnce the 
number of sulfhydrgl groups by increasing the redos potential so that part of 
the snlfhytlryl groiips is converted to siilficle groups. This may contribnte to  a n  
increased stability by blocking the reaction ~v i th  formaldehyde. The fact that  
hydrogen sulfide is a reducing and destabilizing agent lends some slipport to  
this idea, althougli it is recognizecl that hydrogen sulfide may act to cross-link 
protein groups. 

I t  is possible that in the nsnal forcwar~ning ol)eration a stabilizing action 
results from a reduction in the calcium ant1 ~nagnesium ion conce~ltration and 
the formation of sulfhydrpl groiips. The Iioltling period i n  the fore\varming 
process is both stabilizing and destabilizing. I t  is stabilizing to the estent that  
the calcium and magnesium ion concentratio11 is reduced and destabilizing to 
the extent that labile sulfur is lost. I t  is 1~e11 kno1v11 that a prolon~ed holding 
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period, for example, 30 minutes a t  210' F., usually results in a loss of heat 
stability, which cannot be restored either by tlisoilium phosphate or copper salts. 
A trace of copper salts added early in the forewarming process may prevent 
loss of these labile sulfnr groups. 

1. A possible correlation exists betweetm the amount of formaldehyde required 
for ~uaximum lwat stability of evaporated nmilk and that required for cornbination 
with the free amino groups as iletermined by a fommol titration. 

2. Copper salts in traces ret1uc.e tlie tlestabilizing action of formaldehyde 
but apparently do not interfere with its stabilizing action. 

3. A trace of copper salts in whole uiilk prior to forewarming results 
in an evaporated milk of below ~mornmal heat stability. The entry of a trace of 
copper salts into milk after normal forewa~~minp process results in an evaporated 
milk of above normal heat stability. 
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Milk. 111. -7. Dairy Sci., 26: 833. 1943. 



T H E  EFFECT O F  LACTOSE CRYSThL1.IZATION OW PROTEIN 

STABT1,ITT IN FROZEN C'ONCENTRATED 3lILK 

I,. TI'MEKMAN, H. FKAM, ~ x s n  K. \I'. COHSEI,T 
Snt:oitnl LJair,tl Rcscnrc4h I,nbo,~nlorirn. Znc. 

Onkrlalr, Long Znlnwrl, N r w  rol.1: 

The coagulation of the colloiclal protein in niilir tlnring frozen storage has 
limited the develop~nent of a marketable f rozeii c.oncrntratcc1 ~nilk. Webb ( 1 3 )  
patented a process for the procluction of frozen c.once~~trated niilk hut observed 
114) that protein coagiilation rrstricteil the storage period to seceral weeks in  
the temperature range 0 to 10° F .  The rate of coagulation of the protein, identi- 
fied as calcium caseinate by Doan et  nl .  (.i. 1.5). has been directly related to the 
temperature of frozen storage (3, f, 5 ) .  

Attempts to improve the stability of frozen concentrated milk by rnanipula- 
tion of such prefreezing process variables as fore\varming temperature and 
homogenization pressure have not bren part iv~~larly successful. Significant im- 
provements have bren attribnted to rapid freezing of milk si~bseq~icnt to concen- 
tration and to the iise of sugars and calrinm seqnestrants as stabilizing ad(1itives 
(5, 15). Rediiction of the calcium content of milk by ion exchange treatment 
was reported to exert a retarcling effect on protein flocculation in frozen milk 
(6, 1::). Wildasin and Doan ( 1 5 )  speculated that lactose nuclei in voncentrated 
milk might 'Laccelerate the formation of casein structures" based on the obser- 
vation that the adtlition of fine n~esh santl to eoncentrateil milk lo~veretl the 
stability of the frozen prodnct. 

Research in these laboratories by Sti~npson ( 1 1 )  revealed that a stable frozen 
concentrated milk c1o11ld be produced by treatment of the niilk with a lactase 
enzyme prior to freezing. The improvement tlerived from the application of a 
lactose hydrolyzing enzyme implied that lactose has a signifira~~t influence on the 
stability of the proteins in frozen concentrated milk. 

EXPERIMENTAL METIIODS AND RESILTS 

The milk processed for this study \vas conce~itrated to 357r total solids with 
a minimmn of 25X scArum solids and 10:; butterfat. The 111ilk was clarified, 
forewarmed to 145' F, for 15  minutes. ~ a c u u n l  condensed at 120-130°F., ad- 
justed to the proper fat to solids-nonfat ratio, homogenized at 2.000 p.s.i., and 
pastenrized at 355' F. for 30 minutes. The product was then cooled to 40' F., 
packaged, frozen static.ally at -20" F. for 24 hours, and stored at 15' F. 

The extent of protein floccnlation in the stored samples mas measured as the 
total colnme of insoluble material and expresyed as a solubility index, according 
to a method described for nonfat milk solids ( I .  2 ) .  The frozen concentrate was 
thawed in a 77' F .  water bath and reconstitnteil to 12% solids. A 50-1111. aliquot 
of the reconstituted nlilk was c ~ n t r i f l i g ~ d  in a calibrated tube for 5 minntes a t  
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800 r.p.m. in an 18-in. diameter centrifuge. The supernatant was decanted and 
replaced with distilled water, and the precipitate was recentrifuged. The volume 
of precipitated protein, in milliliters, was recorded as the solubility index. The 
values obtained with freshly frozen concentrated milk were invariably under 
0.2 ml., whereas values as high as 18.0 ml. were observed with milk that had 
totally coagulated in storage. A stored sample with an index value greater than 
1.0 was consitlered nnacceptahle for fluid consumption. 

Stnbility of lacfasc-hydvolyzccl frozcn milk. The quantitative relationship 
between lactose hydrolysis ant1 protein stability was determined in a series of 
samples ill which 5, 10, 15, 20, 30, 50, and 85% of the lactose was hydrolyzed. 
Skininlilk containing 31% solids was treated with a lactase enzyme prepared 
from the yeast IYncchnronryc~s fragilis, using one part by weight of the d ry  
enzyme preparation to 40 parts lactose in the milk. Within 4 hours a t  123O F., 
85% of the lactose was hydrolyzed. The extent of hydrolysis was determined 
by measurement of the monose concentration in the milk according to a method 
reported by Tauber and Kleiner (12). The lactase-treated concentratecl skim- 
milk was then adjusted to contain 357, total solids and 10% fa t  by the addition 
of 40% cream. This product was then mixecl with untreated concentrated whole 
milk to obtain the desired level of lactose hydrolysis in the final product. The 
samples were then pasteurized and processed as described for control milk. The 
direct correlation between the degree of lactose conversion and frozen storage 
stability is shown in Figure 1. 

Lactose crystallization in frozcn milk. Careful visual and microscopic exami- 
nation of control and lactase-treated milk samples a t  intervals during frozen 
storage consistently revealed the appearance of crystalline lactose immediately 
preceding protein flocculation. Significantly, it 1vas observed that the rate of 
crystallization of lactose and the coagulation of casein, in frozen milk, were 

STORAGE TIME - DAYS 

FIG. 1. The i~ifluet~ce of enzymatic lactose hyclrolysis on the protein stability of co~icen- 
trated whole milk (350/rj solids - stored at 15" F.). 
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suppressed in direct relation to the extent of hydrolysis of the lactose, by the 
lactase enzyme. 

A polarimetric methotl devised by Sharp and Doob (10) for the quantitative 
determination of crystalline lactose in dried milk and whey was adapted, with 
slight moclification, to the measurement of the rate of crystallization of lactose 
in frozen milk. This method utilizes the mutarotation of deproteinated solutions 
of inilk powder or whey as a basis for evaluating the qilantity of crystalline 
lactose in the dried product. The expression, 

ri anhydrous alpha lactose = 

was derived, by Sharp and Doob, to rorrelate the extent of mutarotation with 
the alpha lactose content in the dried milk. Any increase in the alpha lactose 
content above the 3 7 2  equilibrium level represents crystallized alpha lactose. 
P~.oeedlrre: Solution A - 0.9 g. oxalic acid/1,000 1111. water 

Solution R - 264 g. mercuric chloride dissolrecl in 1,000 1nl. of 95% 
ethyl alcohol. 

A 10-g. sample of frozen milk was weighed rapidly in a 100-ml. rolumetric flask. 
The protein was precipitated by the addition of 40 ml. of the oxalic acid solution, 
25 ml. of distilled water, and 10 ml. of the alcoholic mercnric chloride solution, 
in succession. The solution was shaken viporously for 2 minutes after the addi- 
tion of each reagent to ensure coinplete solution of the lactose crystals. The 
volnme was finally adjusted to 100 ml. with distilled water, and the solution 
was transferred to a filter paper. The filtrate was run  directly into a polarimeter 
tube to facilitate immediate polarization. The entire procedure was accurately 
timed from the moment of contact of milk sample and oxalic acid reagent. The 
first optical rotation measurement of the deproteinated lactose solution was 
obtaineil in approximately 10 ~ ~ ~ i i l u t e s ,  and rotation values were recorded every 
few minutes for the first honr. The final rotation I-alne was obtained at 8 hours. 
Optical rotations were measured a t  20' C., with sodiuin light through a 4-deci- 
meter tube in a polari~neter accurate to 0.01". Extrapolatioil of the rotation-time 
curve to zero time (Figure 2 )  yielded the initial rotation value used to calculate 
the percentage of crystalline lavtose in the frozen milk sample. Freshl?- frozen 
milk concentrates were invariably i~onnlutarotating, eritlence that lactose crystal- 
lization does not occur during the freezing process. Wheil protein flocculation 
was measured si~nnltaneously with lactose crystallization a t  successive time 
intervals during frozen storage of conrentratecl milk, the lactose cn.stallization 
inrariably preceded the flocrulation of the caasein (Table 1 ) . 

To demonstrate that accel~ration in the rate of lactose crystallization in con- 
centratetl milk \vould cause a (+orresponding increase in the rate of protein 
coagulation, a sainple of conccutrated milk was seeded with crystalline lactose 
prior to freezing. This inilk showed both extensire lactose crystallization and 
protein coagulation within 5 tlays of storage a t  1.5" F. (Table 1 and Figure 2) .  

I t  was anticipated, fro111 t l~rse rcsults, that resolubilization of the lactose 
crystals formed during s t o r a ~ e  of frozen milk prior to the onset of protein 
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FIG. 2. The crystallization of alpha lactose in eoncrntr:~tc.~l wl~ole milk (35r/0 solids) meas- 
ured b;r the increase in mut:~rot:~tion of s :~n~ples  withclrnwn :it sucec~sive intervals of storage a t  
15" F. 

flocculation would afford renelved stability to  the 111ilk proteins. A series of 
samples of 35% solids whole niilk co~ l~en t r a t e  was stored a t  15" F. At the end 
of 4 weeks of storage, traces of lactose i.rystals ~vf>re erident in the frozen milk. 
Several samples in the series were rapidly thawed and heated a t  155" F. for 1 
hour to resolubilize the lactose crystals. This reheated milk was immediately 

TABLE 1 
Tltr rtrtr of lnrtoar rr?y.~talliznfto~r (111rl protr I I I  flocrtlatioa 

in 35Y0 solids ~c~hole milk slorcd at 15" F .  

Optical rotation" Optical rotation Alpha lactose Protein 
Storage - 1uiti:~l - - Final - crystallized floeeulation 

time (extrapolated) (observed) (Cnlc.) solubility index 

(Dags) (Degrres) ( Degrees) I % )  
6 2.94 2.94 0.0 
9 2.92 2.92 0.0 

1 3  2.93 2.91 0.5 
40 2.94 2.87 2.2 
55 3.03 3.96 2.2 
62 3.82 3.03 40.6 
i 0  4.1 0 2.76 77.8 
5 (seeded 4.50 2.96 82.5 

with lactose 
crystals before freezing) -- 

"Optical rotation and solubility index measurements were nlade simultaneously on each 



834 L. TUMERMAN ET AL 

refrozen and stored a t  15' F. The samples not receiving the heat treatment 
coagulated within several days of additional frozen storage and showed extensive 
lactose crystallization. The reheated samples, however, were stable for an  addi- 
tional 4 weeks, a t  which time lactose crystals started to re-form. Several of 
these samples were reheated, as before, and the others were left in storage a t  
15' F. The reheated samples again did not coagulate on subsequent frozen 
storage for an additional month, whereas the unheated controls showed heavy 
lactose crystallization and extensive protein flocculation within a few days. 

The stabili ty o f  lactose depleted milk i n  frozot storage. The protection 
afforded frozen milk by partial lactose hydrolysis has been directly correlated 
with the decreased rate of lactose crystallization resulting from such conversion. 
The retardation of lactose crystallization in frozen milk was duplicated by 
another method. Lactose crystallization mas ind~iced in 457rl solids skimlnilk 
by  seeding with fine lactose crystals atid refrigerating the milk at 40' F. for 
24 hours. The crystallized lactose mas then centrifuged from the n~i lk  in a 
conventional milk clarifier. A reduction of 25% of the lactose content was 
readily attained by this procedure. The partially delactosed skimmilk concentrate 
was then combined with cream and water to a 35% total solids whole milk con- 
centration. The lactose deficit was restored with either sucrose, glucose, or an 
equal mixture of glucose and galactose. The milk was heated a t  155' F. for 1 
hour to ensure resolubilization of the residual lactose crystals, as such crystals 
were found to nucleate the frozen milk and markedly accelerate protein floccula- 
tion. Milks partially tlepleted of lactose by this method mere stable for over 3 
months a t  1.5" F., whereas coi~trols crystallized and coagulated within 1 weeks. 

Inp~rence of fentpemtzrre otz the rate of lactosr crystallization irt ~ T O Z P I L  con- 
centrated nzilk. The importance of avoiding temperature fluctuations du r i i~g  the 
storage of frozen concentrated rnilk is i~nplicit in the inflnerice of lactose crystal- 
lization on the stability of the casein. Successive thawing and freezing of the 
milk will permit rapid nucleation of the lactose wit11 its concomitant effect on 
the protein stability. The evaluation of the influclnce of storage temperature on 
the rate of lactose crystallization ancl the stability of the n~ilk 111ust. therefore, 
be performed under carefully controlled storage te~nperatures. 

A series of constant temperature baths. each equipped with an i~u~liersion 
heater and a bimetallic therinoregulator, was assembletl in a -20' I?. cold room. 
The baths were filled with water and sufficient ethylelle glycol to prevent freez- 
ing. Ifilk sainples for frozen storage evaluation were sealed in small cans and 
submerged in the baths, which, with constant stirring. ~vere capable of maintain- 
ing the samples within lo F. of tlrc tlesireil temperature. The 35% solids whole 
milk used in this experiment was processed as previously described. All possible 
precautions were taken to avoid the fornlatioll of lactose crystal ~luclei in the 
processing of the milk. The samples were then stored im~nediately a t  the selected 
temperatures. Polarimetric examination of the milk a t  intervals dliring storage 
revealed that all sainples were free of lactose crystals for definite periods follow- 
ing the freezing process. Only after a prolonged induction period in each case 
d i d  lactose crystallization become detectable. The e~lsuing mass crystallizatior~ 
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of the lactose in the frozen milk was invariably acroiilpanied by coagulation 
of the casein. The influence of temperature on frozen milk stability is shown 
by the data in Table 2. 

TABLE 2 
The influence of temperature on the stability of frozen concentrated whole n1.ilk (35% solids) 

Storage -20" F.' -10" F. -5" F. 0" F. 5" F. 15" F. 
time Ab B b  A B A B A B A B A B - 

(Days) f%) (ml.1 % f .  ( %  1 .  ( % I  (ml.) (%) (9nl.l ( % I  (ntl.) 

"Samples continued in storagc for over 1 year at -20" F. showed no lactose crystallization 
or protein flocculation. 

A = % lactose crystallized. B = volume flocculated protein (solubility index ml.). . 

The freezing clcrve of ntilk. The crystallization of lactose in milk stored a t  
freezing temperatures was taken as evidence that only part of the water in the 
"frozen milk" was frozen. As freezing point data on high solids milk concen- 
trates were not available in the scientific literature, the ice-water equilibrium 
in milk frozen a t  various temperatures was evaluated by calorimetric ineasure- 
ments. The high heat of fusion of ice provides a practical basis for the calori- 
metric determination of the ire content of partially frozen milk. 

A low teinperature bath was prepared f~*oni 'an  insulated glass tank filled 
with a  ionf freezing ethylene glycol-water niixture. A cold finger containing dry  
ice and ecllial parts of chloroform and carbon tetrachloride was used to refriger- 
ate the bath. A mercury thennoregiilator was set to control the temperature by 
actuating an infrared heater focusecl on tlir wall of the bath. With vigorous 
agitation, the teinperat~ire rould be iuaintainc~d within +O.1° C. a t  temperatures 
as low as -28' C. Skiiiimilk, conc.entrated to 27'h solids, was ~iseil in all the 
calorinietrir ~neas~~re i i~ t~ t i t s  to eliminate the il1fluenc.e of the fusion of butterfat 
on the heat balatictx. I t  was tleternlined experimentally that the ice-water equilib- 
rium in milk lield a t  constant freezing temperatures could be established with 
sinall saiiiples in less than 1 hour. The concelitrated skiinmilk samples were 
weighed in 50-1111. glass ctwtrifuge tubcs, stoppered, and iinmersecl in the freezing 
bath controllet1 at the s1,ecific.d trinl,erature. If ire ct-ystallizatioll was not evident 
after 30 minutc~s, the nlilk was sretlrd wit11 an ice crystal, and freezing equilibra- 
tioii was rolitin~letl for a nlinininni of 1 hour. The saniple was then quickly 
transferretl to a c.aloriulrter containing distilled water a t  a known temperature. 
The calorinieter was prepared fro111 a 1y2-pint silvered racnuin bottle fitted with 
a thick cork .itopl)er, a standarclizc~tl theriiioiiieter calibrated in O.1° C., and a 
glass stirrer. The total obserrecl tenlperatnre change mas recorded when the 
calorilneter conrelits reac.hed equilibriunl. Correction for the heat capacity of 
the calorimeter ant1 sanlple tube was applircl to the ealculatioll of the ice content 
of the frozen ~ililk. At each teluperature a parallel control determination was 
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made with a weighed sample of distilled water. The total quantity of ice re- 
covered in each distilled water control was within 2% of the theoretical. The 
determination of the freezing point of 27' solids skimmilk was made with a con- 
ventional Beckmann cryoscope. The results of this study are summarized in 
Table 3 and Figure 3. 

TABLE 3 
Calorimetric measurement of ice in concentrated skiwntilk equilibrafcd nt frctrinp temperatures 

Sample weight Weight of Calorimeter Weight of Water 
Freezing of 27% solids water in temperature ice in sample frozen in 

temperature skimmilk ealorimeter decrease (calc.) sample 

(" C.) (" F.) (g.1 (9 . )  (" c.) (9 . )  ( % I  
-2.8 26.9 40.0 400 3.1 6.5 22.2 
-4.8 23.4 40.0 400 4.9 16.9 57.9 

-10.0 14.0 40.0 400 6.0 21.6 73.8 
-18.2 -0.76 40.0 400 6.9 25.0 85.6 
-28.0 -18.4 40.0 400 7.9 '77.6 94.5 

., 
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FIG. 3. Calorimetric measurement of ice in 2770 solids skimmilk equilibrated at freezing 
temperatures. 
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DISCUSSION 

The freezing point of fluid whole milk is approximately -0.55' C. This value 
reflects the depressing influence of the lactose and salts on the freezing point of 
the water. Lowering the temperature of milk below its freezing point roncen- 
trates the milk solids by withdrawal of water from the system as ice. This in- 
crease in solute concentration further depresses the freezing point of the residual 
unfrozen milk. It would be anticipated that a considerable quantity of water 
remains unfrozen in milk a t  all but very low storage temperatures. hleasnred 
calorinetrically, approximately 757% of the water in 27% solids skimmilk is 
frozen a t  15" F. The unfrozen portion is highly supersaturated with respect to  
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lactose, which is slow to crystallize because of the high viscosity and unusual 
stability of supersaturated lactose solutioiis. Mass crystallization in this labile 
concentrated phase does not occiir for approximately 50 days a t  15' F. if all 
possible precautions are taken to eliminate the ilerelopment of lactose crystal 
nuclei during the processing of the milk. Temperatures \vhich afford complete 
protection against protein destabilization (approximately -20° F.) coincide 
with almost total freezing of the water in the milk. At such temperatures the 
lactose is in a stable a~~iorphous glass state, t~iiable to crystallize without dilution. 
At temperattires above this stable zone and b ~ l o w  0" I". the crystallization of 
lactose is sigiiificantly retarded and frozen concentrated milk is stable for periods 
longer than 100 days. Temperatures ill the range of 0 to 15' F. (1525% un- 
frozen water in 27y solids skim milk^ perniit fairly rapid lactose crystallization 
and colloid flocculation, generally withill a 50- to 70-day storage period. The 
partial hydrolysis of lactose to monoses, by the lactase process, suppresses the 
rate of crystallizatio~i of the lactose by lo~veriiig its level of supersaturation and 
thereby stabilizes the caseiii colloid in the frozen coilcentrated milk. 

The large discrepancies in storage stability data reported in the literature 
probably reflect the variations in the extent of lactose nucleation permitted 
during the processing of the milk. Identical inilk samples, stored simultaneously 
a t  controlled freezing temperatures, often showed variations of several weeks in 
the lactose crystallization iiiductio~i period. Storage stability evaluation studies 
should not rely on the analysis of single samples in view of this chance variation 
in the rate of sporitaneous lactose crystallizatio~i in frozen milk. 

I t  was obserred in the course of this work that flocculation of the casein in 
frozen milk, seeded with lactose, can be partially suppressed if the milk is fortified 
with sucrose. Wildasin ant1 Doan (15) reported that frozen concentrated milk 
was stabilized by sucrose and noted the presence of crystallized lactose in the 
frozen product. The stability of the colloidal caseiii in sucrose fortified frozen 
milk in the presencbe of crystallized lactose indicates that coagulation of frozen 
~ililk is not a direct (.onsequelice of the physical iiiterreiition of the lactose crystals 
in tlie tnicellar structure of the caseiii. The protection afforded inilk by partial 
removal of c.alvinm by ion exchange (6) and the stability of oxalated milk in 
frozen storage (1 . ; )  suggest that the high salt coiicentration developed in the 
unfrozen inilk phase promotes the clestabilizatioi~ of the casein. However, the 
mechanis~n by \vhic+li soluble lactose protects the stability of the casein in frozen 
concentrated illilk has not been resolveti. Halvke and Lea (7) recently reviewed 
the subjecat of the stabilization of proteiii sys t~ms  by carboliydrates and demon- 
strated that lactose aiid stic.rose s ~ ~ p p r e s s  the iiisolubilizatioil of freeze-dried 
lipovitelli~i store11 at high huinit1itit.s. Herringto11 (9) reported 011 the forma- 
tion of iiiolec.ular c~onipotuids of lac.tose aiid c a l c i m ~ ~  salts and spec~~la ted  on 
the possibility that snch coiiipo~uicls, if foruiecl ill ic.e cream and other concen- 
trated milk produvts. 11iay account for the nnt~sual stability of their supersatu- 
rated lactose solutioi~s. 

The results obtaii~ecl in this stucl- emphasize the importance of lactose in 
ruai~~tailiiitg the stability of tlie c.asc.in ill frozen concentrated milk. The lactose 



niay stabilize the casein by "sequestration" of the highly concentrated milk 
salts in the nnfrozen phase of the milk, thereby suppressing the salting-out of 
the casein. Additionally, the lactose niay intervene in the molecular organization 
of the protein so as to suppress structural changes that \yonld lower the stability 
of the colloid during prolonged prriods of frozen storage. The withdrawal of 
the moderating influence of soluble lactose, as a consequence of its crystallization 
in frozen concentrated milk, is suggested as the primary cause of coagulation of 
the casein colloid. Whether lactose crystallization is a factor in the coagulation 
of casein in unconcentrated frozen milk is the subjevt of a cnrrent investigation. 

An interesting parallel can be drawn between the "insolubilization" of 
casein in frozen milk and in high moisture milk powcler, as follows : 

1. Lactose crystallization preeedes the developnient of protein insolubility 
in high moisture (> 7%) milk powder and in frozen eonccntrated milk. 

2. The casein insolubility developed in both systems is "reversible" with 
heat initially but gradually becomes irreversible on continneil storage. 

3. Depletion of the calcium content of either systeni stabilizes the casein 
under storage conditions that induce extensive lactose crystallization. 

4. The insolubilization of the casein in both systems is suppressed by the 
presence of sucrose. 

Henry p t  al. (8) related the protein insolubilization in high moisture milk 
powder to the interaction of the amino groups of the casein with lactose. How- 
ever, the low temperatures a t  which casein is rapidl?- insolubilized in frozen 
milk is in direct contrast to the high temperature coefficient characteristic of 
sugar-protein interactions. I n  addition. the hydrolysis of lactose stabilizes the 
casein in frozen milk, atlhough such conversion renders the more reactive 
glucose available to the casein. Although siigar-protein interaction does not 
appear to be a factor in the coagulation of casein in frozen milk, the physical 
similarity of this system to that of high moistlire milk powder suggests that  
certain aspects of the protein insolubilization may be common to both. 

SUMMARY A N D  CONCLUSlONS 

I .  The coagulation of casein during the storage of frozen concentrated milk 
is a direct consequence of the crystallization of the lactose in the milk. The 
mechanisni by which lactose crystallization initiates the flocculation of the col- 
loidal caasclin in frozen milk remains obscure. I t  is suggested that the soluble 
lactose in the metaeryotic fluid of partially frozen milk mar  sequester the con- 
centratcail calcium salts and thereby moderate their destabilizing influence on the 
colloiilal casein. Withdrawal of soluble lactose fro111 the unfrozen phase by 
crystallization would eliminate the sugar as a stabilizing faetor and permit the 
casein to flocculate. 

2. The rate of crystallization of laetose in milk frozen at 15" F. to -20' F. 
has been determined by polarimetrie measurement of the increase of alpha 
lactose above the equilibrium level. Lactose crystallization and flocculation of 
the casein colloid in frozen milk occur in close sequence after well-defined induc- 
tion periods that are related to the freezing temperatnre. 
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3. The quantity of ~ulfrozen xater  in concentrated skiaimilk, ecjuilibrated a t  
various frerzing tenll)eratlu.es. has h ~ t ~  eval~iatetl calorin~etrically. Approxi- 
mately 75'h of the water is frozc.11 ill 25'1 solids skinlnlilk a t  15' F. The residual 
unfrozc111 pllasc. is Ilighly satnrtitc*tl with lactose \vhich c.rystallizc~s ~aapitlly after 
a charactc.ristic. il~tll~c.tiolr ptlriotl ( I~ i r j~ lg  which crystal c r l~ t r rs  are fornletl. At  
temperatures si if icir~~tly low to frrrzc~ ovclr 90'1 of the water, the alnorphous 
lactose phase is stable against c.rystaIlization. 1-1111er thrse ~onditions. floce~ila- 
tion of the casein is snppressetl. 

4. Enzymatic hydrolysis of lactose. in c.onventrated milk nlarkedly stabilizes 
the frozen product by retarding the rate of  c.rystallization of the lactose in pro- 
portion to the degree of hydrolysis. 

The authors ~v id l  to express their apprecintiol~ to T. Sfortutlnto an11 .I. Pisnni for trchnieal 
assistance in the nionose all11 solnbility index deterlnin:~tionr. 
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ACTION O F  iiEROSOLS O F  CERTAIN VIRICIDAL AGENTS ON 

LACTIC STREPTOCOCCUS BACTERIOPHAGE 

F. W. BENNETT2 AND F. E. NELSOZ; 

nair.u Zn4lustry Section, Iowa Agrirztltttml Erperitnent Station, A~nra 

Since the announcement in 1935 of the discovery of bacteriophage as an 
important cause of lactic acid culture failure, inuch research has been devoted 
to control methods. Carrying cultures in sealed cans, rotation of a series of 
cultures, and the use of multiple strain cultures have been advantageous but 
not entirely satisfactory methods. More research on the subject of control of 
air-borne phage through the use of chemical agents seemed desirable. 

Whitehead and Hunter (12) recovered lactic streptococcus bacteriophage 
from the air by three different techniques. Anderson and Neanwell (I) reported 
that bulk starter was protected successfully froin phage infection by the use of 
a special air-tight can with a small opening plugged with cotton. Whitehead 
and IIunter (1.7) coilsidered droplet infection of the air from whey separators 
or other equipment to be an important channel of infection of cheese milk and 
recommended the use of sealed vessels for starter, filtering of air into the bnilding 
and keeping the inside pressure slightly greater than that on the outside. 

Henle and Zellat ( 5 ) ,  Robertson et al. (8, 9 ) ,  Stokes and Ilenle (II) ,  Riggs 
et  al. (3 ) ,  Rosebury e t  al. (lo), and others have reported the iuartivation to some 
degree of certain air-borne viruses by vapors of one or more of the glycols. 
Wolf et nl. (1::) reported inconcll~sive but apparently not satisfactory results 
from the use of propylene glycol mist in attempts to destroy air-borne lactic 
streptococcus bacteriophage. Fine mists containing available chlorine were said 
to give protection froin this phage for one-half honr when the humidity was well 
in excess of 507L. Apparently no tests have been made of the effect of quaternary 
ammonium compounds in aerosols upon bacteriophage. Prouty f 7) reported 
the illactivation of lactic streptococcus bacteriophage in liquids by each of six 
quaternary ammonium compounds iinder certain coiiditions. 

EXPERIMENT.\L METHODS 

Three strains of bacteriophage, F10, F67, and F69, ~vliicl~ are specific ill their 
actions against the Rtreptococc?cs cremoris strains 122-1, 144F. and JIL1, respec- 
tively, were selected for use in this inrestigatioll. The phagtl strains \wre im- 
mu no logic all^ distinct, according to Wilkowske (14). The phages and their 
host bacteria were obtained from the collection of the Dairy Inclustry Section 
of the Iowa Agricultural Exper in ie~~t  Station. E t h y l t ~ e  glycol. propylene 
glycol, triethylene glycol, calcium hypochlorite, and alkyldiniethylbenzylammo- 
nium chloride were selected as viricidal agents. Glyt.01~ of teclulical grade were 
used. 

Rrceired for publiration January 22, 1954. 

' Journ:~l paper S o .  J-2458, Iowa Agricultural Experinlent St:~tion. Anlcs. Project S o .  1194. 
' I'reueut ;~tldrrxs: Dairy Departn~tv~t, U~~ivers i tp  of Georgia, Atllens. 
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The strengths of solutions of hypochlorite and chloramine-T were tested 
immediately before nse by titrating with 0.1 N sodium thiosnlfate, using a 2% 
solution of soluble starch as an indicator. One ml. of 0.1 N thiosulfate was re- 
garded as being erluivalent to 0.003546 g. of available chlorine. The solutions of 
alkyldin~ethylbenzylammo~~ill chloriile were prepared volumetrically on the 
basis of the manufacturer's stated strength of an industrial solution (10%). 

The phages were prepared in milk, acid whey from which was filtered through 
a sterile filter paper and then through a sterile $03 Selas microporous filter. 
Filtrates containing the respective phages were mixed for simultaneous testing 
and the pI I  was adjusted when necessary by the addition of 1 N NaOH. The 
most probable numbers of active bacteriophage particles in test liquids were 
determined by the three-tube limiting dilution technique described by Krueger 
(6). Litmus milk fortified with 1y nonfat dry milk solids and 10%) V-8 juice 
was used as the medium. Since siml~ltaneous tests were made on the three phages, 
triplicate sets of tubes were prepared from each test sample and its serial dilu- 
tions. One set was inoculated with one drop per tube of culture 122-1 ; the two 
other sets were inoculated similarly with cultures MI11 and 144F, respectively. 
Tubes failing to show normal roagnlation and reduction of litmus after 12 to 16 
hours incubation at 32" C., the same as occurred in the phage-free control tubes, 
were considered as containing active bacteriophage. The most probable numbers 
of particles per milliliter were obtained by referring to the tables of Buchanan 
and Fulmer (4). 

DeVilbiss No. 127 atomizeis were used for atomizing whey filtrates for the 
infection of a closed room having a v o l ~ ~ m e  of 1,370 cu. ft.  Phage was recovered 
by aspiration of 6.7 cu. f t .  of air through 25 ml. of distilled or bnffered distilled 
water in 35 X 200 mm. test tubes and by settling on stainless steel discs 90 mm. 
in diameter or in petri dishes which usnally contained 20 ml. of buffered distilled 
water ( p H  7.2). A sufficient quantity of glass beads 3-5 mm. in diameter was 
placed in each tube so that they came about to the surface of the water. 

Aerosols of the viricidal agents mere dispersed into the infected room by 
means of DeVilbiss No. 127 atomizers. Tubes and dishes for the collection of 
samples after the treatment of the rooin with calcium hypochlorite or chlora- 
mine-T were charged with distilled water containing 3.2 mg. of sodium thiosul- 
fate per liter and 1/3200 M phosphate buffer adjusted to p H  7.2. Buffered water 
without inhibitors was used in testing the acdtio~i of the glycols and of alkyldi- 
methylbenzylan~monium chloriile. 

All apparatns and test materials which came into contact with the cultures 
and phage samples were sterilizetl before use. with the exception of the stock 
viricidal agents. 

Results representative of the nine test series made on recovering the bacterio- 
phage frolu the air by aspiration and by deposition on stainless steel discs when 
the room was infected with an atomized whey filtrate are presented in Table 1. 
The high results with bacteriophage strains F67 and P69 on discs exposed during 
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TABLE 1 
Bacteriophage recovery from room infected with atomized whey filtrate at pH 4.45 

containing lactic streptococcus bacteriophages 

Period sample taken 
after infection began 

Mpn/fta of phage particles recovered from the air 
by aspiration through buffered distilled water 

(min.) 

Period disc exposed Mpn/ft2 of phage particles recovered by rinsing 
after infection began stainless steel discs with bnffered distilled water 

-. 

(?]tin.) F10 F6 7 F69 

0- 7 30,000 30,000 300,000 
0- 17 11,000 30,000 53,000 
0- 80 3,000 11,000 300,000 
0-138 30,000 11,000 30,000 
0-266 30,000 130,000 30,000 
0-497 30,000 530,000 110,000 
0-1220 5,300 480 11,000 

0- 7 30,000 30,000 300,000 
15- 22 350 11,000 110,000 
78- 85 11 0 180 

136-143 4.8 0 4.8 
264-271 4.8 0 0 
495-502 0 0 0 
497-1220 0 300-4- 300f  

60 ml. of whey filtrate containing 250,000,000, 25,000,000, and 110,000.000 partieles/ml of 
F10, F67, and F69 phages, respectively, were atomized into the room. Time required for 
atomizing was 5 min. 

the illterra1 497-1,220 millutes were atyl)ic.al. The filtrates in the other tests 
ranged from p H  4.85 to p H  6.85. Petri dishes containillg or not containing 
distilled water or buffered distilled water were used in soine tests for sampling 
for the phages deposited from the air. No sigiiific.ant diffc>rences resulting from 
variations in pII or in receptacles were observed. Neither did a range from 54 
to 91% in relative humidity seen1 to affect the results. 

Most of the phage carried in whey filtrates atomized into the air settled or 
otherwise disappeared from the air  ill 1 to 2 hours, but sonte phage was re- 
covered ill certain trials after a cwusiderably louger period. 111 one test, 2.6 
phage particles per cu. ft.  were recovered froni still air  and 940 particles per 
cu. ft.  were recovered after vigorously usi~lg a dry mop on the floor 3 clays after 
infection of the room. No phage was rc>roreretl in two other tests at the end of 
1 and 2 days, respectively, after vigorous nlopping. Phage wah recovered from 
the surfaces in the room 2 days after dispersal into the air. 

The results of treatment of the infected rooill with an aerosol of 1 ml. of 
triethylene glycol in 650,000 cc. of air  (44 ml. per 1,000 cu. ft.) are shown in 
Table 2. Two similar tests of ethylene glycol and one test of propylene glycol 
likewise failed to indicate any destructive effect of these agents. 
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TABLE 2 
Effect of trietkylene gl?/col arronol on namber.~ of phage particles recoz'cred from 

room infected with lactic strcvtococotn bacterion11anrs 

Period sample taken Mpn/ftq of phage partirles recovered from the air 
af ter  infection hegan hy aspiration through buffered distilled water 

(min.) F10 F67 F69 

10-17 750,000 %0,000 940,000 
20-27 940,000 170,000 940,000 
40-47 9,400 56,000 17,000 

Period dish open 
after infection began 

(min.) 

0- 7 
0-10 
0-17 
0-27 
0-47 

Mpn/ft2 of phage particles recovered from buffered 
distilled water stantling in petri dishes 

55 ml. of whey filtrate with a p H  of 6.6 rontaining 150,000,000, 45,000,000, and 150,000,000 
particles/ml of F10, F67, and F69 phages, respectively, were atomized into the room. 60 ml. 
of triethylene glycol were dispersrcl s in~~~ltaneonslg with the filtrate. 

An aerosol of calcium hypochloritc which pro~icled 0.61 g. of available chlorinc 
per 1,000 cu, ft.  of air spare. applictl s i ~ ~ ~ n l t a ~ ~ r o ~ i s l  with the infection of tht: 
room, resulted in no acativc phage pal-tic.1c.s being recovered at any ti111c1 t ln~.i~ig 
the test. Table S presents the results of a similar test except that the RPI-0s01 

TAR1,E 3 
Effect of calcium hypochloritc aeronol dispcrsetl b r t w c r ~ ~  infections 011 nr~l~tbrrs  of phage 

particles recovered from room infected with lactir streptoroccas barteriophngrs 

Periotl sample taken Mpn/ftX of phage particles reeovereil f r o n ~  the air  
af ter  infection hegan hg aspiration through buffered thiosulpl~ate solution 

(min.) F10 F67 M 9  

10-1 7 0 0 0 
46-53 750 17,000 3cio,ono 
77-84 170 3 7,000 75.000 

Period dish ppen Mpn/ft2 of phage partirles recovered fro111 b~lffered 
after  infection hegan thiosulphate solution st:~nding in petri d i s h e ~  

(min.) 

0-37 
37-47 

10-17 0 0 0 
46-53 0 24 1,100 
77-84 180 890 53,000 

60 ml. of whey filtrate with a p H  of 6.55, containing 1,500,000, 150,000,000, and 150,000,000 
partieles/ml of F10, F67, and F69 phages, respectively, were atomized into the room. Time 
required for atomizing was 6 min. Ten ml. of ealcirrm hypochlorite solution containing 8.3% 
available C1 were dispersed into the room 7-9 min. af ter  infeetion began. A second infection 
of 60 ml. of the filtrate was made 37-45 min. af ter  the first began, and a third of 20 ml. was 
made 71-73 min. af ter  the first. 
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was applied after infection of the roorii and the room was i~~fec ted  again 28-36 
millutes after disinfection ant1 again 26-28 ~ninntes later. The phage was com- 
pletely inactivatetl immediatrly after disi~ifection, but not ellough available 
chlorine remained in the air  to inactivate phage dispersed into the room 28 min- 
utes or more after disinfevtion. Table 4 slio\vs the effects of a calcium hypochlorite 

TABLE 4 
Effect of calcizrm Ibypocl~lorite arroaol dispersed before iitfrctio~t oa nutnbos of phage particles 

rccosered from roo1tc iafrcted with lactic streptocorcrts bactrriophagcs 

Ptariotl salnl)le taken Mpn/ft3 of p l~age  particles recovered from the air  
af tcr  il~fection began by :kspiration t l ~ r o l ~ g l ~  hl~fferetl t l~iosulpl~ate  solution 

Imin.) F10 F67 FG9 

Period d i s l~  open 
af tcr  infertion began 

Ml)rl/fP of phage particles recovered f roln hl~ffered 
t l ~ i o s ~ ~ l p l ~ a t e  nolntion s tan~l ing  in petri dislles 

60 ml. of whey filtrate wit11 a p I I  of 6.5, containing 4,500,000, 4,300,000, and 75,000,000 
particles/ml of F10, 2'67, and F69 phages, respectively, were ntoa~ized into the room. Time 
required for  atomizing was 7 min. Twelve ml. of calcium hypoel~loritc solution containing 8.5% 
available CI were dispersed into the room 5-2 min. beforc infection began. A seconcl infection 
of 60 ml. was ~ n n d e  2 - 2 9  mill. af tcr  the first and a t l ~ i r d  of 20 ml. was nrnde 50-54 min. af ter  
the first. 

aerosol provi~ling the same a l n o u ~ ~ t  of available clilorine applied to the room 
d n r i ~ ~ g  the pt3riod of 5 to 2 minutes before infection. A l~ i~os t  all of the phage 
dispersed iuto the room at  first was i~iac*tivatecl, but ~ii l~cli  more st~rrived from 
later dispersals. Treatment of the i~~fec ted  room 15-it11 calcinm hypochlorite 
aerosols providi~ig 0.18 g. of available chlori~ie per 1,000 cu. ft. of air  space in 
three otllel. trials resulted in t l ~ e  recovery of fewc3r phage particles than fro111 the 
untreated room. hilt not all of the phagc was inaetirated in ally of these trials. 

The erects of an acxrosol of allcyltli~~ietI~ylbe~i~yIa~tii~~o~ii~i~ii chloride (0.73 g. 
per 1,000 cu. ft.) on n~mibers of phage particles recoreretl in the infected room 
are sho~vn in Table 3. The phage was ~ io t  co~iipletely inactivatecl ancl the aerosol 
had a highly astrillgelit effect npoli the respiratory tract of a persoil in the room, 
which alour would ~iiakc its use imprai*tirablr in rooms where workers are 
present. 

DIXCVSSION 

The present data agree in general with those of Wolf e t  01. (1::) in demon- 
strating a rapid decrease in nuinhers of actire pliagtx partirles recovered from 
the air of a room infected with phage. The rapidity with which the phage settled 
out of the air  or became inactivated seerns to limit greatly the dissemination of 
lactic streptococcus bacteriophage through the air. 
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TABLE 5 
E r e c t  of alkyldimethylbenzylan~~noni~~m chloride aerosol on nantbers of phage particles 

recovered in room infected with lactic streptococcus bacteriophages 

Period sample taken 
after  infection began 

Mpn/ft' of phage particles recovered from the air  
by aspiration through buffered clistilled water 

(ntin.) F10 F67 F69 

Period dish open 
after  infeetion began 

Mpn/ft2 of phage particles recovered from buffered 
distilled water standing in petri dishes 

60 ml. of whey filtrate with a pH of 6.5, containing 25,000,000, 200,000,000, and 25,000,000 
particles/ml of F10, F67, and F69 phages, respectively, were atomizecl into the room. Time 
required for atomizing was 6 min. Ten ml. of 10% alkyldimethylbenzylanln~oninm chloride 
solution were dispersed into the room 5-2 min. before infeetion began. A second infection of , 
50 ml. of filtrate mas made 30-35 min. af ter  the first began and a third 60-62 min. af ter  the first. 

The present resnlts also agree with those of Wolf d al.  in ii~dicating ineffec- 
tiveness of the glycols as aerosols against this type of phage. The effectiveness 
of glycols dispersed by other means than by the DeVilbiss atomizer was not 
tested in the present investigation. 

The dispersal of approximately 0.61 g. of available chlorine from a hypo- 
chlorite per 1,000 cu. ft. of air space apparently represents the rnii~imlim effective 
treatment. This treatment is effective for a very short time. Relatively fine 
mists are essential. The corrosive action of chlorine upon metals should be kept 
in mind in its use. 

Aerosols of alkyldimethylbenzylammoninm chloride appear not to be adapt- 
able to the control of air-borne lactic streptococcns bacteriophage. 

Although 0.61 g. of available chlorine per 1.000 cu. ft. completely inactivated 
the phage in the air a t  the time of tlispersal in these trials, the use of 1 g. per 
1.000 cu. ft. in a fine mist is reco~nnier~ded to allow a niargin of safety. 

SUMMARY A N D  CONCLUSIONS 

The persistence of air-borne infection with three lactic streptococcus bacterio- 
phages and the action of certain viricidal agents against these phages suspended 
in air have been studied in this investigation. 

Most of the Rtreptococc~ts  crenloris phage carriecl in whey filtrates atomized 
into the air settled or otherwise tlisappeared in 1 to 2 hours, but some phage was 
recovered in certain of the trials after a considerably longer period. 

I t  was possible in some cases to resuspend the phage in the air after settling. 
Phage was recovered on the surfaces in the room 2 days after dispersal into the 
air. 
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GIycbols w e r e  not found sufficiently effect ive to r e c o n i n l e n d  their use as aero- 
s o l s  in  c o ~ i t r o l  of lactic streptococcus bacteriophage. 

A e r o s o l s  of calcium hypochlorite supplying a l n i i l i m u n l  of 0.61 g. of available 
c h l o r i n r  p v r  1,000 cu. ft. of air co~nplrtely inactivated air-borne phage under 
the con t l i t ions  of this investigation. 

Alkyldimethylbenzylanlmonillnl c h l o r i d e  aerosol was ineffective. 
The use of 1 g. of available c h l o r i n e  per 1,000 en. ft. from hypochlorite in a 

fine aerosol is r e c o t n m e n d e d  for the i n a c t i v a t i o n  of air-borne lactic streptococcus 
bacteriophage. 
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.\CTION O F  CERTAIN VIRICIDAL AGENTS OX LACTIC! 

STREPTOCOCCUS BACTER.TOPHAG-E I N  LIQ1TID8 ' 

F. W. BENNETT' AND F. E. NE1,SO.T 

Dairy I~rrlrtxfry Srctioir, Iowa A g r i c u l t ~ ~ r a l  Experrrr~r~rt Statro~r, . f  11rr.s 

Following tlie investigation of the action of aerosols of cerrtain viriridal 
agents upon lactic streptococcus bacteriophage by tliesr authors (I), it was 
decided to study the action of the same agents when applied to lic~riids containing 
the phage. 

Dunhanl and MacNeal ( I )  inactivated vaccinia virus by exposure i o  S O Y  
propylene glycol for 3 nlinutes in watery suspensioli. 011 the other Ilancl, Tilley 
and Andemon (1%) fo~uid 1007;, ethylene glyc.01 incffe~*tive against thr virus of 
Newcastle disease. 

Reckwith ant1 Rostx ( 1 )  and Dii.nt11.t ( 3 )  for~nd   no st strains of hactoriophage 
fro111 se~vi~ge or \1'att11. ~ ~ o n t a n ~ i n a t ~ d  wit11 f11c.al matter resisted treatn~ent wit11 
chlorine. I111ntt.r and Wl~itrheatl ( 5 )  iuac.tivatt~t1 lactic. streptoclocc.us phag~' iu 
1 niinlitc~ in a 1 ::! tlilr~tion of whey with a solution containing 0.05% availahle 
c.hlo~-i~~-. Wllitrhc~atl ant1 I I ~ i n t t ~  ( I f )  folind that 1110rt' than 200 1).1).111. of avail- 
ablr c l ~ l o ~ i n r  wrrv reclnirt>tl to tltxstroy low titer phages and ovvr 600 1).1).111. of 
available c.Illorinc wrrr 11rr11c~tl to elin~inatt~ I)IIHK(> from high titer whey. 

J l a i r ~  (!)) follntl that t l i lut io~~ of 1 : .i0,000 of a qnaternary ~ I I I ~ I I I O I I ~ I I I I I  I~OIII- 
pountl tlicl not il~rc~rfrrc. wit11 tl111 reprodrrc~tion of staphylococcal phage'. Klein 
et nl. ( 7 )  provt.11 thrcr cll~atclrnary i11111noniru11 c.onil)o~~i~tls were> lethal for Shigclln 
rJ!ysc~rfo.inc a1111 Staph. alb~rs pl1agc.s hut not for E .  coli phage. Kaltctr clt 71. ((i) 

desc.ribet1 a ~nethotl for thc. isoli~tion of E .  o ~ l i  phage fro111 srwagr hy liirans of 
cationic. ~ l e ~ t ~ ~ r g ~ ~ ~ t s .  I ' r o~~ ty  ( 1 1 )  ~ * ~ l ) o r t t ~ d  ina~*tivation of l a ~ t i ~ '  :.trt~[)to~*ot*~*us 
bacterio1,llage by 100 p.p.111. of ra1.11 of six q11ate1'11ary ani~nonillnl (.01111)01inds 
in 16 out of 17 tl-ials \vl~i(.l~ 11e co111111ctrd. 

Three stvains of l)ac*tc~riol)Ilagc.. F'10. P6S. a11d 14'69. and tlic rrspc~c~tivc~ host 
strains. 122-1. 144F. ant1 MLI, of Btr~c'l)tococ.c~rts o.cn~ot-in which wrrc. iiscvl 1)l.t.vi- 
ously ( 2 )  i l l  ttl.;til~g ac>~.osols welac usc~l ill this inrclstigation also. Trc*hnic*al 
gratles of etllyl~~r~c. gly1.01. ~ ) ro l )y l~~nc  glyc.01. i ~ n d  t r i r t l i y l e ~ ~ ~ ~  gly1.01 all11 cSonl- 
mercial prrl)al.atio~~s of ral(*iu~n hyl>oc.l~loritc., c.lllo~.an~ine-T, allryltli~~~c~tI~yll)(~~~- 
zylammoniun~ c*l~loritle. N-(acylcolami~~ofor~i~yln~ethyl) pyridiuilnn chloride, 
9-octailec~r11yltli1111~tt1~1rtl1y1i1111111o1i11i1 h~.olniclc>. ~~~rthyltlotlc~cylbr~~zyltri~~~othyl- 
a~nnionimn chloritlr and diisobutyl (or p - trrtiaryoctyl) - phenoxyethoxyethyl- 
diniethylbcuzyla~i~~iio~~i~i~~i chloritle were selectecl for test as viricidal agents. 

Receive11 for pul)lic:~tio~~ January 22, 1!)54. 

' Jour~lal p:lper S o .  J-2469, Iolva Agric.~llt~lr:~l Experil~lel~t St:itioll, Atnes. Project S o .  11!)4. 

' P r e s e ~ ~ t  address: Dairy Department, University of Georgia, Athens. 
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Solutions of the viricidal agents were made by the same procedures as in the 
previous study (2 )  except they were prepared in double strengths. 

Whey filtrates containing each of the three phages were prepared and the 
most probable numbers of phage particles per milliliter were determined by 
the techniques described for testing aerosols (2) .  

The action of the viriciclal agents was determined by a niodification of the 
procedure proposed by Weber and Rlack (13) for evaluating practical per- 
formance of geniiicicles proposed for sanitizing food utensils. Six to 10 1111. of 
the test solution of the viricidal agent in double strength were placed in a 
25 x 150 mm. test tube and covered with a 30 X 50 mni. glass or aluminum cap. 
Distilled water for preparing test solutions, the metal caps, and all glassware 
used in these trials were autoclaved a t  15 Ib. pressure for 30 minutes. Fire-ml. 
quantities of phage filtrate or diluted phage filtrate were carefully transferred 
to another 25 X 150 mm. tube, avoiding touching the sides of the tube in transfer. 
This tube also was covered with a 30 X 50 mm. glass or aluminum cap. Both 
capped tubes were placed in a 400-m1. beaker of water for obtaining and niain- 
taining the test temperature. 

The tempered tube containing the phage was set in a 2-02. glass jar in a 
vertical position out of the water bath. With a 5-ml. tip-delivery bacteriologica1 
pipet 5 ml. of the viricidal solution were transferred to the tube containing the 
phage. The contents of the pipet were discharged quickly by blowing them 
into the tube. As the transfer was begun, a stop watch with a sweep second hand 
was started. The pipet was discarded quickly and the contents of the tube 
werc swirled vigorously. With an APFIA 1.1 1111. bacteriological pipet, 1 1111. of 
the treated filtrate was removed from the tube and quickly discharged into a 
9-1111. inhibitor blank prepared as described below a t  15 seconds. The inhibitor 
tube mas swirled. Bclditional transfers of the treated filtrate into separate 
inhibitor blanks mere made in a similar inarirler after 30, 60, 120, and 300 seconds, 
respectively. 

The 9-ml. inhibitor blanks were prepared in 25 X 150 nini. Pyrex tubes which 
were plugged with cotton. The solutio~i for preparing the 9-nil. inhibitor blanks 
to be used in testing 50 p.p.m. of available chlorine in hypochlorite or chlora- 
mine-T contained 80 mg. of sodium thiosnlfate (Na2S,0, - 5 II,O) and 1.25 nil. 
of stock .W/4 phosphate buffer made u p  to 11. and adjusted to p H  7.2. For  
higher concentrations of available chlorine, the concentration of sodium thio- 
snlfate mas increased proportionately. 

The solution for preparing the 9-ml. inhibitor blanks as used for testing 200 
p.p.111. of quaternary ammonium solutions contained 2.222 g. of asolectin, 15.6 
ml. of Tween 80, and 1.25 ml. of stock M/4 phosphate buffer per liter and was 
a t l j~~sted  to pH 7.2. as recommended by Weber and Black (13). For 'testing 
higher concentrations of quaternary ammonium compounds the asolectin and 
Tween 80 were increased proportionately. Roth types of inhibitors were steri- 
lizrtl in the autoclave at 15  Ib. pressure for 20 minutes. 

In order to have sufficient volume of material for assay, 10 ml. of sterile 
dirtillecl water were pipetted into each 9-ml. inhibitor tube to which I ml. of 
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treated filtrate had been added. The contents of each tube then were assayed 
for each strain of bacteriophage, and the results were doubled to compensate 
for the final water dilution. The iiiost probable numbers of phage particles per 
milliliter were calculated from the titers of the stock phage preparations. 

The p H  of the original and treated filtrates was determined with a Beckman 
Model G p H  meter with glass electrodes or a Leeds and Northrup hydrogen-ion 
potentio~neter with caloxiiel and quinhydrone electrodes. 

RESULTS 

Gl!jcols. The results of treatment of the bacteriophages in 10.' and lo-' dilu- 
tions of whey filtrate with ethylene glycol are presented in  Table 1. Little, if 
any. destructive action in concentrations as high as 1.000 p.p.m. in a filtrate 

TABLE 1 
Effect of etlcylene glycol on lactic strrptococc~ts bactcriopltages 

in dilutions of tchry ji1tratr.s at J.iO C .  

C .- - e .- ge .; 5 4 
- 

2 - m G S  2 E 
% & % Z Z  2 .- 5 
i .T + 5- 
l. 
u 

w 2 a 3 2 22  o a  ~2 J I ~ I I ' / ' I I ~ ~  after exposure time (in see.) o f :  
d m l  - 
2 4 2; ,, 3 15 30 60 120 300 

ca. 
F69 4 . i  100 

Whey filtrate tliloted 10.' 

i.05 1,100 
7.05 25,000 

\Vlley filtrate diluted 10.' - 45,000 19,000 19,000 5,000 

'Assay o f  treated filtrate diluted 10.' in yterile ~nilk. 

diluted 10 occurred in 300 secoiirls. So~ile destruction in a 10.' dilution inay 
have occurred. No inore effect was evident 1vlie11 propylene glycol and triethylene 
glycol were tested separately. 

Calciirnl k!yl)ocltlorite and ch lovon~ i l~e -T .  Representative results of tests to 
deterniiue the action of calcium hypochlorite npon the phages in whey filtrates 
diluted 1 : 2  are slio~vn in Table 2. A concentration of 100 p.p.m. of available 
chlorine reduced the numbers of active particles in filtrates with a p H  of 5.0 
from 25,000,000-55,000,000 per milliliter to 1.4-5.000 per milliliter in 300 seconds, 
with most of the destructive action occurring within 15 seconds of exposure time. 
A concentration of 400 p.p.m. of available chlorine inactivated all three phages 
in filtrates with a p l I  of 5.0 within 1.5 seconds, biit when the filtrate had 10% 
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TABLE 2 
Effect of calcium hypochlorite on lactic streptococctrs bacteriophages 

in  1 : 2 dilutions of whey filtrates at 2.5" C. 

. . 
f 2 
Y + Mpna/ml after exposure time (in sec.) of:  - fi 
S e 15 30 GO 120 300 

F10 5.0 
FG7 5.0 
El69 5.0 

F10 5.0 
F6T 5.0 
F69 5.0 

F10 5.0 
F67 5.0 
FG9 5.0 

F l  0 5.0 
Ffii 5.0 
Ffi!)  5.0 

FIOt' 4.1; 
i " 4.6 
F i !  .I.(; 

)'I0 K.5 
F(i7 6.S 
FG9 6.5 

'F10 6.5 
F6T 0.5 
F69 6.5 

" Assax of trmtetl filtrate dilutctl 10.' in thiouulpl~nte i1111il)itor. 
"0% susceptible er~ltore of lartir strcptorocri~s :~cltle<l just hrforr treatment wit11 riricidc- 

solution. 

of a milk cnlt~lre of thr ho~nologous o r g a ~ ~ i s ~ n s  adclrtl, 500 p.p.m. mas hardly 
snficient for complctc i11ac.tivatio11 within 300 sc*c.ontls. 111 filtrates with a 1,II 
of 6..5, a c.onct>ntration of 500 p.p.nl. of ;lv;ril:~hlc c.lilori~~r i~~ac.tiratetl all thrre 
phages withi11 120 sc~c.o~)tls in o~~c l  trial h ~ ~ t  1 .1  F67 ~,:irtic.lcs pc.1. milliliter a ~ l d  
19 F69 partic.lcs snl-virc.tl a11 exposilrcl of :300 sc.c.o~~tls in anotllc~r trial. Larga- 
111mthers o f  particalcs snrrivetl trcAat~nent with 100 p.p.111. of available chlorine. 

Reprt~s(.ntativ(~ rc~s~llts of tests of the a(*tion of e i l l ~ i l ~ n ~  hy1)o~hlori t~ 111)011 

thr phages in lo-' tlilntions of whey filtratrs arc g i r r l ~  in Tablc 3. The pl~ages 
suspc~~ldctl ill a dilntion of whey with a p l l  of 5.0 wrrc illactivated ill 60 seco~~tls  
by 100 p.p.nl. of available chlori~le but survived in sniall ~ iu~nber s  an exposure 
of 300 sec*o~lds at pII  6.9-6.9.5. The rffetat of calcium hypochlorite upon the phages 
in 10.' dilutions of filtrates is shown in Table 4. The phages suspended in dilu- 
tions of whey at p I l  5.4-6.0 were inactivated in 15 secor~ds by 25 p.p.111. of 
availablca chlorine but were not inactivated in 300 secollds by the same concentra- 
tion of chlorine at p I I  7.2-7.4. 
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Less ac.tion was obtained from available chlorine supplied by chloramine-T 
than when calcit1111 hypovhlorite was the source. The numbers of phage particles 
per niilliliter which surrivecl 300 seconds exposure when the former was used 
were as follows: 8-5,000 in 1 :2 dilutions of whey a t  p H  7.7 when treated with 
300 p.p.m. of available chlorine; 400-220,000 in l V 1  dilutions of whey a t  p H  
7.6-8.1 when treated with 100 p.p.m. of available chlorine and 80-5,000 in 10.' 
dili~tior~s of whey when treated with 25 p.p.m. of available chlorine a t  p H  7.7-8.1. 

(,htaterliar.y ammo?~ium contpounds. Representative results of treating the 
phages in 1 :2 dilutions of whey filtrates with alkyldimethylbenzylammonium 
chloride are given in Table 5.  A concentration of 1,000 p.p.m. of the compound 
inactirated the phages in 30 seconds when they were suspended in dilutions of 
whey at pII  6.6-6.65 but failed to inactivate them a t  p H  4.6. 

Representative results of treating the phages in 10.' dilutions of whey 
filtrates with alkyldi~~iethylbe~lzylammonium chloride are presented in Table 6. 
Six hundred p.p.m. of the compound inactivated the phages in 120 seconds in 
dilutions of whey a t  pH 4.8 and 300 p.p.m. inactivated the phages in 15 seconds 
at PEE 6.9. Table 7 contains representative results of treating the phages in 10.' 
clilutio~~s of whey filtrates with alkyldimethylbcnzyla~nmo~iium chloride. Fifty 
1).p.111. i~iactivated the phages in 15 seconds a t  p I i  5.1, but 25 p.p.m. was insuffi- 
cient for inactivation in 300 seconds a t  p I i  7.0-7.05. 

Results of similar tests with diisobutyl (or p-tertiaryoctyl) - phenoxyethoxy- 
ethYlilin~ethylbenxpla~un~oniun~ chloridr, methyldoilecylbenzyltrimethylammoni- 

TABLE 5 
Erect  of olkylclinzcthylbeazylammoni~~m chloride on lactic streptococcus bacteriophages 

in 1 :B dilutions of whey filtrates at $5" C .  

- 

F10 5.0 400 1,250,000 5,000,000 3,000,000 5,000,000 1,900,000 
Fcii .T.0 400 2,250,000 5,000,000 4,000.000 900,000 5,000,000 
FIB 5.0 400 R.750,OOO 90,000 150,000 190,000 40,000 

FlO 4.6 1,000 4.6 1,250,000 90 50 9 0.6 
Flii 4.6 1,000 4.6 7,500,000 32,000 22,000 90 50 
Fli9 4.6 1,000 4.6 2,250,000 1,300,000 500,000 22,000 1,900 

F10 6.5 600 6.6 5,500,000 90,000 50,000 5,000 50 
FGi 6.5 600 6.6 2,250,000 500,000 220,000 5,000 90 
F69 6.5 li00 6.6 1,250,000 5,000 5,000 900 90 

F10 6.5 800 6.6 13,500,000 5 0.6 0 0.6 
F O ~  6.5 ROO 6.6 1,oon.non 80 1.4 n o 
Fli9 6.5 I 6.6 2,!!51~,000 5,000 90 J 0.6 

F10  6.5 1,000 6.65 750,000 0.6 0 0 0 
FG7 6.5 1,000 B.65 1,250,000 1) 0 0 0 
F69 6.5 1,000 6.65 75,000 9 0 0 0 --- 
' Assay o f  treated filtrate diluted lo-' in  asolectin-Tween SO inhibitor. 
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TABLE 6 
Effrrt of alk~/ldin~rth?/lbcnzylammonium chloride on lactic streptococcus hacteriophagrs 

in 10.' dilutions of  whry filtrates at 65" C .  

0 0 

5% .- s 
2 . s - B 2 

s - - 
7 2 
5 * l fp~~^/rnl  after exposure time (in see.) o f :  - - --- 
2 2 1 5  30 60 120 300 

F10 4.6 300 5.0 4,500,000 150 50 50 19  0 
Ft i i  4.6 300 3.0 11,000,000 2,800 900 900 300 1.8 
F69 4.6 300 5.0 1,100,000 900 !)0 50 80 0.8 

Assay of treatcd filtrate dil~ltcd lo-' in asolectin-Tween 80 inhibitor. 

TABLE 7 
Effrct of nlkyldi~~rrtl~ylbri~zylnt~t~~~oni,c,n chloride on lactic streptococc~ts bacteriophages 

i n  10.' dilutions of whey jiltrates at 25" C .  -- 

Mpnm/ml after exposure time (in see.) of:  

F10 4.6 50 5.1 4,500 0 0 0 0 0 
F67 4.6 50 5.1 25,000 0 0 0 0 0 
F69 4.6 50 5.1 45,000 0 0 0 0 0 

F10 4.6 l(10 5.3 2,500 0 0 0 0 0 
P ~ T  4.6 100 5.3 25,000 0.6 n o o o 
F69 4.6 100 5.3 3,500 0 0 0 0 0 

F10 4.6 200 5.3 35,000 0 0 0 0 0 
F67 4.6 200 5.3 45,000 0 1.8 0 0 0 
F69 4.6 200 5.3 25,000 0.6 0 0 0 0 

~ 1 0  4.6 200 5.1 25,000 0 0 0 0 0 
F67 4.6 200 5.1 45,000 1.8 0 0 0 0 
F69 4.6 200 5.1 25,000 0 0 0 0 0 

F10 4.6 300 5.2 25,000 0 0 0 0 0 
F67 4.6 300 5.2 1,100,000 4 0.6 0 0 0 
1'69 4.6 300 5.2 9,500 0 0.6 0 0 0 

F10 6.5 25 7.0 15,000 900 800 500 300 90 
F67 6.5 25 7.0 25,000 5,000 5,000 500 50 5 
F69 6.5 25 i.0 1,500 1,900 500 400 500 9 

a Assay of treated filtrate diluted 10" in anolectin-Twren 80 inhibitor. 
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11111 chloritle, N-(acylcolanii~iofor~rlgliiiethyl) - pyridiniuin chloricle and 9-octa- 
cl(~c.e~lyldinlethylethyla~ll~noniur~~i bro~iiide did not reveal any significant differ- 
ences between actions of these co~npounds and the action of alkyldimethylbe~izyl- 
a~ninonium chloride. 

The presence of organic matter very definitely redured the viricidal actioll 
of solr~tions of either calririni hypochlorite (Tables 2-4) or a l k y l d i ~ n ~ t h y l b ~ l -  
ail~~nonimn chloricle (Tables 5-7) of a given c.oneentration. I3ecailse of the filtra- 
tion ~nethoils employed, the filtrates probably contaillet1 a lower perre~ltage of 
organic. ~nat ter  than the usual whey from cheese. The few tests ll~atle on filtrates 
ro~~ta in ing 10% addetl cnltnrc (Table 2) indicate that ordinary clieese whey 
may 1.eqi1ire heavier dosages of chlorine than arc. indieatc>tl in the rc1snlts of this 
investigation. 

Sinc,e lower concentrations of thr virirides inactivated the phages ml~ell the 
filtrates were tlilutcd 10.' or lo-', it is important that rinse solutions be kept as 
ilearly free as possible of milk antl whey or other organic matter. Thorot~gh 
~ ~ a s l i i n g  of utensils, followed by a preliminary rinse before the use of viric~idal 
soliltioiis, is highly recommended. 

Derreases in pII  increased thtx viricidal efficiency of calcinm hypochlorite 
bnt had the opposite effect upon the action of alkyldimethylbenzylan~mo~~imn 
chloride. This faetor woultl be important in practical applications. 

Distillei1 water was used as a diluent for the viricitltv in this iiivestigatiori. 
JIc4'ulloc.h (20) antl Lawrt~nce (8) present infor~iiation inclicating that impurities 
in so111c water snpplies Inay a f r e t  thr action of viriritles. Esp~cial ly is this tr~ica 
in hart1 water used in diluting quaternary a~nl i ionin~~i  compoi~ncls. 

Chloramine-T was fomld to be milch Ic~ss effective than calcium hypochlorite 
~vllcn thc voncentrations of availablr chlorine were approximately equal. The 
higher alkalinity of the chloramir~e-T produrt may have been a clisatlrantage. 
Tests a t  the same pII  may hare given more nearly conlparable results. 

Tlir few tests which were made on the different kintls of quaternary ammo- 
niiin~ co~npounds did not reveal any outstai~ding differences in their artions. 
JIore tlifferenees might be obserretl upon a more eatendetl investigation. 

The results of the action of quaternary aininonin~n co~nponiids oil lactic 
strc~ptocoecus bacteriophage obtained in this investigation are far  from agree- 
~ l l e ~ ~ t  with those reported by Pronty (11). Since Prouty did not use an  inhibitor 
to stop the action of the co~~lpounds a t  the end of certain periods of exposure, 
the action observed by hi111 probably was partly static, rather than entirely 
1-iricidal. Lawrence (8) has reviewed sev~i.al reports on this point. 

A rinse containing 100 p.p.ni. of arailablta vl~lorine fro111 Iiyl~oclilorite or 200 
*>.p.m. of an approved quaternary ain~no~iitlni C O I ~ ~ ) O L ~ I ~ ~  equal in effectiveness 
to alkyldimethylbenzylam~no~iiu~i~ chloricle is recom~nendetl for the treatment of 
all utensils, equipment, walls, and floors. These amounts make reasonable allow- 
ances for variations in p H  and other factors. This treatment should always be 
preceded by thorough cleansing and by rinsing with clear water, because of the 
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deleterious effect of organic matter and the possibility that the pH might be 
influenced adversely by a resitluc of washing powder ancl/or milk solids. Clear 
water rinsing of utensils and surfaces of ccluip~nent conling in contilct with milk 
follo\ving treatn~ent with q l ~ a t ( ~ ~ ~ a r y  ~ I I ~ I I I O I I ~ I I I I I  conll)onnds may be advisable 
to avoid possible inhibitory action of resitlues upon cultnre organisms. 

Thr action of certain viricidal agents against three lartic streptocorcns hac- 
teriophagrs in whey and in clilntetl \r.hc~y have been studied in this investigation. 

Glycols were not found suffic.iently effective to recomn~rnd their nse in control 
of lactic strc.ptococcus bacteriophage. 

Available chlorine from calcium l~gporhlorite, ranging in concentration from 
400 p.p.m. iu 1 : 2 dilutions to 25 p.p.m. in 10.' dilutions of the whey, inactivated 
the phages therein in 15 seronds a t  p11 5 to 6. The greater the dilution of the 
whey, the lesser was the conventration of chlorine which was required for 
inactivation. 

Available chlorine from chloran~inr-T was n:nch slower in action and was 
very noticeably less effective even after 300-seconcl exposures than available 
chlorine from calcium hypochlorite. A higher p H  level in the former nlay have 
been a factor. 

All~yldirnetl~ylbe~~zyla~n~~~oni~~~~ c.hloride, ranging in concentration from 1,000 
p.p.111. in 1 :2 dilntions to 50 p.p.m. in dilutions of the whey, inactivated 
the phagcs therein in 15-30 secontls a t  certain pI I  lerels. Lesser concentrations 
of this eomponnd were rerlnircltl for inactivation as the dilution of the whey 
was increasetl. 

Presence of organic ~ n a t t r ~ .  tlec+rcasecl the effectireness of oithrr available 
chlorine or the quaternary anlmoniunl compounils studied in the destruction 
of the phage. Available chlorine was more effective in the destruction of the 
phages a t  the lower p I I  levcxls than at the higher lrrels \rithin the rangt. of pI3 
4.6 to 7.1. The opposite was trne of alliyldi~~~etl~ylbe~~zyla~n~~~~o~~i~~~n chloride. 

No outstanding differences in the actions of the fire quaternary a~nn~onium 
co~npounds on lactic strcptococ3cns bacteriol)hages were ohserred. 

d final rinse containing 100 I).~.III. of available. c.hlorine fro111 hypochlorite 
or 200 p.p.111. of an approved quaternary ~ I I I I I I ~ I I ~ U I I I  compound equal in effective- 
ness to alkyltli~nethylbe~~zyla~~~~~~o~~i~~~ rhloriclc is snzpested for the destruction 
of the phage on cleanecl sllrfacrs. 
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CRITERIA IN T H E  DAIRY CALF1 

J .  E. ROrSSEAU, JR.,  C. F. IIELMBOLDT, CECILIA >I. DEMBICZAK, 
E. L. JUNGIIERR, AND 11. D. EdTOX 

Aninla1 Zndustric~s and Anilnnl Diseascs Drpartitirats, 
Storrs Agricrrlt7rral Expcrin~rirt Station 

AND 

GEOFFREY CEALL 
Statmtics Drpartntrrt, lJniz'ersit?l of Con~recticrrf, Storrs 

The level of feed intake must be considered when studying specific nutrient 
deficiency symptoms, because biochemical, physiological, ancl histological changes 
have been demonstrated to be depentlent in many instances upon this factor (8). 
With respect to the onset of vitamin A deficiency symptoms in the dairy calf, 
no data were found in the literature on the effect of level of feed intake. How- 
ever in the ovine. Sapsford ( I ( ; )  reported more rapid rates of decrease of blood 
plas~na vitamin A levels and earlier appearance of morphologically abnormal 
spermatozoa in rams on a high level of intake of a carotene deficient ration than 
those for rams on a low intake. I n  possible contrast, \vithholding the feed from 
25-day-old rats has been reported (12) to result in more rapid rates of decrease 
of blood plasma vitamin A and vitamin A stores than controls fed a vitamin 
A-free diet. 

The present study was conrerned with the effect of two levels of intake of a 
vitamin A depletion ration. one adequate for normal growth and another inade- 
quate, on rates of change of some blood constituents and on terminal physio- 
logical and histological alterations in the dairy calf. 

EXPERIMENTAL 

Altiwtnls ntrd ratiotls. Twenty one-clay old calves (two Ayrshire, two Guern- 
sey anti 16 Ilolstein) were on experiment from February through -June, 1952. 
These calves werr either allowed to nurse their dams for a 24-hour period after 
birth or fecl colostru~n a t  the rates of 7.0 Ib. for Guel-nseys and 8.0 Ib. for Ayr- 
shires and IIolsteins. Therc>after, they were placed in individual tie-stalls and 
raisecl to 85 clays of age on a standard limited \vhole milk, limited dry calf 
starter ant1 ad libitum hay system (f). Each calf received a 250 mg. oblet of 
aureo~uycin for thr first 3 days of age, ancl 14 of the Holstein calves received 
100,000 U S.P. l~n i t s  of vitamin A froul fish liver oil' for the first and second 
days of age. 

Rr.reived for publication January 22, 1954. 
'Tllis study was made in part with funds provi~lc~l I)y the Clrns. M. Cox ('onlp~~ny, Boston, 

Mans.. and the Rig-Y-Foundation, Norwicll, Conn., as well as fu~ lds  prorided u~lrlrr the R~search 
and Marketing Act of 194G. 

2The fish liver oil contained 25% by weight of rrucle soyl~ean lecithin anti 25,000 C.S.P. 
units of vitamin A per gram. 
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On the 36th day of age, calvrs were paired in chronological order of birth 
with restrictions as to breed ancl assigned according to a previously randomized 
allotment to one of two levels of intake of the sanie vitamin A depletion ration. 
With the 35th (lay wright as the basis, the "lo\v" level of intake was fed to  
give a 7-clay rate of increase of 5 lb. and the "high" level to give a 7-day 
increase of 10 Ib. The depletion ration allowance was fed ( r l )  according to the 
follo\ving fornlula : Y = 0.0562W"si (where Y = the poui~tls of feed required 
daily ant1 Wr = anticipated weight of the calf in po~ l i~ds ) .  Feetling of the vitamin 
A depletion ration \\,as continued for each calf until the blood plas~na vitainin A 
level had decreased to less than 4.0yf/; for two consecutive 7-day periods. The 
calves were then slaughtered. 

The milk was from Holstein cows, and the starter was similar to that previ- 
ously described (4). Either U.S. No. 1 mixed hay or 14 in. artificially dehydrated 
alfalfa pellets were fed each pair of calves. The depletion,ration. a mixture by 
weight of one-third of dried beet pulp and two-thirds of a grain ~iiixture coin- 
posed of the following: 419.5 lb. ground barley, 500 Ib. crimpecl oats. 500 lb. 
wheat bran, 150 lb. linseed oil meal (expeller procrss), 1.50 Ib. soybran oil meal 
(expeller proress), 200 lb. cane n~olasses, 40 Ib. 500-potency 13-IT dried fernienta- 
tion solubles, 20 Ib. stea~ned bone meal, 20 lb. iodized salt, ant1 0.5 lb. irradiated 
yeast (Standard Brands type 9-F) per ton of misturr, containetl less than 0.10 
mg. of carotenoids per pound. 

0 b s e r v a t i o ~ 1 . s  n?lrl n ? l n l ~ s c s .  Daily fercl fetl ant1 rtlfusc.il \\.its weighcvl to the 
nearest 0.1 Ib. Brtwreii 1 :00 and 2:00 In.af. on thr 35th (lay of age ant1 at snc- 
cessire 7-day intervals thereafter, botly weights to tllr nrarcst polu~tl wrrr re- 
corded. Similarly, blood samples were obtained by p n n c t ~ ~ r e  of the juglilar rein 
for hemoglobin (6) and plas~na rarotrnoids and vitainin -1 (1. 11) deterniina- 
tions. In  addition, for seven pairs of the IIolstein calves ~vliole blood and plasma 
ascorbic acid (15) also were determined. Sa~nples of the clepletion ration were 
obtained at successive 28-day i n t e n d s  during the experiment for carotenoid 
analysis ( I  I). 

Two observations on heart rate by ausrul ta t io~~ of the left chest wall and 
one observation of rectal temperature were taken for three successive clays on 
each of seven pairs of Holstein calves a t  approximatrly the middle of the experi- 
mental period, at which tiine their average age was 73.8 * 4 clays. 111 the morning 
immediately prior to slaughter. spinal flnid presslire (13) was taken. At slaughter 
each calf's liver was ren~oved for carotenoid and vitamin A analysis (2)' and 
various tissues (5) were taken for histological examination (9,  10). 

The statistical analysis (3) was concerned ~vi th  the rariability between level 
of intake of the depletion ration ancl ainong pairs of calreq. Rates of change of 
the various criteria on time fed the depletion ration were explored by separate 
analyses of the first and second order orthogonal polynomial coefficients (3, 7, 18). 
I n  the case of muscular incoordination or histological alterations in which only 
the frequency of its occurrence or nonoccurrence was observed, contingency tables 
were formed and appropriate significance tests were applied (3). 
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RESULTS AND DISCUSSION 

Feed cot~srrt)~cd and body weight. Calves refused some of the feed fed during 
the first 5 to 10 days on tlie vitamin A depletion ration. However, by the 45th 
day of age, all consumed the depletion ration allowance. This continued until 
each calf's blood plasma vitainin A level had decreased to less than 4.Oy% for 
two consecutive weeks, a t  which time the animals were slaughtered. 

The average body weight and its standard error a t  the start of the experi- 
mental period was 121 k 5 Ib. for the low level intake group and 120 + 5 lb. for 
the high level group. The rate of gain in body weight per 7-day period during 
the vitamin A depletion period was 7.1 + 1.5 and 11.0 t 0.4 lb., respectively, 
for the low and high level intake groups. 

Blood constitwenis. Average values on the 35th clay of age, the day prior to 
the feeding of the depletion ration, and average rates of change per 7-day period 
during the feeding of the depletion ration for hemoglobin, plasma carotenoids, 
and plasma vitamin A and whole blood and plasma ascorbic acid are contained 
in Table 1. Only plasma carotenoids and plasma vitamin A exhibited significant 
over-all trends with consecutive 7-day periods during which the vitamin A deple- 
tion ration was fed. During the initial stages of feeding the vitamin A depletion 
ration, plasma carotenoids decreased a t  a more rapid rate (as evidenced by posi- 
tive orthogonal polynomial coefficients P < 0.001) than plasma vitamin A. The 
latter's change .emas esseiitially a uniform linear rate of decrease (P < 0.001). 
Neither plasma carotenoids nor vitamin A valiies mere significantly affected by 
the level of intake of the vitaiilii~ A depletion ration. 

IIenioglobii~ showed a decrease ill tlie calves on the low level of intake of the 
depletion ratioti whereas no apparent change was evident in the high level group 
(P < 0.05 for tliffere~lces in level of iiitake). Whole blood and plasma ascorbic 
acid failed to exhibit over-all trends or to be affecteil by level of intake of the 
depletion ration. 

The 1ac.k of an apparent effect of level of illtake of a depletion ration on 
blood plas~ua carotriioids and vitaniiii A, as well as ascorbic acid, during vitamin 
A depletiol~ siiggests that other niechanisn~s may regulate these blood constitu- 
ents. The tliferenee in these results and those for sheep (16) with respect to 
plasma vitainin A inight possibly have been due to species, relative age, or rela- 
tive body weight increase. 

Ph~sioloy/irnl at~rl hisfolo!gicnl obser~~ntiorts. Heart rates (Table 2) were sig- 
nificantly higher in calves fed the high level of intake of the depletion ration 
than those of calves on the low level intake ( P  < 0.01). This was probably due 
to the greater iiitake of total tligestible nutrielits by the former gronp (17). 
Neither rectal temperatnr.es nor 111ag11itude of spilial fluid pressures were ma- 
terially affected by level of iiitake of the depletion ration. 

Althongh the oecnrreilce of nluscular incoordination, papillary edema, and 
squamous metaplasia of the iiiterlobular ducts and Stenson's duct of the parotid 
gland (Table 2) was greater in the high level group, only the frequency of oc- 
currence of squainorrs metaplasia of the interlobular ducts was significantly dif- 
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TABLE 1 
Effect of feeding two levels of a vitainin A depletion ration on rat? of 

change of some blood constitlients in the calf 

Level of feeding 
Standard 

"Low" ' H i g h "  errord 

Number of calves ............................................. 
Average number of 7-day periods per calf ......... 

Hemoglobin (g.96) 
Initial value' ............ .. ........................................ 
Rate of change per 7-day period 

Linear ......................... ..... .......................... 
Quadratic ........................................................ 

Plasma rarotenoids (7%) 
Initial value .................................. .. .................. 
Rate of change per 7-day period 

Linear ........................... ... .......................... 
Quadratic ..................................................... 

Plasma vitamin A (7%) 
Initial value ........................................................... 
Rate of el~alige per 7-day period 

Linear.. ............................................................. 
Quadratic ........................................................ 

Whole blood ascorbic acid (mg.%)' 
Initial value ........................................................... 
Rate of rhange per 7-day period 

Linear .............................................................. 
Quadratic ........................................................... 

P l a ~ n l a  ascorbic acid (mg.%) ' 
Initial value ......................................................... 
Rate of change per 7-day period 

Linear ................................................................. 
Quadratic .......................................................... 

'Value for  the 35th day of age, the day prior to  being placed on the assigned level of the 
depletion ration. 

Linear and quadratic rate8 of change represent 1st and 2nd order ortliogonal polynominal 
coefficients (2, 17). 

' Values for  7 pairs of calves. 
These standard errors apply to  tlie values of either of the preceding columns. 

ferent (P < 0.05). The concentration of cai.otenoids and vitamin A in the livers 
of the high level intake group (Table 2 )  was greater than that of the low, but 
this difference was not statistically significant. The weights of the livers of the 
high group were greater (P < 0.01), as \vo11ld be expected because of their 
greater body weight. 

It was recognized that if the calves had been slaughterecl a t  different inter- 
vals ddring the depletion period rather than terminally when the blood plasma 
level of vitamin A for each calf had decreased to less than 4.0y% for 2 consecu- 
tive weeks, the occurrence of the histological might have been more pro- 
nounced between levels of intake of the clepletion ration. The clifference in 
frequency of histological changes between the main duct of the parotid gland 
(Stenson's duct) and the interlobular ducts indicated that the for~iler should be 
examined in ascertaining vitamin A deficiency in the calf. 
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TABLE 2 
Effect of feeding two levels of a ritatjtin 9 depletion ration on some 

physiological and histological changes in  the dairy calf 

Level of feeding 
S t a n d y d  

''Low" "High1' error -- 
........ No. of calves ............................................................ 10 10 

Hear t  rate (beats/min) " .......................................... 105 125 11 
Rectal temperature (" F.) a ..................................... 101.9 102.1 0.2 
Spinal fluid pressure (mm. H?O) ............................ 162 164 23 
Occurrence of muscular incoordination 

........ (No. of calves) ..................................................... 2 4 
Histological alterations 

Eye (papillary edema) 
...... .......................................... ........ No lesion ... 1" 1 

........ Lesion.. ......................................................... 7 9 
Parotid gland (squamous metaplasia) 

Interlobular ducts 
........ No lesion ..................................................... S 2 
........ Lesion ........................................................... 0 8 

Stenson 's duct 
........ No lesion ..................................................... 1 0 
........ Lesion. ............................................................ I) 10 

Liver 
Weight (g.) ......................................................... 1338 1799 64 
Carotenoids (y/g) ............................................... 0.37 0.32 0.05 

................................................ Vitamin A fy /q l  0.21 0.15 0.04 
- - - - - - - 

' Values fo r  7 pairs of calves. 
Values fo r  8 calves. 
' These standard errors apply to  the values of either of the preceding columns. 

SUMMARY 

Ten pairs of 36-day-old calves were fed a vitamin A depletion ration a t  two 
levels of intake, low and high, until the blood plasma vitamin A values decreased 
to less than 4.0y% for two consecutive 7-day periods. This resulted in a 7-day 
increase in body weight of 7.1 * 1.5 and 11.0 & 0.4 lb. for the low and high 
levels of intake. respectively. Over-all, plasma carotenoids and vitamin A were 
found to decrease while whole blood and plasma ascorbic acid exhibited no 
change. None of these constituents were affected by the level of intake of the 
depletion ration. Henloglobin was observed to decrease in the calves on the low 
level of intake of the depletion ration but no change was found for the calves 
on the high lerel. Heart rates of animals on the high lerel of intake averaged 
20 beats per minute higher than those on the low level of intake, whereas rectal 
temperatures and terminal spinal fluid pressures were unaffected. Among the 
histological changes, only the frequency of ocrurrence of squamous metaplasia 
in the interlobular ducts of the parotid gland aaq significantly greater in the 
high level group. 
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A WETTABILITY IlETlIOD FOR. POWDERED MILK1 
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I ) r p n r ~ ~ r r r ~ s t  of Ilniry Serrnro, Stcrte Collr~pr of  l l .nshington,  Ptrllrr~itn 

When dried milk is to be used for beverage purposes the dispersibility of the 
product is of primary importance. I t  is generally recognized that spray-dried 
milks are almost completely soluble when dispersed in small amounts by rapid 
agitation. Most solubility methods demonstrate this. IIowever, under practical 
conditions with limited agitation the powders are less completely reconstituted. 
Even a slight amount of undispersed powder gives a grainy appearance to the 
sides of the container, making the final product unpleasant as a beverage. 

Many different methods have been proposeil for measuring the solubility of 
milk powders. These methods have been discussed by Waite and White (5). 
All of the methods call for rather vigorons agitation for reconstituting the milk; 
they differ in their means of measuring the insoluble fraction. For  spray-dried 
milk powder, however, this fraction remains a very small percentage of the total. 

Few methods have been proposed in the literature for measuring the rate 
of dispersion of milk powder. One suggested by Ashworth and Bendixen (1) 
uses a standardized shaking proceclure for 7 seconds with a mixture of one part 
milk powder to seven parts water. After rapid straining thru 0.5-mm. openings 
(Gooch type crucible), the undispersed residue is completely dispersed by means 
of warm water and agitation. An aliquot is then dried for total solids. The 
method is shown to be more sensitive than the regular solubility tests for freshly 
made spray-dried milk powders. Individual variations in the shaking technique 
may limit the reproducibility. A method for measuring static dispersion or 
wettability has been described by Kleinert (4). He dusted 1 g. of milk powder 
through a 0.5-mm. mesh screen onto the surface of 500 ml. of water in a gradu- 
ated cylinder and after a definite interval of time removed 200 ml. of the solu- 
tion for turbidity measnremeilts. The turbidity was compared with that found 
for 1 g. of the same milk po\vtlt~r rompletely dispersed in 500 ml. of water. 
Considerable variations were observrcl, which 111ay be attributed, a t  least in part, 
to the time reqliirrd for thr tlispc.rset1 powt1t.r to tliffure uniformly through the 
large volume of water nsecl. 

The first step in the solution or clispersioi~ of any powtleretl material is the 
wetting of the solitl particles by the solvellt. In spray-dried milk powder this 
first step may well b~ the limiting factor governing the entire dispersion process. 
I t  is a common observatioi~ that without agitation inilk powders vary consid- 
erably in their rate of clispt~rsioll. Some saniples sink into solutio~i readily but 
others remain floating on the snrfaee ii~definitely. This paper reports an attempt 
to find a method for measuring this trndeney to \vet. The methot1 proposed is 
empirical but has becan fonnd to br a sensitive eriterioil of clispersibility. 

Received for puhlicatio~~ January 25, 1054. 

'Scientific Paper No. 1290, Washington Agriaultural Experimeat Stations, Pullman. Prc~j- 
cets 783 and 1100. 
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EXPERIMENTAL PROCEDURE 

A dry 250-ml. or 400-ml. beaker may be used for the test. The bottom of 
the beaker is covered with a filter paper to keep the dry powder from adhering 
to the glass and to allow uniform distribution of the water. A sample consisting 
,of 2.5 g. of milk powder is worked through a coarse "tea strainer" (16-20 mesh) 
to form a uniform layer of milk powder on the filter pad below. By means of a 
Babcock pipette 17.6 ml. of water a t  30' C. are allowed to flow gently down the 
side of the beaker and form a layer under the filter paper. The powder and 
water are allowed to stand 5 minutes a t  room temperature without disturbance. 
At  the end of this time the beaker is carefully picked up without agitating the 
contents and the dispersed milk is strained through an empty Gooch crucible 
to remove the unwetted powder. Ten seconds are allowed for the beaker to drain 
and approximately another 30 seconds for the crucible to drain. Plastic centri- 
fuge tubes of 50 ml. capacity may be used to receive the milk. A 5-ml. aliquot 
of the strained milk is measured into aluminum foil dishes for total solids 
determination. This value, multiplied by a factor, gives the percentage of the 
original powder wet by the water in 5 minutes. The factor is found by dissolving 
a known amount of powder in 17.6 ml. and determining the total solids on a 5-~ul. 
aliquot as before. 

TABLE 1 
Average confidence intervals for wettabilities 

Wettability range 45" F. storage 85' F. storage 

(%) (No.) (C.Z.) (No.). (C.Z.) 
20-29 4 2 3.3 100 2 3 . 5  
30-39 15 4.4 119 4.3 
40-49 13 5.8 79 5.6 
50-59 18 6.5 72 5.7 
60-69 42 6.1 60 7.0 
70-79 46 5.1 72 6.5 
80-89 304 4.5 106 5.2 
90-99 242 3.2 62 3.4 - - 

Over-all weighted aver. 24 .20  25 .01  
- - 

Total 584 670 

" Number of observations. 
Confidence interval ealeulated fro111 range (see ref. 3 ) .  

Rep~.odrtcibility. The nature of the wetting process is such that several 
replications are necessary to insure accuracy. Generally three or four replica- 
tions are sufficient to give a confidenc.e interval below & 5',4 wettable (3). A 
few polvders, however, seem to show niore variation in their wettability charac- 
teristics; this is particularly true. of those falling in the middle range of wet- 
tability, as sholr.11 in Table 1. So~nr  of this variation has been traced to slow 
straining through the G.ooe11 crucible, as is shown later on in this report. Better 
reproducibility is secured when the layer of powder above the filter paper is 
not over 4 mm. thick. The packing density of the powder may be a factor in 
this respect. Table 1 shows the parallel trends between powders stored a t  45O 
colnpared with those stored at 85" F. 
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Effect of szcrface area exposed. It might be assumed that the area of the 
bottom of the beaker over which the powder sample is distributed is an impor- 
tant  factor influencing the amount of powder dispersed in the 5 minutes allowed. 
This would be true, no doubt, if the time interval were short enough; but during 
the 5 minutes allowed for the powder to disperse. fresh surface is continuall?- 
being exposed because of the sinking of the heavier suspension of powder in the 
liquid phase. Consequently, the size of the beaker used is not critical, as ma?- 

TABLE 2 
Influence of area of pouider exposed to water on amount rlispersed daring 5 minufrs of contact 

Size of beaker (ml.) 250 400 600 
Diameter (mm.) 63 72 83 
Area exposed (tin.') 31.2 40.7 54.1 

Sample 
No. 

Amount dispersed' Amount dispersed Amount dia~ersecl 

846 
847 
849 
846 
847 
849 
726 

Averaee 

in 5 nll. per sq. em. 

fms.) (ms.) 

in 5 ml. per sq. cm. 

fms.) (m9.l 
365 6.7 
533 9.8 
231 4.3 
384 7.1 
529 9.8 
198 3.7 
211 3.9 
350 6.47 - 

'Each value in the table represents the average of 4 replications when 2.5 g. of powder 
were weighed into eaeh beaker and 17.6 ml. of water added. 

be observed from Table 2. The same amount of powder and water was used in 
all beakers, and each value represents four replications. The areas of the bot- 
toms of the beakers varied from 31 to 54 sq. cm. The absolute amount of powder 
dispersed when 600-ml. beakers were used instead of the 250-ml. size increased 
on the average about 15'. However, when these amounts were divided by the 
area of the beakers used, the larger beakers gave lower amounts dispersed per 
unit area by about 34%. 

It is important for comparative purposes, of course, to use the same sized 
beaker. For  the amount of water and powder given in the procedure a 400-ml. 
beaker was found to give slightly more consistent 1-alues for wettability than 
either of the other two sized beakers used. Another important consideration 
was to have the layer of powder shallow enough to prevent any packing of the 
powder. Otherwise gel formation will lower wettability greatly. 

Eflecf of anto~clif of powder trsrc7 nrid t ime of sta)lding after water additio)l. 
To determine whether the sample size of 2.5 g. was optimum and whether 5 
minutes of standing was adequate, several experiinents were performed. The 
results of one trial are shown in Table 3. The amounts of sample used varied 
from 1 through 5 g. and the time allowed for dispersion varied between 1 and 5 
minutes. The whole experiment was repeated several times. Some variations 
are shown, but the trends are definite except for the largest amount usecl. The 
time allowed seems to be adequate for all amo1111ts up  to 3 and possibly 4 g. The 
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T A B L E  3 
Cornparisow of amounts of powder used with time of stantling 

in contact with water on the a~~iocints dispersed 

Amounts o f  powder weighed out in grnnls 

Time Amounts dispersed 

(Min.) (9 . )  ($.I (9.) f g . )  f g . )  

1 0.92 1.57 1.69 1.98 2.44 
2 0.96 1.54 2.49 2.20 2.96 
3 0.96 1.62 2.50 3.18 3.93 
4 0.96 1.59 2.51 3.23 4.33 
5 0.96 1.61 2.48 3.31 3.41 

% dispersed 
durine 5 min. 96 81 83 83 6s  

percentage of each amount dispersed decreased as the amount of powder used 
was increased. 

There was some indication that either a larger sample size or a shorter stand- 
ing time might be better for the highly wettable powders because the 3-g. sam- 
ples were almost completely dispersed after 2 minutes of standing and were not 
benefited by the remaining 3 minutes of time. Consequently, a large number 
of comparisons were made between the use of 2.5-g. and 4-g. samples. Table 4 
shows a summary of some direct comparisons. Sixteen replications on each of 
eight powders and each amount used were run. The powders are arranged 
according to their wettability, using 2.5-g. samples. The table shows that  the 
standard deviations were for the most part  greater when the 4-g. amount was 
used. It also shows that the greatest variability is found in the middle wetta- 
bility range. Both sample sizes ranked the powders roughly in the same order 
of wettability. Arc sine transformations were used since the extreme values 
expressed as percentages tend to show minimum variation, whereas values close 
to  50% show maximum variation, because of the relationship between mean 
and variance in such data. Analysis of variance assumes that every treatment 
is subject to the same variance, a condition which is approximately achieved by 
arc sine transformation (2). 

TABLE 4 
A roinparioon of the reprodricibilit?l of 4-g. coinpared with 2.5-g. sa~nples 

(Each value is the mean of  16 rrplications) 

Arc, sine transformations 
4-g. samples 2.5-g. samples 

I % )  (%) (Mean) f s )  (Mean) (3)  
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Effect of water tentperatrwe. In  the range between 20' and 30" C. the wet- 
tability increased on the average about 2(/; per 1" C. rise in temperature of 
the water. This value was calculated in parts per 100 of the wettability value, 
which was given in per cent. Poorly wettable powders were not affected greatly 
by water temperature in the absolute amount dissolved. The use of 25" C. 
water gave slightly better reproducibility than either the 20' or 30" C. water. 

I n  general the powders which had been stored a t  85' F. were benefited more 
by the higher temperature water than were those which had been stored a t  
45' F. Most powders showed considerable increases in wettability when the 
temperature of the water was increased to 40' C. 

Variations in the method for separating tcndispersed powder. A critical step 
in the procedure seemed to be that of separating the undispersed from the dis- 
persed powder. This straining procedure must be done rapidly and with a mini- 
mum of agitation. One possible reason for poor reproducibility of the method 
in the middle wettability range (50-70%) is that powders falling in this range 
are slow to strain through the Gooch crucibles. As a result of this, an attempt 
was made to improve the method of separation. 

Straining through plugs of cotton or sintered stainless steel crucibles failed 
to show any improvement. Then i t  was found that when a piece of 16-mesh 
screen (windon, screen) was slipped down the pouring edge of the beaker, prac- 
tically all the undispersed powder remained in the beaker. This modification 
was found to greatly improve the reproducibility in the middle range of wet- 
tability. 

TABLE -5 
Cor~rparinoc~ of thr vartanrr calrctlatcd from d rrpliaations for 

racll of ;Y ~ ~ ~ o d i j i r a t i o ? ~ ~  o f  the wrttnbility metkod -- - 

Varianre found 

Wrttal)ility 
average 

Screens 
added 

Seeond 
filter 

A second modification \vhich has proved to be even better is that of dropping 
a second filter paper over the partially dispersed pomder just before straining 
the liquid through the Goocl~ crucible. It is necessary that the edges of this 
filter be wetted by the liquid u~lderneath. I t  will then gently hold back all traces 
of undispersed powder. For this ~uodification, 400-m1. beakers were used to- 
gether with i-(.~n. filter paper. Table 3 shows some of the comparisons made. 

SUMMARY 

A method for n~easuring the first step in the dispersion of n~ilk powder, 
that of wetting the polvder with water, has been discussed. The standard pro- 
cedure described is simple to use and has a reproducibility within approximately 
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5%. The method shows great sensitivity as a test for cletermining the mannfac- 
turing and storage conditions of whole millr powders. It has been used over a 
period of more than 4 years, during which tiine sereral thousancls of determina- 
tions have been made. 
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METHODS O F  DETERMINING T H E  P E R  CENT TOTAL SOLIDS 
I N  MILK BY MEANS O F  T H E  LACTOMETER' 

B. HEINEMANN,? 5. COSIMINI,3 E. L. JACK,' 

J. J .  WILLINGHAM," AND B. M. ZAKARIASENa 

There are a nu~nber of sources of errors involved in the estimation of total 
solids from the lactometer reading and fa t  test. Generally, these may consist of 
errors in making the lactometer reading, errors in determining the fa t  content, 
the particular formula used to calculate the results, and possibly the composi- 
tion of the milk. If the calculated total solids are to be compared with the 
observed total solids, then the errors involved in the determination of total solids 
must also be considered. 

The purpose of this inrestigation was to establish suitable methods whereby 
such errors may be held to a minimum and to test the formula derived by Sharp 
and Har t  (7) and later modified by Herrington (4) used in estimating the per- 
centage of total solids by lactometry. Because of its general use, the Rabcock 
short formula was also included in this study. 

Lactometer.' The preferred lactometer is 31.0 cm. long; the stem is 14.5 cm. 
long and 5 111111. in diameter. The bulb is 35 mm. in diameter. The lactometer 
is made of Pyrex glass, calibrated to read in O.1°  Quevenne a t  60' F/60° F. The 
scale ranges from 13 to 28. 

Lactometers of this type were used by all collaborators except collaborator B, 
~vhose lactometer was broken in shipment. 

Each hydrometer was standardized as follows: 61.31 p. of sucrose and 10 mg. 
niethylene blue were dissolrerl in freshly distilled water in a liter flask and the 
contents made to 1 liter with freshly distilled water. This solution was warmed 
to exactly 30' C. and a portion was transferred to a cylinder in a water bath 
a t  30.0" C. The lactoinc~ter was allowctl to stand in the water bath for 5 minutes, 
quickly dried, and slowly inimersecl in the sucrose solution. Corrections were 
made on the basis of a specific gravity of 1.0202, which was the specific gravity of 
the sucrose so l~~t ion  determined a t  30.0/15.5° C. in a pycnometer. 

A siniilar procedure was 11sed for calibrating the lactometer to be used a t  
15.5" C. except that a so l~~ t ion  of SIICPOS~ containing 82.40 g. sncrose per liter 

Rreeivcd for pul)lics;~tio~i J a ~ i ~ ~ a r y  27, 19.54. 

' A rrport of thc ~111)-rolnniittee of the Milk and Creaul Committee of tllc Aineriea~i Dairy 
Seienee Associntio~~. 

%Iiairma~~. Pro11uc.t.r~ C're;111icry C o ~ n p n ~ ~ y ,  Springfield, Mo. 
Xortl~ Stor D: l i r~ .  Present :~ddr'ss: 902 Euclid St.,  St.  Paul, Minn. 
' University of Califorr~ia, D:ivis. 
' Texas Tt~cl~iiologicnl College, L~tl~bock. 
' Lalld 0 ' Lnkrs Crr;liiwrics, Mi~ineapolis. 
' Rnscller ant1 Rctzoltl Inc., 730 X. Franklin St., Cl~icago. 



was used. This solution as cletern~ined at  15..5/15.5° C. in a pycnometer had a 
specific gravity of 1.0318. 

The thermometer was checked in a melting ice bath or against an N.B.S. 
thermometer. The well-mixed sample of milk was b~ough t  to a temperature of 
15.5" C. and gently poured down the side of a glass graduate (no smaller than 
50 mm. in diameter) which was supported in a water bath maintained at  15.5" C. 
The lactometer and cylinder were thoroughly tempered at  15.5" C. The cylinder 
was filled with milk so that any foam present could be blown off. The lactometer 
was quickly removed from the water bath, dried, and slowly submersed in the 
milk so that very little milk was on the exposed stem of the lactometer a t  the 
time of reading. The lactometer was read to the top of the n~eniscus as soon as 
i t  came to rest, recording to the nearest 0.1'. 

The milk was warnled to 45" C., held for 2 n~inntes, and cooled to 30" C. The 
lactometer and the cylinder were tempered and maintained at  30.0° C. Dnplieate 
determinations were made. 

Babcock test. The A.D.S.A. modification ( 3 )  mas used in this investigation. 
The test was made after completing b0t.h lactometer readings. 

Presence of total solids. This determination also was lnaile after completing 
the lactometer readings by the Mojonnier method (6). 

Several cans of the same lot of evaporated milk were supplied to each col- 
laborator to be run with each group of tests. One gram of this was weighed and 
1 ml. of water was added prior to heating on the hot plate. 

General. Approximately 1 qt. of milk was required for analysis. I t  repre- 
sented herd milk rather than milk from individual cows or nlilk from many 
herds. The importance of thoroughly mixing sa~nples of milk before removing 
aliquots for individual tests was emphasized. 

All results were reported in duplicate and when data were accunlulated from 
a t  least 12 samples of milk, the following formulas were used for calculating 
total solids on the basis of the fa t  test ancl lactometer readings: 

Short Babcock : 
"/o T.S. = 0.25 x (Quevenne 15.5" C.) + 1.2 X ( 5  fa t )  

Sharp and Har t  (Herrington modification) : 
O/O T.S. = 0.2594 X (Quevenne 30" C. + 3.0) + 1.2648 X I %  f a t )  

This equation may also be written as : 
% T.S. = 0.7782 + 1.2648 X ('l, fa t )  + 0.2594 X (Q, , )  

RESULTS 

Table 1 presents the specific gravity of the 6% and 8% sucrose solutions 
obtainctl with a pycnometer and a lactometer a t  ~ a r i o u s  temperatures. These 
results indicate that the lactometer should read 20.2 on a 6% sucrose solution 
at 30" C. Lactometer readings made on milk at 30' C. mere corrected by the 
amount of the difference between 20.2 and the reading obtained with the lac- 
tometcar on 6% sucrose solution at  30° C. Si~nilarly, corrections were applied 
to the readings made a t  15.5" C. 
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TABLE 1 
Specific gravit!] of 6% (crrctl 8% sc~,ro.o.sc solittion8 (ft~.crcrgr of t7zo.r.r trials at I,nhorator.tl A ]  

Metho(1 Surrosc. 15.5"/15.5" C'. 20°/15.5" C. 30"/15.5" C. 20"/20°" C .  30°/300 C. 

Pycnometer ti% 1.0237 I .(I228 1 .00-02 1 .(I330 1.0239 
xf;, 1.0318 1.0310 1.0281 1.0312 1.0318 

........ ....... Lactomcter % ( I  65;  I .(I238 1.0231 1 .020H 

........ ........ R & B  S 1.0320 1.0311 1.0286 

Obtained from Bureau of Standnrdfi ('ireular 44 (191X\ 
6v0 solution 20°/20" C.-1.02366 (61.31 g. per liter) 
870 solution 30"/20° C.-1.03176 (82.40 p. per litel.) 

Table 2 shows the results obtained by T,aboratories A and C. ii and D, and 
A and E, each using the same lactometer but prc.parinp its o \ ~ n  sucrose solution. 
The results obtained by Laboratory R on a tliffrrent lac.tonieter are presented 
also. The correction applied by Laborato1.y H was therefore -0.5 ; by Laboratory 
C, -0.1 ; by Laboratory I), -0.2 ; and by Laboratory E, -0.1' Q. 

Table 3 presents results obtained by five laboratories on diffei.ent samples 
of herd milk using methods outlined above. Although the use of evaporated 
milk as a control in testing whole milk is open to criticism, 011 68 trials the 
results ranged from 25.85 to 26.78?, which would indicate that good precision 
in deteriiiining total solids by the Mojonnier test is lacking. Laboratory D has 
the greatest standard deviation froin the mean 011 the evaporated milk sainple 
and also the greatest standard error of estimate for total solids calculated by 
the Sharp and Har t  equation. 

This may also account for the large value of the constant in the regression 
equation obtained from the data of Laboratory D. The total solids of the evapo- 
rated milk sample reported by Laboratory E were low, and this may account for 
the low value of the constant in the regression equation obtainecl from the data 
of Laboratory E. 

When the regression equation ralcnlated from the data of each laboratory is 
applied to the data fro111 which it was derived, there is a tlecrease in the valnr 

TABLE 2 
Standardization o f  lactonheter at 80" C.  with 670 sucrose solrltiort 

Lactometcr S o .  Lab. A Lab. B Lab. C Lab. D Lab. E 
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TABLE 3 
Summary of resfclts 

Laboratory 
Mean 

A B C D E (All data) 

Number of Samples 
Mean Mojonnier total solids 
Mean Rabrork f a t  
Mean lartonieter 30" C. 

Number of samples for  Babeoek ealeulated total solids = 66 

Mean total solids 
ealeulated 

by formula of 

Std. error from 
Moj. T. S. based 

on formula of 

of the standard error of estimate. However, nrhen the regression equation derived 
from all the data is applied, the standard error of estimate is not significantly 
different from the value obtained by the Sharp and Hart  formula. 

Bnbeoek 
Sharp B; Har t  
Rcgression 

equation 

Babeoek f 0.224 k0.137 f 0 . 1 5 8  f 0.277 .......... f0.206 
Sharp B; Hart  &0.186 f 0.130 f 0 . 1 4 9  f 0.225 f 0.167 f 0.176 
Regression f 0.145 fO.lO1 k0.069 f 0.206 f0.095 f 0.174 

eauation 

Table 4 presents regression equations for each laboratory for estimating total 
solids based on the Rabcock fat test. The standard error of estimate for the data 
is f 0.327:G total solids. 

Tabltl 5 presents regressio~l cquatious for each laboratory for estimating 
total solids based on the Rabrock fat test and the lacto~neter reading a t  30" C. 
The standard error of estimate for the data is _t 0.174% total solids. 

TABLE 4 
Repressio~r rqrtations (calr~rlated Mojon?rier total solids based on Babcocli f a t  test) 

Laborntorv 
No. 

samples Regression equations 

A 19 T.S. = 5.5605 + 1.7483 X ( fa t )  
R 19 T.S. = 8.1573 + 1.1242 X ( fa t )  
C 
D 
E 

All data 

T.S. = 7.8153 + 1.3056 X (fat)  
T.S. = 7.2257 + 1.3468 X ( f a t )  
T.S. = 7.6240 + 1.3595 X ( f a t )  
T.S. = 7.3073 + 1.3717 X ( fa t )  

T a b l ~  6 p~.rsrnts data obta i~~r t l  at Laboratory A on the effect of increasing 
lactose con rent ratio^^ in ~nilk. These data are li~uited but indicate that the 
addition of lactose to the nlilk inflne~~ces the ca l ru la t io~~ of total solids by the 
Sharp and Hart  equation. 

The data in Table 7, obtai~lrtl by Tlaborato~*y -1, inclucle the protein conteat, 
along with the fat, total solids, and lacton~eter reacting, on 14 samples of milk. 
Protein was determiaed by thc Kjrltlahl Arnold Gu~lning method ( 1 )  with a 
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standard error of + 0.098%. The regression equation for total solids nsing fat 
and lactometer reading was found to be : 

% T.S. = 0.6688 + 1.2358 (2 fat)  + 0.2645 (Q:,,) 

The multiple correlation coefficient was +0.995 with a standard error of estimate 
of + 0.138% total solids. 

When the per cent protein \\-as included. the regression equation was found 
to be: 

70 T.S. = 0.7070 + 1.1514 ( 5  fat)  + 0.1993 (Q:,,) + 0.6585 (protein) 

The multiple correlation coefficient \\-as +0.99? with a standard error of estimate 
of +0.080. 

TABLE 5 
Regression equations (calcztlated Mojonnier total solids based on Babcock fa t  test 

and lactometer [SOo C.] reading) 

No. 
Laboratory samples Regression equations 

- - - -- 

A 19 T.S. = 1.1526 + 1.2638 ( fa t )  + 0.2426 (lact. 30') 
B 19 T.S. = 0.846" 1.3685 ( fa t )  + 0.2406 (lact. 30") 
C 12 T.S. = 1.0532 + 1.2732 ( fa t )  + 0.2529 (laet. 30') 
D 16 T.S. = 3.8246 + 1.2508 ( fa t )  + 0.1479 (laet. 30") 
E 12 T.S. = 0.3238 + 1.3365 ( fa t )  + 0.2718 (laet. 30') 

All data 78 T.S. = 1.04fi7 + 1.2566 ( f a t )  + 0.2512 (Iact. 30") 

TABLE 6 
Effect of addition. of lactose in niilk on deterjttiaation of T.S. by laetonteter 

(obtaiaed h.11 Laborator?/ - 4 )  

?h Lactometer Cale. T. S. 
added M0.j. Moj.- Moj.- M0.j.- 

Sample lactose 155°C. 30.0°C. F a t  T.S. Bah. S & H Est. Bab. SGrH Est. 

0 30.2 26.1 3.63 12.04 11.91 12.14 12.17 .I3 -.lo -.I3 
328 .5 31.8 27.9 3.65 12.48 12.32 12.62 12.64 .12 -.I4 -.I6 

1.0 33.7 29.6 3.67 12.87 12.85 13.11 13.12 .02 -.24 -.25 
1.5 35.4 31.3 3.64 13.30 13.22 13.50 13.50 .08 -.20 -.20 

-- -. . . 

( In  1st and 2nd trials, lartosc nclcled directly to milk -- in 3rd trial lactose dissolvrd in 
100 ml. water ant1 added to 600 ml. milk - water added to milk for  blank) Results obtained 
in duplirate and averaged. 

On the 78 samples tested by fire laboratories, the regression equation obtained 
by the method of Fisher described in Bro~vnlee ( 3 )  was found to be: 

7% T.S. = 1.0467 + 1.2566 + 0.0133 ((q; fa t )  + 0.2512 -t 0.0182 (Q,,) 
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TABLE 7 
Effect of  protein on lactomet~ic determination of total solids (obtained b.q Laboratory A )  

Sample 
No. 

% Moi. 
fat T. S. 

Ratio 
% SNFto 

protein protein 

2.74 2.74 
3.34 2.77 
3.11 2.78 
3.02 2.61 
1.92 3.10 
3.10 2.83 
2.80 2.73 
3.56 2.62 
3.47 2.65 
3.53 2.68 
3.20 2.93 
2.90 2.83 
2.77 2.82 
3.90 2.89 

Calculated T.S. 

Bab. S&H 

11.81 12.01 
13.85 14.10 
13.35 13.76 
11.96 11.93 

9.10 9.56 
14.73 14.93 
12.09 12.09 
14.45 14.58 
14.40 14.50 
14.26 14.35 
14.18 14.45 
13.31 13.65 
12.49 12.43 
11.72 11.86 

Moj.- 
Bab. 

0.07 
0.11 
0.12 
0.09 
0.19 
0.06 
0.07 

-0.02 
0.06 
0.21 
0.06 
0.03 

-0.01 
0.09 

At the 95% level of probability, the partial regressioii roefficieiits for the fat 
would range from 1.2300 to 1.2832, and for tlie 1ac.tonieter \5'01lld range from 
0.2144 to 0.2880. It is obvious, then, that the above eqnation is not sigiiificai~tly 
different from the Sharp and Har t  equation as modified by ITerriiigtou. These 
reualts based oil direct analysis, therefore, substaiitiatr the rquatioii tlerired from 
the specific gravity of the inilk roiistitiieiits by Sharp aii(1 Hart ant1 the calcula- 
tions of EIerriugton of the eftatat of iising a lactoii~ett~i~ insteat1 of a llTestphal 
balance. 

I t  should be noted that the ahore results \rere obtaiiitvl wit11 tlir lactoineter 
reading made at 30.0" C. No attempt Iias beell iiiade to rstahlish teiiiperature 
correctioii factors. since it is felt that for prartical 1~1rposes the temperature of 
the saml)le iiiaiiy be thermostatit~ally ro~itrallt~d. Sinre the data roiitaiii readings 
a t  both 15.5" C. (60" F.) and :30.0° ('. (86' F.). it is iliteresting to note that 
the decrcasc in degree Qneveiiiie per iiicrrase in clcgrre F. varied fro111 a inini- 
mum of 0.138" Q. per 1' F. to a maxilnum of 0.219" Q. per lo F. with an average 
of 0.175" Q. per 1" F. applied a t  60" F. in tlie Rabcock formula. 

Tt shonltl also be noted that while tlie mean per tarlit of total solids ralculated 
by the Babcock forlanla ~vas  foluid to be 12.627, it clocs lint tlifft>r significantly 
at the 95%) level from tlie value of 12.690:i for the Sharp and Hart formula, 
based ou the Stutlent T test. Tlir slightly better agrt3cbiiie~~t ralrulatecl by the 
Sharp aiid Hart equation is duca either to thr  inore ac.c.uratr partial regression 
coefficierlts or to the physical stat,. of thr fat in the Sllarp and Hart niethod. 
111 this coliiiec*tioii aiitl although the results repoi-tetl ill this 4tlitly wt're niacle by 
heating the Illilk to 45" C. and rooliiifi to 30" C., tht> 1'1'~lilts ~'~l~Ol'tt>d by Sllarp 
and Hart n.onltl intlirate that tile l~eatiiig to 4s3 ('. inay hr ~llllleeessar~-. They 

reported that tlie average of 30 experil~it~l~ts ill \rliic.h niilk was 11eld a t  20" C. 
and t~.amled to 30" C. resulted in a specific gravity of 1.03008. The same milk 
held ?," 1:iinnte at 45" C., then c.oo1c.d to 30" <'.. ~csiiltcd ill a sprcific. gravity of 
1.02998. This point should br investigated fnrther. siiice thr rli~nination of tllr 
step of heating to 45" C. would simplify the method. 
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Another point of interest is the regression eqllation obtained froin estimating 
the per cent of total solids froin the butterfat content. This equation is: 

n/,, T.S. = 7.3053 + 1.:3517 ( V  fa t )  

The standard error estimate ill using this equation on the 58 samples tested 
was +0.327? and indicates that a significant increase ill accuracy is obtained 
when the lactometer reatling is inchldeil in the calculatioas. When the Jacobson 
(5) for~nula was applied to these same data, the standard error of estimate was 
found to be +0.436'j/o. Thus, eqnations for estimating per eeilt of total solids 
from the per cent of fa t  alone would yield rather nnsatisfartory results. 

The use of suitable experimental controls in a s t l ~ d y  of this nature is compli- 
cated by the necessity of dealing with nnhounopenized \vhole ~nilk. The shipn~ent 
of samples of fluid whole milk nsllally rest~lts ill some degree of churning. Studies 
of the precision of the method were therefore made by one laboratory. 

On a total of 20 trials, the precision of the Modifietl Rabcoek test was fonntl 
to be 20.042'J, of the lactometer reading was found to be 20.077° Q., and of 
the Mojonnier total solids was found to be -t 0.060%. These \,slues indicate that  
the lactometrir mcthoil shol~ld yield ~.esult.; with a precision of *0.106% total 
solids. 

Although the data in Table 7 are limited, the standard error of estimate 
using fat  ancl lactometer reading only reslllted i11 a value of 20.138%. When 
protein was inclncletl, the stanclartl error of estiniate was fo1111d to be 20.0807).  
Since the precision of the ~nethotl \vollltl ac.cout~t for an error of *0.106'&, a.; 
indicated in the previous paragraph, the square root of the slllns of the sclnare.; 
of the variations clue to protein and to error.; in the method is equal to *0.136?,, 
or approximately thc same as the value of the total error of estimate foulltl for 
the data of Table 7. 

coKcI.l~sl~ ISS 

1. 3Iethods are presented for dett1riniai1lg per cent of total solids by n~eans; 
of the lactometer and the A.D.S.A. bfodified Babcock test. 

2. The per cent total solids was calrulated on 78 samples by lneans of the 
Babcock forlnula (mean = 12.6277 , standard error of estimate = 20.206%) and 
the Sharp antl Hart  equation as modified by IIerrington (nnean = 12.690%, 
standard error of estimate = +O.l76'/; ) antl comparetl with the Mojollnier total 
solids (mean = 12.706'). 

3. The regression equation derived from 58 sainples of inilk was sho\v11 to 
substantiate the partial regression coefficients in the Sharp and Har t  equation 
as modified by Herrington. 

4. The protein content of the milk was sholvn by the results of one laboratory 
to have some influence on the accuracy of the determinatioin of total solids by 
lactometry. 
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EFFECTS ON ECONOMY AND EFFICIENCY O F  MILK PRODUCTION 
WHEN TIIYROPROTEIN I S  F E D  FOR A SHORT PERIOD 

O F  TIME TO MILKING COWS 

J. IV. THOMAS, I). V. COPI,AND, E. A. KEYES,' A. (;. V A S  HORS,' .\so I,. A. MOORE 

Dair!~ nusbandr!l Rrsrnrcl Rmach, USDA, IVnskington, U .  C. 

No carefully planned experiments with milking cows have been reported 
which show the effects of feeding thyroprotein on the efficiency of feed utiliza- 
tion and monetary returns. Several articles have appeared in which information 
on feed utilization was reported, but this was not the primary object of the 
studies (2, 13, 15, 16, 17, 18) .  Consequently, the results of these experiments 
have not provided an  adequate basis for the proper evaluation of the economy 
of feeding thyroprotein under practical conditions. 

The data reported show that cows given thyroprotein produced more milk, 
on the average, per pound of total digestible nutrients (TDN) consumed than 
similar cows that were not fed thyroprotein, when changes in body weight were 
not considered (2, 6, 1.3, 15, 16, 17'). I n  some of these experiments there was 
much more variability in efficiency of milk production among cows on the same 
treatment than between the groups of cows on different treatments (2, 6, 15). 
When body weight changes were taken into account, production efficiency was 
somewhat reduced in some cases (2, 6, 16, 17) but not in others (13, 15, 18). 
When thyroprotein was fed for successive lactations, the efficiency of production 
decreased in the later lactations (17). These results indicate that i t  is unde- 
sirable to feed thyroprotein for long periods of time, especially in successive 
lactations (1, 5, 9, 17). 

Experimental evidence indicates that large doses of thyroprotein may de- 
crease dry-matter digestibility and increase rate of passage of food through 
the gut  (5, 12). Nitrogen balance was decreased when feed intake was limited 
(11, 12), but i t  was positive when feed intake was more liberal (12). Basal heat 
production was increased in calves and cows fed large amounts of thyroidally- 
active materials (11, 18), and these authors calculated that the extra feed intake 
per unit of extra milk produced was markedly above normal. This is true for 
any increased feed intake when it is fed in addition to a normal total require- 
ment. 

However, the dairyman is primarily interested in the ratio of total milk 
produced to total feed consumed. This ratio is usually termed gross efficiency 
and is conveniently expressed as f a t  corrected milk (FCM) produced per pound 
of TDN consumed. The experiments reported in this paper were performed in 
order to obtain more information on this relationship. 

Thyroprotein is presently sold as a commercial product in the form of a 
pelleted concentrate mixture which contains 5 g. of iodinated casein per pound. 
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It is recolulnended by the manufacturer that the concentrate niixture be fed 
a t  thcl rate of 3 Ib. per cow per day in addition to the usual ration. A comparison 
between the cost of this extra concentrate and the value of the extra milk pro- 
duced is easily made, but such a comparison is an  inco~nplete measure of true 
monetary return ancl actual efficiency of milk production. Two additional fac- 
tors that should be considered when making such a comparison are:  (a) TDN 
necessary for body-weight changes and (b)  any increased consumption of rough- 
ages, pasture, or other feed that is fed without being weighed when the thyro- 
protein-containing concentrate also is fed. These experiments were planned to  
obtain information on these factors. 

EXPERIMENTAT, PROCEDURE 

Three experiments (A, B, and C)  were performed, all having a similar gen- 
eral plan. Experiment d was carried out a t  Huntley, Mont., during the winter 
of 1952-53; Experiment B a t  Bozeman, Mont., during the winter of 1953; and 
Experiment C a t  Lewisburg, Tenn., during the winter of 1951. 

I n  all experiments daily records were kept on milk production and the 
amount of each feed that was fed and refused. Feed and weigh-back samples 
for analysis were obtained every third day for 150 days in Experiment A and 
every day for 120 days in Experiment B, and the sanlples from both experi- 
ments were composited by 30-day periods for proximate analysis. TDN values 
were calculated from these analyses by lneans of appropriate digestion coefficients 
(10). I n  Experiment C, TDN values mere assumed from a description of the 
feeds and refusals. 

Butterfat tests were obtained on a 2-day composite milk sample taken on 
the fifth and sixth days of each 10-clay period and also a t  monthly intervals 
before and after the experimental period in Experiment C. 

Body weights were taken on three consecutive days a t  10-day intervals in 
Experi~nents ,I ancl R and a t  monthly intervals, or  whenever there was a change 
in feeding regilnr, in Espc'rimc,nt C ' .  

The esl,rri~ner~ts ~verc. cliritlecl illto ~~rc~-exl,cril~lcl~taI. csl~erimc~ntal, ant1 post- 
experin~ental pc3riotls. This ant1 other pe~.til~ent il~for~natiotl on tl~c> esl~erimental 
design ant1 caolvs are presentecl in Tahle 1. ,It t l ~ c  ~ n t l  of the post-experimental 
period the cows ill K x ~ e r i ~ n e n t s  B ant1 (' \v:>rr plac,ed on IXI4tlll'e. Data obtained 
while the colvs \vrrcl on pastnrr \verc2 not nscstl in t.alrulating 131-education efficiency 
or monetary returns, although thr tl.ends in protlnrtion ant1 hotly weight are 
sho\v11 in Fignres 1 and 3 for the pasture period. 

Enough hay was fecl that there was a large refnsal (8  to 3574. depending 
on its quality). In Experiments 11 and I3 the h a -  was alfalfa and in Experi- 
lnel~t C it was a red clover-orc*haril grass. A s~ilall amount of corn silage was 
fed to all cows in Experiment A. 111 all experiments grain was usually fed a t  
the rate of 1 Ib. to 4 lb. milk to IIolstein colvs and at the rate of 1 to 3 to der- 
sey cows. 

I n  short-term trials, as in these experilneuts. the effect of thyroprotein feed- 
ing on efficiency of productiol~ and n i o n e h r ~  returns should be determined by 
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TABLE 2 
Arrmge  daily FCY production before and dftring thyroprotrin feeding 

and the relative ehanoe when i t  was diseo~rtiasrd 

Group an11 
ration 

fed 

1 
(Control) 

2 
(Thyro) 

3 
(Extra  

grain) 

4 
(Extra  grain 

and thyro) 

Period 
10 to  40 days post-exp't. 

1st 30 day 2nd 30 day a s  % of pre-experimental 
P r r - r sp  't. exp It. 

-. exp 't. -- period 

(lb/day/cow) Exp  't. A 8: B Exp  't. C 

34.3 30.8 27.1 72.6 72.2 

proilwtion between control and thyroprotein groups was 21.9 and 18.1% for 
the first and second experimental months, respectively, when compared to the 
pre-experimental period. 

The immediate response in milk production was not enhanced by the feed- 
ing of extra grain with thyroprotein. This is indicated by the similar responses 
shown in Figlire 1 ancl in Table 2 for Groups 2 and 4. Holstein rows showed a 
larger response tliali .Jersey cows (P  < 0.01), but the higher initial production 

CI 
I0 DAYS 

FIG. 1. Trcn(ls ill :Irrr:lgcb milk 1?ro(li1etiol1 for  tl~c. three experilnel~ts s l ~ o ~ v i l ~ g  the effects of 
frtadillg tll\ .roprotei~~ to (:roup 2, fretlil~g estra gr:~in to Group 3, ancl feeding both thyroprotein 
: I I I ~ ~  m t r a  gr:ti11 to Gro l~p  4 cc~lllp:~rc.d to  tllr ~~or lna l ly  fed corns in Group 1. 
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of the Holstein colvs may have been wholly or partially responsible for the dif- 
ference in breed response. The maintenance of increased levels of production 
varied widely bet\veen i~ldivitlual cows. I t  remained above pre-experimental 
level for 10 tlays with one (low ant1 for 60 days with nine cows. FCM produc- 
tion duriiig the last 10 days of thyroprotein feeding averaged 9 3 y ~  of the last 
10-day pre-experimental level with a range fro111 38 to 1 3 0 v .  The large varia- 
tion \voulil seen1 to preclude the feeding of this material to all animals in a herd. 
A dairyinail should discontinue feeding thyroprotein to cows whose response is 
unprofitable. 

In Exl,eri~iie~it -1. the cows in Group 4, which were fed thyroprotein and 
extra grain, (lid not li~aintain the increase any better than did the cows in 
Group 2, \vliic.l~ receivetl no extra grain. However, in Experiments B and C, 
the cows in Group 4 showed a tentielicy to ~iiaintain the increased level better 
than the cows in Group 2. The control cows that received extra grain, Group 3, 
were no more persistent than were the cows in Group 1 ;  this was especially 
true in Experiment 11. Previously, it has bet111 shown that the feeding of extra 
grain (more than in this experiment) to cows in early stages of lactation had a 
marked efect on increasing persistency (I/;, 17). The feeding of extra grain 
(3  Ib. per (lay) to cows fed thyroprotein in Group 4 for 2 months did not have 
the marked effect of inrreasing persistency ~vhieh has been observed previously 
(7. 15, 16, 17). The stage of lactation, length of experiment, amount of extra 
grain, or indiviclual cow variation may have been responsible for these differences. 

A marked retiuetion in level of milk prod~lction occurred when thyroprotein 
was withdrawn. In  Experiments A and R, the production of G r o ~ ~ p s  2 and 4 
was below that of tile control gronps a t  30 ancl 60 days after the withclrawal of 
thyroprotein. This is shown in Figure 1 and ill Column 5 of Table 2. Produc- 
tion levels of these rows in the entire post-exl,clri~nental period was below the 
levels of control cows or the projected levels based on pre-experimental pro- 
duction. There was more total E'CRS produced for the 60-clay experimental 
periocl plus a 80- or a 60-day post-experin~erital periotl by the two groups fed 
tiiyroprotein than was producetl by the two control groups. However, with the 
continued lower level of procluetioil for the remainder of the lactatiol~ it appears 
doubtful that any iiicrrasetl amo~int of milk was obtailled for the entire lacta- 
tion for the cows fetl thyroprotein in this t>xperi~ne~lt. I~~\~es t iga t ions  in England 
showed o111y a slight or no increase in total milk per laetati011 w h e ~ ~  thyroprotein 
was fed under similar conditions (1, 9 ) .  

There mas no decrease in lerel of production when thyroprotein was with- 
drawn in Experiment C and the co~vs were tnrned to fresh spring pasture 5 
days later. This is shown in Figure 1 and in Colunin 6 of Table 2. I t  is ap- 
parent that the procednre in this expe~.iment probably increased the yield of 
milk for the entire lactation. I'laring cows on pasture 30 days after the removal 
of thyroprotein. as was done with Grolips 2 and 4 in Experiment R, did not 
increase their procluction up to the expectetl levels, as did the procedure used 
in Experiment C. 

All cows in Experiments A and B showed an increase in butterfat test when 
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OFF 
THYRO 

GROUP * 

_..- 
s -- I 
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I THYROPROTEIN WSTURE 
GROUPS 2 a 4 EXP'T.C 

EXTRA GRAIN 
GROUPS 3 a 4 

FIG. 2. Trends ill 1)uttcrfat tests a s  influenceil by feeding thyroprotein alone (Group 2)  and 
in combination with extra grain (Group 4), conlparcd to aontrol animals (Groups 1 and 3). 

thyroprotein was added to the ration. Only a few co~vs in Experiment C showed 
a definite increase in f a t  test as a result of thyroprotein feeding. The average 
responses are shown in Figure 2. The average change was approximately 0.5% 
increase in actual fa t  test. There was a tendency, especially in Group 4 of 
Experiment C, for a better maintenance of the increased test when extra grain 
was fed. These results are similar to previously published observations (2, 3, 4, 
9, 15, 16, 1 7 ) .  

Efect  n)t bod!/ weight. The feecling of thyroproteili caused a large and rapid 
decrease in body weight of each cow. Cows ill the control groups showed only 
small changes in body weight. Tlie average trel~tls are shown in Figure 3. 

The average body weight decrcase for the 13 cows in Group 2 was 138 lb. 

0-- 

EXTRA GRAIN 
C0"llDC 1 n 1 
V,."",  - - - - 

OFF 
THYROPROTEIN , 1 

v PASTURE 

Fro. 3. Body-weight trends of eows fed thyroprotein (Group 2 ) ,  extra grain (Group 3) 
both thyroprotein ant1 extra grain (Group 4 )  fo r  60 days con~pared to eows fed a t  normal 
(Gronp 1 ). 

and 
r a t e  
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during the 60 days that thyroprotein mas fed. The cows in Group 4 lost only 
93 lb. during this period. The cows in Group 4 regained initial weight by 40 
to 50 days after the removal of thyroprotein, but the cows in Group 2 had not 
regained initial weight by the end of the observation period. The cows in 
Groups 2 and 4 of Experiments A and B gained 8.5 lb. per day per cow during 
the 10 days immediately after the removal of thyroprotein. Control cows gained 
0.8 lb. per day per cow during this period. In  the short-term trials, the feeding 
of extra grain with the thyroprotein appeared to have a more pronounced influ- 
ence on body weight and general appearance than on milk production. 

TABLE 3 
Eflieirnr!l of proclrcctio~l ns influotc~d by extra grain feeding 

nird tkyroprotein frcdirrg, singly and in conrbiaation 

FCM per Ib. TDN corrected 
FCM prr  Ib. TDN for weight change' - 

Grorrp KO. Group No. 
Days 1 - , 3 -- -- - - 4 1 2 3 -- 4 

Expcrimrnt A 
(Prc-cxprrimr~~tal  period) 

1-30 1.S1 1 1.98 1.92 1.73 1.72 1.90 1.62 

(Thyroprotrin frtl to Group 2 6r 4 - Exprri~neut:~l period) 

31-60 1.58 2 1.56 1.93 1.52 1.30 1.49 1.35 
l i l - 90  1.48 I .X!) I .48 1.79 1.80 1.57 1.58 1.64 

(Thyroprotc.il1 rc.n~ovrd - pos t -c txpr r i~~~e~~ta l  prriotl) 

91-120 1.37 1 . 1 2 l . 2 5  1.91 1.51 3.95 1.50 2.86 
121-150 1 . 2  .87 1.12 .!I5 1.32 1.08 1.45 1.24 
Av. 31.120 1.48 1.70 1.40 I.(;(; 1.52 1.56 1.52 1.60 
Av. 31-150 1.42 1.50 1.38 1.49 1 .  1.46 1.50 1.52' 

Experimrnt B 
(Pre-experimental period) 

1-30 1.82 1 . 9  1.68 1.62 1.90 1.84 1.7'4 1.70 

(Thyroprotein fed to Groups 2 6; 4 - Experimental period) 
31-60 1.59 2.25 1.53 1.78 1.55 1.53 1.52 1.43 
61-90 1 . 4 5 . 7 6  1.37 l . i 4  1.4(i 1.43 1.41 1.43 

(Thyroprotein rrlnoved - post-rsprrimental prriod) 
91-120 1.31 1.04 1.29 1.11 1.34 2.05 1.33 2.09 
Ar. 31-120 1.44 1.67 1.39 1.55 1.40 1.51 1.42 1.441 

Expcrimrnt C 
(Pre-rxprrimrntal period) 

1-10 1.66 1.64 - 1.i3 1.55 1.84 - 1.60 

(Thyroprotein fed to Groups 2 % 4 - Experimental period) 
11-40 1.36 1.78 - 1.53 1.32 1.28 - 1.39 
41-70 1.13 1.33 - 1.33 1.05 1.19 - 1.24 

(Thyroprotein rcmo\-ctl - post-esperimental period) 
71-75 0.95 1.15 - 1.30 0.95 4.30 - 2.34 
AT. 11-75 1.22 1.49 - 1.43 1.17 1.28 - 1.34 -- 
' Corrected for TDN nrcesunry for hody weight changes, according to the following: 

L 

FCM produced 
TDN consumed + 2.73 X weight loss or - 3.53 X weight gain. 



-1 relation between increase in millr proiluction and decrease in body weight 
was tioted. The correlation coefficient was -0.67, and the regression line was 
fount1 to be body weight decrclase = 7.44X + 38.75. The relationship was statis- 
titaally significant (P = 0.01) but there were large variations from the calculated 
regression line. 

Eftect on feed consumption. It was expected that the hay consurnptioa of 
Groul) 2 might increase when thyroprotein was fed, but no such increase was 
found. The hay consumption of the normally fed control cows (Gronp 1 )  was 
the Iiigliest of all groups. Peeding extra grain to Group 3 cansed a decrease in 
the hay consunlption of these animals compared to that of Group 1. A siinilar 
trend was noted between Groups 2 and 4. I n  these experiments, roughage was 
fed ad libitum but in such a manner that consumption was measured. No increase 
in roughage consuinption was found in cows fed thyroprotein as compared to 
cows not fed thyroprotein. This is shown by the average amounts of hay con- 
sumed, given in Table 4 for Groups 2 and 4. Herdsmen feeding the cows in 
two of these experiments commented that cows fed thyroprotein see~ned too 
tirecl to eat. 

Eflccf on eficiet~c!! of prodraction. The gross efficiency of production for the 
tlii-ec~ esperin~eiits is shown in Table 3. The first four columns of data were 
calculatecl without considering body weight changes and the second four col- 
umns were calculateti considering body weight changes. Separate values are 
she\\-11 for the periods before, during, and after thyroprotein feeding. The values 
for the entire experimental plus the post-experimental periods are given on the 
lo\\-er line for each experiment. 

Diiring the prc-experimental period the average values for the groups were 
fairly close, ancl liigher values for efficiency were noted for the groups that 
gave the most milk. As shown in Table 3, the values for each 30-clay period 
following thyroprotein feeding and its withdrawal were erratic ant1 overly influ- 
enced by body weight changes. IIowever, when the experimental and post- 
experimental periods were considered as one unit, a nlorc constant valnc was 
observed. This value has been used for comparative purposes because it is more 
reliable ancl reasonable. The reasons for its use have been mentioned previously. 

Without consideration of body weight changes, the cows fed thyroprotein 
were nlore efficient than tlie control cows. IIowever, when tlie TDN values of 
the changes in weight (8) were includcd in the calculations, there was a small 
increase in efficiency in Experiments A and I3 for the 31st to the 120th day. 
When a longer post-experimental period was included, as in Experiment il. 

from the 31st to the 150th day of observation, there was no difference in the 
efficiency between control and thyroprotein-fed groups. There was an  increase 
in efficiency for Groups 2 ai~cl 4 in Experiment C, where no decrease in produc- 
tion followetl the removal of thyroprotein. The failure of cows fed thyroprotein 
to regain their expected levels of production within 1 to 2 months follo~vilig its 
removal caused a large reduction in efficiency after the thyroproteill-feedillg 
period. I n  practice, the extent and value of this handicap will vary with each 
individual situation. 



TABLE 4 
Average prodsefro~r, cowsrrnrption nnil hod?/ weight ckatrgcs, a~ t r l  cnlr~tlnlril retxrtts ahovr 

feed costs, shoa,ing thc prohnhle ndoatrtagr tltra l o  the frrding of thyroprotain 

~~~d collsunle(l Rody Retorn Aclvantage 
Gronp Average weight above feed of feeding 

No. Milk test Alfalfa Grain e11:lnge cost ~ h y r o p r o t e i n  

30-day pre-experin~rnt;~l prriod 

60-day experimental pins 30-d;ty pout-experime~ital 

1 36.16 3.54 29.31 8.65 +0.197 
3 38.60 4.04 27.32 10.10 -0.736 
3 36.19 3.61 26.57 11.32 i-0.258 
4' 41.43 3.72 25.75 12.69 -0.335 

60-day experimental plnn 60-day post-experin~ental 

Esperiu~ent  II 
30-day pre-experiniental period 

1 36.85 4.03 27.63 9.8% + I 5  1.22 - 
2 38.73 4.01 26.86 in.211 -0.333 1.30 - 
3 34.15 3.94 26.94 R.43 +0.183 1.11 - 
4 30.90 3.99 26.85 8 . 1  +0.242 0.95 - 

60-day experimental plr~s 30-d:~y post-esperinicntal 

1 29.48 4.12 32.48 7.81, +iI.OiS 0 . i i  - 
2' 31.33 4.62 30.00 9.17 -0.625 (1.92 +.15 
3 28.01 4.12 29.95 9.33 i-0.111 0.69 - 
4' 29.51 I.li0 28.16 111.47 -0.297 0.80 +.I1 

Ezperimel~t C 
10-day pre-experinlcntal prriod 

1 21.69 5.76 31 .6l 7.3; -1l.100 0.82 - 
2 21.88 5.47 2l.13 r .n0 -0.125 0.80 - - - 
4 23.16 5.51 20.59 h.0'2 -0.100 (I.X!I - 

60-day experimental pltts 5-day post-csl>erin~e~it:~l 

1 17.86 5.27 24.74 1 -0.308 0.45 - 
2' 20.16 5.40 22.10 6.94 -1.015 0.54 +.09 
4' 23.53 5.43 23.73 10.75 -0.462 (1.W +.I7 

Milk price used was $5.90/rwt a t  4% with 8e differential per 0.17; butterfat. Costs of 
feed used were : Alfalfa = $42.00/ton; grain = $80.00/ton; silage = $16.00/ton; thyropro- 
tein eontaining concentrate = $7.00/ewt. 

bCorreeted fo r  body weight el~anges by assunling 1 Ib. body weight loss = 2.73 Ib. TDN;  
1 Ib. body weight gain = 3.53 lb. TDN ant1 1 Ib. TDN = 0.3 Ib. FCM. 

' These groups received thyroprotcin (luring the 60-day experimental period a t  15 g/cow/day. 
Corn silage fed to all cows in Experin~ent A a t  1 0  Ib/eow/day. 
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If the abrupt decrease in milk production following the withdrawal of thyro- 
protein can be prevented, as it was in Experiment C, then there will be an 
increase in efficiency over the experimental plus the post-experimental period 
as a result of feeding thyroprotein. 

I11 Experiments A and R the cows fed thyroprotein produced an  average 
of 419 lb. more of FCM than did the control cows during the 90 days of experi- 
lnental plus post-experimental periods. Their net TDN consumption was 185 lb. 
more per cow. This gave a ratio of 2.27 lb. of FCM per pound of extra TDN 
consun~etl. I11 Experi~nent C the (.ow3 in Groups 2 and 4 averaged 339 lb. more 
of FCRl during the 65 clays of experimental plus post-experimental periods 
than did the cojvs in Group 1.  They consumed an  average of 127 lb. more 
of TIIN. This ratio was 2.66 Ib, of extra FCM per pound of extra TDN. 
Ho\verer, when the differenccs in body weight were considered (as indicated 
in footnotc of Table 4) the values were 1.1 and 2.58, respectively. A normal 
value for an entire lactation is approxiniately 1.6 (7, 15, 16, 17). These data 
are not in complete agreement with the calculations made by others (11, 18) 
which indicated that the extra milk produced per unit of extra feed consumed 
was smaller than normal. 

h'co~lomic considerations. The weights of feed and milk and the prices used 
to calculate returns over feed costs are given in Table 4. Other values can be 
used in calculations where these values do not apply. The returns over feed 
costs during the pre-experimental period reflect level of production and were 
reasonably close between groups in each experiment. 

There was an increased return over feed costs of approximately $0.11 to 
$0.20 per cow per day as a result of thyroprotein feeding for the experimental 
plus a 30-day post-experimental period in Experiments A and B. However, 
the retnnls for the experimental phis a 60-day post-experimental period in 
Experiment A show no gain for Group 2 and a reduced gain for Group 4. 
Since the rate of production decreased below its expected level and remained 
there after the removal of thyroprotein from the ration, this period of lowered 
produc.tion offset much of the value of the increased production during the 
period of thyroprotein feeding. If the lowered level of production continued 
for the remainder of the lactation there would be a decrease in profit for the 
entire lactation. This same result unclolibtedly would have been shown in Ex- 
pel.inient R, but these cows were placed on pasture and this value could not 
be estimated accurately. This method of comparing combined data of all periods 
which were influenced by thyroprotein feeding appears to be the only proper 
practical procedure that has been presented to date. 

I n  Experiment C there was no reduction in production level after the re- 
inoval of thyroprotein, and as a result there was a net increast~ in returns over 
feed costs for the experimental plus the short post-experimental periods. I n  this 
case, including the data for a longer post-experimental period would not change 
the net result nor the values given in Table 4. 

Whether or not there was a n  increased efficiency or monetary return as a 
result of feeding thyroprotein depended on the prevention of the large decrease 
in production after thyroprotein feeding was discontinued. The feeding of extra 



grain for a short period after (1isc.ontinuing thyroprotein feeding, as in Group 4 
of Experiment A, did not prevent the large decrease in production. Placing 
the cows on pasture 1 month after discontiniling thyroprotein feeding, as in 
Groups 2 and 4 of Experimerit R, ditl not help the eo~vs regain the expected 
levels of prod~iction. IIou,ever, in Experilnent (: the cows \\.ere placed on pasture 
5 days after thyroprotein feeding was discontinued, and 110 clecrease in produc- 
tion occurred. In fact all cows ill Expcriment C, eontrol and experimental, 
increased production in a similar lnanner at this time (Figure 1). Confirma- 
tion of this observation is needed. 

Removing thyroprotein gradually from the ration over a period of 3 to 4 
weeks has been reported to prevent the large decrease in production a t  this 
time (4 ,  1.1). IIowever, some of these results were confounded by comparing 
the rate of decrease to control cows whose rate was abnormal and changed 
from 12 to 24 and 24 to llv, per month coinciding with the time thyroprotein 
was fed and withdrawn from the experimental group and the use of too short 
a post-experimental period ( 1 4 ) .  In another experiment (4 ) ,  the total milk 
produced during the post-experimental period was the same with gradual as 
with abrupt removal of thyroprotein. Other experiments where this procedure 
has been used also have shown large post-experinlental decreases in milk pro- 
duction (1 ,  9). Further experi~nents are needed and are in progress in this field. 

SUMMARY 

Three experiments involving 47 cows were performed, in which thyropro- 
tein was fed for 60 days to determine its effect on milk production, body weight, 
butterfat test, ronghage consnn~ption, efficiency of production, and ~nonetary 
returns. Data from the experimental feeding period were combined with data 
from the post-experimental period in order to make a proper evaluation of the 
over-all effect of thyroprotein feeding on total milk produced, effic.ienc>- of pro- 
duction, and monetary returns. 

The average increase in milk production was about 20g for the period during 
which thyroprotein was fed. The variation in milk proclnction responst. between 
individual cows was large. I n  two of the three exl)eri~nents production (leereased 
to a lower than normal level after thyroprotein was ~ v i t l ~ d r a ~ n  from the ration, 
and production continued at this lowcretl 1eoc.l for the remainder of the obser- 
vation period. When only a short post-experilnental period of decreased pro- 
duction was considered, them was an atlvantage in total FCM, efficiency, and 
monetary returns for the groups of cows fed thyroprotein, but longer post- 
experimental periods of decreased production lessrned this advantage. 

I n  one experiment the cows were placed on pasture 5 days after thyroprotein 
feeding ceased and no decrease iri produrtion occurred. There was a net increase 
in milk produced ancl in monetary returns under these eonclitions as a result 
of feeding thyroprotein. 

The presence or absence of the decrease in milk prod~~ct ion  after thyroprotein 
was withdrawn from the ration appears to be the determining factor in the 
desirability of its use over a short term and its effect on milk yield, efficiency 
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and monetary returns for the entire lactation. However, under practical condi- 
tions the increased milk produced during a particular period has other advan- 
tages, and this is especially true during the period when a fluid-milk base is  
being established. 

In  these three experiments the feeding of thyroprotein did not cause an  
increase in the consumption of hay when i t  was fed ad libitum. The extra 
energy necessary for the proper maintenance of body weight and increased 
milk yield must be furnished in the form of extra grain. When thyroprotein 
was fed, there was an average increase in fa t  test. All cows showed a large 
decrease in body weight, which was alleviated but not prevented by feeding 
extra grain. 
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Vitamin A is a liiniting dietary essential in calf nutrition (-I, 13, 19). For  
the prevention of night blindness, a daily intake between 11 and 16y of carotene 
per pound of body weight or between 2.3 and 2 . 9 ~  of vitamin A per pound of 
body weight haq been reported to be adequate (16, 17, 18, 35). Similar values 
for growth were between 11 and :33 or 10.0 and 25.0 ( 7 ,  13, If,  17, 22, 24, 29), 
for maintenance of blood plasma vitamin A levels of 1 0 . 0 ~  per cent between 34 
and 57 or 8.2 ( 5 ) ,  and for adequate liver reserves between 71 and 102 or be- 
tween 5.4 and 29.0 (1.3. 14, 17, 3 I ) .  With the exception of the requirements 
based or1 blood plasma levels ( 5 ) .  the expcri~i~ents on responses to carotene feed- 
ing were not run concurrently with those 011 responses to vitainin LZ feeding 
and consequently cannot be compared directly. Although the carotene require- 
ments for the prevention of papillary edeina and the maintenance of normal 
spinal fluid pressure have been studied and these criteria found more sensitive 
to changes in the vitamin A status of the calf than night blindness or growth 
(25, 27, 28). data with respect to the effect on these of intake of vitamin A per se 
were not reported. 

The present study was ~uidertaken to detc~rniiiie quantitatively the relative 
value of carotene from alfalfa ant1 vitainin A fro111 a dry carrier fed a t  ininimum 
levels employing as criteria blood and liver values of vitainin A, spinal fluid 
pressure, occurrence of papillary edema, ant1 tissue alterations in the Holstein 
calf. 

Recrivetl for ~~ublicat ion Janoary 29, 1!154. 

' T l ~ i s  stilcly ~ v a s  nlatle in part  wit11 fiu~clr ~ ) rov i~ l rd  by the Researcl~ ancl Markc.ting Art of 
1940, through a rolltract between t l ~ r  Storra Agricult~tral Experimrnt Station :uul tlie Dairy 
Hushandry Researe11 Branch as  well a s  fuuds provided 1). the C'l~as. M. Cox Co., Boston, Mnss. 
and Big-Y Founclation, Norwiel~, Conn. The data  are  part  of a tl~esis to I,? presented to  the 
graduate srhool of the University of Connertieut 11y the senior au t l~or  in parti;~l fulfilltnent of 
the requirements fo r  the degree of Doctor of Pl~ilosopl~y. 



EXPERIMENTAL 

Animals and mtiolts. Forty 1-day-old Holstein ~iiale ralves were placed on 
experiment during the period November, 1952, to March. 1953. These calves 
were obtained from various Connecticut state institution herds and placed in 
individual tie-stalls a t  the University research barn. 011 arrival a t  the research 
barn, each calf received a 500-mg. oblet of aureomycin' ant1 200,000 U.S.P. nnits 
of vitamin A in the form of fish liver o i l .V~evels  of colostrli~n and ~iiilk fed 
were as previously described ( 1 0 ) .  A stantlard calf starter ( 1 1 )  was fed np to  
3.0 lb. per day and U.S. No. 1 alfalfa hay chopped to li in. in length was 
allowed ad libitum. This preliminary feeding period continued through cich 
calf's 63rd day of age. 

On the 64th day of age, each calf was fed an intake of a vita~nin -1 cleple- 
tion ration (11)  to give an  anticipated 7-day rate of increase in body weight 
of 10 lb. The depletion ration allowance was calculated froni the forinnla, 
Y = 0.056P1V0.", in which Y = the daily depletion ration allowanrr ill pounds 
and W = the  anticipated body weight (11) .  These ratio11 allowances were con- 
tinued for each calf until it  was slaughtereil. 

The blood plasrna vitamin A level for each calf was allowecl to decrease to 
loy% or less during the depletion period. At this time thc depletion ration was 
suppleniented with one of five levels of caarotene fro111 artificially-dellyclrated 
alfalfa leaf meal or one of five levels of vitamin A fro111 a dry carrier. These 
were fed a t  the rate of 12, 18, 24, 30, and 36y of carotene or 2, 4, 6, 8, and 
107 of vitamin A per pountl of body weight daily. The first 10 calves to arrive 
a t  the research ba1.11 were assignccl to one of the 10 t~.eatnients aceortlinp to a 
previously randomized allot~nent. This procedure ~vas  repeated until four gl-oilps 
of 10 calves each had been assigned to their respective treatments. The average 
age a t  the start of carotene or vitamin ,I supplement feeding, tlie coinparison 
period, was 88.3 f 8.5 days. The duration of the co~nparison period for each 
calf was 16 successive 7-(lay age intervals. At  the completion of the coinparison 
period, the calves were slaughtered. 

The amount of artificially-dehydrated alfalfa leaf meal4 for each calf was 
based on the carotene coiicentratioil of the leaf meal ancl the calf's anticipatecl 
average weight for the particular 7-day age interval calculated from the two 
previous 7-day increases in weight. I t  was weighed to the nearest 0.1 g. the 
afternoon prior to morning feeding period. To this a~ilount of leaf meal was 
added suficient depletion ration to equal 1.0 lb., and the ingredients were 
thoroughly mixed. The following morning prior to feeding, the remainder of 
the depletion ration allowance was added and tlie mixture was again thoronglily 

'T l~r  :~~irc.e>ni?.ei~~ ol~lots \vebre snpplied by the I.etlerlr IA:~l~o~~;~tol~it*r.  Pc*:~r! Jliv1.r. S. Y., 
tllroegl~ the aonrtesy of Dr. 1<:1lph Elliott. 

3Tl~c3 fish lirrr oil ~ont:~ined 05% by weight of rrl~de soyl)c.;~l~ It-citl~ii~ : I I I I ~  25,000 IY.S.P. 
units of vita~nin -4 13c.r gram. It was supplied hy the Sopro Cl11~111ic:i! ('11.. Il:irrisu~~, S. .I., 
throl~gll t l ~ c  courtesy of Dr. Melvin Hocl~bcrg. 

'Artificia11y-111~11y11rate11 alfalfa lcaf nleal ~vas  obtaillrcl fro111 the \V. .I. S111:ill ('o., 1)iv. of 
?\rrl1er-I~nnic.ls-3Iicll:11~cl Co., Knnsas City, Mo.; it contained no aelditivt-s, sur11 as  tioxid ox id ants. 



CAROTENE VS. VITAMIN A FEEDING 891 

dispersed. The dry  carriers containing the vitamin A was handled in a similar 
manner to the alfalfa leaf meal but was weighed to the nearest 0.01 g. 

I n  order to minimize the possible effect of light exposure on the carotene 
requirement (3G), the calves were exposed 0111. to artificial light from 6 A.M. to 
6 P.M. daily. Average intensity of light a t  a height of 48 in. in the center of 
each calf stall was 4.8 foot-candlesR with a standard deviation of 4.2. Tempera- 
ture in the calf barn was maintained a t  a minimum of 46' F. Average daily 
miiiimum and maximum temperatures for the duration of all calves' comparison 
periods, January 38 through September 26, were 59 & 8' F. and 69 + 10' F., 
resl)ectively. 

Standard procedures followed a t  this station (10) were used in the treat- 
ment of diarrhea. 

Observations and analyses. A11 feeds fed and refused were weighed to  the 
nearest 0.1 1b. Body weights to the nearest pound were recorded on the 7th day 
of successive 7-day age intervals for each calf, as \veil as height a t  withers to 
the nearest in. on the 28th day of successive 28-day intervals during the 
comparison period. Venous blood samples for hemoglobin (15) and plasma 
carotenoid and vitamin A (3, 23) determinations were obtained by puncture 
of the jugular vein on the 4th and 7th days of each calf's 7-day age intervals 
during the depletion period and on the 7th day of successive 7-day intervals 
during the coinparison period. Spinal fluid pressures (27) were observed during 
the last 7-day interval of the depletion period and during the last 7 days of 
sncressive %-day intervals during the comparison period. Heart rates, deter- 
minetl by anscultation of the left chest wall, and rectal temperatures were 
obtained during two successive days each of the last three 7-day age intervals 
of the colnparison period for each calf. At slaughter the liver was removed 
for carotenoitl and vitamin A analyses ( H ) ,  and tissues were taken for histological 
examinatioii (30, 31). 

Samples of the depletion ration were obtained a t  successive 4-week intervals 
during the course of the experiment. Samples of the artificially-dehydrated 
alfalfa leaf nleal and of the dry carrier of vitamin tl were taken a t  weekly inter- 
vals during all calves' con~parison periods. These samples were analyzed for 
proximatt. c.onstituents (Table 1) by A.O.A.C. proceilures (2), the alfalfa leaf 
meal for carotel~e by the official A.O.A.C. nlethod (2) except extraction of the 
pigi~irnts t~liiployed the alteriiative extraction procednre of Method 11, first 
action. it1 lie11 of hot extraction, arid the dry  carrier for vitamin A by a modifi- 
catiol~ ( I )  of t l ~ r  Al.0.4Z.C. spc.c.trol)hotometric nlethod for fish liver oils (2). 
The avcAragtl caisotene contt~nt of the tlepletion ration was 0.05 mg. per pound 
with a sta~ldard error of * 0.03. The alfalfa leaf meal contained 0.24 * 0.01 mg. 
per grai i~ alitl the vitamin A c.ontt21~t of the dry carrier expressetl as vitamill A 
alcohol 3.37 i 0.02 ing. per grain. 

"Dry  c:cl.rlt*lS of  vitamin A w:cs ol)tnined fro111 the Sopco  Cllen1ic:cl Co.. Ilarrizion, N .  .T. It 
\V:IS KOPC'AY " l o "  Typ(a I V  from I ~ o t  No.  5238. , 

" Mrasurtvl \\.it11 :I Westoli foot-c:ctcdle meter, Model 614 1)y H. C. Corllisb of  tllr Colin. Power 
s ~ l t l  1,igllt Co..  JVilliln:~ntic, Conn. 
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TABLE 1 
Averagc chr~tlicnl composition of feeds 

Prr crilt o f  dry matter 
Prr rent 

tlry Crililr Ether Crude 
i~iattrr protrill c~xtract fi1)er N.F.E. Asli 

Calf starter 

Vitamin A depletion 89.15 15.53 2.63 14.35 61.19 6.30 
mixture f 0.57 2 0 . 4 9  20 .18  f 0.21 2 0 . 3 7  20 .13  

Artificially-delly~lrate~l 512.03 2i.94 3.06 14.99 41.19 12.82 
alfalfa leaf nleal f 0.27 f 0.13 -tO.11 3 ~ 0 . 2 1  2 0 . 3 3  f 0.04 

Dry stabilized vitamin 94.37 17.89 31.64 trnrr 48.21 2.26 
A unpplen~rnt 2 0.35 0 . 1 5  f 0.98 2 1 . 0 1  f 0 . 0 5  

I n  the statistical analysis ( G ) ,  variability due to the 10 treatments and four 
gronps of calves was considered. When accounting for a significant reduction 
in variability (P  < 0.10), observations taken dnring the comparison period 
were adjusted by regression methods (ti) for observations taken the last 7-day 
interval of the tlepletion period to  eqnalize insofar as possible individual calf 
differences. Functions of the various response criteria on the logarithm of 
carotene or vitamin A intake were derivecl by the inethocl of least squares (9). 
One calf, fed the 36-y level of carotene, was removed from the experiment during 
its 10th comparison week because of an nndetrrniined central ilervons system 
infection. The ~nissing values for the various criteria were estin~ated according 
to standard procednres (6).  

RESULTS .\XD DISCl'SSlOh' 

Feed co)wrr~r~ptiou and gvototh. Calves readily consnmecl their respective 
depletion ration allowances. Occasionally during the period, refusals 
were observed which averaged per calf 1.4 days with a standard deviation of 1.4. 
Upon statistical analyses, these were found nnrelated to level of either carotene 
or vitamin A fed. 

At the beginning of the comparison period. the average calf weighed 223 + 32 
lb. and measurer1 35.6 & 1.5 ill. in height at withers. It increased dnring the 
comparison period 213 t 22 Ib. in boily weight and 6.8 + 0.6 in. in height a t  
withers. Neither growth criterion was affected by treatment. 

Blood crud litqcr. Arerage hemoglobin at the start of the comparison period 
was 10.32 + 0.88 g.$<, and during the comparison period the average was 10.86 
-t 0.56. The magnitucle of the slight increases obserrrd to occur iluring the com- 
parison period was indepencl(~iit of the level of either carotene or vitamin A fed. 

Plasma and liver carotenoicls and vitamin A values are presented in Table 2, 
and regression of these criteria on the logarithms of the carotene or vitamin A 
intake are plotted in Figure 1. Concentration of carotenoids in the plasma and 
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TABLE 2 
The effect of level of carotene or of vita~nilt A intake on plasma and liver 

carotenoid and vitaniin A leacls in the Iiolstciti calf 

Plasma earotenoids Plasma vitamin A Liverc 

Initial' Conlparisonb Initiala Comparisonb Weight Carotenoids V i t a m i n A  

... (r%).... . . .................... . (9.) .. , ..... .... .... ( v / g )  .... .. ..... ..... 

Carotene intake 
( y / l b  body weight/day) 

12 7 9 10.0 5.8 3533 0.33 0.08 
f l d  f 1 2 0 . 6  f 0.3 f 160 f 0.04 f O . O 1  

18  13  1 3  8.8 7.1 3463 0.49 0.20 
f 4 f 1 f 0.5 2 0.3 f 9 6  f 0.06 f 0 . 0 5  

24 ' 8 14 9.5 9.2 3445 0.44 0.30 
f 3  2 0  f 0 . 8  f 0.5 f 2 3 7  20 .05  f 0.09 

30 12 20 8.0 9.4 3145 0.52 0.64 
f 3 f 2  f 0.5 2 1.1 f 2 7 4  f 0.05 f 0.19 

36 6 21 7.0 10.8 3162 0.59 0.78 
f 2  f O  3 ~ 1 . 0  f 0.5 f 203 f 0.00 f 0 . 0 9  

Vitamin A intake 
( y / l b  body weight/day) 

2 5 2 7.6 6.2 3298 0.27 0.11 
f 2 21 c 0.3 f 0.6 f 2 2 l  20 .05  f 0.01 

4 12 3 8.1 9.5 3079 0.29 0.69 
f 2  C 1 f 1.6 f 0.9 f 1 4 0  f 0.05 f 0.24 

6 8 2 8.4 13.1 3240 0.15 1.71 
f 2  f l  f 0 . 6  f 1.4 2 2 3 1  f 0.03 f 0.68 

8 20 3 9.7 14.4 3154 0.1 8 4.12 
f 5 f 0 f 0.3 f 0.4 f 5 0  20.06 20.59 

10 8 3 7.6 19.2 3371 0.17 4.80 
f 3 f 0 f 0.8 -C 1.0 2 1 1 9  f 0.06 20 .73  

Initial value equals that at  start o f  comparison period. 
Comparison equals the arithmetic mean o f  the 16 blood plasma values obtained during the 

comparison period. 
' Liver values represent those at the eo~npletion o f  the 16 week con~parison period. 

Standard error o f  mean. 

liver reflectetl carotene intake but, as would be expected, not that of vitamin A 
intake. I n  the latter case, no appreciable change was noted in plasma levels; 
however, some tlecrease in carotenoid concent~.atioit of the livers with an increase 
in vitamin A intake was observed, possibly due to the suppressing action of 
vitamin A on carotenoids (.YO). C'oncentration of vitamin A in the plasma and 
liver was forlntl to reflect carotri~e or vitamin -1 intake. Fuurtions of the con- 
centration of carotenoids antl of vitan~in A in the plasina or liver on the 
logarithm of either carotene 01. vi ta~uin d intake were found to be linear. The 
rates of change with respect to vitanlin A concentratio~l were considerably 
greater for increases in vitanlin A intake than for increases in carotene intake. 
With an increase in carotene intake, plasina cat.otenoic1 concentration increased 
a t  a more rapid rate than did plasma vitamin ,\ concentration. whereas the op- 
posite was found for the liver conceiltrations. 
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MICROGRAMS PER POUND OF BODY WEIGHT PER DAY 
VITAMIN A CAROTENE VITAMIN A CAROTENE 

2 I q4 2 4 . . C  . 24.36 

VITAMIN A CAROTENE 

LOG OF MIGROGRAMS PER POUND OF BODY WEIGHT PER DAY 

FIG. 1. Responses of plasma and liver colicentrations of earotenoids and of vitamin A to 
levels of intake of cnrot.ene from alfalfa arid of vitamin A from a dry carrier. 

The data are in agreement with previous work as to trend (5, 13, 14, 22, 
24, 26, 27, 28, 29). As to the magnitude of the trends, some differences with pre- 
vious reports (13, 25, 27) were apparent upon calculation of the data given in  
these. For example, the response of plasma carotenoids to the logarithm of the 
carotene intakes was approximately three times as great according to the data 
of Moore et nl. (25, 27) as that reported in this study, whereas the response of 
plasma vitamin A was only slightly greater. The response of liver vitamin A 
concentrations on the logarithm of raroteiie intakes agreed well with Elliott's 
data (13, 14). In  plasma vitamin A response to the logarithm of vitamin A 
intakes, Lewis and Wilson (24) obtained results approximately one-half the 
magnitude reported herein, whereas the response of liver vitamin A concentra- 
tions was esseiitially the same. These differences may be due to dissimilarity 
in previonq treatment of calves, sources of carotene and vitamia A, and chemical 
methods used. 

Physiologica2 a d  histologica,l observations. Average heart rates and rectal 
temperatures observed two successive days of each of the last three 7-day age 
intervals of the comparison period for each calf were 102 + 1 beats per minute 
and 101.5 + 0.1" F. Neither of these criteria was affected by carotene or vitamin 
A intake. Spinal fluid pressure expressed as logarithms (Table 3) decreased 
with an increase of carotene or of vitamin A intake. The regression of spinal 
fluid pressure expressed in logarithms of nlillimeters of IT,O on the logarithm 
of the carotene intake gave an average rate of decrease of 0.737 + 0.142 and 
for the logarithm of vitamin A intake, 0.456 +- 0.060. Average days with diar- 
rhea, 1.5 & 3.3, and average number of tr~atmeiits for scours, 0.4 2 1.1, were 
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TABLE 3 
The effect of level of carolerr or of ~ ~ i t n r ~ r r n  :I intake on spinal fluid 

p?.rJsaro.rs nnrl histolog~eal cha?igrs in  the I7oistein calf 

Spinal fluid pressure Iiistological c41allgcs 

Comparison Squnmolls metaplasin -- -- 
Geometric Papillary Stensoli's Parotid inter- 

Initial '  Unad.justei1 Adjustede mean edema duct lobular cl~lcts 

.................. (log mln. HZO).. 
Carotene intake 
(y/lb body weight/day) 

12 2.031 2.388 
e0.052d &0.062 

18  2.016 2.285 
f 0.037 f 0.062 

24 1.981 2.180 
r0 .027  & 0.054 

30 1.954 2.088 
fO.000 f 0 . 0 6 3  

36 2.057 2.038 
r0 .040  2 0.042 

Vitamin A intake 
(y/lb body weight/day) 

2 2.019 2.352 
20.022 20.060 

4 1.978 ' 2.079 
r0 .024  -C0.030 

6 1.994 2.159 
f0 .040  f 0.040 

8 1.954 1.985 
r 0.000 2 0.012 

10 1.954 2.000 
kO.000 20.023 

(No. of calz-es) 

Initial value equals tha t  a t  s tar t  of comparison period. 
Comparison equals the arithmetic mean of the log of 4 observations obtained during the 

comparison period. 
'Adjusted comparison equals tli- ~inadjosted value adjusted fo r  initial by regression ~ileth- 

ods (7). 
Standard error of t l ~ r  111ca11. 

'Ineludes only 3 c~alres instead of 4. 

unrelated to carotene or vita mi^^ A intake. JIusc~llar incoordination was ob- 
served in one calf fed the 12-y level of c.arotene. in three calves fed the 2-y level 
of vitamin A, and in one calf fed the 4-y level of vitamin -1. Convulsions 
occurred in two calves fetl the 12-y love1 of c.arotelie. 

Gross and histologicaal c.hanges obser~rt l  I I ~ ~ I I I  c~o~lipletioli of the comparison 
period related to either c.alaotelie or v i t an i i~~  '1 intake were foulld to occur only 
in the eye and parotid gland (Table 3 ) .  The minimu~n daily mic*rogram level 
necessary to prevent the oc.c.llrrc.llcr of papillary rtieina of the eyc was greater 
than 36 for carotene ant1 greatel. than 8 for vitalnil1 .\. For the prevention of 
squamous metaplasia in the main duct (Stensu~i's duct) of the parotid gland, 
24-y level of carotene and 6.0-y level of vitamin A were necessary. Similarly, 
for the interlobular ducts of the parotid gland 30-y level of carotene and 4.0-y 
level of vitamin A were required. 
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Of the physiological and histological criteria studied, i t  is apparent that 
spinal fluid pressure and papillary edema were the most sensitive to deficiences 
of carotene or vitamin A intake, with squamous metaplasia of Stenson's duct 
of the parotid gland and squamous metaplasia of the interlobular ducts of the 
parotid gland following in that  order (see Table 3). 

VITAMIN A INTAKE 
MICROGRAMS PER POUND OF 

BODY WEIGHT PER BAY 
0 2 4 6 10 
L 1 

-PLASMA VITAMIN A b- 1.651 --- LIVER VITAMIN A b-4454 

-.- SPINAL FUllD 
PRESSURE 

b- 0.619 

9 VITAMIN A INTAKE 
LOG OF MICROGRAMS PER POUND 

OF BODY WEIGHT PER DAY 

FIG. 2. Amounts zf carotene from alfalfa necessary to obtain resl)orlses of plasma vitamin 
A, liver vitamin A atid spinal fluid pressure equivalent to specified levels of vitamin A from a 
dry stabilized form. 

Relative vulztes of carotene and vitamin A. 111 Figure 2 are plotted response 
lines for plasma vitamin A, liver vitamin A, and logarithm of spinal fluid pres- 
sure against logarithm of carotene and vitamin A intakes. These represent 
amounts of carotene or of vitamin A necessary to result in similar response 
values for the above mentioned  riter ria.^ I t  should be noted that the responses 

' These response lines were tlerirrd from the logaritl~m of the carotene an11 vit:rlnio A intake 
for  which data are  illcluded in Table8 2 and 3. For example, plasma vitamin A on the loga- 

ritl~lii of the carotene intake gave: Y = -5.6205 + 10.4421Xn, al l rrc  Y = pl:~sma vitamin A and  
XI = the logaritlrm of the carotene illtake; plasma vitalnin A on the logaritllm of the vitamin 

A intake gave: Y = 0.1245 + 17.2370X2, where X1 = the logarithm of the vitamill A intake. 
To solve for tllc amount of earotenc or vitamin A i1eeess:lry to give a respollsr in plasma vita- 

* Y + 5.6205 al,d i(,: = Y - 0.1245 
min A the following relationsl~ips wore used (9) : XI = 10.4421 17.2370 

From tllese i t  was possible to solve for  the amount of mrotene, X,, :lud of vitamin -4, X?, 
necessary to give a similar responsc in plasma vitamin A, Y. 
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to vitamin A intakes extended over a wider range than those to carotene intakes. 
Therefore, the relationships beyond the 36-r level of carotene intake must be 
interpreted with caution since they extend beyond the limits of the experimental 
data. Within the limits of the data the relative values of carotene and vitamin 
A were as follows: To maintain a blood plasma vitamin A value of 1OY:&, the 
31-y level of carotene and the 3.8--y level of vitamin A were needed; to achieve a 
liver vitamin A concentration of 0.6 y per gram, the 30-y level of carotene and 
the 3.0-y level of vitamin A were indicated, and to maintain a minimum spirial 
fluid pressure of 120 mm. of II,O, the 33-y level of carotene and 6.4-y level of 
vitamin A were required. The above equivalencies of carotene and vitamin A 
agree with those in the literature (5, 13, 14, 24, 27, 28). It has been pointed 
out by other investigators (17) that the equivalencies of carotene and vitamin A 
became wider as the intake of carotene was increased. This relationship was 
also apparent in the results of this study. 

SUMMARY 

Forty 63-day-old Holstein male calves previously raised on a limited whole 
milk-dry calf starter regime were fed an  intake of a vitamin A depletion ration 
to give an anticipated 10-lb. increase in body weight per 7-day period until the 
blood plasma level of vitamin A for each calf decreased to 10.Oy% or less. At 
this time, when their average age was 88 -t 8 clays and average weight was 
223 -C 32 lb., each calf was fed in addition to the depletion ration one of five 
levels of carotene, 32, 18, 24, 30, and 36 y from alfalfa or  one of five levels of 
vitamin A, 2, 4, 6, 8, and 10 y from a dry carrier per pound of body weight 
per day for 16 successive 7-day periods. Upon completion of this period, during 
which the average weight increase per calf was 213 + 22 Ib., the calves were 
slaughtered. 

Regressions of plasma and liver concentrations of carotenoids and of vitamin 
A and of the logarithm of spinal fluid pressure on the logarithm of carotene 
and of vitamin A intakes were derived and foiind to be linear. From these 
relationships i t  was found that to maintain a plasma vitamin A value of loy%, 
a daily intake of 317 of carotene or a daily intake of 3 . 8 ~  of vitamin A per 
ponnd of bocly weight was required. To achieve a liver conrentration of 0 . 6 ~  
per pram, a daily carotene intake of 80y or a daily vitamin A intake of 3.0y 
per pound of body weight was necessary, ant1 to maintain a miliinillm spinal 
flnicl pressure of 120 nlm. of water a daily intake of 3 3 ~  of carotene or 6 . 4 ~  
of vitamin A per ponnd of body weight was needed. In  addition to these, 
carotene and vitamin A intakes in micrograms per pound of body weight per 
day required to prevent papillary edema were greater than 36 and 8, respec- 
tively; to prevent squamous metaplasia in the mein cluct of the parotid gland 
required 24 and 6.0, respectively; and to prevent similar lesions in the inter- 
lobular ducts of the same gland required 30 and 4.0, respectively. 
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&tCc'Va~lySe~urccWd 

Pioneers in t h e  Dairy Industry proved pasture trtanagt.~nc~nt, and feeding calves 
by a n~eta l  nipple bucket arc sonte of the Inany years ago a Young graduate new innovation\ that Ohcar devised while he had 

the University of Wisconsin dairy herdsmen's charge of the dairy herd. 
short course arrived a t  Montana State College 
to assutlle the duticas dairy and beef AS an extension specialist, Tretsven was one 
herdstnan. J .  0. TRETSVEN, ;OW better knowll of the first to advocate open shed housing and 

to the dairy industry as parlor milking of cows. H e  organized extension 
osear ~ ~ ~ t ~ ~ ~ ~ ,  itlltTle- feeding schools for dairyn~en, was very active 
diately began to build in 4-H dairy work, and has wade an  outstanding 
up the dairy herd and contribution in intproving the flavor of tnarket 
i t l lprove the manage- ~ttilk through ~narket tttilk schools. 
ment practices. The beef Osrar also tttade real contributions in the 
h e r d s ~ n a n  responsibili- teaching and research fields. Because of shrink- 
ties were soon t rans-  ing operating funds during the depression of 
ferred to another nlan, the early thirties, he consented to beeot~te a 
whirh allowed Oscar to triple-duty staff ~ttetnher by taking over the 
devote Ittore ti111e to his dairy production teaching and experiment sta- 
"first love," the dairy tion work in addition to his extension duties, 
herd. He proved to be and a very creditable job was done in each. His 
Illore that1 a herdsman. we11 rounded-out service and contribution to the 
He always has been, and developtnent of the industry for 45 years have 

J. 0. Tretsven still is, a keen observer led his coworkers and dairytt~en in the state to 
and student of unsolved refer to hit11 as the "Father of Dairying in 
p r o b l e t n s  r e l a t e d  t o  Montana." 

breeding, feeding, and tnanagett~ent of dairy With all the job responsibilities Professor 
cows. Tretsven had in working his way through school 

Because of his superior accomplish~~~ents, he and supporting a falllily of three children, he 
was granted increases in salary to a levc~l beyond gained Inany honors. He was honored by being 
which the State Board of Rducatiot~ would not elected to Alpha Zeta, Phi Kappa Phi, and Phi 
pay a staff rnemher without a degree. To offset Signla. Later he hecatt~e a t~tt.tnher of Epsilon 
this, the dean of agricultur(. perlllitted Oscar to S t ~ t t ~ a  Phi, an  honoraq extension society, which 
take work on a lilllitrd basis along with rec'ognized his aceotrtplishtnents by honoring him 
his full-tilllr job - the slow, hard way to earn a t  the last Montana State C o l l ~ g ~  rxttmsion 
a degrc.11. The B.S. degree was granted hi111 in workers' rotlference. 
1922. In 1933, after one year of leave for sah- Oscar Trctsvcxn is known in the dairy produc- 
batical study a t  the State Colltlge of Washing- tion f i ~ l d  as a practical dairy scientist, one who 
ton, he earnt.d the 3I.S. degree. In  19'22, in11nc.- has the ability to apply scientific findings in 
diately after graduation and a t  thcl unani~t~ous the field and get results. Montana has been 
request of the J I o n t a n ~  Dairytnen's Association, greatly henc.fiti.d hy 111s earnest and diligent 
he bcrattte the first c.xtcmsion dairy spclcialist in service to tht- dairy industry. 
i\lontana, thca position he now holds. 

While still a herds~nan, Trrtsvc~n recognized 
that control of tnastitis was pr i t~~ar i ly  a problett~ 
or good herd ~nanagt*~nent and tnilking prac*tices. 
Subsequent studies and ohst.rvi~tions proved thc~ 
truth of this theory, and later other investi- 
gators have cott~c. to the satne conc~lusion. H e  
was a piont.er in the it~troduction of sunflower 
and of grass silagcl. The latter has now been 
revived by Inany experitnent stations as a Itleans 
of increasing trtilk production and reducing feed 
costs. Open shed housing of the milking herd, 
the elevated tnilkiug stall to eli~ilinate unneces- 
sary "stoops and squats" of the tnilker, itn- 

no( 

Eastwood Joins N.D.C. 
RALPH Eas~\\-oon has acceptt~d a positioll 

with the Sational Dairy Council as head of the 
Ilepart~nent of Afi1iatc.d Cnit Services, a posi- 
tion fo r~ t~e r ly  held by P. E. Mar,  who has re- 
signed. Eastwood, a graduate of the Univ. of 
Wyotning, took his advat~ced work a t  Cornell 
Unir. He served in the European theatre with 
the rank of Lt. Colonel in the Quartertt~aster 
Corps. Before joining S.1l.C. he was on the 
Agricultural Econolnirs staff a t  the Univ. of 
Illinois. 

1 
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Nebraska Events 

I t  is unusual when a plaque is dedicated in a 
dairy building in metnory of a foreign states- 
man, yet that is what happened May '23, 1951, 
in Lincoln. On that date, a bronze plaque, in 
memory of KARLIS U I ~ A N I S ,  a Latvian patriot, 
who served his country as Minister of Agricul- 
ture, then Premier, and finally as President, was 
unreilrd in the dairy industry building by Lt. 
Governor Warner of Nebraska, on whose fartn, 
Kar l  Ultnan, a s  he was then known, worked for  
rt period. A political refugee fro111 the Czarist 
government, Ultnanis came to Nebraska, worked 
for Roberts D a i ~  in Lincoln and attended the 
Univ. of Nebraska, earning a B. Sci. in 1909 
with a dairy tnajor. H e  served for  a time as a 
dairy instructor and then managed a creamery 
before a geteneral amnesty allowed him to return 
to his native country. H e  fathered 4-H Club 
work in the Latvian Republic along with many 
other progressive agricultural policies. When 
the present Russian government overran Latvia, 
Vltnanis disappeared, undoubtedly a martyr. 

L.S.U. Dairy Science Club Honors 
Malcolm Brian 

MALCOLM BRIAN, Baton Rouge, La., has been 
selected as "I-Ionorary Dairyman" of the year 
by the L.S.U. Dairy Science Club. Mr. Brian, 
president of the Santa hlaria Dairy Products 
Co. in Baton Rouge, has been active as a leader 
in various dairy organizations throughout the 
state and is n o s  president of the American 
Dairy Assoc. in Louisiana. 

Student Annual Dairy Show at 
Virginia ,Polytechnic Institute 

The annual V P I  Dairy Show was one of the 
wain features of the first Agricultural Rxposi- 
tion held May 1.5. E. A. DRINKWATER of Bayard 
won the grand champion award for dairy cattle 
fitting and showing with V P I  Peerless Excel- 
sior AIazie, a Guernsey cow. The Reserve Cham- 
pionship was won by C. S. LESTER of Glade 
Spring showing VPI  Lilac Justicae Buttergirl, 
a .Jersey calf. , 

S o ~ ~ r a s  TRAYI,OR, a junior student of dairy 
tnanufacturing a t  \'PI. \ran over 20 other con- 
testants to take the annual dairy products 
judging contest. JIASON HZ~TCHESON, a fresh- 
tnan in dairy productiorl, won first place in a 
special contest for students who had not had a 
course in judging dairy products. The contest 
is an annual event sponsored hy the Dairy Club 
and supervised by I I I C I I I ~ C ~ S  of tht' judging teatn. 
The winners were presc.r~ted trophies, donated 
hy cott~t~terrial firms, at  thtb Agricultural Awards 
Banquet. 

One of the highlights of the Agricultural Ex- 
position TVeek were the displays sponsored by 

the different curricular cluhs. The Dairy Club 
won the cup against nine other entries. 

Parkhnrst Named Head of A.F.M.A. 
Nutrition Council 

R. T. PARKHURST, director of nutrition and 
research a t  Lindsey-Robinson & Co., Roanoke, 
Va., has heen elected chairman of the Nutrition 
Council of the A~neriran Feed &Ianufacturers' 
Assoc., an  80-man cottnnittee cottlposed of the 
industry's leading nutrition experts. 

The Nutritional Council, under Dr. Park- 
hurst's direction, will encourage research into 
feeding requirements and proper nutrition of 
livestock and poultry, ntanagett~ent practices, 
and ways to insure ~tlarinlutl~ profitahle gains 
through the proper feed ingredients and quality. 
Menhership on the Nutrition Council is limited 
to scientifically trained men of the feed industry 
who are responsible for  feed formulation, nu- 
trition research, and quality control of ingredi- 
ents and tnanufactured feeds in their compa- 
nies. 

Completed Theses 
M.S. Degree : 
HOWARD L. FISHER- The grazing habits of 

lactating dairy cons under certain environ- 
ntental conditions. Va. Polytech. Inst. 

WIGGO F. AXELGARD - The use of corn syrup 
solids of different dextrose equivalents in the 
ntanufacture of frozen desserts. Utah Agri- 
cultural College. 

J. P. COOPER - Consumer preferences for  ice 
crc.an1 a s  affected by changes in composition 
or  in chocolate flavor. The Ohio State LTniv. 

Ph.D. Degree: 
DAKIEL P. SCHWARTE - Lipolytic enzytnes in 

raw skitnlnilk. The Ohio State Univ. 

Carl W. Larson Dies 

CARL IT. LARSOS, 73, a life rnetnber of 
A.I).S.A., died June 1 3  fro111 a heart attack 
suffered during servict.~ in Holy Trinity Lu- 
theran Church, Buffalo, S. Y. Dr. Larson, a 
native of Iowa, ohtaincld his B. S. degree from 
Iowa State in 1006, an  31. S. from Pt.nnsylvania 
State College it1 1911, and a Ph. D. from Co- 
lulllbia in 1916. A former head of the depart- 
tnent a t  Penn Stat(* (1913-15), he served with 
the Dairy 1)ivisio11, USI)A, from 1917 to 1927 
and ht.canre the first chief of the Bureau of 
Ilairy Industry. I-le served on the Hoover Re- 
lief Cott~~~tission in Franc11 and Belgiutn after 
llTorld IVar I. 

n r .  Larson was managing director of the 
Gmeral Ice Creanl Corp. from 1930 to 1936. 
Fro111 1936 to 1941 hc was president of the 
Whiting Milk and Bashway-Whiting Ice Cream 
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Co., Boston. In  1912 he became president and 
general manager of the Bryant and Chapman 
Milk Co. and R. G. Miller and Sons in Hart- 
ford, Conn., and in 1944 he was made manager 
of the western division of the General Ice Cream 
Co., Buffalo. After his retirement in 1946, Dr. 
Larson organized the Dairy Products Improve- 
ment Institute, Inc. He retired from this group 
last year. 

Dr. Larson was the author of a widely used 
textbook, Dairy Cattle Feeding and Manage- 
ment. He was active in scouting, a member of 
a number of honorary and scientific societies, a 
Rotarian, and a member of the Cosmos Club 
of MTashington. He served as official delegate 
to the International Dairy Congress in Lon- 
don, in 1925. He was managing director of 
the National Dairy Council in 1928-29. Dr. 
Larson is survived by his wife, a daughter, 
Mrs. Charles A. Brody, and five grandchildren. 

Ellsworth Joins Staff of M.I.F. 
PERRY R. ELLSWORTH, a member of the ex- 

tension staff of the Department of Dairy Tech- 
nology at  the Ohio State University and for 

several years secretary- 
treasurer of A.D.S.A., 
has become assistant to 
the executive director of 
the Milk Industry Foun- 
dation - R. J. WERNER. 
The position was recent- 
ly created by the execu- 
tive board. Mr. Ells- 
worth's duties will in- 
clude editing Milk Facts 
and the Association 
Newsletter. He will rep- 
resent the Association 
on the Plant Committee. 

P. R. Ellsworth which publishes the AS: 
sociation manual, and 
will serve on the Pro- 

ducer Relationship Committee, the Transporta- 
tion Committee, t,he Statistical Studies Com- 
mittee, and the Labor Relations Committee. 

Gleanings from the Annual Meeting 
The 49th annual meeting was held a t  Penn- 

sylvania State Univ. June 20-24. The total 
registration was 1,424, representing all states 
but three, Canada, and five foreign countries. 
Pennsylvania led in number of representatives, 
followed by New York, Ohio, and Illinois. The 
highlight of the meeting was the address by 
the Honorable Ezra T. Benson, Secretary of 
Agriculture, USDA, which is reproduced in the 
"Our Industry Today" section of this issue. 

A. A. BORLAND, an honorary member of the 
Association and a former head of the depart- 
ment at  Pennsylvania, attended several of the 

sessions. Other honorary members present were 
H. P. DAVIS of Nebraska, H. B. F JLLENBERGER 
of Florida (for~nerly Verniont), J. H. &AND- 
SEN of Massach~~setts, and E. S. GUTHRIE of 
Cornell. Professor Guthrie presented a paper 
before the Dairy Manufacturing section. 

R. B. MAXCY has accepted a position with the 
Diversey Corp., Chicago, in the technical de- 
velopment sc~rvice department. 

At the business meeting the Association voted 
to raise the dues of members to $10 and that 
of subscribers to $15. The cost of reprints also 
was increased. Authors will now pay $5 per 
page for the first 100 reprints, $3 per page for 
the second 100, and $1 per page for all tiddi- 
tional reprints. Thus, 300 reprints for an 8-page 
article would cost $72. These increases were 
necessitated by the 'increased cost of printing 
the Journal and the greater operating costs of 
the Association. 

The 1955 meeting (the fiftieth anniversary of 
the founding of the Association) will be held 
at  Michigan State College. In  1956 the meet- 
ing will be held a t  Connecticut, in 1957 a t  Okla- 
homa, in 1958 at  North Carolina, in 1959 at  
Illinois (tentative), in 1960 at  Utah, and in 
1961 a t  Wisconsin. 

The results of the questionnaire pertaining 
to the popular section of the Journal, which 
was sent to the members, were as follows: 

1. Do you favor retaining the popular seo- 
tion : 
a. People and Events -yes, 91.0% ; no, 

4.8% 
b. Letters to the Editor - yes, 80.3%; 

no. 9.8% 
c. 0;r industry Today - yes, 85.7% ; no, 

8.3% 
2. Do you read the popular section? 

a. Regularly - 74.4% 
b. Occasionally - 21.0% 
c. Rarely - 2.8% 

3. Which part of the popular section do you 
find most interesting? 
a. People and Events - 58.9% 
b. Letters to the Editor - 15.1% 
c. Our Industry Today - 45.3% 

4. Which section would you like to see ex- 
panded ? 
a. People and Events - 10.8% 
b. Letters to the Editor-5.4% 
c. Our Industry Today - 25.8% 

5. Do you read the abstracts of literature? 
a. Regularly - 71.8% 
b. Occasionally - 23.6% 
c. Rarely - 4.0% 
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The survey shows that among the 836 who Several n~cthods of treatmchnt have been dc- 
replied, a large majority favor retaining the veloped for procaess wastes which include can, 
three new features, with "People and Events" floor, and equip~nent washings. These are mainly 
being the lnost popular. Apparently, the amount biological processes of treatment or soil absorp- 
of space devoted to each feature is about right tion  neth hods of dispos;tl nhieh oficial agencies 
for most memhers, with the possible exception after con.iideraBle research have reco~~llnended 
of i iOi~r  Industry Today." for  installation a t  dairy plants. 

There was some indication that the members Most of the research work has been done with 
would like for  the abstract section to be devel- the cooperatioll of individual plants which faced 
oped further and the abstracts to be made critical stream pollution 
more complete. problems that needed to 

he solved. The time has 
The ballot tabulating committee announced come, however, when the 

the election of I. A. GOULD (Ohio) as vice- industry, as a group, 
president and R. E. HODGSON (Washington, needs to enter upon a 
D. C.) and GEORGE HYATT, JR., (North Caro- full-scale detailed re- 
lina) as directors. search and educational 

program involving the 
prevention of losses, de- 

PERRY R. ELLSWORTH resigned as secretary- velop~l~ent of lnore ex- 
treasurer of the Association. T. D. HARMON of tensive uses for  by-prod- 
Ohio State was appointed to serve as acting ucts such as whey, skim- 
secretary-treasurer until arrangements are made milk, a n d  hu t t e rn~ i lk ,  
for  a permanent business management plan. and  investigation of 
A co~nrnittee of the board is making a special T. F. wisniewski lllethods of waste treat- 
study of the possibility of turning over the ment which can econom- 
nta.jor duties of both the secretary-treasurer ically be applied to the 
and the editor to a commercial organization treatment and disposal of Inilk plant wastes. 
specializing in this type of service. An industry thoroughly acquainted with its 

processing problems is in a good position to 
~ ~ t ~ l l i ~ ~ ~ t  ~ i ~ ~ ~ ~ ~ l  of plant wastes- develop solutions to its waste disposal proh- 

lems. All that is  needed is an  organized ap- 
A Challenge to the Industry proarh, adequate financing and an intelligent 

A Guest Editorial staff of researchers. 
Serious thinking on the of dairy plant The industry can have all these if i t  will but 

wastes is the first step towards development r ea l i7~  that expenditures fo r  research will rep- 
of a satisfactory waste control and treatment resent only a fraction of the a~nounts saved in 
progran~. When too much of the inconling tcnns of waste loss prevention, improved mar- 
milk leaves the plant through the sewers, the kets for by-products, and lower cost treatment 
waste can represent an  actual loss to the in- plants. ~t is estilnated that thirty million do]- 
dustry in terms of product % as in terms lars annually could he saved if milk losses were of high cost for treatment facilities. reduced to one-half of what they are today. 

Control of losses within the plant should, 
therefore, be the first step in handling milk In its the probleln 
waste problelns. Thorough study of the report wastes, the industry should look upon its ex- 
of the Waste Disposal Task Committee of the penditures in this field of activity as an  invest- 
Dairy Industry Committee, entitled "Waste Pre- ment that will bring about tremendous savings. 
vention in the Dairy Industry" is recotnmended I t  is  suggested that the industry start  now 
to all dairy plant owners and operators. This to arrange through its industry-wide organiza- 
bulletin, available from the Dairy Industry tions for a voluntary assess~nent of a fraction 
Conltnittee, contains a wealth of material of of a cent per pounds of Illilk intake 

to the dairy It should he re- so that alllple funds will be available for re- viewed in detail by everyone concerned with 
the processing of milk. search on its industrial wastes. The industry 

I t  is illlportant also to that eon- c:'n then, at its Own plants Or laboratories Or 

centrated such as whey, ski,nmilk, through the use of facilities of the university 
and butterlllilk cannot be treated in conven- exper in~mt stations, ernhark on an intelligent, 
tional waste treatment plants and should be well thought-out progralll of plant waste control 
utilized. Their discharge into streanls often nrtd disposal and bring it to the attention of all 
results in destruction of fish and other aquatic dairy plant operators. 
life v i th  resultant paytnent of fines or  darn- 
ages by the industry. Most states prohibit dis- T. F. WISSIE\VSKI, Director 

charge of these eoneentrated wastes into lakes lYisconsin Coln ?nittee on 
or  streams. Water Pollti tiow 



LETTERS TO THE EDITOR 
Observations on Organic Acids Formed 
During the Heat Sterilization of Milk 
One of the ntajor chelnical changcas produced 

when tllilk is heated is an increase in titratahle 
acidity (1, 4). Both lactic and formic acids 
have heen identified as  co~itributing to this in- 
crease. Gould (1) found that approxitnately 
5% of the developed acidity was lactic acid 
atid about 60 to 80% of the volatile acids was 
fortllir arid (2). The nature of other acids in 
n~i lk  whirh oecur as  the result of heat treattnent 
has not heen determined. 

During a recent l)arteriological investigation, 
rhrottiatographic analyses of the sterilized niilk 
controls revealed the presence of acids not re- 
ported previously to he present in heated t~iilk. 
I n  this study, the ri~ilk was heated to 113' o r  
121" C. for  10  to 30 nlinutes. Then it was neu- 
tralized to p H  9.5 and concentrated to dryness 
by lyophilization. Analyses for  pyruvic, acetic, 
propionic, and butyric acids were t~tade on 5 g. 
of dry powder by a direct chrotnatographic 
procedure. (3). Careful acidification to p H  2.0 
was necessary to free the acids fro111 their salts. 

onic and acetic acids being for111ed. These acids 
contributed fro111 33 to 60% of the increase in 
titratable acidity. Although a greater total 
aniount of these acids was fortned a t  20 tnin- 
utes a t  121' C. than a t  10 n~inutes, it cotitrib- 
uted less of the titmtahle acidity than when the 
shorter exposure was used. Increasing the heat- 
ing tilt~e fro111 10 to 20 tl~itlutes dirertly affected 
the volutt~es of acetic and pyruvic acids (which 
were released). TVhen the tnilk was heated fo r  
30 tlrinutes a t  113' C., large quantities of propi- 
onic avid were fortned with lesser an~ounts of 
acetic and pyruvic acids. 

These ohservatiotls rerenl the presence in 
heatc~d ~tlilk of a t  Itlast four acids in addition 
to fortriic arid lactir acids. The full significance 
of these findings cannot he realized until a tllore 
cot~tplete study is tnade of the acids forrued 
during the heat t r ea tn~mt  of tnilk to estahlish 
the relative eoncentratioll of each acid under 
standardized conditions of heating. 

J. KERS, H. H. I\-EISER, 
IT. J. HARPER .\SD I. A. GOIJI.D 
The Ohio Stntr  I'nirernity 

TABLE 1 

Efrc t  of i3ariorts stwilizntion procrdsrrs on thr librration of organrc acids fro111 nkiar~nilk n~ediunt - 
Percerrt of 

Cottditiotl of total arid It~(liriclunl orgallie :]rids released it1 mirro- 
]reat treatnlellt IjH of Illcrease procluce(1 IW ( ' q l l i ~ ~ l ~ l l t ~  1)er inn ml. of milk 

llcated ill total acids 
Lot No. time trmp. pressure milk :~eid " al~alyzetl 1)utyrie propiol~ir arctic pgruvic 

(win.) (' C.) (1 br.) 
Control - - - 6.6 - - I i . l l  - - - 

1 10 121 15 6.5 166.5 60.2 15.5 28.5 6.5 50.40 
2 20 121 15 5 333.0 33.3 15.5 29.0 12.5 63.50 
3 30 113.3 10 6.5 no data IIO data 7.0 101.5 0.70 37.5 

' illcrease expresstvl as ~~~icrocquiv;~ler~ts/lO(i rill. of milk. 

The data in Table 1 show that all of the 
acids studied inrreascd as  a result of the heat 
treatntent of the 111ilk. Butyric ncid, whirh was 
the only acid found in 111easuri11)le cluantities in 
the tnilk, showed the least inrrease in ronrc.n- 
tration. Pyruvic acid was produred in the great- 
est concentration with s111al1 anlounts of propi- 

'Sup~~orted ill part 11g t l~e  Ol~io l)aii-j Products 
Hcsmrc.11 Funcl alltl by the Department af Racteri- 
ology. 

REIWRES('ES 
(:~,rr.t). I. A. I.:lcatic Ai-ill i l l  lhliry Profiuets: The 

Efft.~.t I I ~  llrnt IIII l 'otni Ac-icl nnll Lnc.tic Arid 
I'r~~cl~lc.tittn I I I I I ~  rill Irl~rtet(lr II~~tr~lc. t i~~ll .  J. 
1)nirll S1.i.. 28 : 367. 1!)15. 

GIII-r.n. I. A. I.'orn~i~tinn of Voli~tilr Aricla in Milk 
11s lliah T I ~ I I I ~ I ~ . ~ I I ~ I I ~ I I  13+~11t TT~I I~ I I IP I I~ .  J. 
1)nirjl Svi . .  28 : :37!l. 1!143. 

1 1 ~ ~ 1 % ~  \V. .I. 1Iir~c.t ('hra#lllnto~r11phi(~ Dctcr~ni-  
1111T'ion of Acvbtir. I1rc)plollic. nncl Hntyric. Aciclu 
il l  C'h~.t\nv. J. I)rrir,i Sf'i., 36 : SOS. l!).i:%. 



MAKING THE FARM FEED THE shows the production o f  four cows which were 

HERD FOR GREATER PRODUCTION at least :i years old in 1947, the first year con- 
sidered i n  these figures, and are still i n  the 

AND HIGHER PROFIT herd. now ranzinz fron~ 9 t o  nearlv 12 vears 
PATI. J I O N T A V O N  

Ex-English and ekestistry teaclter who operates 
260-acre dair!~ and grain farm in 1)e Kalb County, 
Ill., brlicres that it is pos.~ible %ot onl?~ to make 
the farm feed the herd bttt also to increase pro- 
duction and to gain an extra lnargrlin of profit in 
so doing. A 21-cou1 herd average o f  525 lb. of  fat 
witliotrt any protein ~ttp1)leaaent is good evulence 
that thin 43 year old fanner, who learned neien- 
tifir dairy farrrting by home sfirdy nretl~ods, is cor- 
rect in his contention. 

Since the cow was intended to  ronsurne rough- 
age, and since good Iegun~e roughage is the 
cheapest source o f  protein, the key t o  making 
the far111 feed the herd is a good roughage pro- 
gram - hay, pasture, and silage. 

As  the years have gone hy  and the feeding 
progrant at the JIontavon far111 has been i ~ n -  
proved, the atnourtt of purchased protein sup- 
plen~ent has been decreased until, i n  19.52, it 
was omitted fro111 the ration altogether. Mean- 
while the hrrd, through disease control and i ~ n -  
proved feeding and breeding, has continucld t o  
increase production, even in the past 2 years 
when no protein supplett~cnt was added to  the 
wintclr ration. The  peak was reached last year 
when the herd produced 5'8.5 Ih. o f  butterfat  
per cow - all on ho~ne  raised feed. 

Table 1 ,  coutpiled f r o n ~  F ; I ~ I I I  Bureau Farm 
3lanage1ne11t records, shows the production and 
profit for the 2 yrars when no protein supple- 
ment was fed, rornpared with the preceding 5 
yrars, when a rather s111r1l1 amount o f  soybean 
tneal was added regularly to the grain ntixture. 
The  last co lu~~ tn  was added to  show that the 
inrrrased produvtiot~ wns not due ~tlt~rchly t o  
hrtter co~rs  thrnugh iruproved breeding, hut 
titore probably \\-;IS due t o  i~ltprovc.d fcbeding, 
~ i n c e  these old rows. ;tcl~t~ittt.dly past their 
prittte, also showed an inrretisr. This r c ~ l u t ~ ~ n  

o f  age. In  ord& i b  get this average," indiGidua1 
co\rs had to  produce over 700 Ih. o f  butterfat. 

Although returns per $700 feed decreased in 
195'2 and 1953, the average returns o f  all farnls 
in FBFM dropped considerably niore, as shown 
b y  returns o f  the Jlontaron farm expressed as 
pclr rent o f  FBFM average. These data show 
the i t~~portanre  o f  a good roughage program 
to  eWcient operation. W i t h  the progress that  
has been ~nade-and should continue to be 
tttade- i n  hreeding and feeding, i t  is t i t ~ ~ e  for 
all dairynlen t o  consider seriously the estab- 
lishtnent o f  a 500-lb. herd. 

A goo11 dairy ration should be :  
1. High i n  protein. 
2. High in total digestible nutrients ( T D N ) .  

I n  other words, i t  should contain enough 
carbohydrates t o  balanre. 

3. Low in fiber. 
4. A n ~ p l e  i n  essential vitatnins and n~inerals. 
5. Highly palatable. 

Obviously, the protein is nc1edi.d for growth 
and ulilk production, the TIIN to  satisfy high 
energy requiren~ents, the vi tan~ins,  especially A 
and C ,  and the ntinerals-calciutn and phos- 
phot-us - for growth, ntilk production, and gen- 
eral health. Fiber content  nus st be low i f  the 
nnitttals arc3 t o  be able t o  take in enough useful 
feed for high producation, and palatability n ~ u s t  
he high t o  tnake them willing t o  do so. 

Good, luyh pasture tunst nearly tneets all these 
r~~quiren~cmt* and is hasic in a good ftaeding 
progrant. CJood grass-legun~e silage should be 
rated nest ,  and hay, whirh takes n. lot o f  care 
i f  it is to he good, rounds out the roughage 
prngra111. Grain is 1ookc.d up011 as a supple.- 
rnrnt ant1 is needed to  bring u p  the TIIN to  
thth propt8r Ierel. High protein roughage is con- 
4idered the basic part o f  t h ~  ration, with carbo- 

T A R L E  1 
Prorl~rrtion and profit of  hrrrl 

Av. returns, Prr eelit h.f. o f  
Prott.itr fed Retunlx :tll dairy farn~ retrtrtls Rutterfat 4 

in wittter fur 4;lOO P:irrns in \\..,re o f  F R F M  nv. o f  older 
Year ration frrtl FRFM :I rc'rnge herd COWS 

(1b.l (lb.) (lb.) 
1947-51 2,600 $253 $1 76 111 438 547 
1952.3 I I O I I C  $248 $165 153 500 570 
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. .. . .,. ., , turc.. I t  dc.finitc.Iy increases both tht. pidata- 
bility and the pmtein content of the roughage. 
This grass-l(.g~urtc. titixturc. is not nec.c.ssarily the 
final \\-ord ancl nlay not 1111 applicable. to all c:lscbs. 
\Pays for  itrrproving it are I)c>ing looktd for. 

The Pasture Program on the 
Montavon Farm 

The p:lstnre progratn follo~ved is briefly this: 
10 aertxs of goocl grass-legun~e ntixture, with the 
help of the c~recak pasture, will usually carry 
the herd fro111 J lay  1 to so~rtc~ tirut. in June. 
Succc~ssivt~ 10-arrv areas are addtld as needed, 

.- L j  with earh field heine c1i1,ned when the cows 

hydrates added as a supplement, thus reversing 
some traditiotlal thinking. 

Corn, hc~muse of its high yield and high 
available supply of Tl)K and the presence of 
certain ri ta~nlns,  is probably the greatest all- 
round feed plant. But it is time to break away 
f r o n ~  traditior~ enough to recognize that feeding 
results, ill the final analysis, eorne from total 
intake of TIIS in a balanced ration, regardless 
of the source of those nutrients. I n  South 
Atll(vica, for instance, a high quality of beef 
is finished on irlfalfa and cereal grass pasture, 
not on corn. 

Although pasture has been called the most 
nearly perfect feed for a dairy cow, most pas- 
tures are very itttperfect. I t  u-as once the prac- 
tire to turn the cows out on the old l~luegrass 
ereek pasture about May I 0  and feel that the 
feeding worricb were over until Octoher. Of 
course, the cows nearly dried u p  in July, but 
the flies and the heat were blamed for  that. 
Later, Sudan grass pasture was tried, and it 
was found that the cows would ~tlilk about as  
well in July and August as  they did in the 
flush tittle of JIay and June  if only the feed 
was as good. 

Perlttanent pastures are still about the only 
way sotne land ran be used, but the word "per- 
~nanent" doesn't mean quite the sanle as i t  did 
once. Vnless a pertnancnt pasture is occasiou- 
ally torn up, fertilized, and re-seeded with a 
legutrte trtixture, its value is low. Nine acres 
of rot:~tion pasture have furnished two or three 
tirncs as ~ t ~ u c h  feed as 25 acres of creek bottom 
pasture, which is too rough and full of sloughs 
to rettovnte. The old creek pasture has one 
good use: it helps prevent bloat. Perhaps the 
fact that the cows have to walk through the 
crc~ek pasture to get to the rotation pasture 
explains w h -  there has been altuost no trouble 
with bloat. 

' 2  . . 
:ll.tA taken ofF it, and then reopened for  grazing 
whcm thc! alfalfa begitis to blootn. Silage and 
sonle hay are nlade fro111 the first cutting. The 
bulk of the. hay is tnadc from the second eut- 
tittg, and by the tittle the third cutting is ready 
  no st of it is usually needed for  pasture. If the 
season is a t  all dry, it nlay take as ntuclt as 60 
acres in Septenlber to do the work of 10 acres 
in .rune. The pasture is usually parceled out 
to the cows about 10 acres a t  a tit~le, howc.ver. 
A little good hay is always offered the cows, 
together with a nrgligil~le attlour~t of grain. 
This dry  feed h ~ l p s  prertwt bloat and is also 
a good indicator of the tittle to change pas- 
tures, for when the cows start cleaning u p  their 
dry feed, the pasture is probably too short or 
too tough. 

Rye is occasionally used to strtltch the pas- 
ture season a little a t  both ends, but sudan 
grass is not needed any Ittore, for a conserva- 
tion plan is being used on the farm that calls 
for atnple grass. Sudan is too costly to pn)duee 
unless it is ri~ally needed. A11 in all, pasture 
is the favorite feed, for  not only is it the best, 
but it is the only way available for  making 
the cows harvest the crop, fccd thenlselves, and 
haul the manure. 

The hay and pasture seeding ~nixturo is the I?,(;. 2 .   TI^^ : l t ~ t ~ ~ ~ r  is s ~ l ~ ~ \ v I l  s t : l t~ , l i~~g  I ,~ . l l i t l ( l  :r 
satnca-alfalfa, hrottre grass, and ladino. The lleifer \r.llirll will fresllt111 tl~is fall a11(1 wl~irl~ 11:~s 
last boost in production, noted in Table 1, IS attaillet1 a goo11 size at111 eoll(litio~~ on n ration of 
attribnted to the addition of ladino to the mix- granv silage and hay tl~rongl~out the \i.inter. 
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Winter Feeding 
Wirlter feeding is another ~natter.  The hasis 

of the winter fetltling prograln is grass-legu111e 
silage, which has hcsen used successfully for  
some I6  years. Grass silage is rated ahovc, hay 
herause it is a succul~ant feed and therefore 
Illore palatable. I t  also rontains more vita~nins 
than hay, and i t  contains all the leaves and 
therefore inore protein than hay, which nor- 
~nal ly  loses perhaps 20% of the leaves through 
shattering. Further~nore,  there is little weather 
risk in making grass silage. A co~l~parison of 
grass silage with corn silage, which is a good 
feed, is  shown in Table 2. These data explain 
why corn silage is no longer considered in this 
dairy program. Incidentally, the 5% protein 
shown for  grass silage is not the ultimate figure. 

TABLE 3 
Contparatise salae of Cora silage and 

grass-legsale silage 

Dry 
matter TUN Protein C'slcium 

(%l ( 7 4 )  (76) (%/ 
Corn silage 3n 21 3.5 0.08 
Grass-legume 

silage, corn pres. 30 30 5.0 0.48 

One of the advantages of grass silage is that 
it can he made while the grass is still very high 
in protein, but it is also so high in water con- 

FIG. 4. A scene ~ll~owing hay whicli has heen 
cut through the middle. The little girl is pointing 
to the line between the hay which hscl air blown 
through it, and the hay above which did not. The 
hay below the line is actually much greener which 
srrounts for the darker color. The box in the fore- 
ground is raised by the rope during the time the 
11xrn is being fillecl, providing a hole or flue through 
whir11 the air is dispersed through the hay. 

tent that i t  would be difficult to cure as hay. 
A good alfalfa-brome-ladino mixture is cut for  
silage about June  1 or  shortly after - hefore 
the alfalfa is in bloom. A t  this stage - espe- 
cially if there is much Iadino - i t  is advisahle 
to IIIOW. five or  more acres before beginning to 
chop. Providing the weather is  favorable, the 
zrtle~i 111i1terial will he ahout half-drv a s  i t  goes 
into the silo. As this will he in the bottom of 
the silo, with this mixture there is no danger 
of excessive heating or  any molding in the silo, 
fo r  the weight of the silage above will press 
out the air. Ground ear corn is added a t  the 
rate of 150-200 Ih. per tnn of green material 
as a preservative and added source of TDN. 
I f  there is rainy weather, more preservative is 
used; if the silage is too dry, the a~nount  of 
earn is reduced. 

A green crop that would not make excellent 
hay or  pasture (*annot he expected to make ex- 
c.c.llent silage. A picked-over pasture, fro111 
whicah the caows have sorted out all the tender 
I(.gu~nes, or  a u-eedy or  tough, overripe crop 
will 111ake n silage much lower in protein and 
higher in tiher and must he handlc'd accord- 
ingly, hoth in harvesting and in fellding. Ideal 
siln!:e is prc~hahly just sc,t enough that the 
silo is on the ~):)ini  of leaking, but if it actually 
kaks  the silagt~ is too wet. S o ~ i ~ ~ t i n ~ e s  this too- 
wet silage eurrs ad~irirahly, and someti~nes it 
enres cold. ~vhich Illtbans that it has a decayed 
odor. If the silo leaks, the green material was 
prohahly young enough to he high in protein. 

The rotvs are fed all the silage and all the 
l iar they \\.ill clean u r ~  twice a dav. with erain 

FIG. 3. ~ ~ ~ ( l i ~ ~  the gr~till.eorll all(l oats a t ' the  rate of slightly less than i ' l b .  to 2 Ib. 
50-50. Mr. Montavoll Sr. ),iollecart.(l tile fee(l- of 111ilk daily. slang cows refuse to eat  this 
ing of grass silage in his seetio~~. ~ ~ ~ u e h  grain. All heifers over a year old and 
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TARLE 3 

Protein co~ttcnt of ratio~~n rontaifling grass-lrgrtnrr ant? cor~l silage 

Wit11 grass-lcgu~ne silage With cort~ silage 

15 11). good 11:ty X .IF = 2.4 (11). prot.) 15 11). good ll:~?X .1F = 2.4 (11). prot.) 
40 Ih. silage. X .05 = 2.0 (IR. prot.) 40 lh. silage X .ll2.5 = 1.0 (11). prot.) 
2 I .  I x . I 0  = 1.2 (lb. prot.) 12 11). grain X .1X = 2.2 (11). prot.) 

Total 5.6 Ih. prot. Total .Xi Ih. prot. 

all dry cows are fed all the silage and all the 
hay they will (alean up  once a day. Calves are 
given a lintitcd anlount of milk for 60 days, 
and enlf starter, hay, and silage f r o ~ n  the time 
they will eat solid feed. At about 5 n~onths 
the calf starter is rtxplared by grain, with 4 lb. 

' per calf per day the ~nasin~utn.  Grain is dis- 
continued a t  about a year. The grain ~nis ture  
is corn and oats 50-50, with about 1.5% salt 
and a sn~all  a~nount of iodized lirne added. 

This fcwding prograrn has produced excel- 
lent results for every class of dairy rattle on 
the farnl. The heifers are large and fa t  and 
ready to start  nlilking a t  26 ~nonths. Sonle 
heifers have had 500 Ib. of fa t  to their credit 
before they passed their third hirthday. The 
use of corn in the silage n~akes it unnecessary 
to feed grain to the dry stock. Cows have come 
off this dry ration and produced 100 lh. of 
butterfat a ~nonth, indirating that they fresh- 
ened in good condition. 

According to Jlorrison's Frrds  arbd Feedirhg, 

a 1200-lb. cow giving 50 11). of 3.5% n~i lk  a 
day should ~vereive not less than 5 lb. total 
protein a dny. Table 3 shows that the grass- 
legun~e silage ration provides that anlount of 
protein. I t  also shows the grain n~ i r tu re  that 
would be required to furnish a like a~nount if 
corn silage wwchre fed instead of grass silage. 

I t  has been observed that when roughage is 
good the rows ~llilk well, and when it is poor 
the cows do poorly. Poor roughage canriot be 
entirely eotnpensated for by fortifying the grain 
ration. 

The figures helow show the difference in cost 
of feeding the two grain rations in Table 3, 
with soybean n~eal  a t  $90 a ton: 

With grass silage: 12 Ib. grain @ 2.36 = 27.6S 
With corn silage: 12 1h. grain (@ 2.86 = 33.64 

The differenre of 64' t in~es 21 (So. of cows) 
tirnes 1x0 (days winter feeding) is $225, an~ount  
saved on the grain alone. I f  it costs 6225 extra 
to feed the 18% grain ration, ren~enlber that 
the cost of not feeding it would probably be 

FIG. 5. Representative cows of the herd. which averagctl 525 Ib. of fat witl~out ally protein supplement. 
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11tuc.11 g~.rntc.r. Of course, not a11 the cows in 
the herd pet 12 Ih. of grain a day, but the 
g ra i t~  and supplernet~t saved hy ftwling this 
higli-value. silage. to the dry cows and heifers 
will I I I O ~ C  that1 ulakc up  for that. With grass 
silage figurecl $1.50 a ton cheaper than con1 
silagc., the total savrcl hy this ration is nearly 
$500, even assutl~ing produetiott to be the sanle 
in both cascls. 

How to Obtain Good Hay 

The third part  of the fec.ding prograni is 
good hay. On the average, even with favorable 
weather, 20% of the protein content of hay is 
lost in harvesting. This loss ~ t ~ u s t  he stopped 
if the far111 is to feed the herd. On a dairy 
entc~rprise the size of the one under ronsidera- 
tion, that would be the same as losing 5 tons 
of soybean meal a year. More and more farlners 
are turning to special tnethods of saving the 
protein-rich leaves so essential to good hay, and 
to wags of lessening the weather risk hy short- 
eniug the field drying tirue. Some farulers use 
a stet11 crusher with good results. A blower can 
be used in the barn to finish curing so that the 
hay ean be harvested while i t  is still tough 
enough for the leaves to hang on. The same 
chopper can be used for harvesting hay as for 
silage, with the cut set as long as possihle 
for hav. 

One reason for  getting the first cutting hay 
off early is so that the second cutting can be 
made befort. oat harvest. By  the tittle the oats 
are all c.otnbined, the hay is i~ivariably too tough 
to he good. Even though it tnay be a beautiful 
pea green in color i t  can he so stiff and s te t in~~y 
that the cows won't eat it, ant1 most of the 
lower leaves will have fnllc~n off, contributing 
greatly to the loss of protein. When the wchather 
perlnits, it is possible oc.casionally to get some 
very good first cutting hay, particularly when 
the ladino is eqpecially goocl, but the odds are 
again5t it. 

Grass Essential for Sound Land 
Use Program 

This whole idea of making the far111 feed 
the herd is specially attractive, because with a 
sound land use progranl to stahilize soil fer- 
tility and increase product io~~ of all crops per  
acre, a generous acreage of grass is rerlnired. 
The job of the dairy herd is to convert that 
grass into cash. When the herd not only dors 
this, hut also shows an extra ~nargin of profit 
over herds fed purchased eoncentmtt.~, dairy 
farming is profitable. 

A neighhor who followed the satlre prograni 
as the one outlined above showed one of the 
best returns per $100 feed in the Far111 Man- 
agement service and had individual cows pro- 
ducing up  to 600 lh. of butterfat. Let the cow 
be the judge - she probably knows ,best. 

THE WISCONSIN CHEESE 
EXCHANGE 

C11c.rse has bc>en produced in the state of 
\\-iseonsin for  over 112 years, there being sornt! 
record of an  early cooperative venture in Jef- 
ferson County as early as 1847. Most of the 
early factories were operated on a coopc~rative 
hasis, a cheesc.tnaker heing et~~ployed by a group 

of fartners who supplied 
a f ac to ry  with -t;~ilk. 
Early methods of distri- 
bution were inadequate 
fro111 a standpoint of 
both producer and con- 
sumer, and th11 industry 
grew slowly. 

The eharly cheesetuak- 
e r  had no storage facili- 
ties a t  his factory. His 
chc~ese was  pc.rishable 
and he had to dispose of 
i t  pro~llptly. I I e  needed 
a buver who would take 

R. W. Lefier his &tire output from 
week to week, regardless 
of arltount or grade. A t  

the outset such huyers did not exist. The con- 
sunier bought fro111 his grocer or  possibly 
from a peddler, and the grocer, through what- 
ever arrangc.tnents he could make, ordinarily 
dealt directly with the factory. Those arrange- 
111e11ts were usually unsatisfactory. The factory 
might or  might not he able to fill the grocer's 
order when received, and the cheese obtained 
inight or might not be of the grade dcnsired. 

The Cheese Dealer Served an 
Important Function 

Before long the cheese dealclr entered the pie- 
ture. His functions were those of a johber or 
\vholesaler. I Ie  t~iaintaiued warehouse facilities 
which enabled him to buy cheese from the fae- 
tory as i t  was tnade and hold i t  until a market 
could be found. H e  was able to grade, sep- 
arate, and age the cheese purchased from fae- 
tories with which he did business and sell to 
the grocer or other retail outlc>t the precise type 
of cheese for which that outlet had a demand. 

The dealer solved sotne of the problems of 
the factory and many of the problenis of the 
retailer. The cheesenlaker, however, was still 
in a position where he had little bargaining 
power and little knowledge of general market 
conditions. Perhaps several dealers would peri- 
odically send buyers to his factory, but there 
was little the cheesemaker could do other than 
take the best price offered by them. 
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First "Call Board" Established in 1900 
I t  ~ v a s  to itnprove the position of tht* factory 

operator that the- so-called dairy boards werc 
estahlishrd, 1873 being the ytaar in which they 
first tttadr. thcir appearance. A board was estab- 
lished in Plyntouth, \\.'isconsin, on May 2'2, 
1879, and Plytnouth has rontinued from that 
date to occupy at1 itnportant placc~ in the ntar- 
ketitlg of' eht.est.. 

Essentially, a dairy board was 110 uiore than 
11 ntarkrt place where buyers and sellers of 
cheese might get together. The cheesemaker had 
an opportunity to conte into contact there with 
]nore buyers than the litnited nuti~her who Ittight 
call a t  his factory. He had an opportunity to 
learn to sotne extent what other factories were 
getting for  their cheese. Such boards were also 
time-savers for the buyer. He no longer had 
to travel f r o n ~  fnctory to factory in order to 
buy his cheese. For a while these hoards at- 
tained consid11rahle popularity. Over 50 were 
in esistet~ce a t  ontl titnc. 

Originally, negotiations a t  a board meeting 
were conducted between an individual seller and 
an ilidividual buyer. As tirne passed, however, 
the cl~eesc~tnaker saw an  opportunity to improve 
his position by disposing of his cheese through 
a form of auction. The clleesel~laker or other 
f a c t o ~ y  representative would list his cheese upon 
a blackboard provided for that purpose, and 
then call for bids. Both the offers and bids 
werc termed "calls" and the dairy boards soon 
began to be tertned "call boards." The call 
board method of trading was adopted a t  Ply- 
mouth in 1900. 

Tlie call boards represented an improvelttent 
over earlier marketing practices but they still 
left tt~uch to he desired. A seller, fo r  example, 
did not offer his cheese a t  a price which he 
named but simply offered cheese upon which 
buyers were asked to bid. Bids were firm only 
to a very lin~ited extent and an offer could be 
withdrawn a t  any time. More importantly, the 
seller was not required to deliver cheese in 
strict accordance with his offer. State grades 
had not been developed a t  that time, and the 
seller on the early boards offered only to supply 
first class goods. I f  he failed to make such de- 
livery, the buyer's only recourse was to reject 
such part  of the cheese a s  was undergrade. 

I n  order to insure themselves of cheese of the 
type and in the quantity desired, buyers began 
to establish direct connections with factories 
which were producing cheese of the particular 
type and quality for which the buyer had a 
~ t~a rke t .  A dealer would agree to take the en- 
tire output of a factory for  a specified period 
of time, usually a year. The price the factory 
received would be based upon the prices paid 
fro111 week to week on some specified call board 
in which both the dealer and the eheesemaker 
had some confidence. Such an arrangement 
saved the eheesemaker both time and trouble. 
H e  was able to spend all of his time a t  his 

factory instead of spending a par t  of it a t  the  
one or more boards which he fortnerly attended, 
and if he was guaranteed as lnueh under a 
long-tenn contract as he would reeeivt* from a 
sale of his cheese on a call hoard hr felt he had 
~iotlting to lose from such an arrangeutrnt. As  
this trend set in, the call boards declined rap- 
idly in both itttporiarice and number. 

Beginning of the Wisconsin 
Cheese Exchange 

As buyers contracted for  the output of more 
arid Inore factories, new probl(.lns were created. 
Originally i t  was the chreset~taker who had to 
worry over the disposition of his cheese. When 
a dealer contracted for the rntire output of a 
liutnber of factories, however, he could no longer 
keep his receipts and sales in perfect balance. 
I'articnlarly in periods of' flush production he 
tnight recqrive litore cheese than he could dispose 
of through his normal outlets or Inore than he 
~ o u l d  afford or had the facilities to store. Orig- 
inally, the chec~se~naker was the only one who 
had cheese available for  sale on a call hoard. 
By 19lS, the dealer frequently found hitnself in 
that same position. 

011 April 24, 1918, the IVisconsin Cheese Ex- 
change was formed. I t  was an  exchange in name 
only. I n  substance i t  remained a call board. 
Offers and bids were still made in accordance 
with customary call board procedure, and seller 
and buyer retained the right to withdraw offers 
and bids a t  any time. In  one important re- 
?pcct, however, the Wisconsin Cheese Exchange 
marked a departure from its predecessor board, 
the Plymouth Central Call Board of Trade, and 
frotn other call boards. Dealers for the first 
time were accorded equal privileges with the 
cheesemakers. They were perntittrd to become 
~nembers of the Exchange, to sell as well a s  to 
buy cheese upon it, and to have a voice in its 
manage~nent. The earlier call boards had been 
operated by and, i t  can no doubt be fairly said, 
solely for  the benefit of the eheesemaker. 

At the outset, substantial amounts of cheese 
were sold on the Exchange by factories and 
dealers. Cheesemakers, however, continued in  
ever inereasing numbers to contract for the 
direet sale of their eheese, and factory offerings 
soon began to decrease in volume. By the end 
of 1921, factory offerings were virtually a thing 
of the pad.  

The disappearance of factory sales was a 
serious blow to the Exchange. Various new 
rules which were tried out and the adoption of 
official Wisconsin grades of cheese facilitating 
the settlement of disputes were all helpful, but 
the volume of trading continued on an unsatis- 
factory level for  some 1 5  years. 

A fairly comprehensive revision of the rules 
was made in  1936. The seller was then required 
for  the first time to deliver according to speei- 
fications the full a~nount  of the cheese offered 
by him. Bids were made firm, and the seller 
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was given only a limited right to withdraw his 
offer. The keeping of certain records was re- 
quired, and provisions were added which en- 
ahled the Exchange to discipline lnernbers who 
did not observe its rules. The general tendency 
of this 1936 revision was to make the Exchange 
more attractive to the buyer. I t  did not solve 
all of the problettts of the seller. 

On August 12, 1938, the Wisconsin Cheese 
Exehange tinallp becattle an  exchange in fact, 
as well as in natne. After an  exhaustive study 
of the operations of other commodity exchanges, 
and after consultation with various state and 

i t  possible for  the seller to choose the huyer 
to whom he wished to sell. 

An entirely new rule had the general effect 
of broadening the trading base by application 
of the so-called freight differential charge. 
Since the general tttovement of cheese in R i s -  
consin was towards the south and east, the 
warehouses fro111 which the freight rate to Chi- 
cago was the lowest occupied a favored posi- 
tion. All other factors being equal, a buyer 
~vould naturally purchase the cht?ese on which 
he had the lowest transportation charges to pay. 
By requiring the seller to ahsorh transportation 

FIG. 1. The Exehange Roard for Wisconsin-Grades a t  the close of trading. Completed sales are listed in 
the right hand rolumn. Bids work from the sales column to the left and the offers are posted in the left 
coluntn to the right. Rids and offers made during the session that were withdrawn are not shown. Where 
no grade is indirated, it is State Rrand. Junior Grade is indicated by J R  following the symbol for that 
style. Cheddars have the symbol C, Single Daisies D, and Longhorns H. A separate board is used for 
U.S. grades. 

governmental agencies, an  intelligible, workable 
set of rules --as adopted. The assembly charge, 
a charge which enabled the seller to recover 
the costs incurred in assembling and grading 
factory cheese received by him, was increased 
to 5/85 per pound, which approximated the 
seller's actual costs and Itlade i t  possible for  
hint to sell as advantageously on the Exchange 
as through outside channels. 

All offers and bids were required to be made 
a t  stated prices and registered in rotation. A 
bid was made against no particular lot of cheese. 
I t  was an  offer to buy cheese of the type, in 
the quantity, and a t  the price specified in the 
bid, from the first person willing to sell on 
those tertns. An offer was an  offer to sell cheese 
on the terms specified therein to the first person 
agreeing to buy on that basis. No longer was 

costs to the extent that the rate from his ware- 
house to Chicago exceeded the rate from Ply- 
mouth to Chicago, this rule, in effect, enabled 
the buyer to purchase f.0.b. Plymouth. I n  the 
absence of such a rule, owners of warehouses 
which were unfavorably located from a freight 
rate standpoint found it difficult to sell their 
cheese on the Exchange. 

All of these basic rules, with some slight 
n~odifications, remain in force today. The re- 
sponse to them was immediate and gratifying. 
Sales skyrocketed and trading has continued in 
large volulne from the date they went into effect. 
Efforts to improve its practices and to make 
the Exchange even more attractive to buyers 
and sellers of eheese did not cease with the 
general revision of 1938. I n  that year a serv- 
ice charge was imposed upon both buyer and 
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seller, the charge hring a fixtbd atnount for each 
box of cheese sold. By the ilnposition of this 
charge, ~~ le t t~he r s  \rc.rch required to contribute 
to the support of the Esrhangc. in proportion 
to their use of its faci1itic.s. Also in 1938, sellers 
were pern~ittt.d to ir~roicae the sales of certain 
styles of cheese on what was termed the "dry 
basis," which enahled the seller to obtain a 
prenlium for chtaese having a low moisture 
content. 

Special mlrs  were adopted in order to enable 
the govern~nent to trade on the Exchange dur- 
ing the war, and as a result more than 134,- 
000,000 Ib. of ch(~cbse were purchased for Lend 
Lease and the Arnled Services. In  1947, provi- 
sion was made for the first time for the sale 
of cheese made in states other than Wisconsin. 
Although trading in out-of-state cheese remains 
relatively st~tall, offerings have been made from 
Illinois, Indiana, Iowa, Kansas, Michigan, Min- 
nesota, JIissouri, and even Oregon. Also in 
194'7, the asset~~hly rharge was raised to 7/s# 
per pound in recognition of increased costs. 

Membership in the Exchange 
k[c~tt~hrrsl~ip on the Wisconsin Cheese Ex- 

change is open to any person, partnership, 
assoc.iatioo or  corporation, including the op- 
erator of any licensed cheese factory for who~n 
special rules have been established. Each Inem- 
her pays the satrle ~netnhership fee and the s a ~ n e  
annual dues. Each rne~nber has one vote and an 
equal voice in the nlanagelnent of the affairs 
of the Exchange. The interests representtd by 
the n~embers of the Exchange cover all phases 
of the cheese industry frolit the production of 
cheese to its ultitnate distribution. Some of its 
most active men~ht~rs are cooperatives directly 
representing the interests of their producer 
~nelnbers. Othrrs own and optarate factories 
thetnsc~lvc~s. Still ot11c.r~ nre produec.rs who huy 
and convert 1argc1 quantities of cheese into pro(.- 
essed cl~eese or cheese foods. Largc. retail gro- 
cery chains also are represented. The n~e~nbers  
are lorated from the c ~ s t  coast to the west coast, 
throughout ~ ~ ~ u r h  of the ntid-west and as f a r  
south as Tennessc.e. JIc-t~~hers from distant 
points operate thrnrrgli trading ~nernhers and 
inaintnin contact with them hy means of tele- 
phones locatcld on the floor of the Exchange. 

The Exchange meets on Friday of each week. 
The trading session lasts for 30 minutes, with 
the presiding officer having the right to grant 
all necessary extensions of t i n~e  - a right which 
is frequently exercised. ?u'o need has been found 
for holding more frequent ~neetings. 

The question of futures trading has been 
considered on Inore than one occasion, but no 
interest in such trading has ever been shown 
by the Exchange me~nhers. Cheese is sold on 
the basis of age, grade, and type, with bids 
required to be made in n~ultiples of 1/N+f. All 
transactions are on a cash basis. 
:;.The Exchange issues no official quotations 

br price interpretations. It is justifiably proud 

of the fact that Exchange transactions are g m -  
(,rally regarded as an  accurate haro~netc,r of 
the valuc. of ehec~se and used on occasion a s  
the basis of payment under long-tclr~n pur- 
ellase contracts. The blxcahange ftsels, howevt~r, 
that any question regarding the significance to  
be attached to these transactions 1s for deter- 
~tlination by the parties interested therein. 

As is true of all con~nloditic~s which are pro- 
dueed on a year-round hasis, the hulk of all 
cheese which is produced in Wisconsin and 
elsewhere throughout the United States is sold 
through direct trade connections which the pro- 
ducer establishes. The function of the Wiscon- 
sin Cheese Exchange, as is true of all colntnoditp 
eschanges, is not to provide a Itleans by which 
i t  is expected that all of a cotnmodity will be 
marketed, hut is rather to provide an alternate 
n~arket  where the productlr, assembler, whole- 
saler, jobber, and distributor can buy, sell, of- 
fer, or bid for cheese if they choose to do so. 
I t  offers a safeguard to both buyer and seller, 
even though they may conduct   no st of their 
trade through other channels. As heretofore 
indicated, however, trading on the Exchange 
is f a r  f r o n ~  being of an  inconsequential char- 
acter. I t  is in fact believed that a larger par t  
of the cheese produced in the United States as 
a whole is sold on the Wisconsin Cheese Ex- 
change than is the corresponding part  of the 
total output of any other com~nodity which is 
sold on any other cotnn~odity exchange in the 
United States. 

The Exchange is hopeful that its rules can 
be further itnproved and that even greater use 
will be made of the facilities which it offers. 
Suggestions to that end will always he weleon~e. 

DAIRY RESEARCH TO THE RESCUE" 

I t  is a very rml  pleasure to he here for the 
annurtl nteeting of the Anierican !)airy Science 
Association heeause i t  gives me an opportunity 
to discuss the i t~~portance of rc.searrh and edu- 
c.ation with people who believe just as fervt.ntly 
as I do in such progmlns. 

Last Fall  I asked the officers of this Associa- 
tion to requcxst from the entire lnelnhership 
suggestions for strengthening Aunc.rican agri- 
cu!ture through a progralll of research and 
eclucation. President W. V. Price recently pre- 
sented me with a carefully prepared analysis 
of your suggestions. Approxin~ately 300 mem- 
bers of the Association contributed to a list 
of 378 projects which are incorporated in this 
report. 

It is most eneouraging to nle personally to 

'Address by Secretary of Agriculture Ezra Taft  
Renson before American Dairy Science Association, 
State College, Pa., June 22, 1954. 
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know that this request brought such a wide u p  consutnption. They illustrate potential tnar- 
response from you. I appreciate the thought keting possibilities. And in our present situa- 
and labor which has gone into this con~pilation tion we tttust not overlook any chance to expand 
of projects. The report is being made available outlets for milk and other dairy products. 
to the Dairy Research Advisory Con~~nittee 
which counsels the De~ar t tnent  of A~ricul tnre  Milk Production Increasing 
on its research prograttls, as well as to the ap- 
propriate officials and agencies within the 1)e- 
partrttent. T offclr my sincere thanks to all of 
you who assisted in this undertaking. 

The dairy industry needs the help of ;vou tnen 
of science now as never l~efore. I t  needs every 
push you can give it towards increased efficiency 
in production and marketing. I t  needs further 
outlets through new products. I t  needs critical 
re-exarnination of onto~oded fortuulas which 
place too much e~nphasis on butterfat and not 
enough on nonfat milk solids. 

The proble~n presents an  enortnous challenge 
to science. n u t  the challenge to dairy farmers. 
to processors and distributors and to the gov- 
erntnent itself is fully as great. 

Milk Should be Made More Available 
to Users 

The industry has not done an adequate job 
of protnoting and selling dairy products. Plain 
milk is the   no st nearly perfect food-and it 
tastes good. But  do we tell that story? I'm 
afraid not. We don't even nrake niilk readily 
available to many potential buyers. 

Xext time your travels take you to an  air- 
port or  to a railroad station have a look a t  
the banks of ~nechanical gadgets ringing the 
waiting rootn . . . soft drink, candy and eig- 
arette dispensers . . . inaybe even a few pin- 
ball machines. But u p  to now I have found 
just one airport in the United States where 
you can place a coin in the slot and obtain a 
drink of milk. 

Generally you will not find n~ i lk  dispensing 
machines in office buildings, factories, and pub- 
lic places where soft drinks are sold through 
mechanical devices. Until a few weeks ago, 
there were no milk dispensers in the Depart- 
ment of Agriculture buildings in Washington, 
which seems illogical enough in view of our cur- 
rent surplus. But even Inore fantastic is the 
situation in a ~nidwestern far111 ~nachinery fac- 
tory - deriving a substantial par t  of its busi- 
ncss from sales to dairy farmers- where milk 
and all soft drinks but one are barred f r o n ~  
dispenseis by contract. I wonder how ~ n a n y  
hay-balers this favored bottler bought last year. 

The various beverage makers spend  illion ions 
of dollars each year plugging their products 
through every advertising device from sky-writ- 
ing to match-covers. And after they have cre- 
ated a demand they make certain that the prod- 
uct is avai l~ble  where and when the public 
wants it. 

Certainly no one would contend that tnilk 
dispensers alone will solve the dairy problem. 
They do, however, offer one means of stepping 

v 

I t  is not exactly news to this audience that 
~ t ~ i l k  production hit an  all-time high in 1953 
itnd that production during the early n~onths 
of 1954 was running ahead of last year. Despite 
the rtduction in the level of govern~nent sup- 
port, we are continuing to pile u p  butter, cheese 
and dried tnilk. Il'hile consutnption has in- 
creased,   no st of this gain is being offset by 
higher pn~duction. I t  probably won't be until 
we have passed the flush spring production 
period that milk output will be reduced in re- 
sponse to the lower level of price support. We 
face the rather discouraging prospect of having 
to buy several hundred d nil lion dollars worth 
of dairy products during this marketing year. 

Now if there were an  e x ~ o r t  market for these 
itetns - even a t  a sharply reduced price - or  
if we could feed them back into domestic trade 
channels, even a t  some loss, without badly dis- 
rupting nortnal ~narketings, then our problem 
would be con~paratively sitnple. But such dis- 
posal programs are extremely difficult. More- 
over, subsidized disposal is a t  best a temporary 
solution of the problem which is popularly 
termed over-production but should rightfully be 
called under-consumption. 

We know- that if the American people were 
drinking a s  much milk per capita as they were 
only a few years ago, there would be no dairy 
surplnses. We  also know that during those high 
consutnption years in the 1940's, millions of our 
citizens, young and old, were not getting even 
the n ~ i n i ~ i ~ u n t  aniount of milk required for their 
own welfare. 

Further Consumer Education Needed 
While the job of promoting and selling is of 

course the responsibility of the dairy industry 
itself, research and education can play the nta- 
jor role in providing new and better prnducts. 
During the war years, scientists made great 
progress in the utilization of nonfat milk solids. 
Further i~uprovetnents have since conle ahout. 
Yet we have son~ehow failed to stitnulate the 
necessary consu~nption. We have not educated 
people sufficiently in the uses and advantages 
of .these products, although high quality food 
proteins should find a ready tnarkrt in a diet- 
c~onsc.ions Atuerica which is steadily swinging 
away fro111 such traditional foods as grain prod- 
ucts and potatoes. 

This change in the eating habits of our peo- 
ple is one of the tiiore interesting phenomena 
of our times. I t  is forcing changes in our agri- 
cultural production patterns, even. though our 
price support p rogra t~~s  for  the most part  do 
not recognize its existence. Agriculture must 
inevital~ly adopt one of the first rules of mer- 
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chandising by giving the cu\tonler what he 
\!-ants. 

The custonler today ib 'ating about the same 
ponudage of food as his grilndfi~ther did. But 
the dining table takes on a f a r  different look 
at  ~ttc.alt i~~~e fro111 that of a few decades ago. 

The n~ountain of potatoes and the skyscraper 
stack of Ilread have been largely replaced by 
Illore beef, r g ~ s ,  fish, certain dairy products, 
fruits and vegetahlt~s. Of course, these choice 
foods provide infinitely greater variety in our 
diets. They cost lnore per calorie, too. But the 
trend of consunter preference is unmistakable 
and the huger is willing to pay the price. 

Surpluses Continue to Grow 
Yet \ve have gone tnerrily on our way with a 

f a r n ~  prograln tied to another generation. Most 
of our current grain surpluses stem directly 
from the fact that governn~ent price supports 
encourage farn~ers  to produce corn and many 
other grains for storage, rather than fo r  live- 
stork feed. \Ve continue to pile u p  these sur- 
pluses in warehouses-far t~eyond our needs 
-through a pricing device whieh discourages 
their conversion into the type of food the Ameri- 
can people need and will buy. 

Our carryover of corn next October 1 is esti- 
tnnted a t  950 million bushels - tnore than double 

i t  was two years earlier. This increase, 
hat1 it been consumed as feed, would have re- 
sulted in only 2 to 3%, Inore meat and eggs. 

From a nutritional point of view, the public 
could --ell have absorbed this without even let- 
ting out 11 notch in the national belt. I n  the 
form of corn, however, this same grain is giving 
both our tnarkets and our storage facilities a 
had case of indigestion. 

\Vith more flexibility in our support prices 
for  corn, inost of this current surplus would 
hare disappearecl. Increased tnarketing rc.ceipts 
fro111 livestock \vonld have largely offset the 
pnytnents fartners now get by way of non- 
rc2course loans. Our agricultural c.conomy would 
have been hea1thic.r. And the government cnr- 
rc.ntly would not havcl sotlte $1." billion tied up  
in corn price supports. 

In the case of wheat, we have s t i l l l ~ k i t ~ d  even 
grwltrr produetion for go\yernt~tent storage. On 
.July 1, as the new crop Itloves to tnarket, \vtA 
shall have on hand f r o n ~  previous years an  
estin~ated 875 nlillion hushclls of wheat - c~nough 
to supply our total domestic needs, plus our 
forescc~;~t~le (.sports, for  the next 12 ~nonths. 

Thr govt.rnrttc.nt now has nearly $3y4 billion 
co111111ittrc1 to \rheat price support operations 
in itn caffort to maintain the return to fartners 
ni 90% of parity. Despite this huge outlay 
and our ut~nost efforts to make price supports 
effective, wheat is currently bringing only 80% 
of parity in the n~arket. 

Much of the wheat gro\vn east of the 1CIis- 
sissippi. \vhic.h forl~l(.rlp \vns fed to livesto~k. 

now finds its way into govern~t~ent storage he- 
caanse lve are outbidding the other users. As a 
result of' these areutnlations. wheat growers have 
votrcl to accept production controlh this year. 
They face the necessity of further cut-hacaks in 
195.5. IIigli price support, coupled with sharply- 
restricted output, ran scarcely cotnpensate the 
low-cost growers of' the Great Plains states fo r  
the markets they are losing - 111arkt3ts which 
they are ecluipped to fill a t  'otupetitive prices. 

The Support Problem 
There must he some signific-ance in the fact 

that most of the farm eotnmodities in serious 
cliffirulties today are the ones which we have 
i~ttempted to support a t  90% of parity. They 
include wheat, cotton, corn and dairy products. 
Of the approximately .$61/2 billion which Com- 
modity Credit Corporation has committed to 
price support operations, Inore than $5 billion 
is tied u p  in these four items. 

Producers of other crops, which enjoy no 
price supports a t  all or get help on a more 
linlited basis, are beginning to express some 
concern over the effects of a farm program 
which places most of the e~nphasis upon a few 
selected commodities. They see particular dan- 
ger that the acres diverted fro111 such crops as 
wheat, corn and cotton may he planted to the 
non-supported com~nodities in which they have 
been specializing. 

Despite the emphasis which our programs 
place upon the six basic cotnn~odities -and the 
present controversy centers mainly around the 
question of rigid versus flexible supports f o r  
these crops -- they produce only 23% of farm- 
ers' cash marketing receipts. Of the Sntion's 
far111 income 56% is derived from cotntnodities 
which have no direct price supports a t  all. The 
other 21% comes fro111 prodnc.ts already sup- 
ported on a flexible basis. 

Farmers who buy price-supported feeds and 
sell hogs, cattle, poultry and eggs on a free 
nrarket are often inclined to take a rather dim 
view of our current operations. For the most 
part, they don't want pricc support programs 
the~nselves and they feel that if other groups 
favor s11c.h aids there should a t  Itlast be a real- 
istic a~nount  of flexihility in the operations. 

The far t  that there are obvious defects i n  
the prrst.nt programs does not prove by any 
mcnans that the prinriplc of price supports is 
rithc.r unsound or  unworkable. I bt.lieve we 
need surh progrants. Soundly roncrived and 
properly adn~inistered they ran he of as much 
benefit to consumers as to farnters. They can 
help to assure an  abundant, stable supply of 
food and fiber a t  reasonable prices. They can 
protect farmers against violent fluctuations in 
incon~e. They can be of benefit to farulers i n  
the orderly ~narketing of many comn~odities. 
My own quarrel with high, rigid supports 

is not that they give the farmer too n~uch but  
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that in actual prac+tic*e thc'y give hi111 too little. 
I n  the long run they take f r o ~ u  hi111 Illore than 
he rert.ires. Thry c~nconrnge hi111 to deplete. his 
soil. T11t.y saddle the ~~~itrkc.ts with price-de- 
pressing surpluses which girt. hi111 no oppor- 
tunity to rcnlize full parity for his produetion. 
They clestroy the norn~al relationship of feed 
and livestock priees. They prier him out of 
many natural markets hoth a t  horne and abroad, 
a t  the same time encouraging the develop~nent 
of co~npetitivc. synthetics ant1 substitutes which 
further shrink agricultural out l~ts .  They place 
him in such a tight production strait,jacket that 
he loses   no st of his freedon~ to make manage- 
ment decisions. 

When we pile u p  surpluses far  in excess of 
normal reserve requiren~ents, we are in effect 
borrowing fro111 to~norrow's n~arkets. Such prac- 
tices can lead agriculture toward financial dis- 
aster just as certainly as borrowing against 
tomorrow's earnings can bankrupt an  individual. 

Today it is costing the federal government 
n1ol-e than $30,000 an  hour-over $700,000 
per day- a quarter of a hillion dollars a year 
-just  to store the eo~u~nodities owned by CCC. 
One of the safest predietions I ran make here 
today is that thc1 hill will be larger in the 
months ahead. 

All of these things, I believe, are co~~~pe l l ing  
reasons for the adoption of the President's farm 
program reeonnnendations. The Administra- 
tion's plan was not presented as a panacea - 
in fact there is no quick cure-all for  agricul- 
ture's ills. I n  many rchspects the level of price 
support will not he greatly different from what 
we now have. But flexible supports will point 
our future far111 progranls in the direction we 
must take, toward better balanced production. 
Billy Sunday, the Eraugelist, once said that he 
would rather be a foot from Hell, headed away 
f r o n ~  it, than 2.5 111i1es away and hcwded to- 
xvard it. 

In  the casr of dairy products, it would be 
especially unfortunate if we were to seek a 
solution through higher price supports, rather 
than through a program of vigorons sales pro- 
motion, research and rdueation and sensible 
culling. 

There are now reco~~~~ncndat ions  that the 
support level for  dairy products he pushed u p  
to some higher pt~rcentagr of parity. This would 
he aft1.r the farmers, the trade and the eon- 
sumers have n~ade  the adjustn~ent to a more 
realistie level. As a rule of thumb, every 5 
point increase. in the level of dairy price sup- 
port would cost the govcwm~cxnt approximately 
$100 million and further postpone thc. time when 
the dniry industry could stand on its own feet. 

I f  supports wc.rcx raised to 80% of parity 
now, such action would have these additional 
probable results : Government acquisition of but- 
ter would increase to the extent of 100 to 150 
niillion pounds. Consun~ption of butter would 
drop about 50 million pounds, with a corre- 

spouding inerc~itsc. in the use of substit11tc.s. The 
incentive* to ~naintain a high Ievc~l of' dairy pro- 
dnetion would be strc*npthmc.d. Snhstnntial 
windfall profits would accrue. to the 11uttc.r trade 
on inventories in stock. 

We arc. painfully learning, through our ex- 
perience with dairy products, some lessons that 
could hare been Inorcl easily 1carnc.d by a rr- 
view of history. We are learning that if price 
supports are long maintained above their nat- 
ural Iwel, rertain results follow ns surely as 
the night follows the day. Production is stimu- 
lated. Consumption is retarded. Surpluses pile 
up., The problem of surplus disposal follows. 

Even then we are not through. Surplus dis- 
posal is costly and offensive, so that we are 
driven to production control. I n  the first act 
of this melodrama, High Price Support  is the 
hero who would thwart the villain. I n  Act Two, 
High Price Support  nus st enlist the aid of that 
unpopular character, Surplus Disposal. I n  the 
final act, hoth of them must call for  help from 
that obnoxious fellow, Production Control. 

The audience should know all this hefore buy- 
ing a ticket to the show. We should know that 
we cannot have high price supports, which are 
attractive, without having surplus disposal and 
production control, which are not. 

The easy solutions to our dairy problems turn 
out to be illusions. 

The Real Solution - Improved Marketing 
I am convinced that the real solution to our 

proble~ns - the hard solutions -lie in improved 
marketing. Here we have much to aeeon~plish, 
espec.ially for fluid milk. Although the present 
syste~n of retail distribution of milk is the r ~ h u l t  
of experience, i t  can and should be improved. 
Steps in this direction are important to con- 
wmers as well as producers. 

Wages make u p  a high percentage of the 
costs of milk distribution. The problem of high 
labor costs in distribution lies not so much in 
high wages as such hut rather in the failure 
to inerense the output per man. Striking gains 
in labor efliciency have been made in producing, 
tramporting, and processing milk, but, exrapt 
for  the &nge from every-day to every-othor- 
day delivery, there has heen littlc. increase in 
output per man in delivery of milk to hon~es. 

I f  ~ni lk  is to 111c8rt succ.c~ssfully the growing 
ro~npetition with othev foocls, i t  will he nec~s-  
snry to make ~nodifications in the marketing 
systrm. C o n s u ~ ~ ~ e r s  who wish to pay cash and 
do their o ~ r n  delivery should hart. the chance 
to do so a t  a price which represents the rednc- 
tion in costs involved. 

Fortunately, there are encouraging signs of 
united efforts by the entire dairy industry to 
stimulate consu~~~p t ion  through improved mar- 
keting and n~erchandising programs. I aln 
heartened a t  the magnificent response of so 
many food retail outlets throughout the Nation 
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in ~rnntot ing sales of hutter, cheese and tnilk 
during this June Dairy Month. 

I t  is still too early, of course, to detertnine 
how nturh increased consuntption of dairy prod- 
ucts will he generated this year through the 
cotnhination of aggressive selling and reduced 
prices. Our own field reports show that home 
sales of hutter are running ahout 10% higher 
than they were in l~Iarch, just prior to the 
adjustntc~nt in dairy price support levels. I f  
we could obtain a 10% incrrasr in eonsutt~ption 
of all di~iry protlucts thrnughout this ~narketing 
year, the industry might look to thr future with 
real confidrnre. 

There is a lob to be Done 
I helieve this can he done through the eotn- 

hined efforts of all of us who have a vital 
stakr in dairying. I t  is not a joh which can he 
accot~tplished through one grand promotional 
flourish, however. I t  ntust he carried f o ~ w a r d  
front one month to the next. 

I know that the Department of Agrieulture 
is not going to let down in this campaign. I 
art1 convinced that farmers and the industry 
generally u-ill do their part. The eontrihution 
which dairy scientists can make here may he 
the most itnportant of all and I look forward 
to results which will surpass even the acconi- 
plisl~~nc~nts of the past. 

Some day, in the years - possibly even in 
the nionths - ahead, science is going to perfect 
a frozen whole rnilk concentrate, or perhaps a 
whole milk powder. You know of the progress 
which has already been made in this field in our 
own laboratories and in those of industry. I 
an1 convinred, as I know you  nus st he, that 
when this develop~nent comes it nil l  hring with 
i t  a new era for the dairy industry. 

We have seen what a sitnilar process has 
done for citrus producers. I t  might do even 
more for  dairytnen. 

Meanwhile, in an effort to meet some of our 
itu~nediate prohletns, the Departn~ent of Agri- 
culture in rcw=nt wecbks has: 

1. IAi~unehed a nationwide educational cam- 
p a i ~ n  to protilote the culling of low-pro- 
cluctng cows fro111 our dairy herds. 

2. Offered to sell for export a t  world prices 
gorert~~t~i~nt-owned stocks of hutter, cheese 
and dried tnilk. 

3. Developed a special program to facilitate 
the use of hutter and nonfat dried milk 
solids for recot~~hination and sale as fluid 
inilk in friendly countries. 

4. Sold   no re than 400 tnillion pounds of 
dried ~ni lk  a t  greatly reduced prices for  
use in  nixed anitnal and poultry feeds. 

5. Sought increased consuniption of dairy 
products through school lunch programs, 
donations for  don~estic and foreign relief 
and other outlets. 

The thorniest 1)rohlc.111 of all is posed by the 
tnore than 400 tnilliou pounds of hutter which 
the governtnent has III  atorage today. We have 
carefully esn~ninrd a11(1, in fact, are still study- 
ing several dotnc.stic disposal plans which would 
make this hutter availnhle to housewives a t  re- 
duced prices. All of these plans would he 
costly - perhaps to the extent of half a hil- 
lion dollars. Sotie of thetu would be easy to 
administer. 

Recause any dornc>stic. disposal plan under- 
taker~ on the scalta recluired here would disrupt 
r~ortnal ~narkets, we would have to reconcile 
ourselre5 to a situation under whieh the gov- 
ernrnent u-ould he plunged deeply into the mer- 
chandising of dairy products. 

I n  our concern over special prohleti~s such 
as the dairy situation, however, we tnust nevei 
lose sight of the greater and over-riding con- 
siderations which afiert our very national ex- 
istence. The tnattt.r of surpluses is insignificant 
along side the great question of our time: 
whether man -hall at  long last achieve peace 
among men. 

Certainly I do not pretend to have the an- 
swer. But unless it is an  affirmative one the 
consequences may well he the   no st serious since 
the dawn of history. The wrong answer might 
(wen slant shut the hook of history. 

The Threat of Communist Aggression 

Our. search for a aolution ~rtust lead us to- 
ward a new and hetter understanding of the 
eternal ~noral  and spiritual values which have 
heen partially ohscured by the stnoke and fire 
of war and revolution throughout the world. 
Our leaders need Divirw guidance as they strive 
to tnaintain peace. 

There is no hope, of course, that the Conl- 
~nunist  tnasters nill heek counsel from a higher 
source. But anlong the  iti ill ions of human beings 
they hare enslaved, many have not lost faith. 
W e n  in Russ~a, after nearly four decades of 
syste~natic attetnpts to wipe out all religion, 
thrre are still people who look to God, rather 
than the state, as the highest authority. 

The threat of Co~n~nunist  aggression is ever- 
present. We may have to live with i t  for  tnany 
niore years. A* a Xation, we tnust retnain 
strong. And to retnain strong we  nus st remain 
productive. 

No man is tnore deeply concerned than Presi- 
dent Eisenhower with the dangers we face. Nor 
is any Inan Inore determined that we shall safe- 
guard our own liherties while defending our- 
selves against the Con~tnunist threat from with- 
out and within. 

We would he poor indeed if, in our zealous- 
ness to protect America's shores, we succumb 
to the hysterical preachings of those who would 
destroy our hasie freedoms under the guise of 
anti-Con~tnunisnl. The trappings of the totali- 
tarian state - neighbor spying against neigh- 
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hor, childrc.11 infor~r~iag agc~inst parents and 
governn~ent elnployrc.~ reporting undc~rcovrr to 
self-appointed guardians of our sc1curity - such 
n~anifestations of 111orii1 d(wty 111nst find no hon- 
ored plact. in our way of lifc.. 

Our fundan~mt i~ l  frec.cfo~ns did not ronle eas- 
ily. Eternal vigilanrc. is still the price of lihtlrty. 
We  rrrust guard, as \\-fl guard our skies and our 
shores, the guarantecls sclt forth in the Rill of 

Rights. To Inr, freedo~n is ;I God-given, eternal 
principle, vouchsafed to us under the Constitu- 
tion. I t  rnust he s;ife-gntirded as so~nething 
nio1.e precious than lift. itscllf. 

The torch of Ireeclol~r, hurtling hright and 
hrld high, must one day push hack the shadows 
of ignorance and despair which now blanket 
the n~intfs of Co~nn~unis~n's slaves. 

God grant it nlay he so. 





VOLUME XXXVII July, 1954 

JOURNAL OF DAIRY SCIENCE 

ABSTRACTS OF LITERATURE 
W. 0. Nelson, Abstract Editor 

BOOK REVIEWS 
665. Biochemistry and Physiology of Nutri- 
tion, vol. 11. Edited by GEIEOFFRE:Y H. ROVRNE 
ant1 GEOR(.L IV. I<I~DER. Acadetnic 1're.s~ Inc. 
641 pp. $11.00. 1953. 

The titles, authors and nu~nber of pages dc- 
voted to the various chaptc.rs follow: The. Intra- 
cellular Loralization by Ilistochetr~ical Methods 
of Enzyrnes and Vitatnins, by Geoffrey H. 
Bourne, (42) ; Structural Changes in Vitiunin 
Deficiency, by Geoffrey 11. Rourne, (85) ;  Mi- 
crohiology of Iligrstion, hy 1). 1'. Cuthbertson 
and A. T. Phillipson, (34);  The Nutrition of 
Invertehrate Anirnals, by Grorge W. Iiidder, 
(35) ; Energetics and Mt.tabolic* Functions, hy 
Eugenr 1'. Kennedy, (35) ; Ilydrolytic and 
Phosphorolytic Enzytnes, by Wnrrrn 11. Pud-  
kin, (55) ; The Respiratory Ensyn~es, hy R. L. 
Horeeker and A. Kornherg, (41) ; Cot~nzy~nes, 
by G. David Novelli and Morris Soodak, (71) ; 
Iron Metabolism, by H. F. W. Kirkpatrick, 
(13) ; Calcium and Phosphorus Metabolistn, by 
H. F. Kirkpatrick and J. Douglas Robert- 
son, (16) ; Trace Elenlcnts, by El. .J. Under- 
wood, (79) ; Application to IIuman Nutrition, 
bv Grace A. Goldsmith, (77) : Author index, 

reartion sequenre for the interconversion of 
galartosr-1-phosphate and glucose-I-phosphate is 
presented, and although it is of considerable 
interest, it is not supportt.d with c.xperi~rlental 
evidc.nee. 

A s  with the preceding voln~ne, the. cost will 
unfortuniltely limit distribution of this fine 
work. I{. G. Hansen 

666. The Anatomy of the  Bovine Foot. ROB- 
ERT F. WAY, V.1I.D. University of Pennsyl- 
rania Press, Philadelphia. 58 pp. $4.00. 1954. 

This hook is a pictorial approach to the study 
of the hovinr foot. The author has succc~cded 
in vivid!y portraying the subjc.ct with 28 illus- 
trations which are drawings very effectively 
indirating the third dimension. Arcompanying 
each plate are pertinent observations directing 
the observer's attention to important structures 
and areas. The paper and printing are unusu- 
ally effertire in the presentation of the suhjrct. 

The hook is intended for  the clinician and 
prarticing veterinarian, hecause the foot is a 
frequent seat of pathological conditions. Herds- 
lnen and dairynren will also find it interesting 
and useful. E. E. Or~niston 

. . 
(52) ; Subject index, ( 2 6 ) :  

The objective of the editors was "to gather 
BUTTER 

together into one work the most salient seg- 667. Afproevning af nogle antioxidanter ti1 
ments of the vast amount of research dealing smoer (Testing of some antioxidants for  bat- 
with the field of nutrition." Like the preceding ter). I<. P. AXDERSES and A. P. FISKER, Sta te  
volun~e i t  is not to be regarded as a textbook Expt. Sta. Creamery, Hilleroed, Denmark. 
in the usual sense of this term hut presents Rull. 4. 1953. (English su~nmary) .  
excellent reviews of recent experimental work. The antioxidants n~etol, glycine, hydroquinone 
I n  general the various chapters are well writ- and ascorbic acid were added to butter in con- 
ten although some readers would undoubtedly centrations ranging fro111 0.025-0.04 p.p.m. The 
appreciate more extensive use of formulas, results proved none of these compounds satis- 
charts, and tables than is found in certain of factory. Hgdroquinone, ascorbic acid and met01 
the reviews. sholved an antioxidative effect but the first two 

Dr. Bourne is to be con~mended for a conl- colnpounds gave the butter an  off-flavor and 
plete presentation of the information regarding the last one caused a darkening of the butter. 
Structural Changes in Vitamin Deficiency. This Glycine had very little antioxidative effect and 
reviewer also found especially inforniative the when used in the higher concentrations gave the 
novel chapter on ?uIicrohiology of Digestion, butter an  off-flavor. 
and the chapters on Trace Elements and Co- Eight co~nmercial antioxidants also were 
enzymes. tested. Ethyl gallate preparations were better 

The problems of galactose metabolism are of than octyl and dodecyl gallates. Water-soluble 
considerable interest to people concerned with preparations containing potassium or  sodium 
the nutrition of milk. Some of the specific iodide w.ere superior to all others, giving better 
reactions of galactose are discussed under the protection and less off-flavor. 
uridine coenzymes. On page 389 a speculative T. Kristoffersen 
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668. Poersoeg og afproevninger i forbindelse 
med holdbarheden af detailpakket smoer (Ex- 
periments and tests in connection with keep- 
ing quality of printed butter). .\. N. FISKER 
i~n( l  T. T I I ~ M S E S ,  S t i ~ t ~  Expt. Sta. C're:iu~~-rg, 
Hillc.roed. I)c.ti~~~ark. Bull. 53. 1953. (English 
s11111111:1ry). 

E:xperill~c*nts w~.rc. cwntluc~ted to cleter~ninc~ a t  
which st:tp. hutter shonlcl he printed and t h ~  
kind of wr:tpping tl~atc~riiil which should he 
uscbtl in ordc*r to ohtiiin printc~tl huttc'r of the 
satnr high kcbeping cluality as tuh butter. 

Even for IIOIIIC C O I I S U I I I ~ ~ ~ O I I ,  where the but- 
ter usually is eaten within 8-10 days after print- 
ing, it was found advantageous to print thc 
hutter clircbetly f'ro~n thc churn rnt11c.r than nfter 
it had hec.11 allowrcl to set. Free ~noisture was 
avoided hy direct printing. For  the European 
and overstbas ~nnrkcbts direct printing front the 
ehurn was nc.ccbssnry in order to n~aintain a 
satisfartory keeping quality. 

Swc.1.t c r t2 i~~n butter with 2% salt kept better 
t,han the regular hntter ntadc frotn ripened 
creani and with a lower salt content. 

Ali~rninun~ foil protected the hutter better 
against light and air  than parrhti~ent paper, and 
was considered a 111or' satisfactory wrapping 
ntatrrial althongh butter wrapped in aluniinunt 
foil showed a greater tendency to herotne 
ntoldy. Aiold growth could he retarded by 
continuing working the butter in the churn for 
ahout 20 ntin. heyoncl the stage a t  which i t  
nsually was considered dry. This resulted in a 
considerable itnprovc.tnc.nt in the sizc. and dis- 
tribution of the water droplets in the hutter. 

Butter, purposely inorulatc.d with mold spores, 
worked in this tnanner showed no mold growth 
after incubation in darkness a t  19" C. and 90- 
95% hutnidity for as long as 6 weeks. I<cbeping 
time for nor~nally worked hutter u11dc.r the 
sarne eonditionr \v:ls ahout 4 weeks. 

T. Kristoffersen 

669. A buttermaker comments on starter but- 
ter. 0. C .  CAPPER, Clinton ('ounty Centrill Cry., 
DeIVitt, Io~va. The Milk Prod. J . ,  45, 6:  28. 
1954. 

A large pc.rcc.ntagr of hutter ina~nufactured 
40 years ago was ~natlc. f r o ~ u  ript.nc*d ereatn. 
Starters often were used to achieve a better 
flavor and arolnn. 

This product has heen replared hy sweet 
rrealn butter. The tnain reason for this transi- 
tion was the better keeping quality of sweet 
creani butter. The author presents some argu- 
ments favoring the addition of starter to but- 
ter to itnprove its flavor and aroma and to help 
sales by making butter Illore appetizing. 

.J. J. Janzen 

CHEESE 
670. Meet the  kaseferteger mechanical cheese- 
maker. Staff, Food Eng., 26, 4: 89. 1954. 

The Gern~an Steineeker machine is a cylin- 
drical jacketed vat of 11,000 lb. capacity, ele- 

mtecl on a sti~nd. I t  ih c.cluippc.d ~vi th  a ec*ntraI 
shaft to \vltic.l~ ~niiy be i~ttached curd kniv(*s, 
agitators, or "stvin~~ning flo:~ts." I t  is cl(.signc.d 
so that ~ R C I I U I I I  C:III h~ : ~ p ~ l i e d  to aid in separa- 
tion of whey f r o ~ n  curtl. 111 (~tnptying, eurd 
flows from tlte vat to cl~t.c.sc. hoops and whey 
runs to a liolding tank. A half-ton of cwrd can 
he c1ischargc.d in 11 I I I ~ I I .  Thc. unit clli~ninates 
considcrahl(. ~ni~niial  Iahor and contrihutc~s to 
greatclr nniforn~ity in ~l~oisture content of the 
ehrcbsc1. Types of rhec1st~ tni~dv with the equip- 
111rnt include such as Port (111 Salut, hlue, hriek 
and hahy Edan~.  T. J .  Claydon 

67 1. Keeping quality of cottage cheese. L. T. 
I~ESTEH, Carnation ('o., Van Nuys, Ci11. Milk 
Plant Monthly, 43, 4 :  36. 1954. 

The prohle~n of cottage ehecsr spoilage 
atnoants to a tna.jor finanrial loss to plant 
operators each year. I t s  shelf life nlay bc. i ~ n -  
proved by better sanitation of equipn~ent, het- 
ter trrattnent of water supplieh, better chilling 
and rc~frigeration of eurd, hetter etluentiort of  
consumers to the perishable nature of the prod- 
uct, better covers for chc.ese vats and hc~tter 
laboratory control tnaehines. C'. J .  Uaheock 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

672. Studies on improving the ease of recon- 
stitution of skimmilk powder. I). L. G l i l s o ~  
and J. W. RAITITRY, Lniv. of Snsk., Saskntoon, 
C;in. J. Terhnol., 32, 3 : 60. 1954. 

I n  an  cbffort to improvr~ tlte rase of reconsti- 
tution of skitnn~ilk ponder, ~nt~thods of recon- 
stitution and tt~chriic~ues of t~~atlufarture were 
studied. It was found that rc.c.oristitution a t  a 
ten~perature of approri~natc.ly 50' C. gave the 
highest wettable value. I{c~eonstituting shove 
60' C. n ~ a r k ~ d l y  reduced rc.c+onstitutahility. I'ow- 
cler particles with a diatnetc~r of less than 1 5  
~nicrons were tnore dificwlt to reconstitute than 
those having a dian~eter of 1 5  to 2.5 tnierons. 
The addition of up  to 25% by weight of sugars 
or sugar derivatives produc.cbd no appreciable 
eff(.ct on wettahility unlc.ss they were added 
after drying. Surface artive agents of the 
Tween variety a t  eonet.ntrations as low as 0.1% 
by weight of the skin~ntilk powder in~proved 
wettability. 0. R. Irvine 

DAIRY BACTERIOLOGY 
673. Substances in  herd milks inhibiting acid 
production. C. K. J o ~ n s ,  Can. llept. of Agr., 
Ottawa. Can. J. -2gr. Sei., 33, 6 :  586. 1953. 

Of 344 saniples of herd tnilks collected in the 
spring, 7.3% showed inhibitory effects against 
lartin starter organisms, as against 5.4% of 
298 suttnner samples. Those showing inhihltory 
action were then tested for the presence of 
antibiotics. Only 1.4% of the total showed zones 
of inhibition by the penicillin disk assay method. 
The much lower percentage of positive samples- 
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by the disk assay n~ethod is attrihuted in part 
to the greater use in this area of antihiotics 
other than pc.nicillin which are not dt1tectahle 
by the disk assay ~netllod a t  c.onrc~ntrutions 
sharply inhibiting acid forn~ation. Tests for 
the presence of residual clui~ternary a n ~ n ~ o n i u ~ u  
co~npounds gave negi~tivt. results, while hae- 
teriophage action and naturally occurring heat- 
lahilt, inhihitory suhstanc.c~s were largtlly ruled 
out hy prelin~inary heating. 0. H. Irvinr 

674. Digestion by rnmen microorganisms. Hy- 
drolytic products of cellulose and the  cellulo- 
lytic enzymes. I\'. 1). I<ITTS :~nd  1,. A. UNIBGH- 
KOPLER. CII~II I .  I le~t . .  Iowit State Coll.. An~es. 
J. Agr. Food che~;~.,  2 :  639. 1954. 

Thc. chen~istry of cellulosc~ digestion hy runlcn 
microorganisn~s was investigated with special 
reference to identifiration of the carbohydrates 
fornled and the eellulolytic enzytnes. In  order 
to identify the carhohydrate interniediates, a 
nunlher of organic and inorganic compounds 
were tested for their ahility to arrest fern~enta- 
tion hy runlen ~nicroorganisms a t  the reducing 
sugar stage. Anlong those found effective were 
toluene, thyn~ol, and sodium fluoride. Inhihited 
cellulose-digesting cul tur~~s  were prepared and 
the n~edia analyzed a t  hourly intc.rvals for the 
carhohydrate intermediates formed. Filter pa- 
per chronlatography revealed the principal in- 
tennediate eonlpound of cellulose degradation 
by runlen organisms to he glurosc~. The ccllulo- 
lytic enzynles of runlen nlirroorganisn~s are not 
present as such in rulnm fluid, hut are asso- 
ciated with the hacterial cells, as centrifuged 
and filtered rumen fluid failed to digest cellu- 
lose. Cell-free enzynle extracts of  nixed tvnlen 
culture and of an  isolated rumen organism were 
prepared which degraded cellulosic suhstrates. 
An op t i~nun~  ten~perature of 40" C. and an op- 
~ ~ I I I U I I I  pH of 5.5 were found for the ~ n a x i ~ n u ~ n  
activity of the cell-free preparations. The cell- 
free preparations are stahle a t  low telnperature, 
hut are partially inactivated when allowed to 
stand at  roonl ten~perature for 144 hours. 

S. Patton 

DAIRY CHEMISTRY 
675. Nutritional assay. Relationship between 
in vitro enzymatic digestibility and in  vivo 
protein evaluation of powdered whey. R. JI. 
1 ) ~ B . t ~ r s  and IV. 11. C'osso~s ,  Natl. Dairy Rr- 
searrh Lah., Oakdalc., S. Y. Agr. and Food 
Chel~~istry,  2, May 13, 1951. 

The flavor, physical properties, and nutritive 
value of food products, such as dried ~nilk, are 
often affected n~arkedly by the so-called Mail- 
lard reaction hetween the carhonyl groups of 
sugars and the an~ino groups of protein and/or 
amino acids. Animal evaluation of the damage 
done to the nutritive value of the protein in 
such products due to the Maillard reaction is 
costly in hoth time and animals. Hence, it is 
difficult to assess the relative influence of proe- 

cssing variables and storage on such products. 
Jleasurement of the ~nicrohiologically available 
lvsine liberated from resuspendecl whey powders 
6y digestion with crystalline trypsin affords a 
satisfactory prediction of anin~al growth re- 
sponse on the ponders. The ~nc.thod i.i also 
applirahle to milk powders, 111ilk concentrates, 
and protein fractions derivetl fro111 whey pow- 
ders. 1)igestion with a srrirs of digestive en- 
zylnes (pepsin, trypsin, and chy~notrypsin) does 
not give a good prediction. Processing variables 
-in particular drying method.; and storage 
te~nperatures -affect the nutritive value of 
whey powders n~easurrd in 17ic.o and by the en- 
zyn~atic test. S. Patton 

676. Alfalfa carotenoids. Xanthophylls in 
fresh and dehydrated alfalfa. E. M. RICKOFF, 
A. L. L ~ v r s n s ~ o ~ ,  G. F. BAII.EY, and C. R. 
Trronrpso~, Western Ut i l iza t ion Research 
Branch, Agr. Research Serviee, U.S.D.A., Al- 
bany 6, Calif. J. Agr. Food Chen~., 2: 583. 
1954 -- . -. 

The carotenoids of fresh and dehydrated al- 
falfa were separated chro~natographieally. Five 
xanthophylls (lutein, violaxanthin, cryptoxan- 
thin, aeaxanthin, and nc.oxanthin) col~~prised 
99% of the xanthophylls in fresh material. I n  
addition, seven minor hands were present. The 
sanle five pigments eornprised 87% of the xan- 
thophylls of a dehydrated alfalfa ~neal. A total 
of more than 40 xanthophyll hands were shown 
to he present in dehydrated nleal. S. Patton 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

677. Single product benefits - mnlti product 
plant. A. \'. G E M ~ ~ I I , ~ . .  Food Eng., 26, 3: 53. 
1954. 

The article is a detailed desrription of plant 
layout, equipn~ent, and processing a t  the new 
plant of Southern Dairies, Charlotte, N. C. 
Iee creanl n~aking and milk processing are car- 
ried out in the large central area. IIowever, 
hoth operations arcx entirely separate with a 
I I I ~ I I ~ I I I U I I I  of interfcrenee to me11 other. 

T. d. Claydon 

678. How Kraft's package lab works. J. V. 
XIEMRA and J .  E. SI,ATER. Food Eng., 26, 3: 82. 
1954. 

Recognizing the ilnportanee of parkaging re- 
search, the &aft Foods Co. provided a cen- 
tralized lahoratory a t  the research facilities a t  
QI~.nview, Ill., and staffed it with experts on 
specific types of paekaging. The lahoratory 
staff devc*lops, rec.onln~entls, and sperifies pack- 
aging ~natcbrials for efiric.nt and econon~ical pro- 
tection of the ennipany produrts. Latest trsting 
equipment is availnhle fo r  determining char- 
acteristirs of packaging materials under various 
conditions. F r o n ~  the results specifications are 
estahlished for particular ~naterials and uses. 
Close eontact is niaintained with problems that 
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clc.rt.lop under fic.lcl conditions. Anlong thc. many 
intior:~tions dc.rc.lopc~cl l)y I h f t  are portion- 
controlled packagc.~ for incliriclual sc.rvic+c in 
rc.staiirants and institutions, and thc. nlc~thod of 
packaging chc.esc. slicc's in 1ic.nt sealed, conted 
cellophane packs. T. J. Claydon 

679. Tips for retailers. .\sos. Ice Creani 
Rcv., 37, 9:  47. 19.54. 

Checking the cash rcbgister against thr atnouut 
of custard mix U S ( ~  as \v~l l  as checking the 
cone inventory has proved an effective method 
of controlling theft resulting from clerks fail- 
ing to ring up  all cash received on the cash 
register. One operator has found that a gallon 
of custard ~iiix should yield a gross of $4.20. 
I f  the cash register fails to show this arnount 
of cash based upon the rnix used there is good 
evidence that all cash received is not being 
placed in the cash register. Experience has indi- 
cated that over a wcekly period the cash receipts 
should check within 2% of the estimated returns. 

I n  leasing buildings for  new retail stores, an  
operator with a chain of approximatly 20 
stores follows the policy of leasing the building 
a t  a higher rate for the first year with an  option 
to retain the lease in subsequent years a t  a 
lower rental. 

If  the location doesn't prove profitable, the 
store is out only the higher rental over a one 
year period. On the other hand, if the location 
is a profitable one the operator has the property 
tied up  for a pc.riod of years a t  a reasonable 
rental. W. J. Caulfield 

680. Putting the finger on branch accounting 
systems. I). It'. GREES, Riltn~ore Dairy Farms, 
I<iltn~ore, S. C. Son. L)airy I'rod. J., 55, 2:  34. 
1951. 
d systetn of brnnch rtrc.ounting in use a t  Bilt- 

Inore is described. All itents are coded to indi- 
cate the branch, type of product, department 
within the hranch and the nature of the expense. 
A Burroughs bookkeeping machine was used 
for grouping and regrouping items in small 
scale operations. JIonthly expense analysis 
sheets are  prepared. As volume of business in- 
creased the Hurroughs lnachine was replaced 
by IBM. The expense of transportation to the 
hranches is charged to the processing plant to 
equalize cost of the distributing plants. Ad- 
ministrative espensrs are prorated. 

F. W. Bennett 

681. Sub-zero holding room on wheels. Asox. 
Food Eng., 26, 4: 90. 1954. 

Special icar crchaln transport trailers of Ab- 
botts Ilairic.~, Inc., Philadt4phia, have unique 
features. The alulninunl hody construetion gives 
light weight and pernlits ~naxitnum load. The 
self-contained refrigerator unit suspended be- 
low the body ntaintnins n -20' F. temperature 
in the trailer, and the unit can serve as an  ice 
cream holding room. I t  is loaded by conveyor, 
and a sectional arrangement in the interior pre- 

rents cnrgo shifting. The systen~ I~nh rc.tlucc~1 
lal~or and ti1nc3 invoIv(~d in loading. 

T. J .  C'lilytloll 

682. Outer-market sales. Asos .  Milk 1'l:int 
l\Ionthly, 43, 4 :  31. 1954. 

Outer-ntarkc.t distril)ution of lnilk is the dis- 
trihution outsidc the connnunity or ~nrwkrt in 
which the plant is located. It :~ceounts for n 
very substantial portion of the total sales of 
~nilk plants in the Sort11 C1.11tral portion of 
the United States. The sparser tht* population 
of the' surrounding area, thc~ ~norc. inlportant. 
are sueh outer-lnarket sales mid the greater the 
distances the plant goes to distrihntc. its ~nilk. 

Data obtained for May 19.2 by experitnent. 
station representatives in Ill., Ind., Iowa, Iian., 
Icy., Mich., Minn., JIo., Seb., S.D., Ohio, S.D.,. 
and Wis., front 588 of the 608 nlilk plants in the 
region that were equipped with paper package. 
niaehines showed that : (1 )  Onter-ntarket ship- 
nients have become comtnonpli~~e and separate 
markets for  packaged lnilk have piaetically 
disappeared, (2 )  Though the period of nlost. 
rapid expansion is probably past, outer-market 
distribution is 1 phase of trend toward fewer 
and larger plants, (3)  Further study is needed 
of the effects of this expansion on local mar- 
kets, volume of lnilk sold for fluid use, returns 
to various groups, and (4) ,411 parties interested 
in dairying should know Inore about the effcrts. 
of widening distribution on ntnrgins, cost, sales 
channels, and prices. C'. .J. Babcoc.k 

683. Expand your laboratory services. R. W. 
COLLINS, Weber Central Dairy Assoe., Inc., 
Ogden, Utah. Milk Plant Monthly, 43, 4: 21. 
1954. 

The dairy products plant lahoratory should 
guide all phases of the business by: (1 )  Keeping 
u p  with the literature and adopting new ineth- 
ods wherever possible, (2)  Hc~lping the purrhas- 
ing department to evaluate ncBw or colnprting 
processing supplies sueh as cleaning coo~pounds, 
stabilizers, vitamin additives, anti-oxidants, etr., 
(3)  Assisting in the advertising and selling hy 
supplying accurate techriical data for nutritional 
claims, etc., and (4) Conducting research. The 
rrsrarch may deal with psyehrophile pmhlen~s, 
~nilkstonc. as a bacteria carric.~. checking car- 
tons for correct fill, ete. C. J. Babcock 

684. Case-Handling the modern way. C. 0. 
I)AVIS, JR.  Milk Plant llonthly, 43, 4 :  13. 
1954. 

The Slauson Avc. plant of Arden F a r ~ n s  Coiu- 
patty in LOS Angeles has six paper carton filling 
~nachines. I t  uses 3 "con~binc*~~;," two automatic 
stackers, two elevators, and about 1,600 feet of 
conveyor. Two fillers are for pts. and '/z pts., 
two for qts., 1 for % gal. and 1 for standby 
purposes. The combiners assrtnhlc cases con- 
taining like packages into groups of 5 for auto- 
niatie stacking. The method used in handling 
hottled nlilk is described and a di~grall l  given 
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which s l ~ o ~ v s  the arrangement I)y whirh con- 
veyors ancl autornatir stac.kc.rs route the. flow of 
bottled ~rlilk Ero~n fillvr to truck. 

C. J. Bnheork 

685. Vending milk builds "plus" sales for 
Michigan milk distributor through factory out- 
lets. ~ \ s o s .  Milk I)e:~ler, 43, 7 :  78. 1954. 

.loppo's 1)airy Co., Grantl I(:~pids, Alic.11.. has 
some :3H rt.~~cling ~~~arhincbs of the selcctirc type 
installed in s variety of locations - mostly f:~c.- 
tories. Unit venc1t.d is a 10 oz. rontainer for 104, 
and itt21ns c.arried include horr~ogt~nizc.d milk, 
chocolate milk, huttermilk, and oritngr or grape 
drink. JIarhines have a capacity of 105 units 
fo r  d i red  vending and another 100 units in the 
storage con~partn~ent.  Experience of the Joppe 
fir111 shows that a factory with 150 c~nployec.~ 
will average ahout 100 sales per day. I n  hot 
weather, fruit  drinks such as orangr and grape, 
or  huttermilk are popular, but nortnally the 
sales run ahout 60% hon~ogenixc!d milk ant1 40% 
chocolate 111ilk. Joppe chocolate sales run higher 
than in many ~narkets because the fir111 puts 
out a particularly fine chocolate milk conta ini~~g 
3% butterfat. C. J. Babcock 

686. Steps in plant design. G. fl. JOHNSON, 
Hertel, Johnson, Hipper, Stopa & Culver, Chi- 
cago, Ill. Milk Dealer, 43, 7 :  42. 19.54. 

A case study of the basic steps in planning 
a new milk pasteurizing plant is presented. The 
plant consists of :  (1) Dairy har to acrolnnlo- 
date 40 customers, (2 )  Bottle washing room for  
10  wide washer, (3) Raw milk receiving by 
tank truck, with tank storage in processing 
rooln, (4)  Processing room to accornt~~odate 
5,000 Ih. per hr. HTST pasteurizer and aux- 
ilaries, two 300 gal. surge tanks, small paper 
bottle n~achine, a 10 valve glass filler, a hoodvr, 
and the necessary pumps, controls, and con- 
veyor, (5) By-products room for  cottag11 cheese, 
(6) .Warehouse of 1,200 sq. ft., ( 7 )  Space for 
refr~geration equipment and boiler room, (8) 
Small laboratory, (9 )  OWce facsilities, toilc.ts, 
and  locker room, and (10) Garage of approxi- 
mately 3,500 sq. ft. to acco~n~l~odate two serv- 
ing stalls, one trailer loading dock, one tank 
trurk stall, and spaeta for storage of six retail 
trucks. Diagrau~s sho~ving the plant lay-out are 
given. C. J .  Bahrock 

ICE CREAM 
687. Flavor scoreboard. Ice Cream Tr:~de .T., 
50, 3:  36. 1954. 

I.A.I.C.i\l.'s flavor analysis for 1952 produr- 
tion showed that the industry made 174 differ- 
ent flavors. 72% of' tht* volu~nc. was vanilla 
(51.420/,), chocolate (12.2%), and strawberry 
(8.66%). Var. chocolate, cherry vanilla, hutter 
pecan, peach, luaple nut, coffer and var. stmw- 
berry were next in order of popularity. A tahle 
is presented whirh shows the flavor preference 
by districts. \V. 1%. Martin 

688. Sherbet flavor ratings. I r e  Cream Trade 
J., 50, :< : $2. 195.4. 

The. 1.A.1.C.31.'~ shrrh(.t flavor r:lting study 
showc.cI t11:lt 1#2 plants, representing 1,870,147 
gal., n~:~clr 32 shrrhrt flavors. Or:~n~c,, pinrap- 
ple, rasphc~rrg, l in~e and lan~on wrrr the   no st 
popul:~r r:lric~tic.s. W. 11. A,l:~~.tin 

689. I f  profits a re  down, stop, look and think. 
11. I~LA( .K ,  Howard Black Chtarrg Co., 'l'ravt~rse 
('ity, AIich. I r e  Cream Rev., 37, 9 :  56. 1954. 

The tluthor suggests that the priring of pack- 
aged ire creanl solcl through self servic*e rahinets 
in food markets should be changed to rc~flect 
the actual cost of produring the different flavors 
of ice cream offered for  sale. A high percentage 
pf packaged ire eream sales in food ~~ra rke t s  
1s In special flavors. Sinre the use of fine 
flavors in adequate a~nounts eosts more to pro- 
duce, this added cost should he reflected in the 
retail prier. I f  this prartice were adopted, the 
author contends that the ice cream manufac- 
turers would not have to skimp on the cluantity 
or  quality of flavor used and that thr rc.sulting 
icae caream would he improved to a point where 
people would go out of their way to purchase 
this ice cream of superior quality. 

The practice of offering quantity rehates to 
ice cream retailers is outmoded and should be 
discontinued. The rehate system had its place 
when deliveries were made by horse and wagon 
and when ice and salt cabinets were used but 
today with mechanically refrigerated rahinets 
and trucks, the rebate system is not in keeping 
with the ti~nes. Under present conditions ice 
rrratn manufarturers should hold their dealers 
hy means of a high quality product rather than 
with a rehate check. W. J. Caulfield 

690. Some production problems. H.  F. DE- 
PEW, Kational Dairy Products Corp., New 
Pork, N. P. Ice Cream Rev., 37, 9: 50. 1954. 

This is the first of series of two articles deai- 
ing with current production problrms in the ice 
crearn industry. The produrtion problenls of 
major i~nportanee as determined by contacting 
six production supervisors were personnel, ex- 
cessive number of items produced, production 
planning, overrun variation, coliforrn organ- 
is~ns, ice cream turnover, and quality, sanita- 
tion and housekeeping. 

Of the seven proble~r~s listed, the personnel 
prohlen~ was considered to he most important 
a t  the present tin~e. In  dealing with the per- 
sonnel prohletn the author camphasizes the im- 
portance o f :  (1) Careful screening of appli- 
cants, ( 2 )  Adequate preparation for  the job 
so that the employee will he familiar with com- 
pany policies, the physical plant, his fellow 
employees and what will be expected of him 
in the work he is to perform, (3) Adequate on 
the job training so the en~ployee understands 
the why and how of the job assigned to him, 
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(4).  !)evc.loptl~ent of pronlising young nlen to 
poslhons of greater responsibility, including 
gracluates of dairy sc~hools. 

The production of an  c~xcc~ssivc nutuber of 
itelus has boc.n a fartor in rtlducing plant efi- 
ciency. A wide variety of itetns produced in 
small volut~lc n~akc.s for unc~rono~nic.al produc- 
tion. Close rooperation and planning between 
the sales and production departments is essen- 
tial in dt~tert~~init lg what itelus are to he pro- 
duced. W. J. Caulfield 

691. Some production problems. H. F. DE- 
PEW, National 1)airy Products Corp., New 
York, N. Y. I r e  Creatn Rev., 37, 10 :  69. 1954. 

This is the coneluding article by the author 
dealing with current production problems in 
ice crea:n plants. In  the previous article the 
suhjects of personnel and production of an  ex- 
cessive number of items were discussed. I n  the 
present article the sub.jects discussed include 
production planning, overrun variation, coli- 
fort11 bacteria, turnover of stock, and produc- 
tion lossc~s. W. J. Caulfic4d 

692. Efficient packaging cuts ice cream mar- 
keting costs. I. HILT., Ivan Hill, Inc., Chicago, 
Ill. Ice Crealn Rev., 37, 10 :  104. 1954. 

The linerless paraffined ice cream carton is 
considerchd to he the most desirable low cost 
package for ire cream. The cost of the linerless 
carton was estitnnted to be 5.4% of the retail 
selling price in the case of pts. and 5.6% in 
the raw of the % gal. cartons. 

Data are presc~ntcd to show that in ruany 
other products the package and label cost nlay 
range frotu 2.7% of the retail price in the case 
of cigarettes to 23% in the case of baby foods. 
A carton cost rclprescnting only 5 4 %  of the 
retail price is well below the average for Inany 
packaged products. CV. .I. Caulfield 

693. Dual operation of HTST pasteurization 
of milk and ice cream mix in the plant. 1). A. 
SEIRERI,ING, hl. .J. [)OTTER, and 11. C .  BURKEY. 
lee Creanl Traclr .l., 50, 4: 36. 1954. 

A dual oprration of IITST pasteurization of 
milk and ict. cream rrlix with n r:lpacity of 300 
gal. of t t~ is  or 600 gal. of rtlilk per hr. has been 
devc~lopctl for a st11al1 plant in Ohio. A schrtuatic 
diagraul of the. hykteltl is present~d. 

W. 11. Martin 

694. Our experiences with HTST mix opera- 
tion. F. R ~ s n r r . s s ~ ~ ,  JR., Hieck Ice Crcar~l Co., 
Plttshurgh, I'a. Ice Crennl Trade J., 50, 3:  30. 
1954. 

Fiesihility 1nak1.s i t  possihle to handle a wide 
variety of raw nlaterials and a nutuber of dif- 
ferent types of nlix in the nc3w Ricbck Ice Cream 
Co. plant in Pittsburgh, which has a rapacity 
of 1,600 gal. of tuix per hr. Controls have hren 
installed to prevent ingredient losses and costly 
restandardization. These objectives have been 
reached without any sacrifice in quality. Short 

time high teo~perature pastc.urization is uscld 
to savc2 floor space, and less equiptncwt and a 
Inore silnplified process in trrtus of labor and 
control. I)c4ails of the proct.ssing arcB givcxn. 
More stabilizer was fouttct necctssnry when the 
short tirue high tctupc~raturc pastc~urization was 
used. I\-. 11. Martin 

695. New advances in sherbets. G. II.LF:S, 
A. E. Illes Co., I)allas, Tex. Sou. Dairy Prod. 
*I., 55, 1 : ,it?. 19.54. 

The two tuajor advances in sherhets since the 
war have hecln increasing volunle of sales and 
illlprovc~d forlnulas. Sa1c.s of sherbet during 
the first 9  no. of 1963 exceeded those for sirnilar 
pc~riods 1947-51 by 1167u. Better fortnulas have 
provided for better stabilization, increases in 
sugar content fro111 20-22% to 2834% includ- 
ing monosaccharides, and increases the total sol- 
ids. Suggested formulas range frntll 22 to 23% 
sugar, 1 to 27; butterfat, 2 to 3% serum solids, 
6 to 8% ddetrosc~, 0.5% stabilizer, and 8 to 1 2  
oz. of 50% citric acid per 10 gal. of nlis. 
Sugar should be added just hefore freezing. 

F. \V. Bennett 

696. Coliform in ice cream from the manu- 
facturer to the consumer. J .  11. FRAYER, Vt. 
Agr. Rxpt. Sta., Burlington. Ice Crc~atu Trade 
J., 50, 3: 62. 1954. 

In  a study of eoliforln in ice creatn, i t  was 
found that pasteurization presented no particu- 
lar prob11.111. Holding vats ntay be n source of 
inereased counts if the tnis is held for a n  
~.stmdetl  tilne. Everything the tltix touches 
should be thoroughly c1rant.d and sanitizcld. 
Products added a t  the freezer should I)(. ron- 
tinually cheeked. Hand fortt~ed containc.rs nlay 
cause trouble if operators art. not properly 
instructed on the necessity of striet personal 
sanitation. Dipping operation was found to be 
the grtwtest sourrc. of colifort~~s in ire rrealn 
a s  sc.rvc.d. Most tnoving water types of dipper 
wells sc.ru~ed to he satisfactory whilc still wa- 
tor wells were unifortttly had. CV. 11. Martill 

MILK AND CREAM 
697. Effect of freezing rate on stability of 
frozen milk. 1). I i o s ~  and H. TESSIEK, Nat. He- 
sc1:trc.h I.:ll)., Ottawa, Can. ('an. J .  l'ec.hno1. 32, 
3 :  85-90. May, 1954. 

Milk and conc.entrated nlilk htor(.d a t  -1%' C. 
( + l o 0  F.) ( a  trnlperature se11.ctt.d ns the up- 
per litr~it of nortt~al eoltlltlc.reial storage and 
handling conditions) were nlost stablr when 
froxen slowly over several hours than when 
frozen in 11.s~ than one hour. The least stable 
~ni lk  was obtained hy freezing a t  a very rapid 
rat(. in liquid nitrogcan. Storage life a t  -12O C. 
was also inc*reasc.d by holding partially frozen 
satnples a t  -3" C. for  up  to 48 hr. before stor- 
age. Storage life a t  -18' C., the lower litnit of 
readily available comtnercial storage facilities, 
was not greatly affected by freezing rate. 
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I t  is suggested that slow freezing allows tittle 
f o r  the establishnltmt of new equilibria under 
the stress of tenlperature and concentration 
changes, thus increasing the stability of the 
.colloidal suspension. 0. R. Irvine 

698. Estimation of protein denaturation in 
frozen milk. D. ROSE, Sa t .  Research Lah., Ot- 
tawa, Can. Can. J. Technol., 32, 3: 78. 1954. 

The volunle of milk solids settled by a staud- 
ard centrifugation procedure gives a rapid 
and  convenient Itleasure of denaturation during 
frozen storage, but to obtain acceptable results, 
close eontrol of tenlperatures and holding tintes 
during preparation of samples fo r  centrifuga- 
tion is necessary. Density of the precipitate, 
and therefore its volun~e, is also affected by the 
force and duration of centrifugation, pH,  and 
ather undetermined factors. For  studies requir- 
ing more accurate data, a determination of total 
nitrogen in the supernatant milk is reconl- 
mended. 0. R. Irvine 

699. The effect of K- and A-carrageenins on 
the viscosity of milk. I). B. SMITH, Nat. Re- 
search Lab., Ottawa, Can. Can. J. Technol., 31, 
10: 209. 1953. 

Commercial carrageenin was separated into 
two fractions, K-carrageenin being precipitated 
in KC1 soln. This fraction resulted in greatly 
increasing the viscosity of pasteurized, hotnoge- 
nized milk, its action heing dependent on K ion 
nor~nally present in nrilk. 0. R. Irvine 

700. Some mechanical features of a plate- 
type HTST pasteurizer. S. A. HAWEN, F. \V. 
WOOD, and H. R. THORNTON, Univ. of Alberta, 
Edmonton, Can. Can J. Technol., 31, 10: 231. 
1953. 

A 1000 Ih./hr. plate pasteurization with a 
15-sec. holding t~ ihe  was subjected to study be- 
fore and after rtbarrangelnent of the plates in 
the heating section. Time-ten~perature curves 
for the entire process are givm. Air pockets 
in a downward-sloping holding tube derrrbased 
the holding tirne hy as luurh as 50%. Holding 
time on (1ivertt.d flow was 2 see. 1c.s~ than on 
forward flow as a restrirtor fitting was not 
installed. The pasteurizing effect of thv heat- 
ing up  and cooling intervals is con~puted and 
the total pasteurizing c~f fe~ t  is shown to b~ ap- 
prox. douhle that of the holding st'rtion alone. 
Sotnc of the puhlic hc.alth aspects of HTST 
pasteurization are discu.;setl. 0. K. I r v ~ ~ i e  

701. Phosphatase inactivation in HTST pas- 
teurization of milk. S. A. HASSEX, F. W. 
TVoon, and H. R. THORNTON, UII~V.  of Alherta, 
E:dtnonton, Can. Ci~n. ,J. Technol., 31, 10 :  2-10. 
1953. 

Phosphatase inactivation was studit4 using 
the pasteurizer described in the a l~ore  ahstr:cc~t. 
With a 15 sec. holding tube phosphatilse was 
inactivated to the 2 unit/0.5 1111 tnilk end point 
when the control ten~p.  was 157.7" 3'. The 

inactivation tittle (the total tittle the tnilk was 
not below the co~ltrol ten~perature plus the 
heating u p  and cooling equivalents as com- 
puted hy the Ball n~ethod) was 28.7 or 30 see. 
depending on plate armngenlc'nt or approx. 
douhle the rated "holding titne." W ~ C T I  the 
control telnperature was 160" F., the total in- 
activation t i~ne  was 16.8 see. and the "holding 
tittle" was 9.6 see. The Ball nlc.thod of deter- 
~nining the heating u p  and cooling equivalents 
was shown to be reasonably accurate. Inactiva- 
tion was studied between 151.3' F. and 164.1' F. 
and the inactivation tittles when plotted se~ni- 
logarithtt~ically follow a straight line having a 
Z value of 9.7" F. 0. R. lrviue 

702. Creaming impairment in HTST pasteur- 
ization of milk. S. A. EIASSEK, F. W. WOOD, 
and H. R. TIIORNTOS, Univ. of Alhcrta, Ed- 
~nonton, Can. Can. J. Technol., 31, 10:  250. 
1953. 

The itnpairrnc.nt of ereatning was studied un- 
der conditions similar to those for  phosphatase. 
(See previous ahstract.) The variability in the 
data is greater than in the case of phosphate. 
When the titne-tetnperature requirentents fo r  
inipairlnent to a certain end point are plotted 
on semilogarithmic paper, the observed values 
follow a straight line having a Z value of 12.4" 
and intersecting the 160" F. abscissa a t  15.02 
src. Detertable in~pair~nent  occurred before 
phosphatase was inactivated, a creanl vol. de- 
crease of 1 n~l .  coinciding closely with phos- 
phatase inactivation to the 2 unit end point. 
I f  the legal min i~nun~  is 161' F., most nlilk will 
he processed a t  approx. 162" F. and serious 
impairment of creaming is probable for milk 
held 1 5  see. When cream vol. is of cotntnercial 
intportance, standards of 160" F. for 1 5  sec. 
should ensure pasteurization. 0. R. Irvine 

703. An analysis of flavor research on milk. 
D. R. STROBEL and C. J. KABCOCK, Agr. Mar- 
lteting Service, Dairy Div., U.S.11.A. Milk 
Dealer, 43, 7: 80. 1954. 

A rtlview of literature indicates that no phase 
of the dairy industry has received Inore atten- 
tion by resmrch workers than the flavor of 111i1k. 
Sotne necessary repetition is encountered in this 
research work. Additional work with feeds 
should be to ilnprove the flavor arid keeping 
quality of tnilk rather than to detertnine if the 
feed in~par ts  abnormal flavor to milk. I t  has 
been definitely established that contalnination 
with certain ~netals causes the develop~nent of 
an oxidized flavor. JIany other causes reported 
have bt.en contradirtetl or clurstioned hy addi- 
tional researc.11. Future work on this flavor 
should, therefore, he to establish other definite 
causes for its developttlcnt arid tllethods for  
preventing or retarding it. RZore research is 
rtt*eded to dett~r~nine the effect of bacterial ac- 
tion on the flavor and keeping quality of ntilk. 

C. J. Ballcock 



A98 ABSTRACTS OF LITERATURE 

SANITATION AND CLEANSING 
704. Iodophors as sanitizing agents. C. K. 
JOIINS, Can. Dept. of Agr., Ottawa. Can. J. 
Technol., 32, 3: '71. 1954. 

Representative iodophors have been compared 
against chlorine and quaternary ammonium 
germicides. Test organisnls included M. pyo- 
genes v. aureus, E.  eoli, and P. aeraginosa. So- 
lutions with and without 0.5% added skimmilk 
were tested by a modified Weber and Black 
method at  5O, 20°, and 45" C. The iodophors 
compared very favorably with a quick-acting 
hypochlorite, especially in the presence of skim- 
milk. Other products tested were appreciably 
slower. In the "capacity" test the iodophors 
showed up extremely well, frequently destroy- 
ing many more "increments" of test organism 
than other germicides at  eight times greater con- 
centration. Exceptionally favorable results with 
spores of B. subtilis were subsequently found 
to be due to the bacteriostatic effect of certain 
nonionic constituents of the iodophors. 

0. R. Irvine 

705. Evaluation of sanitizing agents. P. R. 
ELLIKER, Ore. State Coll., Corvallis. Milk 
Plant Monthly, 43, 4: 47. 1954. 

Continuing trend toward more rigid bacterial 
standards plus merchandising practices which 
require longer keeping quality make problems 
of sanitation bacteriology of increasing im- 
portance. Improved procedures especially with 
chemical sanitizers have accomplished remarka- 

ble advances in flavor and keeping quality. The 
use of hypochlorites and related products, hy- 
pochlorite solutions containing wetting agents, 
quaternary ammonium compounds, and iodine 
cornpounds ,is described. C. J. Bahcock 

706. Dairy plant sanitation. C. W. ENGLAND, 
C. Y. STEPHEXS Daily Industries, Washing- 
ton, D. C. The Milk Prod. J., 45, 6: 31. 1954. 

Good sanitation as applied to the dairy plant 
means the thorough cleaning after each use of 
all equipment, followed by a sanitizing treat- 
ment to render it practically free from micro- 
organisms, without damage to the equipment. 

Tre~nendous in~provements in methods, mate- 
rials and equipment for use in cleaning have 
been made in recent years. Consequently, the 
maintenance of good sanitation in a dairy plant 
is easier than it was a decade ago. Contributing 
factors include : (a)  better materials for water 
softening, (b) better basic cleaning materials, 
synthetic detergents, surface active agents and 
better cleaning compound formulations, (c) 
better cleaning acids, (d) better sanitiz~ng 
agents, (e) the work of the 3-A Sanitary Stand- 
ards Committee, ( f )  the advent of in-place- 
cleaning with recent improvements in ferrule 
and gasket design and improved engineering, 
and (g) the 0-R system of cleaning. These 
items and can washing and bacterial problems, 
i.e. coliforms, psychrophiles, thermophiles and 
thermodurics are briefly discussed in the article. 

J. J. Janzen 
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FOUR FREE TECHNICAL BULLETINS 
Containing Latest Data on 
Dairy Sanitation 8 Maintenance 

1. Pipeline Milkers-Better Cleaning Methods 

2. Bulk Milk Tanks-Practical Farm Sanitation 

3. Modern Dairy Plant Sanitation 

4. In-Place Lines-Efficient Cleaning 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 I m I 1 1 1 1 - I I - I I I  

To get your free copies, just send your name and address and the 
names of the bulletins you wish. Write: B-K Dept., Pennsylvania Salt 
Manufacturing Co., 661 Widener Bldg., Philadelphia 7, Pa. 

Mention 

Journal of Dairy Science 

When Answering Advertisements 

THIS HELPS BOTH THE ADVERTISER AND YOU 

Your advertisement is being read in every State and in 45 Foreign'Countriea 



Everything's New 

Mention 

Journal of 
Dairy Science 

When Answering Advertisements 

T H I S  H E L P S  B O T H  T H E  

A D V E R T I S E R  A N D  YOU 

Many dairies that have built and equipped 
complete new plants are still using Mojonnier 
Model D Milk Tester installed in original 
plants twenty-five or thirty years ago. The 
Model D has a record of over thirty-five years 
of fast, simplified, accurate testing, and many 
of the first units built are still in daily use. 

Copies of the 

20-YEAR INDEX 
covering Volumes I to XX, inclu- 
sive are available at the following 
prices : 

MEMBERS 

. . . . . . . . .  cloth Bound $2.35 

Paper Bound . . . . . . . . .  2.00 

NON-MEMBERS 

Cloth Bound . . . . . . . . .  $5.50 

. . . . . . . . .  Paper Bound 5.00 

a Through the years, many refinements in 
design and operation have been made, and 
today the Moionnier Model D is, more than 
ever, the Dairy Industry's best value in testing 
equipment. It is being used for testing all 
kinds of dairy products for both butterfat and 
total solids, by manufacturers in all branches 
of the Dairy Industry, as well as by food 
control and government laboratories, in the 
U.S.A. and abroad. For additional informa- 
tion, write for Bulletin 225 to: 

MOJONNIER BROS. CO. 
4601 W. OHIO ST., CHICAGO 44, ILLINOIS 

0 0 

nto;yolunwr. D MILK TESTER, 
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Reg. U. S. U U 1 Pat. Off. u I 
FRIGIDRY I 

Reg. U. S. Pat. Off. 

DAIRY CULTURES 
Frigidry fyophilized dairy cultures help take 
the guesswork out of buttermilk, cottage cheese 
and Yoghurt production. They are produced by 
sub-zero, high vacuum techniques resulting in 
a uniform and quick acting culture for pmvid- 
ing optimum acidity and aroma in mother cul- 
ture. Save Time-Save Money-Avoid Trouble. 

Frigidry lyophilized dairy cultures are supplied 
in sealed serum bottles each containing 2 grams 
of dry powder. Each bottle makes 1 quart of 
mother culture. Frigidry cultures are guann- 
teed to give satisfaction or will be replaced 
free of charge. 

Order through your 
Dairy Jobber or Direct 

Standard Culture $2.75 Postpaid* 
Yoghurt Culture 3.00 Postpaid 

* $2.50 on standing orders 

Write for  folrlrrs %ir ing f u l l  i l~ fo r~n :~ t ion  
on and  directions fo r  11sing Fr igidry  cul- 
tures-also li terature des r r ib i l~g  G.B.I. 
r"p Cream Stahilizers nnd Emulsifiers. 

GENERAL BIOCHEMICALS, INC. 
LABORATORY PARK C H A G R I N  FALLS, O H I O  

d 

/ REVOLUTIONARY / ' I ( NEW CLEAWING \ 
1 \ METHOD FOR / ; 
I I / HIGH \' i 
I ) TEMPERATURE / 1 
\ EQUIPMENT \ 

Again Klenzade leads with a remarkable new 
cleaning chemistry advance - C helat ian.  
Init ial cleaning with Klenzade O-R Organic 
Acid Cleaner is followed with Klenzade O-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 t o  you that this revolutionary 
chemical cleaning advance - the Klenzade 
O-R System - wil l  definitely save you hundreds 
of dollars annually. 

+\c Q 

Write for Details / y, \ 0 

-.-.r---y.;;--r* &cCr :> 
ZADE PRODUCTS, INC. 5_-9-2 

BELOIT. WISCONSIN 
bV\ : 

-?n)"'*>b 4 
' Branch Olkces and Warehosses In PrVnctpd CItIer ' E,.-A - - - - - -- - . J  

Your advertisement is being read in e very State and in 45 Foreign Countries 



UNIFORhf ITY 
IS Ih lPORTANT!  

DAlRY PREPAR Leading agricultural 
schools and colleges 
agree tha t  t l ~ e  regular 

or High Quality Dairy Produ ~ e e k l y  use of FLAV- 
- . - - -. -- 0-LAC F L A K E S  as -  

sures uniformity of 
[7 CHEESE RENNET AND COLOR 

0 COTTAGE CHEESE COAGULATOR 

ANNATTO BUTTER COLOR 1 YOCHURT  CULTURE^ 
0 DANDELION BUTTER COLOR 

IJ CERTIFIED BUTTER COLOR ( s l~o \ rn )  protluee a quar t  of the finest 
s t :~r ter  on n single propagat~ou.  Single 

IJ STARTER DISTILLATE bottles $5.00. 

ICE CREAM COLOR 
N e w  Cheddar Cheese Cu l tu re  

IJ LACTIC FERMENT CULTURE Flav-0-Lac Flakes S. durans 
CULTURE FLASKS $2.00 (plus postage) 

CULTURE CABINETS 

TESTING SOLUTIONS 

IJ ODORLESS TYPE DAlRY FLY 
SPRAY DAIRY LABORATORIES 

Check and M a i l  for Literature Mrd & Locust Sts.. PhUa. I). Pa. 

CHR. HANSEN'S LABORATORY, INC. 
MILWAUKEE 14. WIS. 

Now Available. . . 
a limited supply of the new 

DECENNIAL INDEX 
of the JOURNAL OF DAlRY SCIENCE 

Covering Volumes XXI-XXX. All Copies Clothbound. 

COST: Members, $6.50 Non-Members, $7.50 

Send check or money order to the 

AMERICAN DAlRY SCIENCE ASSOCIATION 
Ohio State University Columbus 10, Ohio 

.. 
Your advertisement is being read in every State and in 45 F o r e i ~ n  Countries 



C U L T U R E  M E D I A  
for Examination of Milk 

is recommended for use in determining the total bacterial plate count of milk 
in accordance with the new procedure of "Standard Methods for the Exami- 
nation of Dairy Products" of the American Public Ekalth Association. This 
media does not require addition of skim milk. 

Upon plates of medium prepared from colonies of the bacteria occurring 
in milk are larger and more representative than those on media previously 
used for milk counts. 

is recommended for use in determining the bacterial plate count of Certified 
Milk. The formula for this medium corresponds with that suggested in 
"Methods and Sandards of Certified Milk" of the American association 
of Medical Milk Commissions. 

BACTO-VIOLET RlCb B m  AGAR 
is widely used fop dirat pbte counts of coliform bacteria. Upon plates of 
this medium acc- manta of these organisms are readily obtained. 

are very useful liquid media for detection of coliform bacteria in milk. Use 
of these media is approved in  "Standard Methods." 

Specify *dDIFCO" 

T H E  TRADE N A M E  OF THE PIONEERS 

In the Research and Development of Bacfo-Peptone and Dehydrated Culture Media 

DETROIT I ,  MICHIGAN 
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