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How Duraglas milk bottles help 
Dairies to greater profits ! 

\( At the forming machines. . . at the lehr 
. . . at the raw material location- 
strict QUALITY CONTROL rules in the 
manufacture of Duraglas milk bottles. 

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

\I In addition, Duraglas bottles have 
a "High-Luster" finish that keeps . 
bottles glistening trip after trip. ' 

Dairies are assured of the finest bottles 
always because continuing research 
at the Duraglas Center keeps Duraglas 
bottles in the quality lead. 

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

ACL4och bottle con be a #'totking soles- 
man" for the dairy with Applied Color 
Lettering designs. Stock deaigm are always 
available, and our atdm are ready to develop 
special d&gm. 

Your advertisement is being rend in every State and in 45 Forelgn Countries 
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-lells bow to test dairy products accurately 

If you sample or test dairy products the Babcock test; how to test milk, 
you'll want the new 4th edition of cream, butter, cheese, ice cream; 
the famous Kimble Dairy Manual. tests for milk with sugar or choco- 

Specially prepared after months late; eight others. Also pertinent 
of research, the Kimble Manual for tables and a listing of Federal and 
Dairy Testing gives information on State Standards for dairy products. 

KIMBLE GLASS -roLmo 1. o,m 
Division of Owens-Illinois Glau Company 

I 
I : Division of Owens-Illinois Glass Company I 

Send for your free I Toledo 1, Ohio 
I 
I 
I 

copy today I Please send me a free copy of the new Kimble Dairy Manual. I 

: Name I I 
I 
I 
I : City State I 
I 

L I I ~ I ~ I ~ I I . I I I . I I ~ I I I I I I I . . I ~ ~ ~ I ~ . I ~ I I I ~ ~ I ~  

Your advertisement is being read in every State and in 46 Foreign Countries 
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I ineludinq junior I) 

Vanilla is the heart of the ice cream 

business. Millions of youngsters and their 

parents consume more vanilla than all 

other flavors combined. So it's only 

common sense to cash in on this 

overwhelming preference with the best 

vanilla flavor in your market! 

Mixevan powdered vanilla flavor 

endows a delectable, delicate taste- 

subtle but steady. Always reliable, 

between Mixevan and extract 

flavor on your first try. 

The kind of difference which 

shows up on sales reports-fast. 

We mlll rrladly co-operate 
In any leaf you r lah  
lo conduct. I 

Michael lor Special User 
TRUE VANILLA SUGAR 
for custom mode ice cream 

TWIXT for popular-priced 

CREST for use in novelties 

DAVID MICHAEL & CO., Incorporated 

Hol f  o Century in the Flovortng Field 

3 7 4 3 - 6 3  D STREET. PHILADELPHIA 24 ,  PA. 

For further information and prices see our representative or write direct 

Your advertiselnr~it is I~eing read in every State nnd in 46 Foreign Countries 



.70URNAL OF DAIRY SCIENCE 

I 

with 

ACID-KLENZ 
AND THE 

@ h @ - S u  FEEDER 
Acid-Klenz is an organic acid de- 
tergent that is highly effective for the 
removal of milkstone and the retard- 
ing of bacterial growth on all milking 
and milk producing equipment. 

Dairy farms and plants as well as 
cream stations find it equally effec- 
tive for stabilizing hard water, 
emulsifying milk fats and suspending 
milk solids quickly and effectively. 

Chem-o-Shot proportioning equipment 
gives accurate control to prede. 

termlned pH level for guaranteed 
results. 

Write for special literature describing 
fully the Klenzade method of main- 
taining Sparkling Clean Milk Cans. 

UNTFOR3IITY 
IS IJIPORTANT! 

1,eading agricultural 
schools and colleges 
agrcc tha t  the regular 
weekly use of FLAV- 
O-LAC FIJAIIES as- 
sures uniformity of 
smoothness, aroma and 
fiavor in fermented 

[YOCHURT CULTURE( 

(shown) produce a q 

S P E C I A L  FLAV-O-LAC F L A K E S  "40" 
produce  40 quar ts  of star ter  o n  a ringlm prmp- 
agation. Single bo t t les  $3.75. P lus  postage. 
Free C u l t u r a l  M a n u a l  o f  Fermented  Milk 
Produc ts  o n  request. 

DAIRY LABORATORIES 
esrd & Locust Sts.. PhUa. 3, Pa. 

BRANCHES 
Baltimore 

See our cntalog in Dairr Industriea Cntuiog 

DAIRY PREPARATIONS 
For High Quality Dairy Produrn 

EESE RENNET A N D  CpmAn 
CHEESE COAGU 

TTO BUTTER COI 
NDELION BUTTER CC 

!TIPIED BUTTER C O l  
STARTER DISTILLATI 
ICE CREAM COLOR 

C FERME N T  CULYl 

&1RY FLY 

Your ntlvertisement is being read in every State n n 8  i n  4: I'orripn C o ~ ~ ~ l t r i r s  
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fast cooling in  h igh volume. 
I n  addit ion,  it protects purity a n d  flavor 

with a completely closed system- 
usually eliminates o n e  o r  more  pumps- 
saves floor space a n d  fits readily 
in to  a n y  production layout. New plates 
can be  added  economically a t  a n y  
time t o  expand capacity. 

Ask your  CP Representative 
fo r  full details  now. 

F* MFG. COMPANY 
Generol and Export Offices: 1243 W. Washington Blvd., Chicago 7, Illinois 

Branch Oflices in  21 Principal Cities 
CREAMERY PACKAGEMFG.CO.OFCANADA,LTD. THECREAMERY PACKAGEMFG.COMPANY,LTD. 

267 Kinp 51.. West. Tormnto 2, Ontorio Mill Green Road, Milcham Jundion, Surrey En~land 

Your advertisement i s  being rend in Pvery State and In 45 Foreign Countries 



FARM SEDIMENT CHECK-UP 
One of the most valuable aids to clean 
milk production developed by John- 
son & Johnson, is the Rapid-Flo Farm 
Sediment Check-up. Based on the 
safer, more reliable filtration char- 
acteristics of New Formula Rapid-Flo 
Fibre-Bonded filter disks, producers 
can see for themselves what kind of 
sediment and how much is getting 
into milk and are stimulated to take 
corrective steps to eliminate causes. 
As producers themselves say, "A 

clean, used filter disk is a badge of 
merit of a good dairy farmer". 

Milk plants urging producers to use 
the Rapid-Flo Farm Sediment Check- 
Up daily show an immediate decrease 
in the number of #3 and #4 sediment 
tests resulting a t  the plant; increased 
good-will among patrons; improved 
quality and lowered costs. Ask your 
Johnson & Johnson Filter Products 
DivisionFieldServiceRepresentatives 
for details. 

The RAPID-FLO Farm Sediment Check-Up 
_% 1. After filtering each 

can of milk ( 1  0 gallons 
or less1 carefully re- 
move the used filter disk 
from the strainer and A =lean disk clfter 
placeitonacardboard filtering is the wMerit 

to dry. Badge of good dairy 

- 2. When i t  is dry, ex- 
amine the disk closely. 
Identify the sediment 
or extraneous matter, 
in order to determine 
where i t  came from, 
so you con prevent any 
more getting into milk 
in the future. 

Your aclrertiscmrllt 1s being rcild in cv1,ry State and ill 49 Borr.ig11 Countriua 
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LACTOSE CRYSTALLIZATIOS IN DRY PRODUCTS O F  MILK. I. A 
METHOD FOR ESTIMATIXG TIIE DEGREE O F  CRYSTALLIZATION 

R. P. CHOI, C. W. T.4TTERl AND C. M. O'RIALLEYZ 

TAe American Dry M51k Institute, Iilc., CAicago, Illinois 

I n  continuing the study (2) on the state of lactose in dry prodncdts of milk, 
a different approach to determine the degree of crystallization of lactose has 
been investigated. I11 a saturated solution of lactose the alpha and beta forms 
of lactose are in equilibrium with one another and with the crystalline a-lavtose 
hydrate solid phase. Crystalline a-lactose hydrate when added to such a solu- 
tion will not dissolve. On the other hand, amorphous or "glass" lactose, which 
is a snpclrsaturated solution of lactose, will dissolve because this essentially 
amounts to diluting the lactose "glass." Likewise, crystalline p-lactose will 
dissolve because of its greater solubility in water than lactose hydrate ( 5 ) .  
Therefore, when a tlry proclnc*t of milk, which may contain a- and p-lactose in 
either the arnorpho~~s or crystalline state or both, is aclded to a saturated solution 
of lactose, only crystalline a-lactose hydrate will remain undissolved. If the 
suspension is centrifuged quickly to prevent any appreciable seeding or crystal- 
lization from occurring, then, by analyzing the supernatant liquid for the amount 
of lactose which has gone into solution and also for the total lactose in the dry 
sample, the degree of crystallization can be calcnlated. 

METHOD 

A solution of lactose, saturated a t  25" C., was prepared by dissolving exactly 
22.8 g. of lactose hydrate (c.p.) in 100.0 g. of distilled water. The solution was 
covered with a thin layer of toluene and allowed to stand a t  least 21 hr. before 
use. Exactly 25.00 g. of the saturated solution were weighed into a 50-ml. 
Pyrex centrifuge tube ancl the content brought to the temperature of 25" C. in a 
constant-temperature water bath. A11 accurately weighed quantity of dry pro- 
duct of milk (5.00 g. for nonfat dry milk solids or 3.5 g. for dry whey solids) 
was quickly added to the saturated solution. The tube was tightly stoppered 
with a rubber stopper, shaken in the water bath for 1 min. a t  the rate of about 
two short excursions per second and then immediately centrifuged for 2 inin. a t  
about 1,500 r.p.m. The supernatant licluitl was cvirefully ( l ( ~ ~ n t e d  into a dry 
test-tube. Total solids were determined on the supernatant liquid using the 

Received for publication March 2, 1951. 
1 Present actdress: Beatrice Foods Co., Chicago, Ill. 
2 Prcsel~t  address: Dry Milks Inc., 308 W. W a s h i ~ ~ g t o ~ ~  St., Chicago, Ill. 
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A.O.A.C. method for fluid milk (1) .  Lactose in the supernatnnt. liclllid was 
determined by the Hinton-Macara method (3)  by accurately weighing an aliquot 
of 3.5 to 4.0 g. into a 100-ml. volumetric flask and diluting to rolume after pre- 
cipitating the proteins with 5.00 1nl. of precipitating reagent. Twenty-five ml. 
of the clear filtrate were oxidized with the chloramine-T reagc.nt. 

From the per cent of water in the super~iatant liquid, as cdalculatecl from the 
total solids content, the lactose c.oncentration can be expressed as grams of lac,- 
tose monohydrate per 100 g. of water. The per cent of the to td  lactose that is 
in the crystalline a-hydrate form may be calculated as follows: 

Crystalline lactose hytlrat? (as p:>r cent of total lacto.;(.) = 

C is the concentration of lactose in the supernatant liquid in grams per 100 g. 
of water, N is the weight of dry sample used, and L is the per cent of lactose in 
the dry milk. The factor 20.4 represents the 111unb(>r of grams of water in 25 g. 
of the saturated lactose solution. 

RESULTS AND DISCUSSION 

The accuracy of the preseilt method for thc. tlcterlnination of c.rystallinc 
a-lactose hydrate is clrpentlent, to a large c~steiit. 11poi1 the a~nonnt of crystalli- 
zation that may take place nhtw the. tlry milk product is shaken \vith the 
saturated lactose solution. Except in the case where all of the lactose is present 
as the crystalline a-hydrate, thc resultant solution is supersaturated to various 
degrees with respect to lactose. Ln the absence of nuclei of a-lactose hydrate, 
spontaneous crystallization probably will not occur, since the degree of super- 
saturation is well below the super-solubility of lactose (7 ) .  Ilowever, with 
products c.ontaining both a-lactose hydrate ant1 a ~ i i o r p l ~ o ~ ~ s  lactose, crystallization 
may take place in the I-miu. shaking period ant1 during part of thc~ centrifuging 
period. Therefore, a series of experiments was conducted to investigate this 
factor. Crystalline a-lactose hydrate powder (c.p.), crystalline P-anhydride 
(c.p.) and a spray-process nonfat dry milk solids in which the lactose is amor- 
phous were used to prepare mixtures of varying cmcentrations of crystalline 
a-hydrate to correspond to different degrees of crystallization of the lactose. 
Each mixture contained a total of about 2.5 g. of lactose, approximately the same 
quantity as present in the amount of dry milk sample used for analysis. The 
concentration of p-lactose was maintained a t  the equilibrium value and assumed 
to be unaltered until all of the a-lactose has been crystallized. This assumption 
is reasonable, since the rate of crystallization of a-lartose in dry products of milk 
probably is much faster than the rate of conversion of Beta to alpha form. The 
rilixtures were analyzed by the method described above. The ainount of lactose 
which dissolved in the saturated solution is compared with the theoretical 
soluble lactose, which is the sun1 of the p-lactose and the lactose contributed by 
the nonfat dry milk solids. Data are presented in table 1. 

It may be noted that lactose hydrate (mixture 1 )  does not dissolve in the 
saturated solution. For mixture 'i containing only 5.00 g. of nonfat dry milk 



solids 97 to 99 per ccint of the total lac.t,osr tlissolred, inclici~tiug little or no 
crystallizat,ion. Mistllrc~ (i consisting of 1.0 g. of crystalline a-hydrate and 1.5 g. 
of @-1i~(!t,ose shows slight crystallization. sinc:e o,nly 94 to !)G per cent of the 
p-lactose actually tlissolrecl. Oil the othw hancl, for mixtnres contailling crys- 
talline a-lactose hytlrate, @-anhydricle and aniorphous lactoscb, which is an equilib- 
rium i~lixtlire of a- and @-lactose, rc~voveries are not as gootl, a fact which defi- 
nitely indicatt.~ c.ryst;illization of the u-lacetose froill soll~tion. The l o ~ ~ ~ e r  tlcgrec 
of crystallization in the case of mixture 6: may be attributed to the fact that the 
@-lactose must untlcrgo mutarotation to the alpha forin before crystallization can 
take place. 

T A B L E  1 

Resztltn of s e c r l i ~ ~ g  r.r.pcrin~e]its ~rsijig cr,ij.stalli~ie a-lactose lr?lc7mte, sprn?~ process 
wonfat d r y  ~ni l l ;  solids ( I L ~ I I L S )  ailtl p-lactose 

( 'omposit ion Lactose soloble 
(as g. lactose hydrate /100 g. H,O) Rcco"ery in 

I n  an effort to mininlize this seeding effrct, rarious c.spc~itnenta1 collilitions 
Irere stntlied. A worlting temperature of 39" C. as x\-ell as doubling the amolult 
of each component was investigated, bnt no in~prorei~ient was f o n ~ ~ d .  Also 
studied ~vas  the effect of addition of a, dye, crystal violet. Leiphton and I ' ( ~ t ~ r s  
( 7 )  fotuld that crystal riolet \\-as one of the six dyes out of 39 stncliecl that have 
a retarding effcc+t on lactose cr~-stallization. The conc~ri~tratio~n of the (lye used 
was not reportctl by the authors. Accordingly, a fairly strong solution (0.5 
pcr cent) T T ~ ~ T R S  prvpared in a satilrwted lactose solution and clifferelit aliquots of 
this clilutctl ~vitli saturated liic*tosc solntioil to girc a total of 25.0 g. The results 
obtained intlicaatr no retarding action on cr-stallization. 

The 111c~thoi1 has been applieil to a study of the clcgree of lavtosc, crystalliza- 
tion in variol~s dry products of ~nilk.  Troy ant1 Sharp (8) have previously used 
the sccdi~lg test of IIntlsoll and Brox-n ( 6 )  and exainiaation by means of a 
polarizing microscope to stl~dj- the state of lactose in clry n~illis. These tests 
s I ~ o ~ T ~  only the prese,nce or iibsrilce of lactose hydrate crystals but give no i11dic.i~- 
tion of the clnautity prescnt. Data in table 2 show the t1egrcc.s of c.rystallization 
of lactose ill nonfat dry milk solids and dry whey solids as tl(.terrninecl by the 
pr(~st*nt method. Solifat tlry milk solitls san~pl(~s  I to G inclnsirc., were rc,latirc,ly 
frcxsh protlucts containiitg less than 4 per cent moisture. Samples 7 to 11, inclu- 
sive, which had bec~n stored in papc,r bags under high rrlatire htunidity, had 



111oist11rc contents of X to !) per cent. For the s a ~ i ~ p l e s  of d r y  whey solids the 
u- and p-lactose (.ontents were cletcr~ninc.tl by the solubility inethod ( 3 ) .  

111 all samples of spray- and  roll(>r-process nonfat tlry nlilk solids of low 
~ ~ i o i s t i ~ r c  content all(\ i l l  d ry  whey sc~litls s ; ~ n ~ p l ~ s  1 to 3, inchlsive, the lactose is 
alniost c3ntirely in  the ail~orphous stat(,. In these protlucts the ratio of /?- to 
a-lac.tcisc. is about 1.6 to 1, as determincltl by t,hc solubility ~ i ~ c ~ t h o d  ( 3 ) .  These 
rc~s~ilts (.onfir111 the obsr r~a t ions  of Troy ant1 Sharp (8 ) .  lu  the samples of 

TABLF: 2 

T)r.!~rc(' of o'!~stalliznlion of lnrtosr. i t r  ~roii/'frl (/I.!/ lrrilk solirla n,rtl ~II.!, rc,lr~y solids 

1 (spray) 
2 (spray) 
3 (spray) 
4 (roller) 
5 (roller) 
6 (roller) 

- - -~ . - 

% of tot111 1:lctose 
cryst '11 :Is 

c~lplrcr lly(lr;~trb 
- - -- - - 

So11f:lt ~ l r y  ~ni lk solids 
:5.2 
3.3 

Dry ~vhey solids 

- 

.Ilplrft-bctn lactosr (:IS % total lactose) 
- - -  - -- 

. I  lplrn 
-- .. - -. .... 

l~ol l fat  d ry  milk solids of high moisture content the lactose is crystallizctl to  the 
extent of from 39.6 to  63.2 per  cent. In the renlaining sainples of d r y  r h e y  
solids ill whicah crystallization of the lactose was ind~icded during processing to 
reduce the hygroscaopicity of the final product, the alnonnt of c.rysti~lli~~c. U-lactose 
hydrate varies from 69.7 to  91.1 per cXent of t h ~  total lactose. Thcsc values 
agree closely with the total a-lactosr as determined 1,- the solubility mc,thotl ( 3 ) .  
This fact indicates that  the a-lactosca in  these samples has been compl(~tely ergs- 
tallized and  that  the rate  of cryst:~llization of a-lavtosc. is greater than thc rate 
of isomerization of the beta to  the alpha i n  the later stage of cr,vstallization. 
F o r  this type of d ry  niillr product a determination of t h ~  amount of crystalline 
a-lac-tose hydrate also ~'ould indirectly givth the /?-lactose (.ontent. 

Applicbation of this method to the stlltly of the effects of moisture and  95 
per cvnt ethyl alcohol on lactose crystallizatioil will be described in another 
pap('r. 



X ~nc~thocl is tlescribed for rstiinating the aino~ult of crysti~lline a-lactose 
llytlrate in dry products of millr. It is based upon thc~ fac't that c r~a ta l l i~ lc~  
a-lactose hydrate is insoluble in a saturated lactose solution, while an~orphous 
lac*tose ilnd crystallinr ,fj-anhytlridr arc, holuble. The sin~ulti~nrous pr(w2nce of 
cdrystalli~lr lactosr hydrate ant1 arnorphons lactosr detdrrases s o m e ~ ~ h i ~ t  the ac- 
cduracy of the inrthocl clue to crystalliziltion. 

It has been show11 by this 111c.thod that the lactosr is noa-t-rystallinc in fresh 
nonfat dry milk solids of low n~oisturcl content and also in  solrrc, dry whey solids. 
For nonfat dry milk solids which had b(.eil allowc~d to absorb collsidrrable 
a~nonnts of n~oisture a t  high relative h111niditic.s and for dry whry solids in which 
t.rystallization had ht.ra intluc.ed tlnring mannfac t~~r ing  tlit, nlethotl shows a 
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LACTOSE CRYSTALLIZATION IN DRY 1'ROI)UCTS O F  PIIlLII;. 
11. T H E  EFFECTS O F  hfOISTURE AND ALCOHOIA 

R. P. CFTOT, C. I\.. T.\TrI'ER1 AXD C. hl. O'hIALLEY2 

Tke Liale~icnn Dl.?/ Jl i l l :  Institvtr, Inc., Chirago, IllO?ois 

I n  tlry proi111c.t~ of ~liilk ~ ~ ~ a l l ~ i f i ~ v t ~ ~ r e d  by the ordinary spray and roller 
processes exprrimrntiil eridenc.e (2, 6) indicates that the lactose is a~rlorphous. 
Up011 absorptiol~ of si~fficient ~ ~ ~ o i s t u r e ,  crystallizatio~i a.11~1 ~n~~ti t rotat iol l  takcs 
place. The amo~uit of n~oistnrc~ that n111st be present bofore lactose ciul crystal- 
lize as the ~nonol~~-clratc has not been investigatcci adequately, pres~i~iiablg be- 
cause of the lael< of a qllantitativt. ~netliocl for ~neasuring lactosc c.rystttllizatio11. 

Hausc,r ( 3 )  ancl Hansc>r and IIrring (4)  in their stl~clies of the relation of 
moistnre a~ i t l  hrat of \vc.tti~lg of dry ~vliolc inilk fo~11d a break ill the cwve a t  
about 3  prr cent ~noistl~re. T11c.y iaterprt,tetl this to be the point a t  which 
the lactosc beco~nes completely hydrated. Lampitt a ~ i d  Bnsliill ( 5 )  f o u ~ ~ c l  
coiisiilcrablr differenves brtmren spri~y- ant1 roller-process dry ~vhole milk ill the 
amonnt of f'itt extra(-table by orpiit~ic: solvclnts. Tl1c.y bt,lirvrcl that the lactose 
in  the rollrr-proccbss protlnet is c~.ystalline and that ill the SpriLy product is 
amurphous. 111 thc latter proclnct absorption of moisture. c~itlier fro111 a 1l111nid 
atmosphere or fro111 9.3 per c e ~ ~ t  ethyl alcohol cdauscs the lactosc to csrystallizc and 
frees the fat fro111 its impern~eiible coatii~g of a ~ n o r p h o ~ ~ s  lac.tosc.. The stagc 11-hcn 
the fat beco111c.s "frcca" ~1,as t)cliereil to coi~icitle 11-it11 thc crystallization of lac- 
tose. The ~noisture content Ilrcessary to 1ibc.r;lte the fat, tc~rmed the "critical 
moistnrc co~~tcn t , "  \vas fonncl to be 8.6 to 9.2 per cent for normal dry ~vholc 
111illi i~~lcl  liiglier for protlucts of lower fat content. 

T17itli the de~cloplt~elit of a ~nethocl for estin~atiilg crystal l i~~e a-lactose hydrate 
( Z ) ,  thc cffeclt of ~iioisturc ancl 93 per cent ethyl alcohol on lactose crystallizatioll 
in tlry produc.ts of nlillr (,a11 be easily stndiecl. 

I..\CTOSE CRYSI"\LLIZATIOS AT DIFFERENT MOISTURE LEVELS 

Samplrs of spray- and roller-process nonfat dry lnilli solids and spray-process 
dry ~~-hol( .  ~ni lk of raryinp nloisture contents were prepared by allowing approxi- 
niatcly 4 lb. of rach protluct to absorb moistnrc~ from a stream of wann air 
satnrated with water yapor. To pre rmt  loc.al saturation, the milli solids were 
givnl constant incrha~iical nlixi~lg in a small rotary mixchr during the adtlition 
of ~~ioisture. The Karl Fischer methocl (1) was uscat1 to f o l l o ~ ~  moisture i~bsorp- 
tion. As soon as the desirrd moi5ture contcnt had been reilcGhed, a sa~npl(. was 
coll(~c~ted ant1 storetl ill an air-tight vontaiuc~r a t  roo111 ternper;itlxrr, which rarirtl 
from 20 to 2.5' C. Several sa~npleh of each product (.overing the rilllge fro111 low 
to high moistnre contcnt \vcarc prc2l)arcd ill this miulner. These s i ln~ple~  were 
:ulalyzc~tl a t  Irno~vn time intervals for vrystiillille a-liivtose hytlrate. Results for 

Received for  publication 31arcl1 2 ,  1051. 
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2 Prt.scnt ntl~lress: Dry Milks I~ l r . ,  :308 \V. \ \ - n s l ~ i ~ ~ g t o ~ ~  St., i'l~ir:lgn, 111 
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spray-process 11011fat tlry nlilli solids, rollt~r-l)rocc,ss iloiifat clry 111ilk solicls and 
spray-l)rocc,ss dry ~vllolc l ~ ~ i l l i  are presc~littbtl ill tables 1,  P and 3, respectively. 

b'roln the results obtailled, there appears to be a "critical" moisture levcl 
for each prodnct abovt* 11-hirh crystallizittio~i of the lactosc: talitbs place readilj- iind 
extensively. For  spril?.-procc.ss ~ i o n f i ~ t  tlry lnilli solitls (tilblcl 1) a t  lnoistl~rc. 
co~itelit of 7.5 per t.?nt or below, lclss than 10 per cent of the lactosc crystallized, 
evcw after 30 clays of storagc~. hbovt? this lerel the cl(.prce of crystallization 

'I'ABLIC 1 
Resctlts o~r Iactosr erystnllizalio?~ it& spray-process .?ro~~fut dry 111i7k soli~ls 

at di f fero~l  nloistrrre levels 
- - - -  - - 

1~:tetosc cr~stallieed at diflcrent moisturc lrvcls (as % of total lactose) 
Days storcd - - - -  - 

4.i  7.1 I . . I  9.U $1.8 11.3 13.6 
- - 

- - -  - - -  - - 

0 0.9 2.7 1 .O 13.5 22.4 41.8 (i l .1 
1 2.1 6.3 3.5 20.4 32.9 55.0 63.3 
2 1 .(I 1.6 24.5 32.0 ti0.4 66.9 
:I 4.9 3.9 1 .O 21.4 33.7 ., .- (i ,.J i.!l !I. 1 22.11 43.0 ($0.4 6F.9 
!t 6.6 29.6 47.6 60.4 66.9 

14  5.3 3.5 33.0 53.5 66.5 67.7 
30 3.2 7.1 8.5 41.5 61.8 (i7.4 66.9 

- ~ - - -  - - - -- . -- - - -- - . - 

TABLE 2 

Rcsrrlts O I I  Irrclosr. o!~slczllization i n  rollcr-proc~css ?ro~rfat ilr!~ rr~ill; .soli<ls 
at different ir~oistrrre lrvc7.s 

- . - 

Lactose crystallized at different moisture levels (as % of total lartosca) 
Days storcrl---- - ~ - -- - - 

3.2 5.6 i .4 9.8 11.7 14.2 
- . - - - - - - . . - - - - --- .- 

0 1.0 0 0 34.0 62.6 74.4 
4 . . 8.2 $1.5 50.5 76.0 80.8 

14  . . .. 1.2 9.3 61.7 iG.0 i!t.O 
30 I .O 6.0 $4.3 68.3 79.5 79.9 

-. . - - pp - - - - -  - 

TABLE 3 

Resrrlts on lantos/, o~gstallizatiun i r ~  slrrn!~-l~rorms dr!~ wlrolc rrrill,: ( 1 1  ilifoc.nl ?rroislr~rc lezlels 
- - - -. - - - - - - - - 

1,nrtose crystallierd nt diflrre~it mointurc Irvrls (as % of total lartosr) 
Ihys  stored - - - - - - . - - - - . . -. - 

., 7 -. 4.9 (i. l 8.7 1ll.:3 12.2 13.6 
- - - -  - 

0 (i.2 4.5 7.5 15.9 59.5 72.2 72.i 
4 . .. (i;3.:% 67.8 i3.5 78.9 

7 - 14 7.3 4.5 I .O ii2.3 67.8 73.5 -- - - - II. ,  
28 6.2 9.0 ( .a 64.7 67.8 73.5 

- - 

73.5 
- - . - - - -. 

inc~reasecl with nloisturc content until at 13.6 per vent approxi~natc,ly 67 per c2ent 
of the lactose has crystal1izc.d. Similarly, for roller-procrss llonfat clry lliilli 
solids (table 2)  and spray-process dry whole milk (table 3 )  vchry littl? lactose 
crystallization tool; place at  and below 7.4 and 6.1 per cent, rrspectiuely. Whrn 
thc extent of lactose crystallization mas p l o t t ~ d  against moisllrc conteiit S-shape 
curves were obtained which indicated a '(critical" nloisture level of abont 6.5 to 
7.0 per cent for spray-process dry whole lnilli and ahout 7.5 to 8.0 per cent for 



both spray- and rollrr-process nonfat dry millr solids. Apparcwtly, the "criti- 
cal" moistnre lcvcl must be reacahed h(3fore the lacatose nlolecules can c-rystallize. 
As the moisture content is raiscd above this point. crystallization proceeeds 
rapidly and extmsi~ely.  It is intrrc.sting to note that both spray- ant1 roller- 
proress nonfat tlry n~i lk solids, which differ c~onsiclerably in regard to t h ~  dczree 
of dispersibility of their protei~ls but whieh have essentially the same. lavtose 
content, possess alnlost the same "critical" moisture l(3vel. 011 the other hancl. 
spray-process dry whole milk with a lower lactose content sho~irs a lower "c*riti- 
cal" moisture level. These resnlts indicate that the "critical" moisture level 
may depend on the amorphons lactose conttlnt of the prodnct,. 

The, rat(. of lactose c.rystallization at  tliffrrent moistnrc. I(.rels also is worth 
noting. For each prodl~ct very little crystallization toolz pliice ere11 after 30 
clays when the moisture content was below the "critical" Icvel. Above that, the 
rate of crystallization increased mith moisture content. For  t~xainple, for spray- 
process nonfat dry millr solids (table 1 )  a t  11.3 ancl 13.6 pcr (.elit moisture. the 
maximum c,xtent of crystallization was approached after 13 and "lays, respec+- 
tively, while a t  9.0 anel 9.8 per cent, crystallization was still progrcassing after 
30 days. Similar obser~ations van be made from the data prc~sented for the 
other two prodncts. 

LACTOSI.: ('RYSTALLIZATION IN ALC'OHOL 

Crystallization of the lactose of spray-process clry whole milk in !I.', per cent 
ethyl alcohol nest was studied in relation to fat  liberation. Tn a sericbs of ex- 
periments, varying volumes of 95 per cent ethanol (25. 30, and 35 ml.) and of 
allhydrous methanol ( 2 5  and 30 ml.), as well as a mixture of 25 ml. 95 per cent 
(.than01 and 1 ml. water, were aclded to 25-g. portions of a spray-process dry 
whole milk and the niistures a l l o ~ e d  to st,and for 30 min. a t  room temperature. 
The mixtures. which caked during this period, then were broken 11p mith a 
stirring rod. The al(.ohol mas evaporated under vaclmm at  60 to 65' C. Mois- 
ture, solubility index ( I ) ,  "free" fat  and clegree of lactose carystallization were 
determined. Two mcthotls \yere used for clett.rmining frcc or extractable fat. 
Methotl 1 was similar to that used by Laxnpitt and Bushill ( 5 )  and is as follows: 
Two g .  of the treated dry whole milk sample were allowed to stand a t  root11 
temperature in 100 1111. of carbon tetrachloride for 18 hr. with occasional shaking. 
The mixture then was filtered and the residue washed tmicde with about 10-ml. 
portions of carboil tetrachloride. The quantity of fat extracted was determilled 
by evaporating the combined filtrate and washings in an alnnlinun~ dish and 
x~eighing the dried residue. In nlethod 2. one g. of dry whole milk was ex- 
tracted with 100 ml. of ethyl et,hcr in a Soxhlet extractor for I hr. The solvent, 
was evaporated and the resiclnr weighed as in  neth hod 1. Data ikr(> presented 
in table 4. 

The resnlts indicate that very little of the lacdtosc. is crystallized as the 
a-hydrate from treatment with 95 per ce.nt ethanol. Similar results were oh- 
tained with methanol, which, because of its low water content (0.5 per cent,), 
would not be expec*ted to promote the forxilation of crystalline a-lactose hydrate. 
Addition of more water to 95 per cent ethanol, however, increased the amolmt 
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of c.rystalline a-laetose hydrate fornied. On the other hand, solubility index, 
whieh indicates the degree of insolllbility of the dry niilk, ant1 extractable fat 
wrre greatly affrctetl by both methanol ant1 95 per cent rthanol. The soli~bility 
i ~ ~ d e s  increased frorn the original value of 0.1 nil. to 10.0 ml. likewise, whereas 
only about 30 per cent of the fat  mas extr;avtable in the original whole milk 
sample, after alcoholic treat~nealt the fa t  btlc.a~ne almost quantitatively extrac+t- 
able with the organic solvents. 

These results seem to indicate that the frc.eing of the fa t  by trc,atnlent with 
95 per cent alcohol probably is not caused by c.rystallizaion of th(. lactose as the 
monohytlrate, although i t  is possible that methanol ancl 95 per c+ent ethanol may 
bring about other physical changes in the 1w.tose "glass" of tlry whole milk 
which may aid in the liberation of the fat. Iforeover, the largc tlifference be- 
tween spray- and roller-process dry whole milk with respecat to the free fat 

TARLE 4 

The effects of ?~fetlranol and 95% rthanol OIL the c.rtractable fat, solttb~lrt!/ tnt7e.r 
and lactose cry.~tall~zcttton of spray prorrss r l r ~  cclcole ?i$rlb 

F:xtraetal)le f a t . ~  
Crystalline, 

Final - 
a lactose 

Alrohol added moisturr So:$::p hydrate (as 
Mrthod 1 Method 2 

% of total 
lactose) 

- - 

(m1./.?5 g. dr!/ ntrlb) (%)  (%) 
0 2.1 8.0 

25 rtl~anol 1.7 24.8 
30 ethanol 1.5 25.0 
35 ethanol 1.6 25.0 
25 ethanol t 1 ml EI,O 2.3 24.8 
25 mctt~anol 1.4 2.5.4 
30 methanol 1.6 25.2 

- 

a Total fat br  the Jlojom~ier mcthod-26.5%. 

content also cannot be attributed to differe~~cc~ in the degree of laetose carystalliza- 
tion, since analyses of several roller-proc.tlss dry whole milk sho\i,ed that thr 
lactose in this type of procluct also is amorphous. I t  may br reasonable to 
suggest that fat liberation is due to coagulation of the milk proteins. This 
would explain the fact that fat in roller-process dry whole milk is clilantitatively 
extractable, si11c.e c*oagnlation of the proteins during processing destroys the 
c.olloida1 properties of the proteins to form a protec*tire menibrane around the 
fat. Similarly, 9.5 per cent ethanol, nlethanol or high moisture content will 
liberate the fat  in spray-procaess clry whole milk, brcause each of these causes 
t.stensive coagulation of the milk proteins as eridcnced by the high sol~tbility 
intlic.es. 

SUMMARY 

- 7  1 he effects of n ~ o i s t ~ ~ r e  and 95 prr  cc,nt cathano1 on thr c~rystallization of lactose 
I:> tlry products of niilk have been studied. Results illdi('~te(1 a "critical" mois- 
tiire levc.1 of about ( 5 . 5  to 7.0 per cent for spray-process dry whole milk and 7.5 to 
t..O pc.r c*mt for both spray- and roller-procc~sc; noafat dry millr solids. Bc4ow 
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thcsc> critic!al ~ ~ ~ o i s t u r e  levels, very little crystallization took placcb, while, a b o ~ v  
thesc Icvc,ls, crystal l izat io~~ of the lactose proccledcd rapidly and  rxteiisively. 

F o r  sl)rtty-proc.ess d ry  \vhole nlilli, it lias beell founcl tha t  treatnlellt ~ v i t h  
r n c ~ t l ~ a ~ ~ o l  and 95 pcbr c.cbllt cthanol cau\ed w r y  little of t l ~ c  lactose to  crystalliz~l 
as tlir a-~~lonohydr;ltr. lucreasi~l?; the watc1r roilteiit of the alcohol iiicreascvl 
crystallizatioil. It  is suggested th2t the frreing of the f a t  ill spray-proc2clss d ry  
~vl~ol( .  l~iilli by 93 1x.r ccmt c~thaiiol resulth f r o n ~  coagulation of tlic iiiillr 1)rot(li11\ 
it11(1 110t fro111 rr~-\t;~llizatioil  of the lacatose as the ntonolij-clrtite. 

(1) .larr:~<~c.\s Ultr 1111.1i ISSTITTTE, ISC. The (;r(~diit!/ of /)I,!/ lI~1111lr JIillc ~ I I I I I  ~ ~ l l ~ l ~ ~ f ~ l ~ ~ l  
anr7 I)ttalil!l Sln~z~lnl'tls. Cliic:~go? Tllillois. 1917. 

( 2 )  1 0 1  R. 1 '  ' I ,  C!. . D 0 ' 1 1 . 1 ,  . I .  L:~rtos(- ('rystnllizntic~n ill 1 ) r . ~  l'r011- 
ucts of 31illi. I. -4 l l r t l ~ o d  fo r  I.:sti~~~ntillg tllt, I)rg~.ct.  < I€  Cr?.stnlliz:lti~)l~. . I .  ])airy 
Sci., 34: 84.7-849. 1951. 

(3)  E R  . 1. l l ine neue lZc t l~o~ l r  (1c.r I : (~s t i~ i~n~u l~g  (11,s I " c ~ ~ e l ~ t i g I ~ c i t ~ t ~ l ~ n l t ~ s  VOII 3lilcl1- 
~ ~ l l v e r .  r n ~ d  c,s Zustmlilcs svillcr liolloidalcn I:csta~~tltcilc. Pror .  IYorld's 1)nil.y COII- 
grcss, 2: 1 1S4-1130. 1923. 

(4) H.%~.selc, 1:. A\., . \so IT~ltlsc;,  TI. Rc,action tl~c~r~~~ocly~~;t~~~icjr~(.~ chex 11,s 1rc111cIr.c~ de lait. 
I.et~r cnrl~loi pour Ic t1os:igc. 1.:111idc dc lcur tellrrlr ell ~,:III. Lnit, 4: 3%-394. 19%. 

(5)  L.\~II-ITT, I,. TI., AXD R r - s r r ~ r . ~ . ~  .J. H. The P l ~ ~ s i c o - c l ~ ~ ~ ~ i i i e : ~ l  Constitntioll of Spr:ry-tlricvl 
3lilli l'o~vcler. J. Soe. C ~ I ~ I I I .  Inti.: 50: 1:T. I!I;:l. 
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STUDIES ON MILI< FEVER IN IIBTRY COTTTS. 111. FURTHER STUDIES 
ON THE EFFECT O F  VITAMIS D OX SOME O F  T H E  BLOOD 

CHANGES AT PARTURITIOS AND TIIE COMPOSITION 
O F  COLOSTRUJI I S  NORISAL AND 

MILK-FEVER CO\TTS 

J. TV. HIBBS, IV. D. POUXDES1 . w n  IV. E. ICRAUSS" 

Ohzo A g ~ i c ~ ~ l t u 1 ~ 1  Ezper in~c?i t  Station, Woosler 

The clft'ects of feecling, respectively, one and two million units of vitainin D 
in the fonn of irradiated dry yeast3 daily for 1 mo. before parturition on the 
changes in blood Ca, P, bfg, phosphatase and vitamin D in nornial ant1 iiiillc- 
fever co~vs vere clescribed in a previous report (3) .  Data were inclncled show- 
ing the changes in the blood seruin protein and plasma carotene, vitamin h and 
ascorbic acid a t  parturition in these cows. The composition of colostr~iin secreted 
by a sinall ntunber of normal and millr-fever cows fed vitamin D a t  these two 
levels also was shown. 

No inarlred effect on the blood picture could be attributed to vitamin D feed- 
ing except a slight prepartum increase in serum Ca and P when two million 
units of vitamin D were fed daily along with a high-mineral grain ration contain- 
ing 5 per cent stealnecl bonemeal. This was accompanied by a slight decrease 
in seruin Mg. However, the small prcpartum increase in serum Ca and P had 
disappeared within 12 hr. postpartum in normal as well as milk-fever cows. 

Vitamin D assays of the blood showed that when one million units of vitamin 
D were fed daily the blood level was about double the normal level a t  parturition 
and about four times normal when two million units were fed for 1 mo. pre- 
partum. 

Despite the relatively high blood vitamin D levels in the treated cows, no 
lowclring of inillr fever incidence was observed (2).  It was reasoned that if 
vitamin D is to be effective in milk fever prevention i t  must exert sufficient cal- 
cernic effect to niaintain a normal blood Ca level through the critical 18- to 24-hr. 
postpartum period. Therefore, it was decided to t ry  still largcr amounts of 
vitamin D with the ainl of attaining this objective. 

RESULTS AND DISCUSSION 

From September, 1945, until April, 1946, there were 18 available inature 
Jersey cows due to freshen in the Main and Pasture Farin Experiment Station 
herds. These were divided into two groups. One group served as controls and 
the other group was fed five million units of vitamin D daily by capsule in the 

Received for  publiration March 10, 1951. 
1 Now located a t  the U. S. D. A., Rnrcnu of Animal Industry, Animal Disease Station, 

Beltsville, Md. 
2 Now Associate Director, Ohio Agrirul tu~nl  Experiment Station. 
3 This work was supported and the irrailiated yeast provi(1ed by Standard Brands, Inc., to  

xvhom the authors herewith extend grateful appreciation. 
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form of irradiated ergosterol in oil (Viosterol' containing one inillioil nnits of 
vitamin D per gram) beginning 2 nk. prior to the due date and continuing until 
3 days postpartum. This concentrated souree of vitamin D was selected because 
of the high unitage required. (More potent irradiated yeast is now available 
which had not been manufactured a t  the time of this experiment.) 

The same high-mineral ration containing 5 per cent steamed bonemeal pre- 
viously described (3) was fed a t  the rate of G lb. daily beginning 8 wk. before 
the due date and continuing for 1 wk. after partnrition. 

Blood samples were drawn for analyses of Ca, P, l lg ,  .c.itamin A, carotene 
and vitamin D 2 wk. anil with 12 hr. before partnrition and with 12  hr., 3 days 
and 7 days postpartum. If milk fever tleveloped blood samples were drawn for 
analyses before trratment. 

TABLE 2 

Tke effrct of feedang 5 n ~ ~ l l i o n  tc7rits of vztamzn D dazly for % wk. preparticn~ a?rd for 3 days 
port partzim on tlre ~ z t a m i n  D content of tlrrcd zc,hole bloorl 

-. - 

% % % % 
51s. Heal- Mg. Heal- Mg. Hcal- M,g. % Mg. Heal- 

Group ::' dried ing dried ing rlned ing d r ~ e d  clr~ed ing 
blood 2 ~ v k .  blood 12 11r. bloocl 12 11r. I)loo~l milk hloorl 1 wk. 
fed pre- fed prc- fed post- f t ~ l  fed post- 

f rcsh f resl~ f reslt fresh 

Sormal palturitions 

Collti-o~ 1 1,000 4(i i,ono 50 i , o o i ~  1,000 38 1,000 50 
Vit.1)-fed -1 1,000 38 1011 39 100 39 100 38 100 41  

a These 12 hr. post-fresh and 1 wk. post-fresh samples failed to gire a satisfactory response 
in 2 trials. N o  esl>lsnation is :tpparent. 

Before the calf nursed, the cows were milked out and a sample of colostrnm 
mas obtained for dctcrmination of the specific gravity, total solids and the ash, 
fat,  total protein, carotene and vitamin A content. The methods of analyses 
were similar to those previously described (3). 

In  the control group three of the nine cows developed milk fever. Complete 
blood tlata mere obtained on only one of these milk-fever cases. I n  the vitamin 
D-fed group fonr of the nine cows developed milk fever. Complete blood data 
were obtained on all four of these cases. The results of the blood analyses are 
shown in tables 1, 2 and 3. The composition of the colostrum of normal and 
milk-fever cows, both controls and vitamin D-fed, is indicated in table 4. The 
Ca content of a number of the colostrum ash samples was determined in order to 
check on possible differences in the per cent of Ca in the ash of colostrum secreted 
by normal and milk-fever colvs and also rows fed various amounts of vitamin D 
(table 5). 

The amount of colostrnni obtained a t  each of the first two postpartum milk- 

4 Kindly supplietl by the R.  P. Srl~rrer C'orp., Gelatin Prorlncts Division, Detroit 13, Miell. 



T.\RI.I< 3 
Cknir{/cs iir tlrr, plnsrrrn rrr,olvrr~,, r.i!rr;rrilr A.  cr~rd nscoibic ncid coateict of Jernej/ co?os' 

bloori it! aor~rrrrl n~rri 11rill;-fe?.cr partaritioizs 
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ixps \\.its averagc for 47 nor~nally freshening . J e r s ~  c o ~ ~ s  a~l t l  :3!) ~l~i lk - fcwr  co~vs 
(tilhlc 6 ) .  Calves ~ c ~ 1 . c .  left with their dams for 3 days as a r~g!:uli~r ~ ~ ~ a n a p c r i a l  
practice dnrinp   no st of this period, so that the colostr~un w e i ~ l ~ t s  obtainc>tl 
represent in most cas(>s the a~nomnt of colostrum seercted millus the a ~ n o m ~ t  
taken by the calf. This variable is believed to be reasonably constimt consitl- 
erinfi the relatively large n~uubers of con-s inclncled. 

The feeding of fivc  nill lion units of ritaniin D daily in the fonn of Viosterol 
for 2 ~vlr. prepartl~m rrsultetl in an inc*rcasc in serum Ca and P (table 1 ) .  Tllc 
increase in serum Ca was greater thtul that resnlting from either one or two 
niillion units fed daily for 1 1110. prc~part~iln as previously reported (3 ) .  

Although the increases in  serum Ca and P were found, in general, to be rc>- 
lated to the dosage, i t  is of interest to note (fignres 1 and 2) that the preparttun 
illcreases i11 serum Ca and P are nnllified within approximately 12 hr. postpartu~n 
in both iiorlnal and niillr fwer  parturitions. Thus, on the basis of the blood pic- 
tlu.ca, it is not surprising that four of the ]line treatc.d cows developed millr fever. 

The serum &Ig (table 1) followed mucah the same ehanfios as those previonsly 

TABLE 4 

3'lrc ronlposition of colost~.am from n o r ~ ~ ~ a l  and  milk-fever Jersey cou:.q fed  5 ~ r ~ i l l i o n  P I ? L ~ ~ S  
of c i t a s ~ i n  D a s  con~pared  to  tlreir controls 

Units 
Clro,lp Ko. of of vita- Speeifie 2::; As11 F a t  p$::i:l ('i~rotellv Vit. A 

ro\\  s I I I ~ I I  1) gravity (%I ( % I  ( % I  ( (%)  (%) 
fvrl c1;lily 

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

X o r ~ n n l  parturi t ions 
- - - - - - 
Control B None 1.054 18.8 1.05 4 . 2 l l . i  l i 2  93 
Vit. 1,-fcd 4 5,000,000 1.069 93.8 1.24 4.3 15.8 251 214 

- - - - - -- -- 

-4~.  . .  ..,. 1.0(i0' 20.7 1.13 1.3 13.3 204 141 
-- - - - - -- - 

Milk-fever l~nrtl lr i t ions 
. . . . ~ -- - 

Control 1 iYone l.Oi2 2 . 4  1.79 4.1 18.6 347 121 
V 1 t . n - f e d 4  5,000,000 1.0.58 29.1 1.12 4.8 14.1 175 I10 - - 
Av. l70ocii 92.7 1.28 4.7 15.0 209 119 



TABLE 5 

A ronrpnrrnon of the c a l c i ~ ~ m  content of colostr~rm from normal ant1 mill;-fever Jersey corcs 
fed vario~ts a?~~oirnta  of vitamin D 

- - 

Group 

-. 

S o .  of % % Ca. O/o Ca in  
co~vs As11 in  Asl~c colostrum 

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

Normal l~arturit iolls 
pp - -- 
Control 6 1.09 16.5 0.182 
Fed 1 million units of L)il  3 1.07 19.2 0.202 
Fed 2 million units of Un 3 1.05 18.9 0.200 
C'cd 5 million units of I ) h  4 1.24 17.2 O.!!lfi 

- . . - - 
AV. 1 . 1 2  17.6- 0.198 

- - 

Milk-f eyer parturitions 
-- - -- - - .- 

Control I 1.15 18.0 0.207 
Fed  1 million units of Da 2 1.03 16.9 ll.l(ii 
Fed  2 million units of Da 
Fed 3 million units of Db 

Av. 

a Fcd vitamin D fo r  1 mo. ~,repartunn, a s  described i n  prcrions report ( 3 ) .  . . 
b Fed  vit:~min L) f o r  2 mk. ~ r e ~ a r t u m . '  
CThe % Ca in  the ash of a composite sample of normal milk froin t l ~ c  Pas ture  Farnl 

Jersev IIrril t :~ken iust befo1.c t l ~ c  1);tstnre season \\.:IS l ( i .X%.  Sorn1:ll Jcrsc>v Inilk cont:~ins ;III 
average of 0.118 % Ca. 

reported (3) except that  a n  ailexplainably high level was ~llaiiltilinecl as cum- 
parcld to prc,vious years (figure 3).  The role of serum JIg in the sylnpto~r~atolopy 
of ~nillc fever has been discussed previously (3, 4). 

Vitamin D assays of the blood iiltlicated that coms fecl five millioll nilits of 
vitamin D daily for  2 wk. prepartum hat1 approximately tell times the v i ta~r~ iu  D 
in their blood a t  part,~ritioll  as the control cows (table 2 ) .  Previous results (3 )  
had sliomil respectively two and fonr times the ~lornlal blood ~ ' i ta inin 11 ICYCI 
whcn one and two ~nillioll units were fed daily for  1 mo. prepartum. 

As shown in table 3, the changes in  plasma carotene, vitamin A and ascorbic 
acid were son~r~vha t  sinlilar to those previously reported (3).  The higher cdaro- 
tcwe level i n  194445  probably was due to the feeding of higher quality roughage 
which resulted in  a higher level of both carotene and vita mi^^ A dliri~lg i~~ic l  after 
the period of parturition. It will be liotecl that the vitami~l A levc'l was ex- 
tremely l o ~  postpartum in the four milk-fever coms. 

TABLE 6 

A co?npariaon of tlre a?norint of colost~trnt p~oduccd  by nor~na l  and milk-fcvcr eotcs. 
~ 

---- - 
Lb. of eolostru~n:~ Lb. of colostrnm:~ 

No. of co~vs first nlilking sceon(1 milking 
-- .- - -- - - - - - - -- - 

Normal parturit ions 
______ . - - - - __ - - - -- 

47 7.9 2 6.5 7." 4.7 
-- -- - 

Milk-fercr parturit ions 

- 39 8.1 + 6.0 7.3 + 5.1 
~ 

a The colostrum weights i n  most cases arc  exclusive of tlie anlount taben by the calf. 
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Table 4 shows the composition of the colostrun~ of control autl vitamin D-fed 
cows which freshened normally and those that developed milk fever. No con- 
sistent difference in colostrum composition colllcl be attributed to feeding five 
million units of vitamin D nor was there any market1 difference between the 
colostrum of normal and milk fever cows. This is in agreement with previous 
results where one and two million units of vitamin D were fed (3) .  

The greater decrease in  blood Ca a t  parturition in  normally freshening cows 
with intact udders than in mastectomieed cows, as shown by Siederineirr et al. 
( 5 ) ,  inclicates that mammary secretion doubtless is responsible for the major 
drain on blood Ca a t  parturition. 

CONTROL 1945 
IMlUlON UNITS 

CONTROL 1946 

-1- 56 DAYS PRE FRESH + TDAYS POST FRESH -+ 
FIG. 1 .  Cl~nnges in the pre- and postp:irt11111 1)looil serum Cn in 11orn1n1 and milk-frrrr 

co\vs fed, respectively, one, two and five million units of vitamin D daily. In  1945, vitamin I3 
was fed for 1 mo. prepnrtunl as preriously descril)c(l, (table 7 of reft>rrncc ( 3 ) ) .  In 1946 
vitamin feeding was begun 2 wk. prepartum (table 1). 

Holr-ever, no difference in the per cent ash of colostrum was found between 
normal and milk-fever cows or among cows fed various amounts of vitamin II 
(table 4 and also table 9 (3)  ). Furthermore. the percentage of Ca in colostrum 
and colostrum ash is practically the same be t \v re~~ normal and milk-fever co\vs 
regardless of the amount of vitamin D administered (table 5 ) .  The question 
therefore is logically raised as to whether cows that develop milk fever may 
secrete more colostrum than normally freshening csows and thus be subject to a 
greater drain 011 their blood Ca a t  parturition. I t  is a common belief that heavy 
producers are more subject to milk fever. A comparison, therefore, was made 
of the colostrum secreted by 47 normally freshening cows anti 39 milk-fe'ver cows 
(table 6 ) .  No clifference in  the amount of colostrtim secreted at  the first and 
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second milkings was found between cows that freshened normally and those that 
developed milk fever. The work of Smith e t  al. ( 5 )  also is of interest in  this 
connection, as these workers have shown that neither prernilliing nor partial 
prepartum milking lowered milk ferer inridenee. 

Since there appears to be no greater drain on the blood Ca for colostrum seere- 
tion i n  millr-fever cows than in normally freshening colvs, it seems logical to 
assume that, while colostrmn sc.c.retion probably prwipitates the attaclr, the 
fundamental difference lies in relative ability to mobilize Cii from the tissue 
reserves. This may be simply a differencac in the rapidity ailtl, or deprcc, of para- 
thyroid response to meet the sudclen denland for blood Ca a t  parturition. Other 

56 DAYS PRE FRESH + 7 DAYS POST FRESH 

FIG. 2 .  Changes in the pre- and post par tun^ blood serun~ phosplrorous in  normal and 
milk ferer colxrs fed, respectively, one, two and five million units of ritamin D daily. In  1945, 
vitamin D was fed for 1 nlo. prel~artum as  preriolrsly described (table i of reference ( 3 )  ).  
In  1946 ritamin D feeding was l~eglln 2 lvk. preparturn (tal~lr 1 ) .  

possibilities are that sufficient parathyroid hormone is secreted but is rendered 
temporarily inactive bp some lnetabolic condition in the tissues, as discussed in 
a recent review ( 4 ) ,  or that there is a lack of readily arailablr tissue. stores of Ca. 

Further evidence that the primary clifTic.nlty in milk ferer is the temporary 
failure of the blood Ca regnlatorp mechanism is to be found in a study of the 
lapse of time betwc~en parturition iind the first and second attacks in cases where 
relapses ocacur (table 7 ) .  It seenlr signific.ant that the time between parturition 
and the first attaclr is approximately the same as the time between the first treat- 
ment and the second attack or relapse. After the usual Ca injection a t  the first 
attack, the blood Ca immediately rises to approximately 17 nlg. per 100 ml. 
This is followed by a rapid decline x-hich lerels off somewhere near the normal 



level (figure 1 of reference 3 ) .  IIowerer, if the post-treatment fill1 in  blood Ca 
is not checlred by recovery of the bloocl Ca regulatory mechanis~n, the blood Ca 
continues to fall until a relapse is precipitated. Therefore, the difference be- 
tween those corns which recover after one treatment and those that have a relapse 
may be clue to a difference in the time required for them to recover their ability 
to nlobilize Ca. This may or may not be clepeiident ~ipoi i  tlie injcrted Ca. I n  
other ~vords, the injected Ca may only serve to offset the drain of mannnary 

2MlLLlON UNITS 
CONTROL 1946 

I .  3. Cllnnges i n  the  pr r -  m ~ d  postpnrtum blood serum 111agnesiun1 in norm:~l and ~ n i l k -  
fe\-er c o \ ~ s  fed,  rrspeetivcly, one, two and five million 1111its of r i t n ~ n i n  D daily. I n  I945 
r i t n n ~ i n  \ras fed for  1 nlo. p r c l ~ a r t u m  a s  previously descril~cd ( ta lk?  7 of refrrrnee ( 3 )  ). 
Tn I9Ui vitnnri~l I) feeding was l>cg~rn 3 v k .  p r e p a r t ~ ~ n ~  (tnblc 1). 

secretion until the blood Ca regulatory mcchanisiu has ii cliaiicc to take over tllilt 
function. If this does not occur soon ~nough ,  a relapse reslilts il~lcl another Ca 
injection is required. 

JVl1e11 ntlder inflation with air is usc~l as tlie treatinc~nt, niannuary secretion 
is stoppetl, therc.b?- ending the tlrain on tlie bloocl Ca. The ilisappeitrance of 
n~illi ferc.1. symptoms appilrently is due, to the snbseqiient recovery of tlie cow's 
own blood Ca regulatory mechanis~l~ ~vhich may rclclnire sereral hours. 12ccord- 
ing to data presented by Niedermeier and Smith ( G ) ,  re-absorption of Ca into 
the blood fro111 the mammary gland clue to the air press1u.c in the udder doubt- 
less l i a s t ~ ~ i s  the disappearanc~e of the symptoms. 

Campbrll and Turner ( I  ) have sho~vn that  ita am in D atlministration causes 
a decrease in the animal's o\vn parathyroid actirity ~vhen fcld for long periods of 
time. I t  is reasoned, therefore, that the failure to obtain snficient calcemic effect 
a t  parturition from o11r vitanlin D feeding to p re~~el i t  milk fever may have been 
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tlnr to either too low a dosage or too long a feeding period with its associated 
prolonged elevated blood Ca level which may have caused a suppression of the 
cow's own parathyroid activity. Thus, i t  seems that if vitamin D is to be used 
as a milk fever preventive, the dosage must be sufficiently large and must be 
tinled in such a way as to supplement bnt not suppress parathyroid activity a t  
parturition. 

Experiments are now in progress in which much larger amounts of vitamin D 
are bring fed daily, limiting the dosage to a few days prepartum so that the peak 

Tlre lapse of t i m e  bettoeen pa~tr~rilion and milk fever  in Jcrsey eozcs 

Ycnr S o .  cases 
milk fever 

Attaclc (hr. 

-- 

postl1nrtum) 

14.0 & 2.5 
20.0 + 7.8 
33.0 + 13.3 
20.0 +. 5.1 
19 .0& 7.8 
22.0 + 4.6 
-- 

21.7 + 7.1 

No. of 
relapsrs 

of blood Ca occurs as near to parturition as possible with the aim of supplement- 
ing without suppressing parathyroid activity. The results to date based on 
blood changes in Ca, P and Mg and on the incidence of milk fever have been most 
~nconraging and ~vill be published in a later communication. 

Eighteen mature Jersey cows were divided into two groups of nine cows 
eash. One group was fed five million units of vitamin D in the form of Vios- 
terol daily for 2 wk. prepartum and for 3 days postpartum. The other group 
served as controls. All cows were fed a high mineral ration containing 5 per cent 
steamed bonemeal a t  the rate of 6 lb. daily beginning 8 wk. before the due date 
and continuing for 1 wk. postpartum. Blood samples were drawn for analyses 
two ~veelrs prepartnm, within 12 hr. both pre- and postpartum and 1 wk. post- 
partum. 

An increase in serum Ca and P resulted prior to parturition which was 
greater than when one and two million units had been fed previously. How- 
ever, the increase was nullified within 12 hr. postpartum or before the usual time 
for milk fever to occur, which was found to average 21.7 ? 7.1 hr. postpartum in 
36 eases. The upward trend of serum AIg a t  parturition was similar to changes 
previously observed. Four of the nine vitamin D-fed cows and three of the con- 
trols developed milk fever. 

The vitamin D content of the blood of cows fed five million units daily 
was found to be about ten times higher than that of the control cows. The 
changes in plasina carotene, vitamin A and ascorbic acid were somelvhat similar 
to those previously reported. 

Data are presented shon.ing that milk-fever corns secrete no more colostrum 



than normally freshening corns, nor does the colostrum of milk-fever COTS have 
a higher percentage of ash or Ca than normally freshening corn. Thus, no 
greater drain on blood Ca due to mammary secretion is experienced by milk- 
fever cows than cows that freshen normally. It also was shown that the average 
time between the first treatment and the relapse, when one occurred, was approxi- 
mately the same as that between parturition and the first attack. These obser- 
vations are consideretl evidence that milk fever is primarily caused by the failure 
of the blood Ca regulatory mechanism (probably the parathyroid glands) to 
mobilize blood Ca rapidly enough to meet even the normal drain 011 blood Ca a t  
parturition. Thus recovery is characterized by the return to normal of the 
blood Ca regulatory mechanism and may or may not be influenced by the in- 
jected Ca ~rhich  serves to eliminate the sympto~ns by elevating the blood Ca. 

It is reasoned that the failure to obtain sufficient calcemic effect a t  parturition 
from vitamin D feeding to prevent milk fever may have been due, a t  least in 
part, to the s~tppression of the cow's own parathyroid activity resulting froin too 
long a feeding period with its associated prolonpccl elevated blood Ca. Also, the 
dosage may have been too low. Experiments are now in progress in which 
larger dosages of vitanlin D are being fed for shortclr periods of time preparturn 
with the aim of supple~ncntiiip without suppressing parathyroid activity. 
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ETHYLENEDIAMISE TETRASOI)ITJMACETIZTE I X E D  IS 
DETERGEKCY' 

J. M. JENSEN AND G. A. CLAYBAUGH 

Michigan Agricultural Emperintent Station 

Previous washing studies published by the hlichigan Agricultural Experinlent 
Station (4) show the detergency effects of various detergent ingredients as de- 
termined by washing milk-filmed glass panes. I n  those studies ontstaildiilgly 
high detergency resulted from use of high levels of condensed phosphate and 
wetting agent chc~micals. The condensed phosphates provided the obvious 
benefit of calcium sequestration that caused a softening and dissolving action 
on fixed milk films while also softening the water of the washing solution. A 
recently developed product of organic origin, ethylenediamine tetrasodiumace- 
tate,' has demonstrated outstanding qualities as a water softening agent. 

Ethylenediamine tetrasodiumacetate possesses the property of tying up water 
hardness minerals in a manner akin to sequestration performed by the inorganic 
condensed phosphate salts. These chelating properties have been studied by 
Schv-arzenback and Aclrerniwun (8, 9 ) .  Thc p ro t l~~c t  has been 115ccl priinarily for 
water softening, as shown by Martell and Bcrsmorth ( 7 ) ,  although Hilfer ( 3 )  
has used it with soaps and Diehl e t  al. (2)  used it to determine water hardness. 
Claims for its use in detergency have been made by the Bersworth Cheniical Co. 
( I ) ,  under whose trade mark the product is known as Versene. However, no 
previous experimental data are available that show the detergency qualities of 
ethylenediamine tetrasodiumacetate. 

Laboratory washing tests therefore were made, by methods previously ex- 
plored, that mould establish relative detergency values of this product when 
such proven products as condensed phosphates and othcr detergent proilucts x7ere 
used for comparisoii in washing trials. 

Washing tests were made by conlparing the washing quality of EDTSA with 
polyphosphate under conditions of equal quantities of these water conditioning 
salts and wetting agent supplement. Preliminary trials indicated that high de- 
tergency ~vonld be secured when they were tested against air-dried raw milk 
films; consequently, tn70 types of more resistant film also were used. These con- 
sisted of air-clried film preparations treated with alkaline washing solution with 
subsequent drying in a hot air oven, ancl air-dried films that were rinsed in 250 
ppm. solution of sodium hypochlorite. Obsc~rratioas inade during stuclies of 
milking machine washing by Jensen and Rortree (5)  and on milk can cleanli- 

Received for publication Mareh 21, 1951. 
1Published with the approval of the Director of the Michigan Agricultural Experinlc~lt 

Station as Journal article no. 1216. 
2 For the sake of convenience EDTSA will be used througllout the text in place of ethyl- 

c~nediamine tetrasodiumaectate. 
SI;.; 
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nt.s\ by Jensen ancl TVaterson (6) had indicated that milk films of somenhat s ink  
lar nature mere poorly removed by normal washing practices. 

III thr5e esperiinents, a double strength, B-type glass Tyas cut into .%ill. squares. 
ill1 the panes were wa\hetl clean, rinsed with distilled water and allowed to dry 
a t  room temperature. They mere tested for cleanliness by rletermining the per 
cent light that was transmittecl when placing them in thc filter position of a Cenco 
Sheartl Photelometer that had been adjusted to give 100 per cent readings on a 
clean glass pane reserved for a standard. 

llTell misccl, fresh, whole, raw milk held a t  a temperature of 40 to 50" F. was 
used for the preparation of the irlillr films. 

The air-dried films were prepared by tnive immersing the gli~ss panes in the 
milk to produce a uniform mlllc film. The panes were placed on metal frames 
a t  an approsi~natc angle of 4.5" to tlrt~in and dry a t  roonl tempc>ratnre for 15-min. 
or more. Each pane siinilarly mill<-coated following the mechanical ~vashiag 
treatment n-a\ used over a series of 10 washings. 

After air drying milk films as dcwribed aborc, panes were placed in an oven 
at 180 to 185' F. for a 15-min. period. They then \\(>re ~*e~nored and c1ac.h pant. 
was clipped in a 0 3 per cent solution of a detergent consisting of 49 per cent 
Na,PO,, 49 per cent Na,C03 and B per cent Nacconal. The panes were not agi- 
tated to remove the entire milk film, but mere immersed only sufficiently to re- 
move the soluble portion of the milk film. After drying, the panes again were 
placed in the oven for 15-min. This secluence n.as folloncd until each set of 
panes had been immersed in the inillr five times and in the detergent solution 
four times, each followed by a 15-min. oren-drying period. 

Air-dried milk films were immersed in a 230 ppm. sodium hypochlorite soh-  
tion, made up from licluicl sod inn^ hypochloride. The panes were allowed to dry 
fo r  a 15-min. period. Ii'iire similar applications of milk and four of chlorine 
solution mere made on panes between each washing with the mechanical washing 
apparatus. Freshly prepared chlorine solutions mere used for each immersion. 

A11 panes were washed with the mecha~~ical washing apparatus that has been 
described by Jellsen (4).  The panes were impelled through different detergent 
solutions a t  a rate of 45 oscillations per minute, for 1 min. washing time, pre- 
ceded by 1 min. of soaking. 

Pre-rinsing and after-rinsing, with respect to wa\hing in detergent solutions, 
consisted of impelling the panes five complete oscillations through rinsing me- 
diums a t  a distance of 3 in. in a manner to force the water against the face of 
the glass. Pre-rinsing was done in mediums held at 60" I?., washing a t  120' F. 
and after-rinsing a t  150" F. 

Following drying of the panes, they were measured for cleanliness by deter- 
mining the average percentage of light transmitted when each corner area of a 
pane was placed in the filter position of a Cenco-Sheard spectrophotometer. 
Ptloto~ueter readings were made with the light entrance slit adjusted a t  2 mm., 
the exit slit a t  20 mm. and a 400 mp light n.aw length. After a 15 to 20 min. 
warming up period, the galvanometer \\as adjusted for "zero per cent reading" 



with no light transmitted and for "100 per cent rcading" \vitll light traiismitted 
thro11g.h a clean glass palie used throughoiit aq a stantlartlizing control. 

The water used for washing in these studies contained a total hardness of 370 
to 400 ppm., calculated as CaCo,, cletcrlninecl by the \.erstAnate method (2) .  

Three polyphosphates were used, tripol--, tctra- and hexameta-. These are 
designated, respectively, as a, 1) ant1 c. 

Detergent  s t rength .  IVl'ilshing sohitions Jrere made to contain 0.3 per cent 
detergent, except wetting i~gcllt only TVHS used a t  0.2 per cent conrentration. 

RESULTS 

Il'aslti~lg eff'ect of tletergelzts co~l ta in i t tg  c t l r z~ l e~~ed ianr i~ t e  tett~nsocli~trrracetnte 
and /or  co~zdensetl  phospl~,ate salts and  ~c j e f t i ng  agent .  The detergency propert,y 
of EDTSA was coinpared with that secured with ( a )  sodium tripolyphospliate 
(b) sodium tetraphosphate and (c) sodium hesametapl~ospl~atc., \~lieii tllcsc prod- 
ucts were used with equal quantities of wetting agent. Ten rilachine washings 
Irere made of spectially prepared mill< films. Photometor readings were made 
following each washing. 

TABLE 1 

Y h e  influence of using various condensed phosphate salts u,nd/or EDTSA i n  combination with 
~ c c t l i ~ r ! ~  cr!lr.~rt ilr tru.c.lrnbility of rrwioc~.sl!l a]~plir.(l n~ill,.-cao~i/rrl !/lnss po~rcs 

EDTSA ".A. i r l i l  0rc11-drii~d Milk-chlor i~~e 
-- 

90a 10 98 74 94 
90b 10 98 6 (i 87 
90c 10 9; 78 97 

90 10 99 96 68 
80:1 20 98 5)  6 68 
8011 20 98 96 82 
80c 20 99 74 98 

sn 20 97 89 no 
40 40% 20 96 96 1) 1 
40 401) 20 98 93 94 
40 40c 20 98 89 99 

-- 

a x = so~l ium t r i l~o ly l ) l~os l~ l~n tc ;  1, = so~liuln totr:~phosph;~t,c ; e = s o d i u ~ l ~  l ~ r s o ~ ~ i c t : ~ l ~ h o s l ~ l ~ n t c ~ .  

The average photo~neter rcadings of the air-dried, oven-dried ancl milk-chlo- 
r i m  panes, ma~hecl with different combinatioils of ET)TSAI, condensed phosphates 
and wetting agent are sho l~n  in table 1. All the air-drietl films mere effectively 
relnorctl n ith these detergent combinations. The ovcn-dried and milk-chlorine 
films were removed less effectively than the air-dried filil~s. JTonrever, high film 
rcmoral naq \c%c.nrc.d 1~11e11 coinpared with that fro111 using alkaline detergents 
(table 2) .  

The oven-dried films were not removcd as ~ ~ c l l  nit11 t~ondcnsed phoqphate- 
\vetting agent tletergent as with EDllSr\ wetting agent tletergent in the 90: 10 
combination, but when these detergents ~vc~re used in 80: PO concentration ratio. 
the a and b condensed phosphate detergent solutions produced better filni re- 
moval than did solutions containing EDTSA. 



868 J .  > I .  .JENSES A N D  G. A. CLAYBAUGH 

TI-hen washing the milk-chlorine films, the EDTSA detergent solutions pro- 
duced somewhat higher film removal than the phosphate ~r-etting agent solutions. 
Photometer readings also tended to be higher as phosphates were used in the 
order c, b, a, thus indicating that secluestering or chelating properties are impor- 
tant functions in the removal of resistant lriillc films. 

Washing quality of EDTSA and/or condensed phosphate salts in combina- 
tion with wetting agent and alkaline salts. Washing tcsts were made on the 
three types of films using detergents containing either Na,PO,, Na,SiO,, or 
NaIICO, as 40 per cent of the detergent ingrcdient. The balance consisted of 
either 40 per cent EDTSA or condensed phosphate a, b, or c and 20 per cent 
wetting agent. The results of the washings are sholvn in table 2, where the 

TABLE 2 

Th<: inflzie~tc~c of EDTSA a~zd/or condensed phonpltate salts with wetting age~tt  on tlie dcter- 
gcxcg of carious alkaline salts 

Percentage light tranrin~issil~ility after 
Detcrgriits n11tlc.d to l):~sic. nlk:ili ( O / ,  ) repeated 11-asl~ings ~vlien the films were: 

- - -  -. 

Air-dried Oven-drietl Milk-c~l~lorinc 
- - -- - - - - -- 

'I'rinotliliii~ l , l~ospl~nte (40% ) 
EDTSA (40) WA (20)  95 24 20 
Phospl~ate a (40)  WA (20)  90 24 47 
Phosphate 1) (40)  TVA (20)  95 28 27 
Phosphate c (40) WA (20) 89 2.3 29 

Sodium nictasilicatc (40%) 
EDTSA (40)  WA (20)  87 29 52 
Pl~ospl~ate  a (40)  WA (20) 84 32 40 
Pl~ospl~nte  b (40)  TVA ( 2 0 )  84 31  27 
I'l~ospliate c (40)  TVA (00)  83 33 37 

Sodium bicarbonate (40%) 
EIITSA (40)  TV.4 (20)  95 20 18 
Pl~ospliate a (40) WA (20) 91  23 25 
I'l~osl)li:~tc 1) (40) WA (20) 94 30 31 
E'l~ospl~atc c (40) WA (20) 93 27 30 

:L = sotlium tripolypl~ospl~:~te; b = sodium tetral)l~o~pli:cte; e = sotlinm l~esonlctapl~ospliate. 

average of 10 washings for each series are presented. There was a marked 
decrease in film remora1 when the alkaline salts were used to replace either 
condensed phosphates or EDTSA (table 1). This mas especially marked when 
the oven-heated and milk-chlorine films were washed. 

Essentially equal film removal was secured when Na,PO, or NaI-ICO, was 
used as the alkaline constituent in washing air-dried filins. The highest average 
percentage light transmission for both was 95, ~vhile the lolr-est reading for the 
NaHCO, cletergent was 91 and for the Sa,,PO, detergent 89. llThen Na,SiO, 
mas used, the highest average secured was 87, the lowest 83. 

Somewhat higher film removal was secured when ~vorking oven-heated or 
milk-chlorine films with Na,SiO, as the detergent constituent than with Na,PO, 
or NaHC03. 

EDTSA gave greater film remoral than condensed phosphate salts in the 



detergent combinations when washing air-dried films. The reverse tended to be 
the result when ovcn-heated and chlorine-milk films were washed. There was 
no consistent or appreciable difference in the washing results secured with the 
three condensed phosphate salts. 

The infiz~ence of nailk dilution on waslzabilify of detergents that contain high 
amozcnts of EDTSA and/or condensed phosphate salts and wetting agent. 

The amonlit of inillr product that enters the wash water can be expected to 
lower its washing quality, because of its diluting effect and because of adding 
organic matter. Milk contains comparatively high quantities of Ca that will 
lower the chelating and sequestering properties of EDTSA and condensed phos- 
phates. ~lTashing trials therefore wcre made to dcterniine the influence on de- 
tergency when milk mas added to washing solutions containing high levels of 
EDTSA and/or condensed phosphate. Air-dried milk films were used and de- 
tergents were compounded to contain "90-10" and "80-20" condensed phos- 

T A B L E  3 

Y'he influence of adding 10 per cent whole mi lk  t o  di f ferent  detergent solzitions consisting of 
wetting agent, condensed plzosphate and/or EDTSA 

Detergent composition Milk addeil Percentage tr:~nsrnissil~ili ty 
(% of solution) a f t e r  10 repented tvashings 

1. W e t t i n g  agent,  
condensed phosphate 
2. W e t t i n g  agent,  
condensed phosphate 
3. W e t t i n g  agent,  
rondensed phosphate 
E D T S A  
4. W e t t i n g  agent,  
condensed phosphate 
E D T S A  
5. W e t t i n g  agent,  
eontlensed phosphate 
EDTS.1 
6. W e t t i n g  ngent,  
condensed phosphate 
E D T S A  

phate and wetting agent ; " 20-70-10, " " 20-60-20, " " 45-45-10 " and " 40-40- 
20" of EDTSA, hexametaphosphate and wetting agent. Each washing solution 
was made to contain 0.3 per cent detergent and the solutions were varied with 
respect to milk content so that 10 per cent whole raw milk was added to each 
washing solution over a series of ten washings, while similar washings were 
made without milk being used. 

The average photometer readings of ten washings are shown (table 3).  While 
there was a decrease in washing efficiency due to rnilk in the cletergent solutions, 
the washing quality of this class of detergent remained high. The lowest read- 
ing (94.4) followed washing with 90-10 condciised phosphate-wetting agent soln- 
tion to which 10 per cent whole milk had been added. The best mashing when 
milk was added was had by the detergent that contained 20 per cent wetting 
aaent and 80 per cent condensed phosphate. 



There was very little difference in the washing rl~lality of tletergent solutiuns 
to which nlillr was added, with respect to using eithrr 1GI)TSA or condensed phos- 
phate. They can bc asstuned to be of prt~etically ecjnal value. 

Infllience of vnriolrs types of prc-ri,r~sc.s ow tlre ci~rt.sliability of nzillr, filn1.s. 
Washing operatio~is generally are t:ond~~ctt.cI by first rinsing the article to be 
washed (pre-rinsing) then follow washing in cletergent solutions and rinsing 
after washing (after-rinsing). Earlier stndies (4) had sho\vn that the manner 
of rinsing affects the. cleanliness attaintad. Further washing trials therefore were 
made to deterlnine comparative cletrrgcncy that mo111d br securetl 1v11r11 various 
rinsing ~neclia, including EDTSA, were used either as pre-rinse only, after-rinse 
only, or when both pre- and after-rinsings were used. A series of ten ~vashings 
was conclncted using each rinsing medium shown in table 4 in the tlifferent stages 

Transnlissibilitp of light through fil~ns 

Rinsing medium Tinw of rinsing -- 
(%)' ~ ~ h e n  ~vnsl~eil ~vitli solution of 

- 

Wetting agent " 75-2-5 - 
Before 84 
After 8 5 
Before and after GO 

Before 99 
EDTSA After 95 

Before :111d i~f tc r  $13 
Condensed 
pliospliate + 
Wetting agent 
' 6 - -  9 7 9 ,  I ; > - - , )  

EDTSA t 
Wetting agcnt 

Rcforc 
Aftcr 
Roforc :111(l nftcr 

- - 

a Arcrage of photometer readings of 10  successive r insing~ and \v:~sl~ings. 

of washing. Two lii~lcls of detergents mere used, one a wetting agent and the 
other a "75-25" combination of co~lde~lsed phosphate and wetting agent. Air- 
dried films were maslirtl. The arerages of the photonleter readings of ten con- 
secutive ~vashings under eaell contlition of rinsing and ~vashing are s11olr.n in 
table 4. 

When the detergent was used that consisted of condensed phosphate and wet- 
ting agent in the "75 : 23 " ratio all washing results were so high that there was 
little difference in the nlanner or the kind of rinsing that was used. There was 
a noticeable lowering in fill11 ren~oval when water was used for both pre-rinsing 
and for after-rinsing; ho~r.erer, the loss in detergency was not serious. These 
results are in line ~r-ith those reportecl previously (4). 

When \vetting agent mas used as detergent, a nlarlied difference in fill11 re- 
moval mas securecl, clepenrling on the nature of prc-rinsing solutions. TYitli 
water as the rinsing meclinm, the rletc.rgeney securetl as a result of pre-rinsing or  
after-rinsing was practically the salne (average photo~ncter readings 84 and 8 3 ) .  
When used for  both pre- and aftcr-].insings, the arcragr of photometer readings 
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dropped to 60. I-Iiglier detergency valnes were securecl when rinsings \yere 
made with EDTSA, EDTSA combined with wetting agent or "7W15" condensed 
phosphi~te-~~et t i ig  agent, all used in 0.1 per cent solution. The best washing 
result using wetting agent detergent (99) was secured when E1)TSA in 0.1 per 
cent solution was used for pre-rinsing, and w i t h o ~ ~ t  applying a riilsc after ~vash- 
ing. When the rinse followed washing, a slight clecrease in washability oc- 
curred (95). The lo\vest mashing resulted for the EDTSA rinsing series when 
both pre- ant1 after-rinsing was applied. Condensed phosphate- vetting agent, 
"75-25," nscd for rinsing ahead of washing ill wetting agent detergent also pro- 
duced high detergency (92),  although significantly less than EDTSA (99) or 
when EI)TSA plus \vetting agent was used (93).  h lower ~ ~ a s h i n g  value (88) 
was also secured with this detergent when the panes were rinsed f o l l o ~ ~ i n g  wash- 
ing and still lower (87) when both pre- and after-rinsing was applied. 

DISCUSSION 

The chelating properties of EDTSA appeared to contribute the same qualities 
to tletergeilts as are produced by the sequestering properties of condensed phos- 
pha t~s .  Both Iwre of practically equal valne in cawing reliio~al of milk film 
when they Irere used i11 combination with a \vc.tting agent. EDTSA in combina- 
tion v i th  wetting agent was some~vhat inorc, coiisi\teiit in the r emo~a l  of the 
tougher oven-driecl and inillr-chlorine films tllitii I\ (Ire tlir cao~~tlrnsed pho\plii~te- 
wetting agent combinations. 

Therc appeared to be some bcwefit to tl(.tc~rgenc.y, \v11(h11 lil('i1\11r('(I i~gai~ls t  all 
the fillns used, by col~~hining the properties of cwlltle~~sctl l?l~o\pl~i~tc\ and ED'I'SA 
with wctting agent to protlnce a. detergent with tl~e\c% ingrctlicnts in t h ~  ratio 
of 10  : 40 : 'LO. Ilo~ve~rer, conclet~sed pl .~osph:~te-~~ctt i~ig i~gellt (~on~binations pro- 
t111c.e so l~~t ions  that havr lo\\. a1l;alinity ai~tl ,  as s11~11, (.;III hc r~\etl in ~ ~ a s l i i n g  
operations where the milk eoilstituents are not affccatetl by allii~lillity. EIITSA 
tlrtergcnt solutions a t  0.3 per cent coilcentration hare pI I  raaging froin 9 to 9 92, 
while the pII  of the eonclensed phosphate detergent groilps ranged from 7.39 to 
9.0, depending on the polyphosphate selected. From the obser~atiou of flnsh- 
mashing cream separators, following the separating of ram mill;, a pH in the 
~vashing solution in excess of 8.3 produces excessive sliminess. 

There IT-as some indication that the EDTSA solutions 71-ere more corrosire 
than the coiidensecl phospliate solutions. Thir is being inrestigatetl further. 

Fairly satisfactory washing results were secured when air-dried filiils vcre 
washecl in the nsnal type of allraliile cletergent so l~~t ions  that also coiitained con- 
tlensecl phosphate or EDTSA and wetting agent. Poor washability was secured 
when those detergents mere used on the oven-heated and mill;-chlorine films. 
Obviously some decrease in ~ r ~ i l k  film rcrnoval rcsults when the cllc~lating or 
seqnestcring quality of ~vashing sohitions arc lo~~c~re t l .  T l ~ e  differences pre\entetl 
by these mashing results liltely will not be as notic~eablc when scar~tbbing action 
is applied to nashing. l\Tliere washing is clone without scrubbing, such as in 
clan n.;~sl~ing or in flush-mashing Tinits and pipe lines, the cletergc.ncy properties 
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that are produced by EDTSA and/or condensed phosphates and wetting agent 
are greatly needed. 

The value of using a detergent that retains high washing quality in spite of 
containing illilk ingredients in substantial quantity is obvious. The mineral- 
sequestering properties of detergents containing high proportions of such in- 
gredients apparently inalre this possible, but a sufficient amount of wetting agent 
also is needed to supplant that used u p  on the milk ingredients. This was dem- 
onstrated by the increase in detergency that occurred when 20 per cent wetting 
agent n7as used with 80 per cent condensed phosphate in place of the 90-10 com- 
position detergent. 

Rinsing and its result on the transmissibility of washed glass panes were ef- 
fected by the nature of the rinse solution, when wetting agent only was used as 
the detergent. Rinsing both before and after washing caused the lowest washing 
results with all the rinsing media, but the lowest photometer readings occurred 
when water was used as the rinsing medium. Under conditions of washing 
where only a pre-rinse is used, follolved by washing in a detergent solution, it is 
believed that a fill11 of wetting agent detergent remains that resists the adherence 
of the milk to which the pane is exposed in the preparation of air-dried milk 
films. Consequently, such panes may be expectcd to retain less milk upon film- 
ing and shonltl be ~vashed more coinpletely free than oues more heavily coated. 

Earlier stndie.; ( 4 )  had shown better washing results mihen no n7ater pre- 
rinse was used before ~vashing with wetting agent-detergent solution. These re- 
sults were substantiated in this study, for when the after-rinse only Ivaq used, the 
lvashing value mas higher than when the panes were rinsed both before and after 
wa.;hing. 

EDTSA appeared to be practically equal to the polyphosphate salts in the 
detergency tests applied in this s t ~ ~ i l y .  I t  is not unlikely that the product might 
show an advantage over polyphosphates where washing is applied a t  tempera- 
tures above 140" F., the optimum for polyphosphates. At present, EDTSA 
commancls a price that makes it l~neconornical to use for detergent combinations 
when polyphosphates are available. 

CONCLUSIONS 

Ethylenediamine tetrasodiumacetate was compared with condensed phosphate 
and alkaline salt detergents for washing quality against milk films that were 
air-dried, oven-dried and chlorine-treated. The ethylenediamine tetrasodiumace- 
tate and condensed phosphate salts contributed practically equal detergency 
properties. Allraline salt replacement for either condensed phosphate or ethylene- 
diamine tetrasodiumacetate lowered film removal properties. Both salts in com- 
bination with l~et t ing  agent produced high detergency quality against air-dried 
films when the detergent solution contained 10 per cent added whole milk. 

When the rinsing mediums includecl ethylenediamine tetrasodiumacetate, 
higher detergency was secured than when condensed phosphate salts were used, 
using wetting agent as detergent. 
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THE EQUIVALENCE O F  l'Ar\;TO't'IIENIC A C I D  AS11 p-A;\llNO13ENBOIC 
ACID FOR (+RO\TrI'lI OF H.lC7'EIZICdl L I S E X S  

M. PUKKO, W. 0. NELSOS ANI) W. I\. WOOD 

1,ubo~cztorg of Racteriolog!l, ~ ) P ~ O I . ~ I I I C ) I ~  of Doirjl S(*ir)t(.r. T ' I I ~ I . ~ ~ s I I ! I  of Illi)lois, Urboiln 

The factors involved in the associative action betweell c*crtain yeasts and 
Bacterium Iine?zs during the ripening of limt)~~rgc.r-type chcc.se hare been the 
subject of recent investigations. Iya ancl Praaic,r (4) I-eportcd that media 
wl1ic.11 11;ttl s~~ppor t ed  growth of a yeast snpplietl necessary factors for the gronth 
of R. lrtic,l\. Recel~tly, Purlto et 01. (10) have shown that several yeasts iso- 
lated fro111 I~~~~h l~rg? . c . r  c.heesc sccrrte pantothenic acid, niacin, riboflavin and 
biotin during gro\\tli. These investigators also found that B. l inens grows as a 
result of this \ ~ i t i l l l ~ i ~ ~  production. I n  this connection, 1311rkholcler et al. ( 2 )  pre- 
v io~~sly  hat1 rcportctl that one strain of R. line?zs requires pantothenic acid for 
growth in a synthetic medium. In a study of the vitamin requiremc~nts of t ~ ~ e ~ l t y -  
fire strains of R. l ~ n c ~ z s ,  Xeyc'r (8) observed that eight strains req~~ire t l  panto- 
thenic acid for gronth. rn i~tldition, six strains appeared to hare il "noii-spe- 
cific" vitamin requirement. The latter organi\ms were incapable of growing 
in a ritamin-free medium, but grew when eight 13-vitamins were present. IIow- 
ever, good growth was obtaincltl whe~i any one of the vitalnilis was oniittccl. 
Thus, the omissiori of a single vitamin clicl not demonstrate a specific require- 
ment. 

Further nutritional studies 117ith a strain of B. linen9 exhibiting the "non- 
specific" vitamin requirenlent hare been nndo~.talren in order to elucidate the 
nature of this vitamin interaction. I t  has been found that this behavior is due 
to the ability of the organism to grow wmh1 either p-a~ninobenzoic acid (PAB) 
or pantothenic acid (PA)  is present. Several observations have bcrn reported 
w1lic.h indicate a bioclleinical interrelationship between PAB antl folie acid (3,  9)  
and bct~veen PAP, and alnino acids (7, 11) as well as purine and pyr imidi~~e 
haws (3. 6 ) ,  but thr nutritional equivalence of PAB and pantothenate for the 
growth of bac'teria appears to be unknown. 

BIETHODS 

Hactoi~i~tt lillcnr, strain 436, isolated from liinburgcr cheese by ;\Ic.cr ( 8 )  
using the mcthod of Albert ct  01. (1)  was selected as representatire of tllc "non- 
specific" group. The inoculun~ was grown with aeration a t  room teinpcrature 
(27 i 3' C.) for 24 hr. in a medium composecl of 1 per cent of yeast estract, 
1 per cent of tryptone, 0.5 per cent of clipotassium phosphate and 0.5 per cent of 
glucose. The cells were washed t~vice with sterile distilled x-ater and resus- 
penclecl in sterile clistilled matclr to an optical dcnsity of 0.1  hen measured as 
described below. One drop of this suspension was used to inoculate each tube. 

The composition of the basal medium ant1 the snpplen~ents is sho~rn  in table 1. 
Rceeired for publicxtion 3f:1rcll 03, 1051. 
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The constituents for 100 ml. of mc~diurri were dissolved in 71.5 ml. of distilled 
water, 5-ml. aliquots of which mere dispensed in 18-mm. test tubes. Water and 
supplements were added to each tube to a total volume of 7 ml. The tubes were 
plnpged with alnininuni foil-coated rubber stoppers equipped with cotton-plugged, 
glass-venting tubes ancl sterilized by allt(ll'lil~il1~. Lifter i~~oci~la t ion ,  the stopprrh 
vrcre sealed to the glass with collodion, the tubes inclined a t  an angle of approxi- 
nli~tely 37 degrees from horizontal and arratetl 1,- sha l i in~ (120 1.378 in. stroke\ 
per min.) a t  room temperature for 90 hr. Since B. linens is an obligate aerobe, 
growth caonctitions are required which will furnish O2 without excessive evapora- 

TABLE 1 

Composition of t71e metlitcm 
~p - - -- -- 

B:ls:~l ine~limn Vitamin supplements 
- -- -. - .- . - - - - - 

(nt.g./7 nd.) ( y / 7  ntl.) 
Casein liydrolysntc, enzy~n:ttle 70.0 Thiauiil~ HC1 2.0 
Glucose 280.0 Ribofla\-in 2.0 

1.40 Pyridosinc HCl 2.0 
2.80 Ca pantothenate 2.0 
0.14 Niacin 2.0 
0.14 Biotin 0.015 
0.14 Pteroylglutnmie acid 0.5 
0.07 ml. Inositol 2.0 

Salts B a  0.07 ~ n l .  Clioh~ie HC1 0.5 
P H  6.8 p-Amiiiobe~~zoic acid 0.1 

Vitamin B, 0.01 
.- - 

Salts A :  Dissolve 25 g. K,FIPO, nnd 25 g. I<H,PO, in  250 ml. H,O. Salts B: Dissolre 
10 g. MgSO, . 7H,O, 0.5 g. NaCI, 0.5 g. FrSO, . iIT,O and 0.5 g. AIIISO,. 4H,O in 250 ml. 11-0. 

tion. With this arrangement, satisfactory aeration was obtained without loss 
of volume. I n  addition, g r o ~ ~ t h  could be estimated turbicli~netrically a t  desired 
intervals. The turbidity measurements were made in an Evelyn colori~neter 
equipped with a no. 660 filter and expressed as optical density, which is the 
ratio of the intensity of the incident light ( Io)  to that of the transmitted light 
(IT). Thus, for the Evelyn coloriineter which is graduated in per cent trans- 
mission, I. = 100% and IT = the galvanometer reading. Thus, optical density = 

2-log of the galvanometer reading. The inocnlated tube before incubation was 
taken as zero optical density. 

RESULTS 

Vitamin dependence was tested by adding single vitamins to the basal medinm 
in concentrations shown in table 1. The results shown in table 2 clearly indicate 
that growth occurred when either PAB or PA was present and that other vita- 
mins were ineffective in promoting growth. 

To investigate fnrther this fintling, 111edia containing either 1'AB or P A  and 
also containing both vitamins wrrc inoculated and the course of growth followed 
turbidimetrically. The results of a typical experiment are shown in fig. 1. 
Growth occurred when either vita~liin was adclecl, althongh the rate and extent of 
growth were different with each suppl(,ment. I11 the presence of PA (20 y per 
7 ml.), the culture grew rapidly after il lag of about 20 hr. and the amount of 



growth was about one-half that obtained with a mixture of PAB and PA. An 
increase in PA concentration from 20 to 80 y per 7 ml. caused only a slight in- 
crease in the amount of gro~vth. l lTl~en only I'AB (0.1 y per 7 ml.) was added, 

TABLE 2 

Vitamin requirement of B. linens, strain 456. Composition of t7~e basal medium and vitamin 
co?~centrations are us slrozv?~ in tablc I. Cztllrtren were inc~tbated c i t h  aeratzon 

for  90 Irr. at room temprrature (27 2 3" C.) 
-- - 

.Idilition to bnsnl mcdium Optical density x 10 
. -- -. 

None 0.132 
Cn pe~itothe~intc 4.32 
p-Ami~~obcr~rroic :~ritl 2.84 
Thiamin HC1 0.088 
Riboflavin 0.132 
Ppritlosine HCl 0.088 
Riotin 0.223 
Pteroylglutnmic acid 0 . l i 7  
Cholinr HCI 0.132 
I~lositol 0.132 
Xinein 0.132 
All vitamins 7.46 

-- 

detectable growth occurred after about 60 hr. With an optimum PAB concen- 
tration (0.4 per 7 ml.), the turbidity increased rapidly after 20 hr. and leveled 
off a t  about two-thirds that obtained with both vitamins present. No growth mas 
obtained in the basal medium. 

The possibility exists that the growth was due to the presence of traces of 
PA, PAB or other factors contributed by the inoculum. To test this possibility, 
serial transfers were made from each of the above media into the same media for 
four successive subcultures. If growth factors from the inoculum were an  im- 

HOURS 
FIG. 1. Growth of B. linens wit11 p-aminobe~~zoic acid (PBB)  or pantothenic acid ( P A ) .  

Conditions as in table 2 except 20 y of P A  and 0.4 y of PAB per 7 ml. 
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portant factor in these results, progressively less growth mould be expected in 
each subculture due to dilution. However, the results were the same as shown 
in fig. 1 in each transfer. Also, two different sources of P A  and PAB have been 
used with the same results, thus lessening the possibility of vitamin contamination. 

The addition of niacin, thiamin, pyridoxine, pteroylglutamc acid and ribo- 
flavin, singly or in combination in the amounts shown in table 1, did not alter 
the results shown in fig. 1. However, as shown in fig. 2, the addition of biotin 
to media containing either P A  or PAB increased both the rate and amount of 
growth. I n  the presence of an  optimum PAB concentration (0.4 y per 7 ml.) the 
lag period was not altered. However, when PAB was limiting (0.1 y per 7 ml.), 
biotin decreased the lag period from 60 to 20 hr. I11 contrast to these observa- 
tions, biotin had little effect when both vitamins were present. Biotin appears 
to be stimnlatory rather than required, since serial transfers in the vitamin-free 

I GROWTH IN PA OR PAB EFFECT OF BIOTIN ( 

FIG. 2. Effect of biotin upon the growth of B. linens. Conditions as in fig. 1 except as 
indicnted. 

medium supplemented with PAB or P A  grew without added biotin. I n  the 
event that  biotin were required, its concentration in the inoculum and the medium 
would be so low as to limit the amount of growth. IIo~vever, maximal growth 
was obtained in its absence (fig. 1). I n  addition, an amino acid mixture has 
been successfully substituted for casein hydrolysate in an  otherwise biotin-free 
medium, thereby eliminating that source of biotin (and other growth factors) 
as a contaminant. 

DISCUSSION 

In  line with the general hypothesis that a vitamin not required for growth is 
synthesized during growth, the observations reported herein indicate that  B. 
linens may effect a synthesis of each vitamin under specific conditions. Further, 
i t  appears that  either PAB is involved in the synthesis of P A  or that P A  func- 
tions in the synthesis of PAB. The role of biotin in these processes is not ap- 
parent. However, growth cannot be initiated by the addition of biotin alone, 



nor is it required for growth in the presence of P A  or PAB. Thus, the possi- 
bility exists that the rate of biotin synthesis is limiting in the presence of either 
P A  or PAB. The fact that biotin plus PA and biotin plus PAB produces growth 
roughly equivalent to that obtained with 1'A p h ~ s  PAB suggcxsts that biotin may 
function in the synthesis of the omitted ritinnin. Further rxpcrin~cnts clesignecl to 
test the possibilities are in progress. 

The increased rate and amount of growth obtained with mixtures of PA,  
PAB and biotin indicate that ~ n a ~ l y  of the vitamins which are synthesized by the 
yeasts of limbnrger cheese (10) may be important factors in the yeast-B. linens 
associative action and in cheese ripening, even though all of the vitamins are 
not actually required for the growth of B. li??e?z.v. 

SUJI3IART 

B. liilens, strain 436, grows in a semi-synthc.tit: ~tlc~tli~nn sup~lc~nc.~itetl with 
either pantothenic acid or p-aminobenzoic acid. Biotin is not required for 
grolvth, but greatly increases the rate and amount of growth in the presence of 
P A  or PAB. 
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ASSOCIATI\-E GROWTH O F  SII 'EI'TOCOCCUS L A C T Z S  A N D  
S E R O R A C T E R  A E R O G E A ' E S  I N  MILI<'~ ' 

K. K. IYA3 and W. C. FRAZIER 

Department of Agricwlt~lral Bacteriology, University of Wisconsin, Madison 

One purpose of the use of Streptococczcs lactis cultures as starters for cheese 
is to inhibit the growth of undesirable bacteria, such as the gas formers, during 
the making process. Berobacter aerogenes, one of the worst of the gas formers, 
often is the cause of "earl>- gas" in cheese and seems hard to suppress in cheese 
made from raw nlillr. Therefore, a study has been made of the associative 
growth of A'. lactis and A. acroycrrcs in milk untler tlifferent conditions, in an 
attempt to learn how effective the lactic starter may be in holding clown growth 
of the gas f o m ~ r r  and the produc.tion of gas. 

METHODS 

Cz~lttcr(~.s. The cultures of S .  lactis and A. acroycnes were from the collection 
of this Drpartinent ant1 were checked for purity and authenticity. Stock cul- 
tures wercl carried in slrim~nillr, with periodic transfer, incubation a t  30' C. and 
storage in the refrigerator. 

IJvcpalv t ion  of inoclrla. Growth curves of the two cultures growing in skim- 
milk at 30' C. indicated numbers of the organisms a t  the beginning of the maxi- 
rnuln stationary phast.  hen they were used as inocula. I11 most experirrients 
about one million S. lactis cells were atldecl per n1il1ilitt.r of slrimmilk, approxi- 
r~ i ; l t i~~g  th(1 riurnbers atlded to milk as checlse starter, and the numbers of A. 
ncro!jclte.s cells Jrt're varied so as to give about the rod-to-coccus ratio desired. 
I n  one experiment, a ratio of 1: 4,900 was ~naintainecl but the numbers of (dells 
of each species \rere increased a hundred fold. 

Elzzcnzeration of viable cells. Since both species of bacteria tend to chain or 
clump to some extent, a colony co~ult  is misleading. Therefore, plate counts 
were adjusted for the average chain length of the bacteria in earh sample as 
deterinined mic,roscopically. Quintuplicate plates were poured with tho carrot- 
liver agar of (;arty et  al. (3) and incubated for 18 to 24 hr. at 30' C. for A. 
aerogencs and 48 hr. for S .  laactis. I n  the preparation of sanlples for plating, an 
equal amount of sterile 2 per cent sodium citrate solution was mixed with the 
milk saniple to break up pitlces of curd and the clumps of bacteria. 

Skimnlillc n ~ e d i t ~ n ~ .  Growth of the two species alone and together was studied 
in slrimmilk which had been freshly antoclaved in 10- and 25-ml. lots. Incuba- 
tion was in thernlostatically controlled water baths with less than 0.1' F. varia- 
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tion in temperature. At least four trials were made nntler each set of coil- 
ditions. 

Dcternlination of accclrty. Titratabk acidities esprc+sc.tl a\ lactic acid and 
1311 vallxes were drtcrrriined b j ~  con~~t~ntional  methocls. Total volatile acidities 
werr estimated by thc method of Han~nrer i111d Sher~r-ootl (4) tint1 expressed a4 
milliliter.; of 0.1 A' volatiltl ad per 10 nll. of sample. 

Dc tcrrtr r rtntiotr of 11 brrutetl gas. Liberatcvl or free gas \\-as illcasnrrcl by an 
appari~tus hiinilar to that nsetl by Cranston (2) and Bartholomc~\ (1 ) . A 50-1111. 
burtlttc. \\;I\ attached by onc cnd to a reservoir by nirans of rubber t11l)ing ancl a t  
thp other cwtl to the cn1tllr.c. tnbc. A tm-o-holed rnbber stoppcr in tlic culture 
tube p(mnittet1 insertion of gli~ss tubing for conllcctlon with thc burc.tte, and a 
sinall fuunc.1 for introcluc*tion of small amollnt\ of c.oncentratcld II,SOI. The 
burette ant1 rc.sc.rvoir containctl R holution of 20 per (dent Na,SO, ii11tl 5 per cent 
I-I,SO,. as recon1nlend(~t11 in JI(~thot1s of the Chemists of the U. S. Stcc.1 Corpora- 
tion ( 3 ) .  CO, ant1 I IL have negligible solubility in thi\ solution. All vol~imes 
w>re nleasnretl ai'ttlr the lerels hat1 b(.(l~i eclnalizctl anci were c.orrectc,d to stand- 
art1 conditions of 0' C. and 760 111111 of pressure. 

Preparat ion  of ~ ~ ~ r r r l l  lots of cl~erlrlar-like chccsc. To stncly the assoc.ii~tive 
growth of the t n o  organislns in clieesc curd, sliiall lots of cheddar clicc.se were 
matle by method5 \imulatinp those x~scil in cheese fiwtorics. Abo~xt 2 gal. of 
fresh milk were pilstellrized a t  160" I?. for I 6  see. ant1 cdoolcd rapidly to 86' F. 
Thv 5tilrtc.r nsed containc.tl such numhors of S. lnctis ant1 -1.  ne t~ogcne .~  that the 
tl.\irtltl ratio of these organisms in thr milk \\-ils obtainetl ant1 over 1 per cent of 
S. lactis culture was added. \Then the titratable acidity of the milk had 
reachrtl 0.15 per cent, 0.6 1111. of rennet c.stract was dilntc~d to 20 ml. with cold 
watw and added to the 111illi at 86' F. Becaause the cheese was "slow," al- 
lowances had to be made ill 111c.thoiis of cutting and caooking thr cllrcl. Whey \r7as 
drawn off \\hen it sho~wcl an acidity of 0.12 to 0.13 per cent. The curd (23 g.) 
v*as transferred to large c.nlture tubes ~vhic.h were connected to the apparatus 
for measnrc~mt~nt of total cvolved gas and were incubated at 30 or 37' C. for 
different periods. 

RESULTS 

Inclusion of all of thr data ~vould make this report orerlot~g. Therefore, 
only one example is presented of changes in pII, R I I ~  titratable ac.iditics have 
been omitted. Since changes in volatile acidities parallel those on gas, only one 
oxample is given. Growth and activities of the bavtclria were followed for 72 or 
96 hr. when inc,ubiition was a t  20" C.. but clata for only the first 24 hr. are given. 

When the initial inoculum consisted of A. aerogenes and S.  lactis in the ratio 
of 1 : 3,900, the growth of the gas former was inhibited during the entire growth 
period of 72 hr. (figure 1 ) .  By the end of 3 days there were 780 times as many 
A. aerogenes organisms in the pure culture as in the one growing with S. lactis 
and four times as many after 24 hr. The growth curves for 8. lactis, however, 
were practically identical in pure and in mixed cultures. Measurable amounts 
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of gas were not produertl cluring thr  first 24 hr., anrl only snlall amounts by !Mi 
hr., when there was about fivca t i~nes ac; n1ne1i gas froni the pnre culture of A. 
aerogenes as from the niixed cultnrc.. Chaiigc\ in acidity of the mixed cult l~rr  
\yere almost identical with those in the pure, eulture of 8. lactis. Amounts of 
~~ola t i le  acid were inconsiderable, a l t h o ~ ~ g h  \lightly niorch \\.a\ protlnced by the 
plire cnlturr of the gas former by 96 hr. 

MThm the ratio of rod to eocens in the i~loeuluin \\.a\ 1: 12, both A. acrogettes 
arid 8. lactis grew equally ~ w l l  in pure. culture, ant1 together a t  20" U. for 24 hr., 
with a slight illhibition of the pay fornlrr in the n~isc.tl cd tu re  thrreafter (figure 
2 ) .  Chaiigcs in avidity of the inisetl cnlt~~rca \vc>rcb pri~c,tic.ally the \nine as those 

H w r ~  Hauf~  
I 1 Grontli of A. arrogc tics and of S. l ad i s  scaparntcly :tnd together in  milk a t  20" C., 

witti all original rod: coccus ratio of 1:3,900 in the miscd rnltttre. No mrasr~rnblc gas from 
S. 1nc.tis and little fro111 A. neropenes. 

l'rc,. 2. Growth and gas production of A. acro.qrars and of S. 1rcctf.s sel):~ratclg and to- 
gcltl~er in  milk a t  20" C., with an original rod: roceus ratio of 1:12 in t l ~ c  nliscd culture. 
No mmsural~lr  amounts of gas from S. Tartis alone. 

of a purc c~nlturr of 8. lnctis. Comparatively srnall an~ounts of rolatilc acid and 
gas were prodnccd a t  20" C., but there was some sl~pprcssion of protluvtion of 
thrse yolatile prod~~cats after the first 12 hr. in the nlixetl crilt~~rc.. 

T h e n  A.  aerogcnes and S. 1acti.y were growl1 together in milk a t  30" C., with 
an original rod-to-coccus ratio of 1 : 4,600 (figure 3 ) ,  the growth of A. acrogenes 
was slightly inhibited during the first 12 hr. S. lactis grew as we11 as or better 
than in pure culture. Gas formation was not inhibited markedly until after the 
first 12 hr. Results on volatile acidity (figure 4) show that its production was 
suppressed more than was thc. evolntion of gas and for~nation of acid was slowed 
down by the growth of the gas former along with S. lactis. 

A rod-to-coccus ratio of 1: 10 in the inoculum with incubation a t  30' C. 
(fignre 5) demonstrated that A. aerogencs and S. lactis grew practically as well 
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FIG. 3. Growth and gas production of A. aerogenes and of S. lactis sel)aratc,ly alid to- 
gether a t  30" C., with a n  original rod: coccus ratio of 1:4,600 in  thr  miscd cnlturc. A total 
of only 0.08 ml. of gas was produced by S. lactis i n  24 br. 

FIG. 4. Changes in  p H  and in rolatile acidity of A. arro.f/c,nrs rind of S .  lactis scp:tratcly 
and together in Inilk a t  30" C., with a n  original rod: eoccrls ratio of 1:4,600 in the misrd 
culture. S. lactis did not produce ~neasurable alnounts of volntilr acid. 

in miscd as in pnre culture, but that gas formatio~l by A .  crcrogetlcs was inhibited 
apprec.iably throughout 24 hr. of incubation of the rnixcd c.ult11re. Results not 
shown demonstrated that production of acid was s lowc~ in the mixed culture 
after 12 hr. than in the pnre culture of 8. locf i s  ant1 that the proclnction of 
volatile acid was inhibited much as was gas for~nation. Gas production was 
wpprersed to only a slight extent when a ratio of 1: 4,900 was maintained bnt 

0 4 8 1.2 18 14 
Hours 

0 4 8 12 18 24 
Hours 

J!'IG. 5. Growth and gas production of A. aerogenrs and of S.  laetis separately and to- 
gether in  milk a t  30" C., with an original rod: roccus ratio of 1:10 i n  the mixed culture. 
Negligible amounts of gas from S. lactis alone. 

FIG. 6. Growth and gas production of S. lactis and of A. aerogrnes separately and to- 
gether in milk a t  30" C., with a n  original rod: rocens ratio of 1 :4,900 and 100 times the usual 
inoculum. 
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the inocnla were illcreased one hundred fold (figure 6 ) ,  and both organisnls 
grew as well in  mixed as in pure culture. 

Associative growth at 37' C .  

When the ratio of A. aerogenes to S .  lactis i n  the inocnlum was 1: 5,300 and 
incnbation was a t  37" C., both organisnls grew about equally well in  mixed and 
in pnre culture (figure 7 ) .  Gas formation was slower in the mixed culture than 

Hour8 Hwrs 
F'IG. 7. Growth and gas production of A. aerogenes and of S. laetis separately and to- 

gether in milk a t  37" C., with an original rod: eoeens ratio of 1:5,300 in the mixed cultnre. 
Negligible amounts of gas from S. laetis alone. 

F'IG. 8. Growth and gas production of A. ar).o,qrnes and of 9. lnrtzs separately and to- 
gether in milk a t  37" C., with an original rod: eocens ratio of 1:10. Negligible amonnts of 
pas from S. lactis alone. 

in  the pure culture of A. a,erogenes throughout 24 hr. of incubation. I"or111a- 
tion of volatile acid by A. aerogenes was suppressed by the S. lactis bacteria 
after 8 hr. (not shown i n  figure), but  total acidity was about the same in the 
mixed culture as in the pure culture of S. lactis throughout. 

When the ratio of A. aerogenes to 8. lactis in the inoculum was 1: 10 and 
illcubation was a t  37" C., the organisms grew about equally well in  mixed and 
in pure culture (figure 8) and gas production was 0111)- a little slower in the 
mixed culture than i n  the pnre culture of A. arrogenes. Results not shown in 
the fignre indicated a suppression of formation of volatile acid aftcr the eighth 
hour, so that there was 80 per rent as much volatile acid in the mixt,d culture as 
in  the A. a,erogenes culture af tm 2 1  hr.  

Gas procli~ction in cheddar cheese ct~rcl 

When cheddar-like chec>se curd was prepared from pasteurized milk inocn- 
lated with different proportions of A. aerogenes and S.  lactis aild incubated a t  
30 or 37" C., gas production was as shown i n  table 1. Slightly more S.  lactis 
cwltnre was added than is customary in cheese making. Gas was prodnced at a 
faster rate and in greater amounts a t  37 than a t  30" C. and increasing numbers 
of .A. nrrogenes organisins in the starter led to  increased gas production. Even 
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whe.n there \wre 10,000 times as many 8. lact is  as A. aerogenes organisms in the 
inoculum and the latter were only about 200 per milliliter in  the inoculated 
milk, appreciable amounts of gas wcxre produced. 

TABLE 1 
Il'olrrl gas prodtlction b y  S .  lactis a?td A. aerogenes in cheddar cheese-like curd a t  30" and 

3 7 "  C. with roll: coc~rzls ratios of 1:10, 1 :5,000 and 1:10,000 in the original inocaltriit 
-- 

H:itio rnd: cocens 1: lO 1 :5,000 1 : 10.000 
- - - - . . - - - - - .  - 
I.: l: l l~~'d time (hr.)  0 8 24 0 8 9 1  0 8 24 
- - -- 

111cul1:1tioii t m i p .  
("C.) 

(1111. of {/(I .S)X (ml. of flus) (ml. o f  gas) 

30 0 2.44 6.63 0 0.09 2 .m 0 0.09 0.46 
:i i 0 2.'73 11.81 O 1.00 4.02 0 0.46 ?.'i2 

-- - - -- 

.'All ~ a %  volumes c.orrrc.ted t o  ( I "  C .  and i(i0 mn1. o f  prcssnre. 

Results with A. n e ~ ~ o g c r ~ c . ~  and S .  Iactis in autoclaved skimmilk do not neces- 
sarily reflect what would happen in rav or in pasteurized mill., but the experi- 
ment on rhcddar-like curd from pasteurized whole milk gave results similar to 
those in autocglav'd skin~milli. I t  n~ igh t  be arg11ed that inc,reasing the 1 1 ~ t  treat- 
ment mould destroy more of the acxvssory foot1 s ~ ~ b s t i ~ ~ ~ c e s  necaessar,v for S. 7acti.v 
and thus gire -1.  aevogenes a bcttcbr cahanee. As a 111att~r of fact, however, es- 
periments in these laboratories hare inclicated that i ~ ~ ~ t o c l a r e d  wllolt~ n~i lk  from 
illdividual cows gix-es better growth and acid protlncdtion by S. Inctrs, than will 
milk heated a t  80" C. for 10 inin., and this in turn is better than pastc~l~rizrtl 
milk. 

The inhibition of gro~vth and metaholisin of A. acrogcrcrs by 8. tlzcrr~roplril~cn 
at : Z i O  C .  was observed by Bartholomew (1) to becdorne most marked \vhrn the 
pII had tlropped to about 5.15. I n  thr  present experirrlrnts the growth of -4. 
n ~ r o q c ~ t c s  was inhibited appreciably only when the original ratio of roc1 to coc.cns 
was 1 : 4,600 and inc.ubation was at  30° C. Gas formation was suppressetl the 
  no st a t  this temperatnre, although it  was reduced some a t  37 and 20" C. Any 
relationship of acidity c.allsc.d by S. 1ocfi.t and inhibition of gas production was 
not obvions. When original numbers of A. aerogenes ol.gal~is~ns \wre lo\\., 
large numbers of S. Inctis were effective in reducing the production of gas and 
volatile acicl, but when a large inoculunl of the pas former was ~lsc,d, even 3,000 
tiines as nlany 8. lact is  ba(-tt2ria hat1 littlr effrc.t. 

S. lac f i s  was most effective in suppressing , l .  nerogenes a t  30' C., which is 
about the optimum tenlperature for the streptococcus, and was I(1ss (lffrctix-e at  
20' C. At 37" C., the best ten~pcrature for A. aerogenes,  8. lactis had little 
effect on the growth and activity of the gas fonner, and it  woultl be likely that 
40° C. would br still more in favor of A. aerogenes.  Therefore, the temperat~lres 
used in cheese 11lalii11g \~oultl  be atlvanta~eous to A. ncroge~les .  

At  30" C. thtlrc. sernled to br solne stimulation of the growth of S'. lactis by 
growth of A. nerogeiles but littl(b or 110111~ a t  37 or 20' C. 

It is apparent that the c.heesc> maker cannot rely much on a pure S'. Irtctis 
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starter holding down growth and production of gas and volatiltt acid by A. 
ncrogctrcs and that llr shonld t r y  to obtain milk in which these gas formers are 
low in nurnbers or absent. The starter used by most American makers is a mix- 
ture of lactic streptoc.occi and Lczcconostoc species (aroma formers), and it  has 
been observed that lactic acid is produced faster in the vat by this mixed c:ultnre 
than by most pure culture strains of 8. lact is .  I t  is possible that  the mixad cul- 
ture would be able to holcl down A. aerogenes better than v-onld a pure culture of 
AS'. lactis and this combination should be tried. Adequate pasteurization of milk 
for c.hcese and prcire.ntion of recontamination will, of conrsr, eliminate trouble 
wit11 A. aero!gcnca. 

SIJMMARY 

Streptococcz6.s lact is  was addecl to sterilizt~tl milk a t  about the level used in 
cheese making and Aerobac tcr  acrogenes added i n  different proportions. 
Growth of both kinds of bacteria in pure culture and together was followed a t  
20, 30 and 35" C., together with increases in acidity, volatile aciility and gas. 
T(.sts also wt,rcn macle on checldar-like coheese canrd. 

At  20' C. 8. la.ct,is grew with A. aerogclrcs as if thc gas f0rrnc.r were not 
present ant1 A .  aero!jc)rcs was suppressed olll- slightly. Amounts of gas ancl 
volatile acids proch~cetl at this ten~peraturt. were negligible. 

At  30" C., growth of R. lac f i s  was stimulated some by the growth of A.  
acrogencs.  The growth of A. acrogenes was suppressed when thc ratio of rod to 
(.occus in the inoc111nrn was I : 4,600 but was affected but little when the ratio was 
1 :  10. Production of gas and volatile acaitl was suppressed, c~sprcially af t rr  12 
hr., in t,he presence of S .  knctis. 

At  R O O  C., whtw 100 t i~nes the nsnal inoculun~ of S. lnctis was used and A. 
aerogencs added to nlake t,he ratio of rod to cocc.ns 1 : 4,900, growth of each 
organism in the mixcci vultnre was thv same as in pllre cnltnre and prodnction 
of gas ancl volatile acid was not affectrd appreciably. 

At 37" C., growth of both A. aero!jores and 8. lnctis i.11 thr  ~nixturc? was like 
that in pure cnltnre. Protlnction of gas ant1 volatile aeitl \\.as inhibited more 
when the rod-to-coecus ratio in the inocnlnn~ was 1 : 5,300 than whet1 it was 1 : 10, 
but the snpprc~ssion was not great in either instance. 

Cheddar c-hcese-like c.11rtl from pasteurized mill< iaoc~~llated with A .  aerogcncs 
and S. lact is  in different proportio.ns and incdubated a t  30 or 37' C. showed 
that gas was produc.vtl at a faster rate ant1 in greater a~nounts at  37 than at  
30" C.; increasing nulnbt~rs of A .  aerogenrs in the startm let1 to increased gas 
procluctio,n. Large nurnbers of S. lactis bavteria were nnablr to prevent gas 
formation by small nnrnbers of A .  acrogetres. 

It is ronrluded that the effecat of R. lactis on growth and pro(lnction of gtds 
and volatile acid by 11. nerogcircs decreases as the t,e~nperaturc is increased fro111 
30 to 37' C. and ercw large nlunbers of S .  bnctis (lo not snpprc3ss small nunlbers 
of 3 .  ncrogencs to any great rxtrut when growing ill antocalarrtl sltimmilk. 
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BACTERIA ASSOCIATED WITH A (:II:LATISOT'S OR S1,IMY CT'RD 
DEFECT O F  COTTAGE CIIEESE1 

R. R. PARKER, V. S. SMITII AND P .  R. E1,LIRER 

Orrgoa Agricirlttlral Exprrznrest Stntioti, Corvn1li.s 

Cottage cheese plants in various parts of the T'nitcvl Statt's ill 1.ecent years 
have reported ciifficnlty with a gelatirious curd defect in both ereallled and un- 
creamed curd. The. deft.ct was first describetl in 1949 ( 2 ) ,  but all available evi- 
dence indicates that it has been witlespreatl and frrqnent, and losses d11e to this 
type of spoilage hit~re been extensive for several years. 

The c1efec.t 1nit.v clevelop in 24 hr. (luring refrigerated storage or I I I ~ ~  b~ de- 
Iixy('tl for sc.vcral days. Crearned card usually has s11o\vn more frequent and 
rapid spoilagcl than uncrealned. The defect is characterized by for~nation of a 
thick, gelatinous, slimy film around each cart1 particle. I n  one form of the 
defect the gelatinous film has been whitish or yellowish in color and somewhat 
translucent. This form may be accompanied by little change in odor, and in 
other cascbs a fruity odor may be apparent. Tn still another form of the defect 
the film surrounding the curd particles may be yc~llo~vish or tinged with brown, 
extenrive proteolysis may occur, the odor 111ity br rottea or putrid and slightly 
ranc*icl and the flavor quite bitter. 

Terms that hare bee11 nsed in the tradc. to refer to thr curd defect include: 
gelatino~~s, slimy, glassy, scummy, tapioca and fruity. Such terms usually 
indichating changes in physical appearance actually nlay refer only to the final, 
latr stages of the spoilage. A number of off-flavors such as fruity, rancid or 
bitter may precede the formation of the gelatinous film around the curd particle. 

Studies carried ont several years ago in the Mid~vest ant1 more recently on 
the West Coast s~~gg(a\ted certain bavteria as cansatire agents. This paper pre- 
sents a number of observations matl(. c111ring a study of the bacteriology of the 
defect. 

EXPERI3IENTAL 

lficroscopic* examination of defective curt1 oli tlitf'erent occasiol~s always re- 
vealed large nu~nbers of gram-negative rods in addition to the nornlal lactic strep- 
tococcus flora. Plating on both veal infusion and tryptone-glucose-ski1n111ilk agar 
resulted in nunlerous colonies of gra~ii-negative rods. Representative types were 
picked into l i tn~ns milk and the cultures segrrg;itetl into four groups on basis 
of change in reaction in the 111ilk after 5 days a t  1.5' C. First attempts to repro- 
duce the typical gelatinous (1rfec.t with representative isolated cnltnres by inocu- 
lating normal creametl ant1 lrncreametl cottixge cheese curd were ~~nsuccessful. 
Latcr, the inoculation was repeated in uncreamecl curd that had been soalted 
and washetl a number of tinles with sterile alkaline tap watrr to raise the pIT of 
the c2urd. Within 48-hr. storage at 15' C. following this trcatnleat, a sliniy film 
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developed over rach curd particle in  some lots of the il~oculated ch(~ese. The 
defect proclucc~cl expc~rimentally appc'arecl in two gencml forllls that  coincided 
with observations 011 the spoilage of commercial cheese. 

The cultures that  prodtlced the ilefrc.t c~sperimentally were selected for  fur-  

FIG. l. G r l ; r t i ~ ~ o ~ ~ s  ,l(.fec.t ill l ~ ~ ~ c t . t ~ : ~ n l ( ~ , l  ,.111.$1. Top, . I .  i i i r t ~ i l ~ ~ n l i , g r i i c s .  JIiddle, P. fragi.  
Bottom, P. ciscosa. I : ~ ~ i ~ ~ o r u l ; ~ t e d  col~tl.ol pl:~tvs OII  left .  

ther study and idr~ltifiratiol~. A stutly of ~l~orphologic*al il~ltl cultnral characteris- 
tics revealed two species capable of producing the defect. The first of these pro- 
duced the abore de.;crib(.tl yellowish or brownish slilrie (fig. 1) ancl extensive 
proteolysis accompanied by a slightly rancitl, rotten or putritl otlor an(\ a bitter 
flavor. Its charactcristic.~ coincidrd esartly with the tlt,scriptiou of I'scirrlo- 
n ~ o t ~ n s  t*isco.sn (1). 



BACTERIAL DEFECTS 01" COTTAUIG ('IIEESI.: 889 

r 7 1 he second organism producecl a sonic~what translucc~nt, slightly yellolvish 
gelatinous film around each curd particle with no pronounced change in odor. 
I ts  characteristics coinciclecl in every cletail with those of Alcaligenes metalcali- 
genes ( 1 ) .  Sonie comnlercial lots of spoiled c.heese had demonstrated a fruity 
odor. This led to inoculation of experimental cheese with Pseudomonas  fragi. 
I t  also provc~d capable of producing thr defect in "overwashed curd." P. fragi 
c.au.iec1 a defect similar to that of A. nceta1callgc1le.s (fig. 1 )  and, in addition, pro- 
thiced a distinct fruity odor and slightly rancid flaror in the cheese curd. 

I t  wa\ observed that thc greenish-yellow pigment produced by P. viscosa on 
cottage cdheese fluorescetl strikingly under loilg-~\~ave ultraviolet light (Minera- 
light or I3lacolr Light) i l l  a clarlrcnetl rooin (fig. 2 ) .  Tiny specks reprcxsenting be- 
ginning spoilage of c.hec~se by thr organism could be detected easily in this man- 
ner in lrc~eping quality tests brfore they were readily visible in ortlinary light. 

S O I I I . C C  of spo i l r~~ j ( ,  O T ~ ~ ~ I I S W I S .  Sincae the abore obsc~rvations. othrr outbreaks 

FIG. 2. I)cf('ct ] ) r o ( l u t ~ ~ l  I)! 1'. ~ . i s t ~ ) s o  i i i  r r c : ~ ~ n c , l  cunl. I'l~otogrnl~lir~l i l l  11ii1.k room \\.it11 
long ware u1tl.n-violct light (Miiier:iliglit). Coiltrol pl:~tc o n  Icft. 

of the gelatinous or slinly defect have yielded the above organisms from raw 
millr, spoilecl cheesc~, water supplies and from milkstone deposits on cottage 
cheese vats or packtiging equipment. In  one instance A. metalcaligenes was iso- 
lated from a plant water snpply and P .  viscosa from the city water supply enter- 
ing the same plant. Chlorination of the wash water supply, use of special 
cleaning proc.etl~ires to rerrlore milkstone deposits and stringent hypochlorite 
sanitization have greatly reduced incidence of the outbreaks. There is definite 
evidence that plant water lines may develop deposits of grit and slime that  pro- 
tect t,he spoilage baeteria, and these niust be cleaned out before water ehlorina- 
tion can be practicecl successfully. Creaming 1nixt.11rcs contaminated from poorly 
aleaned and sanitizecl etluipment such as cans have hrell another source of the 
organisms. 

Xigrlificance of pH a n d  salt c o t ~ t c ~ ~ t  of clzcc~sc .  Thc observation that a higher 
pH favored growth of spoilage organisn~s both in c.rcwned and nncreaniecl r11rcl 
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led to trials to determine relative growth a t  different p H  levels. Uncreamed, 
unsalted curd was grountl anti sufficient dilute lactic acid or Na,CO, solution 
added to adjust the p1-I to 4.6, 4.8, 5.0, 3.2 ancl 5.4. Adjusted curd was allowed 
to stand for 1 hr. ancl readjusted to thr desired pH if necessary. The curd 
nest was drainecl and pressed into sinall flaltes to approximate its original mois- 
ture caontent and physical appearance. Respectirc portions in sterile petri dishes 
then were inoculated with a 1 to 1,000 tlilntion of a 72-hr. lriillt culture of different 
strains of the three bacterial species iholated. Sa~riples were inrnbated a t  abont 
15" C. and examined dail-. The results in table 1 indic.i~te P. viscosn to be the 
most acid-tolerant. It produced the defect in some trials a t  pII 5.0 but not at 
pII 4.8. A. nzctalcnligetr~.~ and 1'. fragi grew in the unc.rea111c~t1 curd at pI1 3.5 
but not at 5.0. Another observation of interest was that a stocak strain of .4Icali- 

TABLE 1 
Efrct  of pI1 of ~ri~crco~ir(~rl,  r r ~ ~ s c ~ l t ~ ~ r l  cottage chrese on dcvelop~irr,~ t of ~~r~lr r l i r lo~rs  r . i ~ r ~ l  tlr.f,.ct 

dzu.in,q xtorclge a t  15" C. fo r  72  Irr. 

Extent of drfer t  :it 1)H: 
Species S t r : t i ~ ~  - ------ - -- 

4.8 6.0 .i.2 5.4 
- - 

A. ~~retalcoligrnen ........ 2 - - + -tt ! 
3 - - tt t t  
5 - - tt tt 
B - + t+i - 

11 - - t  + I  

........................ P. ~isc*osa 2 - t ++T tw- 
3 - f + +t+ 

I0  - ? t t ' l  
P. f r ag i  ...................... 2 - - t u 

3 - tt i - t+ 

1 - - i+ '-+ 
.- - 

I h t n  in this table represent n eon~~>os i t e  of 5 d i f f c rc~ l t  tri :~ls.  - indicates no grolvtll; 
growth only in  some trials;  + slight grolvth ; ++ moder:~tc growth; ++t nl)un~lnnt grolr-th. 

genes viscoszis closely resembling A. nlc tn lcal ige~~es  in ~iiost chilractclristic~ was 
i~nable to produce the defect in three trials under the s~nic. contlition\ at pI I  5.0. 
3.2 or 5.4. A stock strain of I ' s e ~ t d o w ~ o ~ ~ a s  flz~ore.scevrs w r y  5imilar to P .  viscosa 
in growth c+haracteristics likewise failed to produce tht. (1rfec.t ill three trials at 
pII  5.0, 5 2 and 5.4. 

The pI1 values of a nmiiber of dry curd samples of commercial cottapc. coheescJ 
fro111 two plants were checked to determine increase in pI I  during cr?a~ni~lg.  
Curd cut at 0.55 to 0.58 per cent titratable acidity showed pII  ralnes after wash- 
ing and draining ranging from 4.65 to 4.75. Follolving creaming, the Sam(. 
sa~nples ranged from pII 4.85 to 5.03. The average increase in pII  of curt1 tine 
to creaming was in the range of 0.2 to 0.33. I-Io\vever, creamed cottage cheese 
samples from other co~npanies hare shown pII values in the range of 5.2 to 5.3. 
I t  also was observed in thest. stndies that when the unc.reamed curd was washed 
sufficiently with alltaline matcxr t o  raise thc pII  to approximately 5.5 to 5.6, a 
trailslnccnt, gelatinous layer in~iiie~liatt~ly d(1velopcd around each curd particle. 

I3ffec.t of salt content in crcla~nt.tl c.11rt1 \\.as stntlictl to determine whether a 
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slight increase in normal salt content of commercial cottage cheese would restrain 
growth of spoilage organisms. Cottage cheese card and pasteurized cream were 
adjusted to desired pII  levels before rnixing. After mixing card and cream, 
salt contents of different samples mere acljustecl to 0 and 1.0 per cent, respec- 
tively, in the samples a t  p H  4.8; to 0, 1.0, 1.5, 2.0, 2.5, and 3.0 per cent in the 
samples a t  p H  5.0; and to 0, 2.0, 2.5, ant1 3.0 in the samples a t  p H  5.2. The ad- 
jnsted samples were inoculated with strains of each of the three spoilage bac- 
teria. Results shown in table 2 indicate that 1'. ~ i s c o s a  is the most salt-tolerant 
of the three species. P.  frcrgi appeared to br the least salt tolerant. All three 
species grew in 2 per cent salt a t  p H  5.2. 

H e a t  r e s i s f a ~ t c e .  Tea-nil. quantities of sterile milk in screw-cap vials were 
inoculatetl with 0.01 1111. of a 64-hr., 25' C. milk cultnre of the respcctive organism 
and pastcurizctl in a water bath a t  61.7' C. (143' F.) for 30 mill. I'late connts 

TABLE 2 
K f ~ c t  of still n~rtl p1I lr,t,cl 07,  c . r / r~r t  of gelatinous cio'tl d r r ~ r l o p ~ ) ~ e i i l  i l l  erc~tii~rrtl eotlngc rltcrse 

(11 1.5" C .  for 7.9 71r. 

Species S t r : ~ i l ~  1)" 4.X 
111-1 5.0 ))TI -5.2 

-- 

A. q~letalcalige7ws 2 -a - - - - - - - tt + - 
A .  ?tirtalcnligenes :3 - - - - - - - - + t t -  
1'. visrosn ......... 3 - -  k k ? k -  - + i t t + t  
P . f r a g i  3 - -  - - - - - - ................ t - -  
-- 

a Data in  this table  repres'l~t a eo~npositc. of 5 tri:11s. - il~dic.:ltes no gromtli; c g r o ~ v t l ~  
c1111y in solne trials;  + slight g ro \v t l~ ;  +t motler;~tc g r o \ r t l ~ ;  +tt : I I ) I I I I~I : I I I~  gro\rtli. 

of inoc~~latecl tubes ranged from about 1,000,000 to ri,OOO,OOO per lriilliliter before 
pastenrization. After pasteurizing, the tubes mew c+oolctl im~nctliately to 21' C. 
ant1 iric.nhatct1 a t  that temperature for 1 wk., after whic.11 t h ~ y  were csainined 
rnicrosc.opic.ally ant1 subcnlturecl for any other evitlontae of gro\rth in t h ~  niilk. 
1qo11r trials with five strains of A.  ~~te ta lca l igcnc .s ,  four of 1'. t~i.scosn ant1 one strain 
of 1'. frngi intlicaatetl a11 (*ells tlestroyecl in cvery iiistancae by tlir pastc,~~rization. 

DISCUSSION 

The organisms cspablr of producing t ~ l e  gelatinous cnrtl tlt.fect ;ire typi(*ill 
soil and water types. Thc two most logical sources from ~vhi'h they niiglit (~nter  
the plant are the water snpply, either plant or municipal, and raw niilk. There 
is evidence that they may gain entrance through excessive eontamination of equip- 
ment with dust in dry  areas of the co~mtry.  Fresh vegetables incorporated in 
cottage cheese represent another source of 1'. vtscosa and possibly of other spoil- 
age organisms, and again point to the soil and water as re~ervoirs of these types. 
An interesting substantiation of the characteristics of A .  n t e f a l c a l i g c n e ~  was ob- 
served. A strain of this species isolated from bull seiil~n in an independent in- 
vestigation proved capable of prodncing a marked gelatinous film when inoculated 
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onto cot,tage vheese curd. Holverer, a strain of 11. ~ I ' S C O S I ~ , ~  c.los~ly related to 
A. me2alcaligcnes in many respects was lulable to prodnc!e the defect. Likewise 
a strain of P. flzrorescens closely relatetl to 1'. viscosn was unable to produce the 
defect. This however does not prc.i*lude the> possibilit,y that there are strains of 
P. p~torescens  and perhaps othrr spc.cties of bacteria not yet isolated from clefcc- 
tire cheese that are capable of protlr~c.iug a gelatino~ls rurd ilefect. 

Isolatio~i of cansat,ive orgi~nis~ns from eqnipmcnt such as cottage cheese vats 
emphasized the fact that spcc.iill c.leiulin:. procctlnres may be necessary for suc.11 
equipment. The high protcin c+ontrnt of thc c.nrd and high cooking tcmperit- 
tnres employed ilevelop a fihn t,hi~t, sometimes cannot be remorecl by conuentional 
cleaning procc~dures. Us(, of stilinl(~ss steel sponges and other mc.tal c l ( , i i~~i l~g 
clerices to overcome the cleaning difficultv only aggravate the problcin by pro- 
ducing deep abrasions that collect additional deposit. Stainlrss strc.1 (.11rd I.~II<(,S 
and silnilar dcriccs also produce objectionable abrasions. 111 sonic, i l l ~ t i ~ l ~ ( ' ( ~ ~  C V ( ~ I I  

sanitization with 200 ppm. hypochlorite has been unable to 1~cnc~trittch to spc)ilagc 
organisms in r~~illistol~c deposits on vats. 

Data on effect of p H  on growth suggest p H  control as it inchilns of i ~ v o i ( l i ~ ~ g  
thc tlcfrct. As a result, acidification or culture inoculation of creaming ~nis turc ,  
ripening milk to higher acidities before cutting, use of ac.idifietl \\-ash wi~ter ant1 
fewer washings all have been employed to produce a lower pII  in the final prothlct. 
Rrsults indicate that a p R  below 5.0 is necessary for consistent control of the 
defect, and the result of an unusually low pII  usually is decreas(.d consumer 
acceptance of the product. Therefore, the only certain method of preventing 
sporadic outbrealcs is to eliminate thc causative organisms by proper pasteuriza- 
tion of nlillr and cream, chlorination of the wash water and thorough cleaning 
and sanitization of equipment. The trend to\\ ard a more bland-flavored cottage 
cheese ~vitll lower ripening acidity, more thorough ~vashing of the curd ancl 
higher final p R  may explain part of the increased difficulty with thicl defrct in 
recent years. Another factor may be centralization of cottage chcese plantcl with 
consequent longer marlietiiig time required. 

At pH 5.2, salt levels required to prevent growth of the three spoilage or- 
ganisms studied are too high to be employed under practical conilitions. Con- 
sumer complaints usually occur when salt content of creanled cheese rc>ilches 
1.5 per cent. Again elimiiiation of causative bacteria appears the only sure 
means of preventing the defect. These studies have been lin~iteil to a few strains 
of causative bacteria. I t  is possible that effret of pII  and salt mily vary slightly 
with other strains of the three species studied and with variationcl in method of 
manufacture and composition of comnlercial cheese. Creaming of commercial 
cheese appears to encourage derelopinent of the defect dne in part  to the increase 
in p H  of curd attending the creaming operation. 

Heat resistance trials indicate that in moderate numbers the three spoilage 
organisms studied should be destroyed by conventional pasteurization treatment 
for cottage cheese milk. It is possible that contamination of milk with large 
clumps or massive numbers of organisms may result in survival of occasional cells. 
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However, lnost evidence suggrsts that spoilage organisms entering a plant in the 
raw milk or creani supply may eircumrc~nt the pastcnrizer via such means as 
common mashing facilities for raw and pastenrized rnilk equipmc~nt and also by 
clust and transfer on hands and c:lothes of xvorliers. 

Three spreies of bacteria, A. ntcfnlcaligcncs, 1'. uiscosa ancl P. fragi, have been 
sho~rn  to bc rcsponsiblc for a gelatinous or slil~iy curt1 d(.fect of cottage chersc. 
The defect may be acc~olnpanird by a clistil1c.t fruity odor and flavor or in some 
instances a rotten or pntrid or slightly rancid odor and bittclr flavor. 

The principal sourccbs from whic.11 the organiwls enter thcl product are believed 
to be the water used to wash the curd ancl also i lnprop~rly clean~tl  and sanitized 
n~anufactnriag cxqnipnieat. 

I~ilnitrtl c*olitrol of the d r f ~ c t   nay be attainrtl by reguliition of the p1-I of the 
final prod~ie t ;  I~o~vever. preventing rntrance of cansativc. bacteria into the pas- 
teurized milk, c.11rese curd, creaming ~nis tore  or final proil11c4 appears to be t l ~ r  
only conqisteiit, c,fYective nlclans of prercnting it. 

Data inclicatc. that in ~notlerate nmnbrrs all of the thrrc species of ca~~sa t i r e  
bactrria shonlcl hr destroyctl by proprr pastenrization of thc cdlleese n~illr. 
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RELATION O F  DIFFERENT NUMBERS O F  BACTERIOPHAGE AND 
BACTERIA TO POPULATION CHANGES AND ACID PRODUCTION 

E. B. COLLINS 

Division of D a i q  Indu.stry, U~tiaersity of Califo~nia, Davis 

Actioil of bacteriophage is one of thth principal causes for failure in the pro- 
duction of lactic acid during the man~~fac tu re  of certain dairy products, espe- 
cially cheddar and cottage cheese. Rotation of cultures, strict sanitization of 
ecluipment and the use of procedures which minimize the llulnber of bacteriophage 
particles that may gain elltrance illto milk and milk products from the air have 
been emphasized as means of keeping d o ~ ~ - n  the concentration of bac*trriophage 
(6, 12). However, the level to which contaniiiiatioil with bacteriophilpe must be 
retlnced to pernlit a piveil arnount of lacstic starter to coag~~la te  millr normally has 
not been established. 

Whitehead and IIuntrr  (11) observed that illcreasing the iilocululn to about 
1.0 to 1.6 per cent per.mittet1 one additional propagation of some cultures before 
evident bacteriophagca action. Anderson and Meallwell ( 2 )  indicated that re- 
tarded development of acid frecltlel~tly coultl be overcorne by using 4 per cent 
starter. IIowever, Turner (10) added about 10 particles per irlilliliter of bac- 
teriophage F68 to eoncmtratiolls of about 1,000, 10,000 and 1,000,000 Strcpto- 
cocclcs lactis IP5  bacteria per inilliliter anil fonnd that the larger iiurnbers of bac- 
teria clecreasecl the time required for 111ass lysis. 

Recent investigations of Cherry and TVatsoii (4)  and Overcast et al. (9 )  have 
explained in part the occasional failure of seemingly normal cultrues. Cherry 
and Watson, working with S. lactis 122,4 and its honlologous bacteriophage, sug- 
gested pII  5.0 as a critical lercl belo\!, which lysis does not occur. Overcast 
studic.d the influence of p H  on five S. Incf is-bacteriophage combinations i111d fo~uld  
that rates of proliferation of the bacteria and bacateriophagc were in   no st cases 
greatly reclucetl a t  pI1 3.0 and belo~v. I n  geileri~l, bacteriophage proliferation 
aiiil bacterial growth were affected siinilarlp at low pH. IIowever, with con- 
billations 712-k'56 and 122,l-F43, bacterial growth occurred a t  pI1 levels low 
enongh to prevent proliferation of bacteriophage. These results suggested that 
starter bacteria inay lower the pTI rapidly elioligh to prevent mass lysis when 
the bacteriophage population is small. 

This laboratory recently has eaco~ulterecl starter failures in the manufacture 
of cottage and cheddar cheese. I n  some cases the bacteriophage sremed to rewlt  
from coiltailliilatecl vats and equipitlent, and ill otbers the c.nltnros see~llecl to Ilave 
been conti~nlinated. This investigation has been nnclerti~ken to cslarify further 
the effects of contalni~iation with small nnnibers of bacteriophage on population 
changes ant1 acid protlnction of lactic streptococci anil to ileteriniile the advan- 
tage of nsing large amounts of lactic culture as starter. 
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METHODS 

Cultures of Stt~ep1ococc1t.s bnctis ant1 Rtrcptococc~rs o , o i ~ o r i s  \\-el-r pr.opagatet1 
ill litmus milk a t  32' C. Fresh rnltures \vc>rc. 11srt1 for pach experiment. JfThen 
0.5 per cent culture was nsecl as inoculum, cnltnres \\-ere diluted 1: 3 in sterile 
distilled water to facilitate measnremt~nt of the inocultuiii. Undiluted culture 
was used when the amonnt of inoculum was either 4 or 8 per cent culture. 

Strains of bacteriophage were maintainetl ;IS whey filt,ratcls. A series of 10-fold 
tlilutions of each filtrate was prepared, using 100-ml. qrrantitic~s of sterile skim- 
milk. Dilutions coiitainiiip the correct n~unb(>rs of bac.tc,riophag~ per milliliter for 
use as inocullnu were kept in a refrigerat,or ancl nsrtl for s~~bsc.c[r~c.l~t expc~rin~ents. 
This procc,tlure ~vas  considered to give inore ad(~clnatr c.ontrol of the nu~~ib(lrs  of 
bactrriophagr used than wonld have been the case hat1 t l i l~~tions been prc~parrtl 
f r o n ~  the nntlilutecl filtrate each clap. Dilntions wrre s11c.h that abor~t 1 prr  c w t  
of cliluted filtrate was recl~~ircvl as inoculum for the sltinnnillr 11st~1 in c>spc.ri~nent,s. 

Except in one c ;~s(~  in which 5 1. of skimn~ilk nerr  11sc~l wit11 c~o~nbination 
IV2-F24, experiinents \\.(Ire rr11 11sing 300-ml. cl~miitities of stt.rilv slti~n~nilk in 
500-m1. bottles. Aftc.1- bottl(3s of skimniilk were allol~ed to rrarh 52' (:. in a. 
water bath, they wrrr il~ocnla.trd with cnlture and tlilutrd filtrate. A period of 
5 min. vras allowed brforo -111ill<ing initial cletenriii~ations of titratable acitlit,y ant1 
of the numbers of bactc~ria. and bacteriophage. Snbseclnent deterininations w e r ~  
made, usually a t  h o ~ ~ r l y  iritcrvals. Duplicate experiments were rnn, a l ~ d  t,h(l 
experimental values obtainecl for th(1 t~vo c>slwri~nents were areragctl. 

Bacteriophage titers ~verc esti~n;~tcvl in litn~rls 111illi by the modification of 
the limiting active dilntioii tc~c.hnicluc. of Sclson ct  (11. (8)  used by Collins e t  nl. 
( 5 ) .  This modification iuvolvc~tl iiiaking 100-f01(1 tlilntions of the material to hc 
tcstrtl in sterile distillecl water ancl dispensing 1-1111. ant1 0.1-nil. quantities of 
clilch dilution into triplicate. tubes of littnns ~llilli. The tubes then were inocu- 
latetl with one drop of a 1 to R dilntion of frc.slily c:oagnlatecl culture of sus- 
crptible bacteria, apitatrd ancl incnbatc~tl at 32" (1. for 15 to 16 hr. The last 
tubes that clitl not show the typical acid, rednction or c.oagulatioii of the control 
(litrrins milk inoc.111atetl with one drop of the diluted snscc~ptible bacteria) were 
nsecl for comp~~t ing  thcx inost probable number of bacteriophage particles per mil- 
liliter by consnlting a probability table (3) .  Thus, it was (.onsidered that only 
one partirle of bacteriophage mas necessary to result in mass lysis of the bacteria 
added to a t~ tbe  of l i tn~us inilk. This report shows that luiidcr crrtain circnm- 
stances a c.onsiderabl(. nrrn~b(.r of particles were necessary to result in abnormal 
development of bavtc~ria. Ilowrver, a study of the data indicates that nntlrr the 
stanclardizetl contlitio~~s rlst>tl for determining a titer in litillus 111illr inoculatcvl 
with about 0.07 pc>r c.c>nt cdr~lturc., the presence of only one particle ptar tube givos 
ample bacteriophagr inoc:nlnrn to rc,snlt in inass lysis. Fnrthennore, Turner 
(1 0) found that bacteriophage t,itrrs detern~iiietl by the li~niting di111tion  neth hod 
were approximately equal to those found with the plaque co~unt inethod. 

Although use of triplicdatc. tubes of litrlins n~illr rather than one tube dec:reases 
error in the limiting di111tion method ant1 111alrc~s it possible to express bacterio- 
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phage titers in ternls of most probable nunlbers, the use of such numbers should 
not be ~~nclerstood to indicate that values obtained by this method are exact. 
Most probable numbers obtained by the liniitinp dilution method are considered 
only approximately accurate. Since duplicate experiments were run, the average 
values reported represent results of a total of 6 tubes per dilution. 

Dilutions used for determining bactc4ophage titers also served for determin- 
ing bacterial pop~~latio~ls.  Thesc w r e  tleteniiined a t  32' C. by the standar-tl 
plate count (1) on tryptone-glucose-beef extract-niillr agar. 

RESULTS 

The effects of adtling tlifferent nu~nbers of bacteriophage particles to 0.5 per 
cent culture in skilmnillc \\.ere determined. This amonnt of culture resulted in an 
initial bacterial count of about 10 million per milliliter. The titer of bacterio- 
phage particles acldc.d was varied from as high as about 5 thousand per milli- 
liter to as low as approximately one or t~vo  particles per 300 ml. of ski~nmilk for 

-I 2 4  6 8 1 0 1 2  
TIME (HOURS) 

FIG. 1. Population changes r e s u l t i ~ ~ g  from con~bination of different nurnl)c~.s of bacteria- 
pl~agc F54 and 0.5 per rent culture of Streptocoectis lactis 565. Curvcs :IT(' identified 1 1 ~  the 
most probable numher of bacteriophage particles per milliliter a t  O 11r. V:~lues of 2.3 X 10 ' mid 
5.0 x lo-" wcro obtained by c:~leulation. 

crtlturcs 56.5 and E8 and two or three particles per 5 1. of slriinniilk for culture 
W2. Refore mass lysis, evidenced by enormous reductioil in the numbers of sur- 
viving bacteria, plate counts of surriving bacteria were not detectibly different 
from plate counts of bacteria growing normally in the absence of bacteriophage. 
I t  has been shown previously by Turner (10) that the normal and survival g r o ~ ~ t h  
cwrves are not significantly different before mass lysis. Thus, results obtained 
for the initial portions of the survival growth curves were averaged with the 
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results obtained in the absence of bacteriophage, and the average ~ ~ a l u e s  were 
used to represent norinal growth of the bacteria. For  all cases in  ~vhich mass 
lysis occurred, the results follo~ving mas4 lysk were plotted. 

The logarithms of counts of bacteria and of bacteriophage titers per milliliter 
are given in figure 1 for S. lactis 565 and its 110mologo11~ strain of bacteriophage. 
32~44 l p i s  occurred between 2.5 and 3 hr. with the addition of 4.8 x 101 particles 
per milliliter of bacteriophage F54, ant1 bet~veen 4.5 ant1 5 hr. with approxi- 
111atrly 4.3 particles per milliliter. TTowever, with the addition of 2.3 x 10 par- 
ticdles per milliliter, the counts of wrviving bacteria follo~ving reductions betxveen 
6 and 7 hr. were considerably greater than those usually encountereil following 
maw lysis. Consid(~rab1e variation in the counts of bacteria surviving the action 
of bacteriophage occurred in duplicate and in repeated experinients, b11t the 
method used did not indicate diffrrences in the numbcrs of bacteriophage Dn- 
plicate results of plate counts, rathcr than avcrage ralnc+, ~vere plottc~l for this 
case in  figure 1. When the number of bacteriophage particles atl(lrd wa5 ile- 
creased to 5.0 x 10 per n~illiliter, the survival curve remained the same as the 
normal growth curve throughout the 12  hr. experiment, and increases in the 
counts of bacteria and bacteriophage per ~nilliliter mere negligible after coagnla- 
tion of the skimniilk between 6 and 7 hr. 

TABLE 1 
Effect oil nrzdzty productioa of urldacg different nica~bcre of bucteriopl~arle 3'54 t o  0.5 per c i . ~ l t  

cult?ire of Streptococctcs lnrtzs 565 

Most 1)rol)able no. of  Per cent titr:lt:ll)le acidity a t :  
hnrtrriophnge per ml. A~~"O"i"ate . 

at 0 Ilr. o f  mass lysis O br. i l ~ r .  12 i ~ r .  

( l l r . )  
4.8 x lo3  2.5 - 3 0.21 0.24 
4.5 X lo0 4.5 - 5 0.20 0.32 
4.5 x 10 ' 5 - 6  0.21 0.34 
2.3 x 10 a 6 - 7a 0.21 0.52 0.70 
5.0 x 10.' 0.20 0.54 0.'78 
Control 0.20 0.53 0.76 

- 

8 Numbers o f  s u r v i v i ~ ~ g  bacteria were grcnter than tliose usunlly encountered a f t e r  mass 
lysis. 

The rate of bacteriophage mult,iplication was not changed by adding siiialler 
numbers of bacteriophage. Except in  those cases in which mass lysis did not 
occur, differences in time required for inass lysis appeared to result entirely from 
the longer periods of time required for the sn~aller numbers of bacteriophage to 
equal the number of bacterial cells. 

Titratable acidity values at  0 hr. ant1 at  either 6 or 12 hr., depending upon 
whether or not mass lysis of the bacteria occnrred, and the hour a t  which inass 
lysis ocacurred with the different levels of bacteriophage are given in table 1. 
Cultnrc~s with added bacteriophage de~relopcd acidity prior to Inass lysis as rap- 
idly as (lid those without bacteriophage. After mass lysis, the rate of acid pro- 
t111c.tion clecreased ant1 11snally there Tvc.re 110 increases in titzatable acidity after 
approximately 1 hr. In cilses of the atlditiou of 2.3 x lo-? bacteriophage partic:les 
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per milliliter, coagulation occurred between 6 ant1 7 hr. a t  about the same time 
as the occurrelice of decreases in the couilt,s of surviving bacteria. That the 
connts of surviving bacteria were greater than those usually fo~lntl following 
mass lysis probably was dne to the high acidity clnring the time a t  which inass 
lysis normally wonltl hare occurred. Titratable acidity values a t  8 throngh 12 hr. 
were only slightly less than those of cultures growii~g in the absence of bacterio- 
phage. The addition of 5.0 x 10." bacteriophage pt~rticlcs per ~nilliliter rcsnltecl 
in avidity values as high as those of c:nltr~rcs c~ontainiiig no bavteriophagc.. 

The experiment described below was condncted to detrrmil~e whether failnre 
of mass lysis to occnr in cases of the a(1dition of sinall 1111mbers of bacteriophage 
11~:~s related to high acitlity. Three bottl(zs of sliimlnillr were i~~ocnlatecl with O:5 
per ccl~t  cultnre of R. lnctis 565. Aboi~t 5.0 x 10-"articles per milliliter of I):Ic- 

CONTROL 
'7, - .- 

a - - --- - -------- - --- - - - - - - - ---- so 
-" 2 ' 4 ' 6  ' 8  ' 10'1s 

TIME (HOURS) 
IJrc. 2.  Populatiot~ c11:111gcs resultil~g froni roti~l)in:~tion af (lifferrtit 11un111crs of bnctrrio- 

pll:lgc Ffi3 allrl 0.5 per crllt culture of Stv~ptoc~occ+rls (.T('II~OTIY E8. Curves : I ~ C  identified by the 
most probable  lumber of l~ncterioplingc p;~rticles prr milliliter :it 0 111.. Valr~es of 3.0 x 10" 
a1i{1 3.0 x 10 ' w r c  ol)taii1~11 11y P : I I ~ I I I : I ~ ~ ~ I I .  

teriophage F.54 were inoculatetl into one bottle, ant1 SaOH was added at  intervals 
to maintain a titratable acitlity of less than 0.30 pcxr cent. Th(, other two bottles 
were inoculated wit,h 2.5 x 10' bacteriophage per iailliliter. Enough sterile 10 
per ceiit lactic avid to rcsnlt in innnediate coagulation and a titratable acidity of 
0.66 per cent was atlcled to one bottle, and the other was coagulated by means of 
rennet and CaCl,. 

Naintenance of lorn acidity enablrtl .?.Ox bact~riophage part,icles per mil- 
liliter to cause Inass lysis of 0.5 pc,r c.ent c ~ ~ l t n r e  bet wen^ 8 ancl 10 hr. Tllc plate 
count a t  10 hr. was 10 per milli1itc.r. With 2.5 x 105 bacteriophage partit!les per 
milliliter, coagnlation x i th  lactic* avitl prevented mass lysis during 7 hr.. hut 



coagulation with rennc1t ant1 calcinrn chlori( l~ (lid not pre\-rnt 1t1i1s5 l p i s  froln 
occurring after an iiicltbi~tion period of about 2 hr. 

In view of the iinportance of acidity in tl(,tcrminirig wh(~thrr  ;I sniall iiun~bcr 
of bacteriophage will rcasrllt in mass lysis, a c.onlparatively slow ilcaid prod~icinq 
c.ultnre, Streptococctts creuttoris E8, and its ho~nologous strain of bacteriophage 
~verr  used in experiments similar to those reported in fig11r.e 1 for combiniition 
56.5-F54. Results with AS. cremoris E8 and bacteriophag(~ Ffi3 ( f i p r e  2) dif- 
fercvl from those with combiliation 565-F54 in that bavtc~rioplae titc~rs for l"(ii3 
were higher thtul those for F34, with approximately th(. sainc bacteriophage caonnt 
a t  0 hr. Mass lysis o c c ~ ~ r r e d  even with the smalle~t  1111mber of FtiS 11st>tl. The 
titratable acidity values with E8 (table 2'1 \\'ere c*ollsitl(lri~bly lo~ver than with 36.5. 
and results indicated that ninch s111aIl(~r n u i n b ( ~ s  of biic.tc~riophagr F63 c.olild be 
used without permitting coagulation before mass Iysih when 0.3 per rent cnltnre 
was used as iiioculum. 

Of the fire strains of baetwiophage used by Overcast et al. ( I ) ) ,  only F24 mnlti- 
plied a t  pl1 as low as 4.8. Sin(.(, our culture of IT2 protluced 1ac.tic. acid in skim- 

TABLE 2 
Effcrl 011 c~r.i~lil!l prodzietion of a(l(1ing differrnt 11tc11~1)cr.s of bnetrrioplrng~~ If'f;.j  to 0.; p o  ccwt 

otrltrtre of Sir~ptococcrts rrr?i~oris ES 

Most prolx~l~le  ~ l o .  of .\l)lvoximnte time Per cent titr:~t:~l)lc :~ridity a t :  
I,nc.tc~riopl~nge per ml. 

: ~ t  0 llr. of lnnss lysis 0 hr. 7 Iir. 12 !IY. 

4.5 X lo:' 
4.5 x 10" 
3.0 x lo-" 
3.0 x lo-': 
Control 

milk a t  approximately the same rate as 9. lactrs 365,  rxpc,rirnents were run  with 
combination W2-F21 to determine ~vhether mass lpsis would fail to occur with 
about the same number of acldetl 11ac.teriophage as found with combination 565- 
F54. Results with W2-F24 wercJ siinilar to those with T,(i.j-F54 except that mass 
lysis of W2 occurred with a 1owc.r number of bactrriophage. With the addition 
of 3.0 x 10 particles per millilitc.r, reductions in numbers of surviving bacteria 
occurred in duplicate trials a t  abol~t  7 hr., si111ilar to rcsnlts with 2.3 x 10 ? par- 
ticles per lnilliliter of F5-1. IIorvever, wh(h11 the number of particles of F24 
added was decreased to 5.0 x 10 ' per 1ni1lilitc.r by increasing the volume of skin- 
milk to 5 I., mass lysis did not oc3c.t1r; results of plate counts and titratable aridity 
determinations throughout t h ~  12 hr. inenbation period were ecluill to those of a 
culture which contained 110 h:~cteriophage. 

Increases in the amount of cnltnre used as inocululn has been found to give 
slight protection against failure in acid prodliction due to bavteriophage (11). 
However, a determination of the advantag(> of using larger amotints of culture 
required consideration of the effect on proximity of bt~cteriophage to bacteria. 
In plant difficulty and in experinlent the nllmber of bacteria almost invariably 
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is much greater than the nu~nber of bacteriophage. Thus, increases in the 
nunlber of bacteria undoubtedly increase the chancaes of contact betwec.11 bac- 
teria and bacteriophage. Increased cahancm of contact wonltl be expected to in- 
flunlce the 'ate of adsorption and conseq~~c~ntlp the rate of bacteriophage multi- 
plication. Turner (10) fonnd that mass lysis required 7, 6, and 4 hr. when 10 
bacteriophage particles \wre added to 1,000, 10,000 and 1,000,000 bacteria. Rc- 
cently, Mull (7 )  reportetl appreciable increases in the rate of bacteriophage 
multiplivation ~vhen a constant n ~ i m b ~ r  of about 2.3 bacteriopl~i~gr particles per 
milliliter w.re added to t.onct.ntrittions of :300. 15.000 ant1 ,jOO,OOO bacteria per 
milliliter. 

The follo\ving experiment Ira.; run to tlctrrminc the effects of atlding 0.3, 4 
and 8 per ccl~it culture of 8. lnrf i s  ,563 to approxinrately 25 particles per milliliter 
of bactc,rioptiagc. F34. T ~ P \ ( B  a111onnt4 of culture were larger than tho4e m-hich 

l~aue been reportcd and more nearly co~nparable to the arnouilts used in the man- 
ufacture of tlairy products. The average values for duplicate trials are plotted 
in figure 3. Differences in the number of bacteria did not seem to change the 
rate of bacteriophage multiplication. The rate was approximately the same for 
0.5, 4 and 8 per cent cultlire until after 3 hr. After mass lysis of O..5 anil 4 per 
cent culture, the bacteriophage mnltiplied less rapidly, probably due to the lack 
of s~~sc*eptible bacteria. With 8 per rcwt vulture, coagulation occurred between 
3 ant1 4 hr. Although mass lysis did not ovcllr, the rate of bacteriophage mul- 
tiplication decreased after 3 hr. Eight per cent culture of 565 was capable of 
apparently normal growth after acldition of about 5,000 times as many bacterio- 
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phage as had been fount1 possible with 0.5 per cent culture (figwe 1 ) .  This 
probably was clue to t h ~  wrlier presence of larger amounts of liicdtic acid which 
ret;~rtl(~tl earlier the iilultiplication of bacdtcriophage. 

I+Cxperirnents were ~ ~ I I I  to determine the. inc.ideiice of ulass lysis upon the acltli- 
tion of 25 bacteriophagc. particles per milliliter to 4 ancl 8 per cent culture of 3 
other relatively fast acid-producing strains of lactic strrptoc-occi. The bac*tclria- 
bacteriophage con~binations were W2-F24, 712-F56 ailcl 111, 10-PF10. 

Mass lysis occurred after incubation of 4 per ceiit culture for about 4 to .5 
hr.; coagulation did not occur dnring 7 hr. for any strains of bacteria usecl 
except S. lactis 712. IVith this culture the titratable acidity was 0.52 p r r  cent, 
the plate count was 2.0 x 10"er milliliter, and coagulation had occurred a t  5 hr. 
Although the results indicated 9.5 x 10" bacteriophage particles per milliliter a t  
5 ,  G and 7 hr., the plate count a t  7 hr. was 4.0 x lo7, and the titratable acidity had 
increased to 0.62 per cent. Mass lysis did not occur with any of the 3 strains of 
bacteria when 8 per cent culture was used as inocnlurn (table 3 ) .  Coagulation 

TABLE 3 
Chnltges en popirlal~ons of lrost bacteria a f t e r  the aclclition of about 25 particlcs of homologoz~s 

bactereoplrage per ~ n l .  t o  8 per cc2nt c~llttrre en skzmmtlk 

Hoom i~~cul)nt io i l  - Pl;~tc. cou i~ t /m l .  f o r :  
- 

: ~ t  32" C. S. Inc.trs 565 S. lactis W2 R. lattru i !2 S. crcnzor~s HI-10 
. - - - 

1 2.4 x 10- 3.1 x 10' 2.0 x 10" 1.2 x loR 
2 6.4 x 10" 6.1 x 10' 1.3 x 10' 2.2 x 10h 
3 1.4 x lo!' I .3 x 10:' 1.1 x 1(Vb 3.2 x 10' 
4 I.!) x IOU" 1.5 x 10"' 1.5 x 10"" 5.5 x loL 
5 2.7 x lo" 1.8 x lo" I .4 x 1 Of' 3.8 x 10"' 
6 2.(i x 10" 1.6 x 1(F3 1.8 x 10:' 5.0 x loR 
, 2.3 x lo3 1.3 x 10'' (i.9 x 10' 6.1 x lo* 

-- - 

a ("o:~gnlntioii llncl occi~rrc~l  :it th is  11o11r. 

had occurred a t  either 4 or 5 hr., and titratable acidity values continnet1 to in- 
rrrase throughout the 7 lir. incnbation periods. A t  7 hr., the titratable acidity 
values were 0.84 per cent for cnltnre \T2, 0.82 per cent for 712 and 0.64 per cent 
for H1,10. The maximum titers of bacteriophage per milliliter were 9.5 x 10Qt 
4 hr. for F56, 2.5 x lo7 a t  5 hr. for PFlO, and 2.5 x 10' a t  5 hr. for F24. 

Addition of approxiniately fir(. particles of bacteriophage F54 per liter or ap- 
proximately two or thrre particles of bacteriophage F24 per 5 1. of skimm~llr 
resulted in normal plate counts and in norilia1 development of titratable acidity 
by 0.3 p ~ r  c ( ~ t  culture of S t rep fococc~ i s  lactis strains 563 and IV2. However, the 
use of only slightly greater numbers of bacteriophage resulteil in mass lysis of 
the host bacteria. Thesch resnlts indicate the need for nsing cxtreme care to 
avoid contamination in propagating mother and bull< starters and emphasize 
that extreme caution shor~ltl be employed to sanitize eqnipmeiit adequately just 
before the manufacture of products requiring lactic starter. It is evident that 
ilormi~l coagulation of a starter does not iircessarily imply that  it is free of bac- 



teriophage. Although the addition of five particles of 1'54 per liter and 2 or 3  
particles of F24 per 5 1. resulted in iiornial coagulation with 0.3 per cent culture 
for inoculum and nornial development of bacteria following coagulation, the 
most probable nnmb(.rs of bacteriophage after about 5 hr. \\.(.re in each case 
about 10 inillion or nlore per'milliliter. IIad these seemingly "normal" cultures 
been used as starter, failure in the development of acidity ~ v o ~ ~ l d  have resulted. 

Neither the addition of different nmnbers of bacteriophage to 0.3 per cent caul- 
ture (figures 1 and 2) nor the addition of 0.5, 4 and 8 per cent culture to a con- 
stant nmnber of bacteriophage (figure 3)  resnlted in significantly tlifl'erent rates 
of bacteriophage multiplication. Changes in thr nuiiiber of bac.tc,riophage added 
to a constant ancl much larger number of bactclrial cells \1-0111(1 not be expected 
to alter appreciably the chances of contact between bacteria antl bacteriophage. 
It is not surprising that where mass lysis oecnrretl, the time required for Iysis 
was determined by the time requircd for the different numbers of bacteriophage. 
multiplying a t  a coninlon rate, to equal the number of bacteria. IIowerer, in- 
creases in the n111nber of bacteria niidoubtedly incrc>ascd the chances of contact. 
Increases in chances of contact \Yere expected to increase the rate of adsorption 
and, consequently, incdrease the rate of multiplication of bacateriophage. But with 
these comparatively large numbers of bacteria, the rate of adsorption seems to 
have been a t  or near a maximum, permitting an  essentially maxi~ntun rate of 
inultiplication which was relatively unchanged by differences in number of bac- 
teria. 

LTse of 8 per cent starter resulted in normal acid developinel~t and apparc.ntly 
normal growth of three duifferent strains of S. lactis and one strain of S. err- 
nzoris in the presence of approxinlately 25 particles of homologous bacteriophage 
per milliliter (figure 3  ant1 table 3 ) .  With 4 per cent starter, only one strain. 
S. lactin 712, gave coagulation. Coinbination 712-F56 represents a case in which 
the bacteria are capable of causing coagulation in the presence of larger nuniber\ 
of bacteriophage than with the other cornbinations studied. This possibly coultl 
be extended to include the five cornbinations stncliecl by Overcast et al. (9) .  He 
found that of five cultures stndied, S. 1acfi.v 712 lnultiplied most rapidly a t  p H  8.0. 
However, bacteriophage F56 increased Yery poorly a t  p H  5.0. 

Use of large amounts of starter in cases where this is pravtical niay be ad- 
vantageous in helping to ooercorne the possible inadequacy of even diligent sani- 
tization practices. Holr-ever, in vie\$, of the large ill~inbers of bacteriophage that 
may be present even in the absence of starter failure, it would seein extremely 
clifficult to reduce the numbers of contaminating bac*teriophage on the second day 
to that  of the first. Thus, the use of large amounts of starter appears inade- 
quate as a method for controlling bacteriophage UIIICSS combined with careful 
application of sanitization practices and rotational use of unrelated starters. 

SUMMARY 

The action of bacteriophage did not result in inass lysis of host bacteria wherc. 
coagulation of slrimmilk occurred before the population of bacteriophage becarnr 
large enough to cause inass lysis. Experiments indicated that the high acidity at 
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the time of and after coagnlation rc>tardetl t l l ~  multiplic.ation of bacteriophage 
and prevented mass lysis f o l l o ~ v i ~ ~ g  the atldition of slirall i~uinbers. 

Addition of about 3.0 x 10 particlw pc,r 1ni1lilitr.r of bacteriophage F54 or 
about 5.0 x lo-' particles per ~nilliliter of bavtc~riophi~ge I"4 to 0.5 per cent cul- 
ture of host bacteria in sltillnnillr rcsllltetl ill norii~al c.oagnlatioii, normal develop- 
ment of acidity, and normal bacterial p o p ~ ~ l a t i o ~ ~ s .  TIo~rerer, in the absence 
of evident bacteriophage acdtion, tht, pop~~lation of bacteriophage was 10 inillion 
or greater per milliliter in each ciise after abont 3 hr. 

The addition of as s111al1 i~ll~r~bc'rs of bacteriophage as approximately 4.5 x 10.' 
per milliliter of F54, 2.5 x 10 pc.r lr~illiliter of FX, or 3.0 x 10 per ~nillilitcr of 
F63 resultecl in mass lysis itnd preventcad coagulation of skiniiililk by 0.5 per cent 
cnlture of host bacteria. 

The rate of multiplication of bacteriophage was not appreciably changed by 
adding different nun~bcrs of bacteriophage to 0.5 per crilt culture. For those 
cases in which mass lysis occurred, differences in length of time requirecl for the 
difYerent nunlbers of bactc,riophage, multiplying a t  i k  cwn~ii~oi~ rate, to eqniil the 
number of bacteria appeared to cleternline the time required for mass lysis. 

Adding 0.5, 4 and 8 per cent culture to a coiistarlt  lumber of bacteriophage 
did not change the rate of bacteriophage multriplication. With these large num- 
bers of bacteria the rate of bacteriophage ~nultiplication apprared to be a t  01, 
near a maximum which was relatively nnchin~gecl by differenc!es in number of 
host bacteria. 

With one combination, S. lactis 712 and bacteriophage F56, mass lysis failed 
to occur with addition of 4 per relit culture and abont 25 bacteriophage particles 
per milliliter. Mass lysis did not occur when 8 per ceut culture and 25 particles 
per milliliter of bacteriophage were used with four bacateria-bacteriophage coni- 
binations. For S. lactis strains 565 ant1 MY!, this number was about 5 thousand 
and 50 thousand times greater, respectively, than the largest niunbers of bac- 
teriophage which hat1 bee11 f o ~ u ~ t l  to permit normal growth of 0.5 per vent cultnre. 
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The importance of colostrum to the new-born animal long has been recognized. 
Ehrlich (2) found that, colostrum, from mice immunized against the toxic pro- 
teins ricin ancl albin, tra~lsmitted spccific aritibotlies that were absorbed by the 
nursing young. Sato et al. (17) fonntl, in  all normal parturitions, tliat bovine 
colostrlim always eontaincltl agglutinins. IIo~ve (6)  showed that the bloocl serum 
of the new-born calf acquires spcvific protein fractions upon the ingestion of 
colostrum. IIansen and l'hillips ( 5 ) ,  in their electrophoretic studies, observed an 
iltitilediate ittc:rrase in tlir blootl serlnn globr~liti of ca1vc.s following tile ingc~stion 
of colostrutii or the colostrum pscwdo-globulitl during the first 24 hr. of life. 
When calves \<,ere rei~red without access to colostrum, the blood serum protein 
fractions did not approach nor1nill valnes until t,he animals were about 8 wk. 
of age. 

I n  adtlit,ion to providing the valf with itumu~iizing proteins, the colostrnni 
gives the calf a largc supply of some of thcl luinerals, csscantial vitamins and other 
nutrients. I'arrisli cf  al. (14) fol~ncl that the specific. gravity ant1 the total solids, 
solids non-fat, totill protc,i~i ant1 ash c.otitcltt of t,lrc. colostrum decrease ritpidly 
during the first sis it~ilkings. Oarrrtt ant1 Orertnan (3 )  fo~ttlcl that the Ca, 
31g, Ka, I' alitl Cl c:onte~~t of colostruttl is high at parturition and dr~ritlg the 
early hours of lacatation, brlt rather rapid decline toward a fairly coli~tiL11t level 
soon sets in as the milk brc.otne.i nonnal. Investigations by Prarson ant1 Dar- 
nell (15) ant1 Sllttoii et  a/.  (19)  sho~vrd that colostrum contains two to three 
ti~ries as much rib:)f!avin as nlilk secrctc~tl later in  the lactiition period. l'rarson 
and Darnell ( 1 5 )  found tllirt colostrum coiltaineil twice as much tliia~rli~ie as did 
milk. S o  tlifl(~rc11cc was fonncl betrveen colostr~uli and whole milk in its nico- 
tinic acid cont,c~tit. Worlc by nmilerolts investigators (4, !I, 18, 16, 18, 19 )  reveals 
that colostr~lnl contains sc.vc?ral tiliies more ~ i t a n l i n  A aiid carotene than tlocs 
~vhole milk soVreted by the sanie aninlals later in lactation. 

Investigations by Moore and Berry ( l o ) ,  Nezvesky e t  al. (12) and Suttoii 
et al. (18) showed that the bloocl plasma vitamin A ant1 carotene of the new-born 
calf mere quite low. After ingestion of colostrum, there was a several-fold 
increase in vitamin A and carotene blood levels. TIrork by Sutton ant1 Esh ( 2 0 )  
showed that the t r ~ p t o p h a n  level iii the blood plasma of the ilem-born calf mas 
quite low and that af t r r  the ingestion of colostrum there was a marked invrease. 
ICaeser and Sntton (8)  found that ~vheii the available colostrn~it was subst,itnted 
for the whole milk in the ration, calves receiving colostrum ~llaintained higher 
levels of blood plasma ritan~iii  A and carotene, made more rapid weight gains, 
especially during the first 6 wk.. and were superior in physical appearance. 
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Allen (1) fed o~ily cwlostrum to nitte c:alve.i for all or ~ttost of thc~ nlilk-feeding 
period. Neither sconri~lg nor serious tligestivcb itpsets occ.t~rretl. 

Since on nlost dairy farms the new-born valf is unablv t3 conslunc all of thc 
colostrum protluced, it  often is discartled. This is a rcbry wastef~tl practice, 
especially sine(, vita~nin -1 ant1 o t l ~ ( ~ r  ~ n ~ t r i e n t s  very oss(~tttial to t h ~  health 
and growth of thr rery young calf. 

This experiment mas it~iinguratc~tl to cletermi~tci \vheth(lt. c.olostru~n vould be 
fed in place of ivhole milk in the ration of calvc,s, ~vhethrr it possesses iury par- 
ticular growth-promoting properties not vontai~lc.tl in ~vholr ~nillr, ant1 t o  stucly 
its effevt on the health of calves. 

EXI'ERIfilEh'TAL PROCEDURE 

Forty-seven ht'ifcr calves of the .Jersey and IIolstc~i!~ brec'tls. wl1ic.h \~ \ -c~r l~  born 
from March, 1946, through Ovtobcr, 1948, were used in this espc~rinirnt. Ihlring 
the first 3 days after birth, all c:alres ~ver r  allolved to sl~cltle their clams. 'l'l~r(>e 
days after birth they ~vere tlivitled into two experintental groups which xvill be 
rcxferred to as the colostrmn group and the whole-milk gronp. Twenty-one c i t l ~ ( . ~  
wercs assigned to the colostrnnl group ant1 receivecl colostrum in p1ac.e of \vhole 
111ilk until they became (iO days of age. Txvchnty-six calves werr itssigned to the. 
whole-milk group and received whole milk until they reiicdlted 60 days of age. 

The amotuit of ~vhol(. milk fcd was adjnstc.cl every 10 (lays. The Jerscy 
calves received whole milk for the six 10-day periods at the rates of 6.0, 7.0, 8.0, 
7.0, 5:O and 4.0 lb. daily for each consecntivc 10-day pcviod. I-Iolstein calves 
in the same group reeeivc.rl H>O, 9.0, 8.0, 6.0, 4.0 and 2.0 Ib. claily. On the arer- 
age, 357 lb. of whole inilk were fed. The ~vhole niilk \\-as produced by co~vs on 
winter rations. 

The amount of colostrunt fetl lvas bi~setl on its dry nlattc3r c~t l tent ,  in order to 
equalize the energy intake of the colostr~u~n group with that of the whole-milk 
group. The colostrum was c.ollected as the cows freshened f r o ~ n  the hertl a t  
Reltsville, and mas stored in 10-gal. c.ans ancl frozen until fed. Twenty-three 
10-gal. batches of colostrnnl were collec*tc~tl and fed in the experiment. Tlie 
colostrum group receivecl on an arerage 268 11.1. of colostrum, or the same antount 
of dry matter from this source as the wholr-~r~illr group obtainetl from  hole niilk. 

Vitamin A and carot,ene cletrrminations w\.cre made on each batc~ll of colostr~tm, 
alld similar determinations were made n ~ o ~ ~ t h l y  on thc whole milk ;IS fed. ill1 
calves received U. S. no. 1 alfalfa hay ant1 a grain rnixtr~re made np of 30 lb. of 
corn meal, 25 lb. of linsc.ed oil meal, 25 lb. of soybean oil meal, 20 Ih. of \ ~ h ( , i ~ t  
bran, and 1 lb. of salt. 

Weekly vitamin A and c-arotcnc. analyses \\,(.re made on the blood plasma of all 
calves until t,hey reachctl 120 days of age. The condition of the frc3es \Tas ob- 
served daily. Tlie n i ~ m h ~ r  of days c~ach calf scoured or prod~lced soft feces was 
recorded. Sulfaguanidi~~t. and snlfathiazole w\-c,re used to control ssonrs. The 
caalres xvere weighed erery 10 clays. 
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RESULTS AND DISCUSSION 

The v i t an~ i~ i  A ant1 earotene potencit's of t h ~  vo1ost1-tl111 ll~illr \\.ere quitr vari- 
able. Tlir concentration of vitamin A in the difterent batches ranged fro111 
25.8 y per 100 ~ n l .  to " 3 . 4 ~  per 100 1111. The c a r o t r ~ ~ e  potc111c.y r a ~ ~ g r t l  fro111 
17.3 y  pcAr 100 1111. to 213.4 y prr 100 ml. The. c*oncrntration of v i t a~n i~ l  A in thv 
whole milk ranged fro111 l2..56 per 100 1n1. to 44.77 y per 100 1111. The earotene 
in whole nlillr ranged from 4.12 y  per 100 ml. to 41 .X  y pclr 100 1111. 

l'he vitaniil~ A concentratio11 of the hlootl plas~na of thch two g1-011ps of c'H~I-('s 
is 41101~11 in t a b l ~  1. For t h ~  first 7-day pc3riotl, tht. initial V ~ ~ R I I I ~ I I  A values wtlre 

TABLE 1 

Acerage mnozint of cnrotene and vita mi?^ A in the bloorl plnsvtn of tlni~!l ca1,re.v recciriny 
colostrum and whole milk 

--- -- - 

Carotene Vitamin -4 
Age - -- 

Whole-milk group Colostrutn group Wllole-milk group Colostrum group 

(d . )  (y/100 mL) (y/lOO ml.) (y/100 ml.) (y/IOO tnl.) 
1- 7 (14)a 28.7 + 3.8 (16) 48.0 + 6.6 (15) 8.6 + 0.59 (15) 11.2 + 1.01 
8- 14 (20) 31.2 + 3.6 (20) 96.0 + 11.7 (20) 7.9 + 0.36 (3) 12.7 + 0.94 

15- 21 (20) 30.0 + 2.6 (20) 131.2 + 14.6 (1:) 7 . 0  0.48 ' (20) 13.8 + 1.10 
22- 28 (19) 34.9 + 4.9 (20) 133.n + 19.3 (1  r ) 6.G + 0.36 (21) 12.7 + 0.52 
29- 3.5 ( 2  9 . 8  + 3 .  (20) 100.1 + 15.1 (21) 8.9 + 0.39 (20) 12.1 + 0.67 
36- 42 (20) 38.5+ 7.9 (20) 87.1 + 14.2 (20) 6.2 + 0.4!1 (40) 12.4 + 0.67 
43- 49 (21) 57.4 + 8.7 (21) 72.0 + 11.7 (21) (i.5 + 0.46 (21)  12.0 + 0.55 
50- 56 (21 ) 63.1 + 8.4 (21) 67.0 + 11.1 (20) 6.1 + 0.49 (20) 11.3 + 0.58 
57- 63 (20) 77.9 + 18.5 (19) 65.4 + 10.4 (20) 8.0 + 0.81 (20) 12.0 + 0.65 
64- 70 (20) 111.9 + 17.7 (19) 87.6 + 17.8 (21) 9.3 + 0.87 (18) 11.7 + 0.85 
71- 77 (21) 144.3 + 21.8 (21) 108.3 2 16.8 (21) 10.2 + 0.83 (20) 12.5 + 0.74 
78- 84 (20, 137.3 + 17.4 (19) 128.3 2 18.5 (19) 0 + 0.92 (19) 13.0 k0.87 
85- 91 (21) 154.0 + 9 (18) 133.8 + 23.5 (21) 12.0 + 1.07 (20) 13.3 + 0.96 
92- 98 ( 2 )  183.2 + 15.5 (21) 142.3 + 19.8 (19) 12.2 + 0.76 (20) 13.6 + 1.07 
99-106 (21) 199.0 + 16.0 (21) 143.9 + 20.0 (21) 13.0 2 0.76 (21) 14.4 + 0.81 

107-113 (21) 220.3 + 16.6 (20) 165.8 + 19.9 (20) 14.1 + 0.69 (21) 15.1 :r 0.83 
114-120 (20) 215.9 + 18.7 (20) 190.3 + 17.8 (21) 15.3 + 0.83 (20) 15.4 0.92 
-- -- 

a Figures it1 pnrriitl~cscs itldirntr tItr tiur~~l)cr of t l r tc~r~nit~:~t iol~s.  

higher for the colostr~nn gronp than for the whole-rnilk gronp. This is dlle to 
the fact that the hloocl satnples were not obtained nntil the latter part of the 
7-day period, since blood samples were not drawn until after the calves were 
re~noved from the eolv ancl placed in the calf barn. Thus, the effect of colostrum 
feeding was evident in the first 7-day period. The ~.alues remained a t  abont the 
same levels for the first 3 mo. of the calf's life. 

In  the case of the whole-millr group, there was a tlecli~ie in the plasma vita- 
mi11 A values to abont 60 clays of age and then a rise. From birth to 35 days of 
age, these calves apparently were being depleted of their small reserve store of 
vitamir~ A which \\.as built 11p during the 3-day period that they nursed their 
tlarns. At 33.5 (lay5 of age, the vitamin A level in their hloocl plasma ~vas  within 
the ~l(.ficient range as .jntlgrd by older calves (12). At (50 clays of age the vita- 
rnin A level in thr blootl plasil~a started to rise and continuetl to rise throng11 
thr remaining p o r t i o ~ ~  of the c~xperimc.nta1 periotl. This c*oincided with the 
pc'riotl in which thrrca was a large invrclase in the daily hay cons~ul~l~ptioll. At 
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120 clays of age, the plasma vitamin A concentrations of both groups were prac- 
ticillly equal. 

Tho calves in  the wllol(>-milk gronp rcc~eivc~tl on t h ( ~  ii\rer>tge the rquiralent to  
2,641 I.U. of vitamin A 1x.r (lily in thv wholr millr when carotene ant1 vitamin A 
were expressctl in t e r ~ n s  of 1.1:. of v i tan~in  A. For  the colostrum group, the 
average daily intake of vitaniin A and  carotene., expressed i n  terms of I.U. of 
v i ta~nin  A, \v;ls 13,401 1.1'. per (lay. The. plas~nn vittnnin A values of the colos- 
trnni group are  higher than the ralnes reported by Jacobson et al. ( 7 )  fo r  calves 
receiving .50,000 1.1'. of supplelnentiil vitamin A (in cod-lirer oil) per clay to 
.5O days of age. .ludpiiig these results fro111 the blood plasnia picture, i t  \vould 
appear  that  vitamin A fro111 rolostrum is lnore efficiently utilized than vitaliiin A 
from cod-liver oil. 

Table 1 also shov-s that there was a \vide variation in  the carotene blood plasma 
level a t  diff'erent ages within the groups, as well as large differences between the 
two groups a t  the same age. Considering both groups to  35 days of age, the 
calves in  the colostrulii gronp 11x1 from t11~o to four  times nlore carotene in  their 
blood plasma than the calves in  the whole-milk group. Since the average caro- 
tene potency of colostrmn ~liillz \vas tell times greater than tha t  of the 15-hole millr, 
the total varotene intiilie of t 1 1 ~  c.alve\ i11 t h ~  colostru~n g r o l ~ p  mas sereral times 

rtrcrnge J I J I J I I D ~ ~  of t l n ! ~ . ~  Ilrc cnlrrs scotlred rr?trl ~ ~ r o t l ~ r r r r l  soft feces 
~. - - - - - - - - - -- - - . - 

.Trrsry 
- - - - - -- -. 

o l - i l k  Colontr~~~n  
- - ~ -  - - - - - - - 

(17.) (12.) 

Scours .. . . . 3.3 6.1 
Soft feces 4.8 7.6 
- - -. -- - 

greater than that  of the valves in  the \vhole-milk group. 'I'he feeding of colostrum 
provided a n  excellent way of incrclasi~lg carotene intalie of yoiulg calves to main- 
tain a high concentration of carotene in the blood plasma. 

Fro111 30 to  60 days of agr, there was a decline in the plasina varotene level 
of the colostruln gronp, which probably was a reflection of the reduction i n  the 
amount of colostrum fed during this period. IVhile hay was the other source of 
carotene, the intake was not mough to compeilsate for  the ciecreased intake of 
colostrum during this period and, as  a result, daily carotene intake 71-as reduced. 
During the same interral,  the plasnia carotene level of the  ~vliole-milk group 
showed a rather  steady increase. The gradual increase in  hay intake dllring this 
period apparently was r~sponsible. The inc.reasei1 hay c.onsuniption (and  the 
acc40~npanying incareas? in carotencx intake) nlore than vompensiiteil fo r  the re- 
tluction of carotene from the ~nillr sourcc3, which was initially low in carotenr. 
IIowever, the plasma c2arotcne l(>vels of the caalves in t h ~  colostrum gronp were 
a l ~ r a y s  higher than thoue of the c.alvcs in the \vhol(.-niilli gronp for  the first 70 (lays. 

'l'ahle 2 sho\vs thc average n n ~ n b e r  of (lays t h ~  calves sc.onrctl tlnring the first 
60 days and also t h ~  itreragr n111nber of days the f(~c~c.s \vc.re ilhnorn~itl. Thc 



results intlieate that there was a greater incitlcnce of scours itlllOllg the calves in 
the colostrum gronp. 'Phr cal~les in this group produced feces that were abnor- 
mal or soft for longer periods than in the case of the calves in the whole-lnillr 
group. Apparently the estra antibodies or i~nmnnizing fractions which are con- 
ti~incatl ill colostrum ditl not prevent scours. IIowever, thr  colostrum as fed mas 
not wlways of the best qnalit,y, beceuse i t   T IS necessary to keep each can thawed 
out iluring the period of its use. This may account for increasecl occurence of 
scours in the colostrum group. It also will be notc~l that the Jersey ttalves 
sc+olired more often than the Holstein calves. 

Mortality lulcloubtedly is a better measure of thr v;r.ll~' of the extra imninniz- 
ing fractions in colost,rnm. None of t,he calves receiving thr  colostrum died, while 
5 out of the 26 calves receiving the whole milk died. One of the five died of an  
ear infection a t  15 days of age. Two calves died the third day, alitl two died a t  
8 and 14 days of age, respectively. The latter two (di~l~(.s had scoured the day 
before they dietl. While colostrum did not prevent sc.ours in the c.alves, it  may 
have helped t,hc.lu to resist the bacteria associated with sc-ours and other infrctions. 

Weight gains also can be 11set1 as a criterion in determining the general health 
of the calf. Table 3 shows that t h ~  n-(.ight gains of the colostrnm group closely 

d?.cm!lr~ livc weight of t h e  f z r - o  :/rlr.olcp.s of enlves 
-- --- -- - - - - - 

.Jcrsry I Io l s te i~~  
Age -- - -  .- -- 

Whole-milk Colostrum Whole-milk Colostron~ 

(d.) 
0 (15)a 53.3 + 1.9 (16) 57.4 + 2.1 ( 6 )  90.5 + 5.7 (5 )  88.6+ 5.2 

30 (15)  69.3 + 1.8 (15) 71.3 0.9 ( 6 )  111.5 + 9.1 (5 )  110.8 + 5.9 
60 (15)  92.8 + 2.8 (16) 93 .32  1.4 (5 )  149.6 + 4.4 (5 )  148.8 + 6.9 
9 0 (15) l l 6 . 5 +  4.4 (16) 118.32 2.G ( 6 )  201.5 + 2.6 (3 )  195.7 9.'i 

120 (15) 152.4 + 5.4 (16) 154.1 _c 3.6 (6 )  252.3 + 3.1 (5 )  235.6 t 16.3 
365 (15) 461.6 + 16.5 (16) 456.0 +_ 10.6 ( 6 )  637.3 14.2 (5 )  610.8 + 27.5 

- - - -.. 

a Figures in p:~rc.~~tlieses illdieate nilml,er of determinations. 

paralleled thost. of the whole-niilk group. This wonl(1 indicate that  colostrum 
milk, when fed on the same dry luatter basis as whole milk, could be used sue- 
cessfully to rcylace w h o l ~  rnilk in the ration of the dairy calf. This would 
result in a c*onsiderable saving of whole milk for salable purposes. The results 
also show that c.olostrmn does not contain any specaial growth-promoting proper- 
ties over ant1 ilbove whole rnilk, whni both arr  f ~ d  on an equal dry-matter basis. 

COSCLUSION 

Calves fed colostrum mill< until 60 days of age had n1uc.h higher vitamin A 
and carotene blood levels than calves fed whole mill<. 

The weight gains of these two groups of calves were about the same. This 
would indicbate that volostrnm, when fed on the same dry matter basis as whole 
milk, can be used to rtlplare whole milk. 

The extra antibodies c.onsumed by the colostrum-fed calves did not prevent 
thc ocrnrrence of sconrs but seeinetl to aid in the prevention of fatal infections. 
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T H E  INFLUENCE O F  ENERGY INTAKE ON T H E  NITROGEN 
RETENTION O F  GROTVING CALVES 

G. P. LOFGREENI, J. K. LOOSLI AKD L. A. MAYNARD 

Cornell University: Ithaca, hr. Y. 

The relationship of caloric intake to the efficiency of protein utilization has 
been studied in the dog, rat, mouse and man (1, 2, 3, 8). These studies showed 
that a restriction in the caloric intake results in a decreased efficiency of protein 
utilization in both adult and growing animals. I n  most cases the restricted 
caloric intake was considerably below the level required for normal maintenance 
or growth. For  example, Allison et  al. (1)  found that in adult dogs the utiliza- 
tion of dietary protein, as measured by nitrogen balance, was not affected until 
the caloric intake was reduced to 50 per cent or less of the normal allowance. 

Less is known of the effect of an increase in caloric intake above that con- 
sidered adequate for normal maintenance or growth. While studying the pro- 
tein requirements of growing dairy calves (Lofgreen e t  al., s),  data were ob- 
tained on the effect of an increased energy intake a t  a constant protein level on 
nitrogen utilization. This paper presents the results of such studies. The 
term "nitrogen utilization'' is used herein to refer to nitrogen retained as deter- 
mined in balance studies. 

EXPERIMENTAL PROCEDURES 

Eighteen Holstein heifer calves weighing approximately 150 lb. and averag- 
ing 9 wk. of age were divided a t  random into four groups and placed upon four 
dietary treatments as indicated in table 1. The low levels of energy and of pro- 
tein were the recommended allowances of total digestible nutrients (TDN) and 
digestible crude protein of the 1936 &lorrison feeding standard (7) .  The high 
energy level was the Morrison standard plus 15 per cent and the high protein 
level was an average of 160 per cent of the protein allowance. The bases of 
these levels have been discussed elsewhere (Lofgreen e t  al., 5).  

The hay fed was good quality alfalfa, clover or early-cut timothy. From 
150 to 250 lb. body weight a commercial calf starter containing approximately 
16 per cent digestible protein was fed. Beginning a t  200 lb. a gradual change 
from the calf starter to a more simple growing mixture was made, the change 
being complete a t  250 lb. The proper level of protein was maintained by sup- 
plementing the starter or growing mixture with various proportions of blood 
flour, casein, soybean meal and linseed meal. The quality of the protein in the 
rations of ruminants usually is considered to be of relatively minor importance 
in comparison to non-ruminant animals (7) .  It is possible, however, that there 
may be conditions under which the utilization of protein by the ruminant may 
be influenced by its dietary source (5). Because of this possibility, i t  was 
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TABLE 1 
U~r lnr ! l  frrntmcnt of n~to~~nl . ,  

Group No. of 
animals Treatment 

. - - - -- - - - 

1 5 Low energy, low protein 
2 4 High energy, low protein 
3 5 Low energy, high protein 
4 4 High energy, high protein 

-- - -- 

thought that a mixture of high protein supplemeilts lllay provide a protein sourc.cb 
of higher quality than a single supplement. 

To furnish the higher energy level, the total feed al1owanc.c was il~c.rcil~cd 
while maintaining the protein intake constant by the proper reduction in the 
concentration of protein in the concentrate mixture. This resultecl in a 20 per 
cent increase in the non-nitrogenous TDN intake for the high ciiergy groups. 

Nitrogen balances were determined a t  the weights of 130, 200, 230, and 300 
Ib. A constant dietary intalre was nlaintained for a period of at least 7 days 
prior to collection of niixed urine and feces. The collection periods were of 5 
days duration during which formaldehyde and alcohol were atlded to prevent 
nitrogen loss and the excreta mere removed from the pans t 1 1 7 0  or three times 
daily. The use of formaldehyde was based upon the work of French (4) and the 
alcohol was used to prerent the excreta fro111 freezing. The 5-day composite 
was diluted to a known volume and samples talrcn for nitrogen analysis. I n  
order to determine the digestible protein intake, digestion trials were conducted 
on male calves from which feces could be collected separately. 

RESULTS AND DISCUSSION 

A suinmary of the results of this study is presentcxd in table 2. It is ap- 
parent that a 20 per cent increase in the non-nitrogenous T D S  brought about il 
marked increase in the efficiency of utilization of the nitrogen available above 
maii1tenanc.e rerluirenients whe,n the calves were on the low protein intake. This 

TABLE 2 

The rffect of energy intake on nitrogen retention 
- - - - - . ---- 

Low Protrill High protein 

Low High Low IIigh 
cnergv energy energy energy 

-- - - - 

Nitrogen apparently digested (g./d.) 41.0 39.4 75.1 71.2 
Apparently digrstcd nitrogen above maintenance 

needsa (g./d.) 26.5 24.9 60.6 56.7 
Non-nitrogenous TDN consumed ( l b . / d . )  3.2 3.9 3.0 3.6 
Nitrogen retained (g./d.) 15.6 19.6 22.9 20.3 
Nitrogen retained (% of consumed nitrogen) 25.8 31.6 24.4 21.5 
Nitrogen retained (70 of apparently digested nitrogen 

above maintenance needs) 58.8 78.7 37.8 35.8 
- -- - . - -. - -- - 

a Apparently digested nitrogen minus the maintenance requirement which i s  calculated 
using 43.5 g. of apparently digestible nitrogen (0.6 lb. apparently digestible protein) as the 
daily maintenance requirement of a 1,000 lb. animal and assinning that the requirement raries 
wit11 the 0.75 power of body weight. 
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increase mas statistic.ally significant. Whrn the animals were consun~ing thc 
high protein level, an  increase in the energy intake brought about no increasr in 
nitrogen retention. 

There was no signific.ant difference in the weight gains made 011 the two 
protein levels a t  the low energy intake, the average for all calves being 1.2 lb. 
per day. The calves on the higher energy level gained an average of 1.4 lb. per 
day with no significant difference in the gains on the two protein levels. 

I t  is well known that if the non-,nitrogenous nutrient intake of an animal is 
below that needed for maintcriance, protein is used as a source of energy. I n  
the growing animal the ability to utilize absorbed nitrogen for tisyue building is 
limited by the rate a t  which the body is able to synthesize these protein tissues. 
If  the energy intake is above the maintenance requirement but insufficient to 
permit maximum growth ant1 the protein supply is sufficient to meet the needs 
of tissue synthesis, the rate of growth and nitrogen retention will be limited by 
the energy intake. Any excac.ss protein above that used to synthesize the protein 
tissue fornic~tl ~vill be used for energy. Under such c~onditions an increase in 
non-nitrogenous TDK intake clearly would bring about a faster rate of gain and 
an increased effic*irncy of utilization (for tissue synthesis) of the protrin in the 
ration. If the cwergy intake remained constant, one would not expect an  in- 
creased protein intake to increase the nitrogen retention. The excess protein 
would merely be used to furnish energy. I n  the case of the calves on the lo\v 
energy intake. however, an increase in protein intake brought about a significant 
increase in nitrogen retained despite the lowered efficiency. A possible explana- 
tion of this happening caould be that the low protein level was not sufficient to 
meet the needs of the potential rate of protein synthesis permitted by the growth 
on the low energy Icvcl; an increase in protein, while maintaining the TDN 
constant, permitted the maxinluin rate of synthesis of protein tissue to be 
achieved. The gain thean would be made up of a higher proportion of protein 
than that of the low protein calves which gained a t  the same rate. Werner (8) 
found that in adult man in negative nitrogcn balance due to caloric restriction 
an increase in nitrogen intalre while maintaining the low caloric level would 
restore nitrogen balance. The increase in gain and efficiency of nitrogen reten- 
tion brought about by the incareased non-nitrogenous TDN intake on the low 
protein level could be due to the sparing effect of carbohydrate on urinary nitro- 
gen excretion (6) rather than a simple correcting of a deficient energy intake on 
il ration adequate in protein. 

As shown in figure 1, the inc.rt,t~se in efficienc~y of protein utilization due to 
an increase in energy intake on thc low protein level was most marltcd a t  150, 
200 and 250 lb. At  300 Ib. the increase was only slight. This small increase 
probably was due to the fact that the non-nitrogenous TDN increase was only 
I1 per cent a t  this weight, while for the 150, 200 and 250 lb. weights the in- 
careases amounted to 29, 20 and 30 per cent, respectively. 

These results with young dairy calves confirm the obse~-1-ations made on other 
species that the efficiency of protein utilization as measured by nitrogen balancae, 
is marlredly affected by energy intake. Furthermore, a t  the energy ancl protein 
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levels fed, an  increase in energy level does not increase the efficiency if the ani- 
mal is on a high protein intake. The observations show the importance of 
liberal feeding of growing calves in order to take advantage of the increased 
efficiency of protein utilization. The data further indicate the importance of 
maintaining an  adequate energy intake in studies of quantitative protein require- 
ments and in studies of the nutritive quality of proteins. 

150 200 250 300 MEAN 

BODY WEIGHT, Ib.  
FIG. 1. The efficiency of nitrogen utilization at different weights on the low protein 

intake. 

SUMMARY 

A study mas conducted with young dairy ca1vc.s on the effect of energy intake 
on the efficiency of protein utilization as measurrd by nitrogen balance. 

It was shown that on a low protein intake an increase in non-nitrogenous TDN 
consumption resulted in a marked increase in the retention of the nitrogen avail- 
able for growth. 

The findings with the young growing calf are in accord with the results with 
the adult dog, rat, mouse and man and growing mice and rats. 
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FACTORS AFFECTING T H E  ANTIRACEIITIC ACTIVITY O F  ALFALFA 
AND ITS ABILITY TO PREVENT RICICETS I N  YOUNG CALVES 

J. W. TII03ISS AND L. A. MOORE 

Burena of Dairy I n d n s t ~ y ,  Agric~tltllrnl Bcsearch Administration, 77. 8. D. A. 

Green plants have been shown to be low in antirachitic activity ancl i t  has 
been assumed that artificially dried roughages contain little or no vitamin D. 
The antirachitic activity of artific&ially dehydrated alfalfa was found to be nil or 
too small to lneasurc (33, 34, 35) aiid to be increased by exposure to snnslline 
after the green alfalfa was cut for hay (3, 33, 34, 35, 39). I n  fact, an invclrse 
relation between the c.;lrotcne ant1 vitamin D content of alfalfa has been tle~non- 
strated (30, 34, 39). 

There also is eviclence that some roughages possess antirachitic activity ~vith- 
out being esposecl to solar radiation while drying (2, 5, 19, 23, 23, 29, 38, 39). 
Several investigators found no direct relation between the vitamin D content of 
the hay crop and the amount of sunshine i t  receivecl during the curing procaess 
(39, 23, 29, 39). 

IIodgson aiid ICnott (19) found that green pasture herbage had definite 
calcifying activity for rats, the amount being equal to that found in the same 
material cured in the sun for 15 hr. Voltz and Kirsch (38) found antirachitic 
activity in English ryegrass, even when i t  was gromn in total darkness on garden 
soil or on a nutrient medium. However, IIcss and Weinstoclr (17) found no 
activity in the young wheat plant gromn in darlrness, but when grown in light 
and artificially irradiated while growing, it was found to have definite anti- 
rachitic activity. They also found no antirachitic activity in lettuce until after it 
mas cut and artificially irradiated. Mellanby and ICillick (23) found some anti- 
rachitic activity in summer-grown grass, dandelion leaves, and carrot aiid turnip 
greens, but none in cabbage. Green summer-grown spinach was reported to have 
slight antirachitic activity for the rat  but no activity was found in spinach grown 
under tinted glass or in that grown during the fall, winter or spring months (5). 

Recently, three different investigators (25, 29, 30, 42) presented data showing 
that the vitamin D content of the hay crop was not always correlated with the 
amount of sl~nshine it received during the curing process. The evidence in- 
dicates, as has been nlentioned previously by this laboratory (25) and by others 
(40), that factors other than the amount of sunshine the roughage receives 
during curing may influence its final antirachitic activity. Since these other 
factors have not been investigated heretofore, one purpose of the experiments 
rrportcd in this paper was to investigate their nature. 

I t  is well k~iowii that the young ruminant requires some form of vitamin D 
for proper growth and bone formation. It has been well established that both 
sunshine (1, 7, 11, 13, 15, 31, 32, 40) and the usual field-cured roughages (3, 4, 
16, 21, 26, 31, 40, 41) are able to furnish the antirachitic factor to the young 
ruminant. Under usual conditions, these sources have supplied sufficient 
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amounts of the factor to prevent rachitic symptoins in young calves. Several 
experiments (13, 15, 26, 31) have shown that calves kept without access to sun- 
shine and fed the usual amounts of field-cured roughages develop normally with- 
out any evidence of rickets. On the other hand, a number of investigators have 
reported the occurrence of rachitic conditions in young calves (9, 16, 18, 32) and 
in young sheep (8, 9, 10) that were reared under usual farm conditions. I n  
most of these investigations the presence of rickets was coafirinecl and the symp- 
toms \Irere alle\-iated by vitamin D-active supplements. 

I t  is realized that the antirachitic activity of sunshine is seasonally very low 
in some areas and that hays have been noted to be inconsistent in their anti- 
rachitic activity. The increase in the use of legume silage, artificially dried 
hays and barn-cured hays makes it desirable to have an understanding of the 
factors affecting the amount of antirachitic activity furnished by these feeds. 
The antirachitic activity of one crop of wilted alfalfa silage and mow-dried 
alfalfa was reported by this station to be sufficient to cure rachitic symptoms in 
4-mo.-old rachitic calves when the roughage was fed a t  the accepted minimum 
rate (25). 

The antirachitic activity of alfalfa hays dried without exposure to the sun, 
and of alfalfa silage, both of which have been conlmonly thought to contain very 
little or no vitamin D, has been investigated ill this present study. The effect of 
stage of maturity on the antirachitic activity of the hay also has been investigated. 

I'LAN O F  EXPERIMENT AND METHODS 

The experiment was designed to determine (a)  whether the stage of maturity 
a t  which alfalfa is cut affects the vitamin D activity of the hay and, if so, to 
evaluate some factors that may be rcsponsible for any change in activity; and 
(b) to determine if artificially dried alfalfa or alfalfa silage will prevent rachitic 
symptoms in calves when it is their only source of vitamin D. 

An alfalfa field was divided into three plots and each plot was cut a t  a 
different stage of maturity. One plot was cut on August 6, 1947, when the 
alfalfa was in the bud stage, i .e.,  before any appreciable number of blossoms ap- 
peared. The second plot was cut a t  the half-bloom or hay stage on August 18. 
The third plot was cut a t  the mature or seed stage on September 3. 

Immediately after the alfalfa was cut, it was placed on a barn drier and dried 
with heated air forced through the hay. When dry, i t  was baled and stored in  
a hay loft until needed as feed for the calves. A sample for chemical and vita- 
min D analysis was obtained by boring the bales with a hay-bale borer. The 
sample representing each stage of maturity was ground and stored in the dark 
in an  amber reagent bottle until used for determination of its vitamin D content, 
which was performed by using the curative line test technique with rats (37). 

Samples also were taken from each of the three plots immediately before 
cutting, and the plants in these samples were separated by hand picking into 
three portions. One portion consisted of leaves and stem portions that  were 
entirely dead and either dry  or partially dry. Another portion consisted of 
leaves whose surface area was more than half dead or pellow from insect injury 
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or other causes. The dead leaves froin samples of the three plots mere combined 
into one sample, and the half-dead leaves were similarly combined, the remainder 
of the plant being discarded. 

A third portion consisted of alfalfa lcares that mere entirely green. Since 
there were no entirely green leaves on any of the alfalfa plants harvested a t  the 
three stages of maturity, it  was necessary to pick the top leaves and steins from 
very young alfalfa plants. Therefore, leaves on the next growth of alfalfa be- 
fore it mas 2 ~vk.  old were used for this portion. 

The san~ples of the three portions or parts of the alfalfa plant were artifi- 
cially dried without exposure to sunlight in the laboratory, ground and stored 
in the dark in amber reagent bottles until mixed with the rat  diet for vitamin D 
assay. 

The antirachitic activity of forage obtaiizecl from the three stagcs of alfalfa 
also mas tested with calres. Alfalfa hay cut in thc bud, half-bloonl and mature 
stages was fed to calves in groups 1, 2 aiid 3, respectively. Calves in group 4 
were fed a good field-cured alfalfa hay from a coininercial source. Group 5, the 
positive control group, received dried beet pulp as its only roughage and viosterol 
supplying 3,000 I.U. of vitamin D per en-t. per day by capsule. Group 6, the 
negative control gronp, received dried beet pulp and no vitamin D. The calves 
in group 7 were fed alfalfa silage made from a different crop without preserva- 
tive as their only ronghage. 

All calres i11 groups 1 to 6 were Jersey males. They received colostrum for 
3 days, then whole milk for the next 7 days. At  10 days of age, they were 
changed to skimmillc and offered a grain mixture and one of the experimental 
roughages. The grain mixture consisted of 40 parts ground corn, 30 parts wheat 
bran, 20 parts soybean meal, 10 parts linseed meal, 1 part iodized salt and 2 parts 
ground limestone. The hay or beet pulp was limited to 1.5 lb. per cwt. after this 
rate of consumption %'as reached, which occurred when the calves were about 
3 mo. of age. The mature-stage alfalfa was not eaten readily by the young 
calves because of its advanced stage of maturity; neither mas some of the bud- 
stage alfalfa because i t  was baled and stored before it was s~lfficicntly dry. All 
these calves received skimmilk until they mere 120 days of age, but the average 
amount was about 6 lb. daily from 90 to 120 days of age. After 3 to 4 mo. of 
age, the T.D.N. intalce of all calves was limited to Morrison's standard. 

All calves in groups 1 to 6 received a supply of carotene (100 y per lb. per 
day) which was fed by capsule. This was discontinued to groups 1, 2, 3 and 4 
after the fifth month, when the alfalfa consunled supplied sufficient carotene. 
A mineral mixture composed of 64 per cent limestone anci 36 per cent bonemeal 
was fed to the animals receiving beet pulp in order that their Ca and P intakes 
would approximate those of the calves receiving alfalfa. 

The two calves in gronp 7, which were crossbrecl male calves, were fed alfalfa 
silage, a grain m i x t ~ ~ r c  and whole milk until they were 50 and 60 days of age, 
respectively, after which no milk was fed. The grain mixture mas composed of 
60 parts ground corn, 40 parts wheat bran, 50 parts soybean meal, 50 parts lin- 
seed meal aiid 2 parts iodized salt. The two calres \yere fed this grain mixture 
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until they were 94 and 137 days of age, respectively, after which they were fed 
the same mixture as calves in groups 1 to 6. They were fed alfalfa silage at  the 
rate of 1.5 lb. of hay-equivalent per cwt. daily. 

All calves were kept in a darkened barn into which no snnshine was admitted. 
They were kept in individual stalls beddrd with TT-ood shavings, but occasionally 
they were turned into an inside alleyway where they could cscercise and their 
movements could be observed. They were weighecl every 10 clays. The amount 
of feed fed and refused was recorded every day. 

Plasma levels of inorganic P, Ca and serum phosphatase were determined 
bi-weekly, beginning when the calves were about 30 days of age (occasionally 
3 wk. elapsed between determinations) (25). Hemoglobin, plasma vitamin A 
and carotene levels also were determined frequently. 

When the calves were 8 mo. old they mere slaughtered, a post-mortem exain- 
ination was made and the weight of several organs mas recdorded. The negative 
control calves (group 6) were slaughtered when movement became difficult and 
before they began to decrease in body weight. 

One calf in group 1 was slaughtered at 167 days of age, when the supply of 
bud-stage hay became exhausted. Calf #542 was started in group 2 but was 
transferred to group 3 at 120 days of age, when the supply of half-bloom stage 
alfalfa was exhausted. 

At time of slaughter, the 8th and 9th ribs were obtained, then cleaned and 
dried. The distal 10 per cent was broken into four parts and then extracted 
with hot ethanol, followed by petroleum ether. The ash content was determined 
on the fat-free bone after ignition at  600' C. 

Antirachitic activity of the forages was evaluated by the following criteria: 
(a)  Growth and general appearance of the calves, and their freedom from visible 
rachitic symptoms during the experiment; (b) values and trends in Ca, P and 
phosphatase levels in the blood; (c) roentgenograms of the distal epiphyseal 
cartilage area of the ulna; (d) the ash content of the rib ends; and (e) post- 
mortem examination of the bones for evidence of rickets. 

RESULTS 

Antirachitic valz~es of hay crops f o r  calves. The growth of all calves \yas 
within the normal range up to 60 days of age, as indicated in table 1. I n  fact, 
most negative and positive control calves grew at  a more rapid rate than those 
consuming alfalfa hay, probably because they consumed dried pulp more readily 
than the others consumed hay at the younger ages. The two crossbred calves 
fed alfalfa silage, grain and whole milk made the greatest gains in body weight 
of all you~lg calves. After 2 mo. of age, the growth rate of the negative control 
group decreased rapidly. At about this time, the clinical data indicated that 
these calves had a slight degree of rickets, and visible symptoms began to appear 
at about 3 mo. of age. Progressive changes indicative of rickets were shown by 
the following symptoms: (a) Bowing of the front legs and the characteristic 
straightness of the pastern, (b) stiffness and shortness of steps when walking, 
(c) anorexia, (d) reluctance to move about or stand up while in their pen, (e) 
increased respiration rate, especially when handled, ( f )  decrease in depth of 
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body and a round appearance of the body, mainly due to increased rib curva- 
ture and (g) beading, or enlargement of the costo-chondral junction of the ribs. 
Only one calf exhibited tetanic convulsions during this experiment. 

The data in table 2 show the trends of the periodic blood samples in Ca, in- 
organic P and serum phosphatase. The ralues were averaged for each calf, and 

TABLE 2 

Average calcium, phosphorus and phosphatase oalues b y  monthly periods 
of the  experimental g ~ o u p s  

- -- 

Rough- Group Age in days 
age no. 20-30 31-60 61-90 91-120 121-150 151-180 181-210 211-24Ok 

- 

Plasma-serum calcium ( m g .  %) 
Bud 1 10.2a 9.87 9.33 10.23 11.07 10.77 10.38 10.26 
Half - 

b1oo111 2 9.78 10.20 11.11 10.01 10.16 9.95 10.24 
Mature 3 9.36 9.62 10.65 10.87 10.83 10.40 10.68 
Field- 

cured 4 9.48 10.39 11.36 10.36 10.34 11.00 10.90 11.24 
Positive 

control 5 9.38 10.43 10.54 10.97 10.76 10.34 11.01 11.04 
Negative 

control 6 10.65 9.76 7.95 6.58 6.55 6.74 7.21a . . . . .  
Silage 7 ......... 1 0 . 1 ~  10.188 10.72 10.65 10.43 10.17 10.18% 

Bud 
Half - 

bloom 
Mature 
Field- 

cured 
Positive 

control 
Negative 

control 
Silage 

Bud 
Half - 

bloom 
Mature 
Field- 

cured 
Positive 

control 
Negative 

control 
Silage 

PTasrlra inorganic 
1 7.15~ 7.20 6.94 

Serlrm phosphatase (Bodansky ?(ni ts )  
1 6.9a 10.1 16.4 12.3 7.9 8.3 10.1 10.7 

- - - - - - - - 

a Value given i s  for  only one animal. All others are averages of all animals in the group. 

then for each group by monthly ages of the calves. The negative controls (group 
6 )  showed a decreased plasma Ca level before 60 days of age, which continued 
to decrease for the next 2 mo. and became stabilized a t  about 6.5 mg. per cent. 
The calves fed vitamin D, field-cured alfalfa hay or alfalfa silage (groups 4, 5 
and 7)  maintained plasma Ca levels a t  normal values throughout the experi- 
mental period. Some, but not all. calres in groups 1, 2 and 3 showed slightly 
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decreased levels of plaslrla Ca between 30 and 90 days of age, but all were normal 
after this time. 

Until about 120 days of age the plasma inorganic P levels of all groups were 
within the range of normal values expected for calves of this age. A t  this time, 
the negative control calves started to show a drop in the level of plasma inorganic 
P and the values continued below those of the other groups. During the seventh 
and eighth months, the calves fed bud-stage alfalfa also showed this tendency. 

The serum phosphatase values of the calres in the negative control group 
wcre much higher than those of the other groups after 60 days of age. The in- 
dividual phosphatase values indicate that the negative control calres had clinical 
rickets, beginning when they were about 50 to 60 days of age. The individual 
values for serum phosphatase also indicate that some of the calves in groups 
1, 2, 3, 4 ancl 5 had values that might be iildicative of clinical rickets when they 
were 60 to 90 days of age. After this age, the values were practically the same 
as those of calves fed an ample amount of vitamin D (group 5) or those of calves 
raised under normal conditions in this herd. Phosphatase values abore 11 units 
during the third or fourth months were found in two calves of both groups 1 and 
3 and in one calf each in groups 2, 4 and 5, and also in one calf each in groups 
1 and 5 during their seventh month. Phosphatase values for the calres fed 
alfalfa silage were never above 8.0 units a t  any time during the experimental 
period. 

The alfalfa consumption of some of these calves was low until after their 
third month. The average roughage consulnption of all calves receiving alfalfa 
was 0.3, 0.9, 1.9, 2.7, 3.3, 3.9 and 4.4 Ib. daily for the second to eighth months, 
respectively. The phosphatase values probably would not have increased if the 
young calves had eaten more alfalfa during their first 3 mo. As mentioned 
later, the calculated vitamin D intake was below the accepted requirement for 
many of these calves during their first 3 mo. 

The last section of table 1 shows the data on other measures of rachitic con- 
ditions. A t  slaughter time, only the calves in group 5 had enlarged rib ends 
and skeletal bones that appeared softer than normal. These calves also had 
enlarged Iridneys, as did two calves in group 1. The ash content of the distal 
10 per cent of the ribs of the negative control calves was very much lower than 
that of the other calres. Two calves fed bud-stage alfalfa (group 1 )  had bone 
ash values of less than 50 per cent, but all other calves had values above this, and 
the range was from 50.5 to 57.8 per cent. Calves in groups 2, 3, 4 and 5 had 
practically the same amount of ash in their rib bones. 

Roentgenograms of the distal epiphyseal cartilage area of the ulna were 
taken periodically of most calves and terminally of all calves except 535. The 
technique for this procedure and its evaluation has been mentioned previously 
(2, 36) and the average width of the epiphyseal cartilage a t  the end of the ex- 
periment is given in table 1. Calves in the negative control group had much 
wider cartilage areas than those found in the other calves. The cartilage width 
had actually increased during the experiment in the rachitic calves, but showed 
ii normal pattern of decreasing with age in all other calves. Terminally, the 
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average cartilage width of calves fed viosterol (group 5) was less than the values 
for the groups fed the alfalfa hays, and those in group 1 were wider than in any 
other group receiving alfalfa. However, there was considerable individual varia- 
tion. The significance of small differences in width of the ulnar epiphyseal 
cartilage at  8 mo. of age has not been ascertained. One calf in group 1 was 
slaughtered a t  167 days of age and the value for this calf cannot be compared 
directly with the other calves at  240 days of age. 

The Ca and P intakes of the calves were calculated, using the determinod 
values for the grain and the alfalfa hays and published values for dried bevt, 
pulp and skimmilk. They were averaged by monthly ages and the group aver- 

TABLE 3 

Average calcirtnb and phosphorus intakes  by monthly ages (mg./lb./day) 

Age in days 

Calcirrm 
G r o u p 1  79.2 149.4 161.0 172.3 162.1 161.8 157.0 156.9 
" 2 96.7 157.9 200.6 190.3 168.4 169.8 164.0 160.9 
" 3 91.4 140.4 163.2 156.5 150.2 151.7 150.7 149.6 
" 4 76.6 130.4 159.4 162.8 159.3 157.2 157.7 139.0 
" 5 83.7 117.8 137.2 127.8 112.2 110.7 105.7 101.8 
‘ 6 79.7 122.1 123.8 133.2 128.4 123.8 ............ ............ 

Phosphorus 
Group 1 65.5 114.3 115.4 103.6 91.8 91.7 87.8 86.1 
" 2 79.1 108.7 119.3 99.5 86.8 87.4 84.1 79.5 
" 3 74.3 111.0 115.4 96.4 86.9 86.6 84.6 82.0 
" 4 60.4 104.7 120.6 99.9 82.7 80.7 79.9 72.1 
" 5 65.4 86.2 93.9 73.9 53.8 51.9 48.5 43.4 
" 6 62.8 91.7 82.0 70.1 57.7 50.0 ......... ......... 

Ca: P ratio 
Group 1 1.2: 1.0 1.3: 1.0 1.4: 1.0 1.7: 1.0 1.8: 1.0 1.8: 1.0 1.8: 1.0 1.8: 1.0 
" 2 1.2 1.5 1.7 1.9 1.9 1.9 1.9 2.0 
" 3 1.2 1.3 1.4 1.6 1.7 1.8 1.8 1.8 
" 4 1.3 1.2 1.3 1.6 1.9 1.9 2.0 1.9 
' 5 1.3 1.4 1.5 1.7 2.1 2.1 2.2 2.3 
" 6 1.3 1.3 1.5 1.9 2.2 2.5 ...... ..... 

ages are presented in table 3. Ca and P intakes of all calves were equal to or 
above the intakes recommended by the Committee on Animal Nutrition of the 
National Research Council (22). The Committee recommended a Ca intake 
that varies from 80 to 35 mg. per pound a t  50 to 400 lb. of body weight and a P 
intake that varies from 60 to 27.5 mg. per pound at 50 to 400 lb., respectively. 
The intakes of the alfalfa-fed calves were somewhat higher than those of the 
calves fed dried beet pulp. Evidently not enough of the mineral mixture was 
fed with the beet pulp to provide as much Ca and P intake as the alfalfa hays. 

The Ca: P ratios are also given in table 3. The ratio from 11 to 90 days 
varied from 1.2 to 1.7 for all calves. The ratio from 91 to 240 days ranged from 
1.6 to 2.0 for the groups consuming alfalfa and from 1.7 to 2.5 for the positive 
and negative control groups. 
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Factors affecting vitamin L) content of lzays. The vitamin D content of the 
various portions of the alfalfa plant was found to be strikingly different as de- 
termined by the rat assay method. The vitamin D content of the dead leaves was 
found to be 2,700 International Units (I.U.) per pound and that of the half- 
dead or yellowed leaves was 295 I.U. per pound. The vitamin D content of 
entirely green leaves and top portions of stem was too low to be measured on 
two separate assays. However, calculations from these assays give the vitamin 
D content as less than 33 I.U. per pomid. These figures indicate that the dead 
material on the alfalfa plant as it stands in the field is sufficiently potent to affect 
the vitamin D potency of the entire plant. 

The percentages of dead leaves a i d  half-dead leaves on the alfalfa plant as it 
was cut at the three stages of maturity are given in table 4. The vitamin D 

TABLE 4 
Percentage of dead and half-dead leaves on  the  a l fa l fa  plant a t  d i f f e ren t  stages o f  ?~~at l tr i t? l ,  

and the v i tamin D content o f  t he  a l f a l f a  plant and the other crops used i n  th is  experi~nent  

Stage of Dead leaves Half -dead Vit. D. content 
maturity and stems2 learesb of entire crop 

Bud stage 
Half-bloom or hay stage 
Seed or mature stage 
Field-cured alfalfa 
Wilted alfalfa silage 

a Vitamin D content 2,700 I.U./lb. 
b Vitamin D content 290 I.U./lb. 
e Expressed in hay equivalent 

content of the hays used in this experiment also is given in table 4. The vitamin 
D content of the plant was shown to increase from 96 I.U. per pound at the bud 
stage to 291 I.U. per pound at the nlature stage, and the proportion of dead 
leaves on the standing plant increased froin 2.4 per cent a t  the bud stage to 6.5 
ppr cent at  the nlature stage. 

DISCUSSION 

The increase in the amount of high vitamin D potency dead material on the 
plant as it matures is a probable explanation for a large part of the increase in 
the vitamin D activity of the plant as it matures. The amount of high potency 
dead material harvested in the hay crop also may be an explanation for some 
of the variability noted in the vitamin D content of some hay crops. I t  may 
help explain the higher amount of vitamin D found in alfalfa silage when com- 
pared to that found in barn-dried alfalfa when both were harvested from the 
same field (25). When the hay crop is harvested as silage, the dead material 
does not become dry and probably adheres to the plant until it is put in the silo, 
whereas when the crop is harvested by the barn-drying method the dead leaves 
probably are dry enough to shatter and drop from the plant before it reaches 
the barn. I t  is possible that the maturity of the crop and the proportion of 
dead material could modify or mitigate the effect that sunlight has on the vita- 
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illin 1) activity of the plant after it has been cut, and thus offer an explanation 
for some of the discrepancies noted in published values. 

Our finding of no antirachitic activity in absolutely green alfalfa is in agrer- 
ment with the previous observations of others (33. 34. 35). Several investi- 
gators ( 5 ,  19, 23, 29, 38, 42) have reported that some calcifying activity or 
rickets-healing activity is present in green material. This latter group of in- 
vestigators used principally grasses or garden crops for their source of green 
material. Possibly there may be some fundamental difference in the antirachitic 
properties of green growing legumes and grasses. 

Under growing conditions at  Beltsville, alfalfa was shown to have consider- 
able vitamin D activity as it stands in the field; this activity probably is due to 
the irradiation received by the dead and injured portions of the plant. It is 
probable that under optimum growing conditions there may be somewhat smaller 
amounts of dead portions than are found on the plants a t  Beltsville and under 
such conditions the vitamin D activity of the standing plant may be decreased 
accordingly. This situation and the effect of limestone in the grain ration are 
presently being investigated a t  Beltsville. 

The results of feeding these alfalfa hays to calves as their only source of vita- 
min D indicate that all these specially harvested hays protected the calves from 
gross or visible signs of rickets. However, the clinical data (slightly increased 
phosphatase values, slightly decreased bone ash and slightly wider ulnar epiphy- 
seal cartilage) indicate that, as an average, the calves receiving bud-stage alfalfa 
probably had a mild degree of rickets, which indicates that the average vitamin 
D intake of this group was near the borderline in meeting the requirement of 
young calves. The calves fed the other alfalfa hays or silage were adequately 
protected from rickets (except a few calves at  2 to 3 mo. of age), as indicated 
by all diagnostic methods employed. Furthermore, this experiment furnished 
a more drastic test of the antirachitic adequacy of these forages than would be 
furnished by conditions on most farms, where the calves usually have some ex- 
posure to sunlight and the hays usually have more exposure to sunshine than the 
hays used in this experiment. The above statements presuppose the fact that 
calves are fed hay at  the rate of a t  least 1.5 lb. per cwt. 

Other investigators (30) have compared barn-cured and field-cured alfalfa 
hays as sources of vitamin D for growing dairy heifers and concluded that both 
were adequate, but they also fed some green grass or silage which, according to 
their own (29, 30) and other data (4, 23, 38), contain variable anlonnts of anti- 
rachitic activity. 

When the calves consumed the alfalfa hays at the rate of 1.5 lb. per cwt. daily, 
their calculated vitamin D intakes in groups 1, 2, 3, 4, 5, 6 and 7 were 144, 218, 
437, 1,110, 3,000, 0 and 590 I.U. per day per cwt., respectively. During their 
first 3 mo., this intake of alfalfa (and consequently vitamin D )  was not attained. 
The vitamin D requirement of young calves was found to be 300 I.U. per cwt. by 
Bechdel et al. (2) ,  and 350 to 450 wa? found to be adequate by Huffinan and 
Duncan (20). The requirement of young sheep was found to be slightly lower 
(180-250 I.U. per cwt. per day) than the figures cited for calves (1, 6 ) .  The 



926 J. W. THOMAS AND L. A. MOORE 

calculated vitamin D intake of calves fed bud-stage and half-bloom stage alfalfa 
did not meet the accepted requirement, yet none of these calves showed any visible 
rachitic symptoms and only some of the calves fed bud-stage alfalfa had slight 
clinical evidence of ricliets. 

Calves in group 6, which, after 10 days of age, received no vitamin Dl made 
norn~al  body weight gains and were free of visible or clinical rickets until they 
were about 60 days of age. This indicates that  calves hare a store of antirachitic 
agent a t  10 days of age or that  their requirement is very small. 1Iost inyesti- 
gators have not found ricliets in calves during their first 2 mo. of age. A t  this 
age calves raised according to accepted practical methods would have access to 
some sunshine and would be eating sufficient amounts of good alfalfa to protect 
them from riclrets. Young lambs also have been fonnd to becollie depleted of 
 ita am in D store4 after 6 to 8 wlr. on a deficient diet ( 6 ) .  

Only during the last few years have serum phosphatase measurements by the 
Bodansliy method been used for the detection of riclrets in young animals (6, 18, 
25, 27, 28, 30).  I n  this experiment and others carried out a t  Urltsville, a close 
relationship between the degree of rickets and the increase in serum phosphatase 
values has been noted. Recently, serum phosphatase measurements have been 
proposed as an  assay method for vitamin Dl using chicks (28). W h m  plasma 
phosphatase by the Kay method has been used, the results haye not been as con- 
clusive (1, 32). Serum phosphatase measurements have been used routinely to 
show evidence of rickets in young dogs and children (12, 14, 24). I n  rachitic 
calves, the increase in serum phosphatase and the decrease in serum Ca occurred 
a t  about the same time. I I o ~ ~ ~ e r e r ,  the increase in  serum phosphatase values was 
greater than the decrease in plasma and/or serum Ca valurs. 

SURIJIBRY 

'l'11(. autirac.hitic activity of an  alfalfa crop mas shown to increase with the 
sl;~gc' of maturity. Dead leaves on the alfalfa plant were shown to be very high 
ill vitamin D content and their amount on the plant increased with the stage of 
i l l i l t~~ri ty of the plant. The stage of maturity and its content of dead material 
or  itl\rvt-injrlrc.d areas with their high vitamin D colltellt may help explain some 
ol' the apparent discrepancies that  have bem noted in the vitamin D activity of 
t~ l la l fa  hays. Alfalfa leaves and top stem portions that  were entirely green 
\\erc3 devoid of vitamin D activity. 

Alfalfa cut a t  three stages of maturity and dried without further exposure 
to sr~iiliyht was found to protect young calves from visible symptoms of rickets 
whet1 it supplied their only source of vitamin D but some clinical evidence of a 
rachitic tendency was noted in  some calves fed alfalfa cut a t  the bud stage. 
Sevc,ral cdriteria were used to detect rachitir tendencies in calves. They were 
plasma Ca, plasma inorganic P, serum phosphatase, roentgenograms of the distal 
epiphyseal cartilage of the ulna, ash content of ribs, visible ancl gross symptoms 
and a complete post-mortem examination. The results of this experiment indicate 
that calves reared under accepted practical conditions should not require an  
additional source of vitamin D providing they consume a t  least 1.5 lb. per cwt. 
of alfalfa or its equivalent as alfalfa silage and receive some access to sunshine. 
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THE EFFECT OF ORALLY ADMINISTERED MOLYBDENUM ON 
GROWTH, SPERMATOGENESIS AND TESTES HISTOLOGY 

OF YOUNG DAIRY BULLS 

J. W. THOMAS AND SAMUEL MOSS 
Bureau of Dairly Indwstry, Agriczilt?tral Research Administration, 77. S. D. A .  

Washington, D. C.  

Since evidence was first presented (9) that excess inolybdenuln was respon- 
sible for certain disorders of ruminants, there has been considerable extension of 
knowledge concerning the toxicity of this elelllent and its rompounds (1, 2, 4, 8, 
0 1 ) .  The toxic action of molybdenum has been shown to be alleviated when 
additional copper is given to the animal (3, 4, 5, 10, 11, 12, 13) .  It also has been 
shown that the relative levels of copper and molybdenum in the diet are the 
principal factors involved in molybdenam toxicity (3, 4, 5, 11). Actually, symp- 
toms of molybdennn~ toxicity are hard to differentiate from synlptoms of copper 
deficiency (3, 4, 11, 17).  Some of these symptoms appear to be similar to some 
rachitic symptoms, especially the reported increase in serum phosphatase, leg 
stiffness, and growth inhibition in young calves (2, 3, 4, 5, 6). 

More recently the possibility that molybdenum may be a factor in bovine 
hyperlreratosis or X-disease has been mentioned (7, 16). Also, cows affected 
with symptoms of molybdenum toxicity or copper deficiency conceive with diffi- 
culty, and various other breeding troubles have been mentioned as synlptoms 
(1, 2, 5) .  

This experiment was planned in order to explore the possibility that large 
oral doses of molybdenum might p rod~~ce  the X-disease (h~perkeratosis) syn- 
drome. Simultaneously, the effects of orally aclininistered sodium molybdate on 
sexual and bone development were studied. 

PROCEDURE 

Two inale Holstein calves were fed C. P. Na,MoO,. 2H,O for 129 days, be- 
ginning when they were 190 and 217 days of age. The salt was given daily by 
capsule and the amount increased as the experiment progressecl. From the first 
to the 37th day of the experiment, the calves were fed 2.6 g. of the salt daily; 
from 38 to 46 days, 4.0 g. ; from 47 to 56 days, 2.8 g.; from 57 to 74 days, 4.0 g. ; 
and from 75 to 129 days, 5.0 g. At the beginning of the experiment, the two 
calves were fed 7.1 and 8.0 Ib., respectively, of a grain mixture composed of 
gronnd corn, oats, wheat bran, soybean meal and salt, and 1.0 lb. of good quality 
alfalfa hay daily. As the calves grew, the hay allowance gradually was increased 
to 4.8 lb. per day a t  the end of the experiment and the grain was increased to 7.5 
and 8.5 lb., respectively. Their total digestible nutrient consumption was ap- 
proximately equal to their requirement. The calves were slaughtered on the 
129th day of the experiment, when a colnplete post-mortem examination was 
performed and specimens of several organs were preserved in 10 per cent 
formalin for histological examinations. 

Received for publication April 12, 1951 
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RESULTS AND DISCUSSION 

The molybdenum intake and the body weight gains before and after initiat- 
ing molybdenum feeding are averaged by monthly intervals and are shown in 
table 1. The calves gained a t  a slower rate after Na,MoO, was fed, and this 
finding is in agreement with that reported by Cunningham (4). A t  the be- 
ginning, a mild chronic diarrhea occurred in calf 721 for 1 wk., and in calf 
2963 for 2 to 3 wk. The diarrhea did not persist after this time, nor was it as 
severe as reported by other iiirestigators (1, 2, 4, 10). 

Calf 2963 became stif'i and walked as if in pain after molybdate had been fed 
for only 2 ~ v k .  However, after a few days the calf's motions improved but a t  
intervals throughout the experiment this calf would relapse and exhibit a marlred 
degree of stiffness. The other calf (721) became slightly stiff with no impair- 
ment of its motions, although both calves were slightly lethargic throughout the 

TABLE 1 

Body weight c?anges and molybdenum intake of calves 

Calf no. 
721 

Calf no. 
2963 

Arerage daily gain in body weight (lb./day) 
90-60 d. before Mo feeding 2.2 1.9 
60-30 [ i  6 '  I L  L L  2.2 2.1 
30-0 [ I  u 6' ' 6  3.2 3.0 

0-30 " a f t e r  " ' I  1.1 1.8 
30-60 [ I  U L <  U 1.6 0.0 
60-90 U C 6  ' t  C L  1.5 2.3 
90-129 u L L  H 6 '  0.9 0.4 

Body weight at  beginning of Mo feeding (Ib.) 494 427 
Mo fed (mg./kg. body weight) 

0-30 days 4.11 4.77 
30-60 " 4.99 5.94 
60-90 " 6.53 7.62 
90-129 " 6.84 7.84 

Mo fed (ppm. of the d r ~  matter eonsu~necl) 
0-30 days 263 302 

30-60 " 262 303 
60-90 " 347 365 
90-129 " 375 411 

experiment. This stiffness or bone involvement has not been mentioned in other 
experiments where molybdenum has been administered to calves (2, l o ) ,  although 
i t  has been noted in cases of cattle grazing on molj-bdenum-toxic pastures (2, 4, 
5 )  - 

The black hair on calf 2063 began to be replaced with white or grey hair 6 wk. 
after molybdenum feeding was initiated. The change started on the ears and 
gradually developed in all the black haired areas, giving them a grey appearance. 
This phenomenon of black areas turning grey or rusty has been reported pre- 
viously with calves on molybdenum-toxic pastures (2, 9 )  and with a calf fed 
molybdenum (2) and with copper-deficient rabbits (15) and sheep (12). 

Seven periodic blood analyses for calcium, inorganic phosphorus and phos- 
phatase were made on the two calves. Individual values for plasma calcium 
varied from 9.6 to 12.7 mg. per cent, plaslna inorganic phosphorus varied from 
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6.1 to 10 mg. per cent and serum phosphatase varied from 6.0 to 9.2 Bodansky 
units. All values were within the normal range for calves of this age and showed 
no definite trend during the experiment. Cuaaingham (4) found normal blood 
levels of calcium and phosphorus in calves fed inolybdenun~, while other investi- 
gators have reported an increase in phosphatase values of copper-deficient cattle 
( 5 ,  6) .  The copper intake of the two calves i11 this experiment was not deter- 
mined and, therefore, the actlial molybdenum-copper relationship was not known. 

Anemia has been reported in calves fed molybdenum (2, 4) .  Lower-than- 
normal hemoglobin and hematocrit values were found in the two calves in this 
experiment. Hemoglobin levels before molybdenum was fed were 10.2 and 9.3, 
respectively, for nos. 721 and 2963; after 81 days of feeding, the respective levels 
were 8.7 and 7.7. At  this time, hematocrit values were 25.9 and 28.6 per cent, 
respectively. Increasing the roughage intake of these calves may have alleviated 
some of the molybdenum toxicity symptoms, since dry roughage has been reported 
to have this effect when fed in addition to grazing on toxic pastures (1, 2, 10). 

The niost lnarked synlptom was the lack of libido exhibited by these male 
Holstein animals when molybdenum was fed. At no time during the period of 
mol~rbdenum feeding did they show any sign of libido or sex interest, even 
though they were occasionally allowed to run with cows and stilbestrol-injected 
heifers. Normal male Holstein animals a t  a similar age show a considerable 
degree of sex interest, but these two were entirely devoid of such. Normal male 
dairy calves of this age and fed similar rations have sperm in the majority of 
seminiferous tubules and are capable of reproduction (18). 

A histological examination of the testes showed that in animal 721 with the 
less advanced stage of poisoning the seminiferous tubules were in various stages of 
degeneration. All the tubules were devoid of sperm or spermatids. I n  some 
tubules, the degeneration had progressed to a stage where only a single row of 
atrophied spermatogonial cells remained. Some tubules were collapsed and 
clumped into a mass in the center of the lumen and most other tnbules had 
cellular debris in them. The less damaged tubules still showed a thickened base- 
ment membrane. The interstitial cells also were in the process of degeneration 
but some areas were still intact. 

I n  the case of animal 2963, where the poisoning was more advanced, the 
degeneration of the tubules was more complete than noted in animal 721. Most 
tubules showed only a bare outline of a single row of highly vacuolated sperma- 
togonial cells with pycnotic nuclei and the Sertoli cells appeared to be in a 
process of degeneration. The basement membrane was less thickened and the 
interstitial cells had almost entirely disappeared. It appears that the effect of 
the poisoning was a gradual disappearance of spermatogenetic and interstitial 
tissue, the spermatogenic tissue possibly being first attacked and a wave of dis- 
integration progressing from the center of the tubule outward. The changes 
which occurred in the testes are shown in fig. 1. 

The histological findings in the testes offer an explanation for the lack of 
libido exhibited by the two calves. 

The damage to testicular tissue by feeding high levels of molybdenum indi- 
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cates that it would be interesting to know if it  would have a similar or any effect 
on the ovary. I t  is possible that this inforination, on the rnale and female, would 
help explain the reduced breeding efficiency noted in molybdenum-toxic areas (1) 
or in copper-deficient areas (5).  Whether similar changes would occur in the 
testes of other species when fed excess molybdenum would be of interest. In- 
takes of molybdenum that can damage the cells of the testes to the extent found 
in this study offer a new technique that could be used in future hormone and 
cancer studies inrolviiig these cells. Whether the damage found mas reparable 
or permanent also would be of intt.rc~st, but it seems probable that the daillage to 
the testes woulcl be irreparable. 

When the calves were autopsied, there were marlied cartilagenous t 'osions 
in the metatarsal joints of both calves. Calf 2963 had a siiililar condition in one 
metacarpal joint. I11 one rear hock joint of calf 2963, there was a solid union 

FIG. 1. Photomierograplls of testes from 721 (left) and 2963 (right), sllowing marked 
general degeneration of tubular and intcstitinl cells caused by feeding molybdenum. (X 55). 

of articulating surfaces to the point of ankylosis and fusion. It broke away 
from the head of the bone when an  attempt was made to examine the joint. 
All leg joints showed a greater degree of erosion and irregular surfaces than do 
the joints of normal animals of this age. 

Although were some gross abnormalities in the bone joints, the amount 
of ash in rib ends mas approximately normal. The ash in the distal 10 per cent 
of the rib ends was 50.6 and 55.8 per cent, respectively, for calves 721 and 2063. 
Normal calves of this age have 53.0 to 62 per cent ash in rib ends (14). Ad- 
ministered molybdenum has been found to be retained to the largest degree in 
bone (2, 9). No other rachitic symptoms except stiffness appeared in these two 
calves, probably because they were too old when molybdenum feeding was 
initiated. There were no other abnormalities noted during autopsy than those 
mentioned in the text. 

In both calves, the prescapular and inguinal lymph nodes were enlarged and 
endematous but not inflamed. Others (3)  found that when labeled molybdenum 
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was administered, the intestinal lymph nodes had a very high concentration of 
the administered molybdenum. 

I t  is unlikely that  the ration fed was deficient in copper. Similar rations 
have been fed to numerous young dairy animals of both sexes with no interference 
with normal developnient (18).  

The symptoms of molybdenum toxicity and of induced copper deficiency, 
caused by feeding excess molybdenum are similar and a t  the present time are con- 
sidered distinguishable only when the intakes of each element are known (1, 2, 4, 
5 8, 1 0  1 1 )  Therefore, i t  cannot be definitely stated n-hether the results noted 
in this experiment were due to the toxicity of the molybdenum or due to a de- 
ranged metabolism of copper caused by feeding of the large excess of molybdenum. 

No gross symptoms similar to X-disease (hyperkeratosis) symptoms (7, 16) 
were noted in these calves. Routine histologic examination of liver, gall bladder, 
kidney, pancreas, intestine, abomasum, skin and oral mucosa showed no evidence 
for the presence of X-disease.l It seems probable from this experiment and 
others ( 5 )  that molybdenum is not the causative agent in X-disease, although 
larger than normal amounts of this element have been found in the tissues of 
some affected animals (16). 

SUMXARY 

Sodium molybdate was fed to two Holstein male calves. I n  general, the usual 
symptoms of molybdenum poisoning consisting of mild diarrhea, decreased body 
weight gains, anemia and greying of the black hair areas were observed. I n  
addition, lameness and joint involvement were found. The most striking and 
heretofore unnoted symptom mas the lack of sexual interest or libido exhibited 
by these two animals. IIistological examination of the test,es showed marked 
damage to interstitial cells and germinal epithelium with little or  no sperma- 
togenesis present. Further investigations of these effects and the possibility of 
using molybdaium as a tool in experiments involving the testes and its products 
are indicated. 
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HYDR,OLYTIC RANCIDITY IS MILT<. 111. TRIBUTYRINASE 
DETERMINATION AS A MEASURE OF LIPASE 

W. L. DUNKTJEY~ AND L. M. SMITH 

Department of Dairying, Uniz'ersity of Alberta, Edmonton 

Tributyrin has been used a3 substrate in several methods for the determina- 
tion of lipolytic enzymes in milk, but little attention has been given to establish- 
ing whether tributyrin hydrolysis provides a reliable measure of lipase. In  this 
paper two procedures are described, one for the detemination of tributyrinase 
based on measurement of tributyrin hydrolysis, and one for estimation of lipase 
by measurement of inillrfat hydrolysis. The terms " tributyrinase ' ' and " lipase ' ' 
are used to indicate the substrate hydrolyzed, but is it not intended that they 
prejudice a conclusion as to whether the enzymes involved are separate entities. 
Results illustrating the correlation between tributyrinase and lipase determina- 
tions and the similarity of pH activity curves for the enzymes measnred by the 
two methods provide greater justification for the use of tributyrinase deterinina- 
tions as a measure of lipase in millr. 

The literature dealing with the drterininaticxn of lipase in nlillr has beell 
reviewed by others (2, 3, 7, 8 ) .  Mattick and Iiay (4), Peterson et al. (5) and 
Reder (6) described methods for the determination of tributryinase in which 
conditions for lipolysis were standardized more completely than in most pro- 
cedures used previously. A tributyrinase deterinination which is essentially a 
modification of those described by Mattick and Kay, and Peterson et al. was 
developed for use in this study (1) and recently has been re-examined and 
modified (9) .  

The p H  optimum for tributyrinase at  37 to 40' C. has been reported as 8.5 to 
8.7 (1, 4, 5, 9), and for lipase at  3 to 4" C. as 8.4 to 8.6 (8 ) .  

PROCEDURE 

Determination of tributyrinase. The milk sample to be tested vas  centri- 
fuged to remove the fat, 2 ml. of the resulting skimmilk were pipetted into a 
test tube containing 5 ml. borate buffer (6.23 g. boric acid and 50 ml. 1 N WaOI-I 
per liter) and adjusted, if necessary, to p H  8.7, using 0.1 A' NaOH or 0.1 JI 
phosphoric acid. The buffered milk was placed in a water bath at  37' C. and 
allowed to reach temperature, 0.6 ml. of tributyrin was added and the mixture 
emulsified by shaking vigorously for 5 see. The tube was returned to the water 
bath and held without agitation. At the end of a 30-min. hydrolysis period, 
5 ml. of 1 M phosphoric acid were added to stop hydrolysis and permit the 
subsequent extraction of the liberated butyric acid, mixed by inverting twice, 
and the tube transferred to another water bath at  approximately 20' C. After 
dlowing 2 or 3 min. for temperatnre adjustment, 10 ml. of ether were added 
and the mixture shaken vigorously for 5 see. The ether separated rapidly after 
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this extraction, but the tube was allowed to stand approximately 5 min. to  permit 
small water droplets to settle out of the ether layer. A 5-ml. aliquot of the 
clear ether was transferred by means of a pipette to a 50-ml. Erlenmeyer flask 
colltaining 10 ml. of titration mixture (50 per cent ethanol containing 25 mg. 
cresol red per liter) and titrated with 0.025 N Na0I-I to a faint orange color. 
The hydrolysis was expressed as the number of milliliters of 0.025 N base re- 
quired for the titration, corrected by deducting the titer for a blank determina- 
tion obtained by follom~ing the above procedure except that  the hydrolysis period 
was omitted, i.?., the phosphoric acid was added iminediately after emulsifying 
the tributyrin. This value for the hydrolysis was used as the measure of 
tributyrinase. 

Deteruzination of lipase. A procedure similar in principle to the tributy- 
rinase determination, but employing a 20 per cent millrfat emulsion as substrate 
was used for the determination of lipase. The substrate emulsion was prepared 
by pasteurizing a mixture of milkfat and skimmilk a t  74" C. for 15 min., 
homogenizing twice a t  2,500 and 1,500 p.s.i. and cooling. The sample to be 
tested was centrifuged, 15 ml. of the slrimmilk were mixed with 5 ml. of sub- 
strate emulsioii and the recombined milk containing 5 per cent millrfat was 
buffered a t  pI-I 8.7 by addition of 50 1111. of borate buffcr. The buffered re- 
combined milk was held a t  10' C. for 24 hr. and shaken gently three times dur- 
ing this period. The procedure followed for determining the blank in the 
tributyrinase method was applied to a 7-ml. aliquot a t  the beginning and end 
of the 24-hr. period and the difference mas used as the measure of hydrolysis of 
milkfat. This hydrolysis value mas assumed to be proportional to the lipase 
concentration. 

A correction was made for possible production by bacterial action of ether- 
- soluble acids other than fat ty acids. This \!.as done by substracting from the 

value for hydrolysis of milkfat a blank value obtained by holding separately 
the skimmilk and f a t  emulsion (both buffered) for the 24-hr. period and then 
mixing then1 in the required proportions immediately before making the deter- 
mination. Hydrolysis by bacterial lipase was considered insignificant because 
standard plate counts made on the buffered milk samples a t  the end of the 24-hr. 
period in no case exceeded 2,000 per milliliter. 

RESULTS 

Relation between tributyrinase and lipase. Both tributyrinase and lipase 
determinations were made on milks of individual cows selected to show a reason- 
ably wide range of tributyrinase concentrations. Tributyrinase determinations 
were applied to the buffered recombined milk a t  the beginning and end of the 
24-hr. hydrolysis period of the lipase determination and averaged. Thus, the 
tributyrinase results represent averages of two determinations, but the lipase 
results were obtained by single determinations. Figure 1 presents data frow 
three experiments. 

I n  experiments 1 and 2 the buffered recombined milk was not agitated during 
the hydrolysis period of the lipase determination and the rate of lipolysis de- 
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creased after appreciable hydrolysis had occurred. I n  c~xperiment 3 agitation of 
the reaction mixture three times during the 24-hr. hydrolysis period increased 
lipolysis and maintained a more uniform hydrolysis rate. 

The coefficients of correlation bet~veen the tributyrinase and lipase rt.sults 
for experiments 1, 2 and 3 were 0.984, 0.923 and 0.941, respectively. These 
coefficients are significant a t  approximately the 1 per cent level for experirllrnt 1, 
and a t  less than the 1 per cent level for experiments 2 and 3. 

pH optima of tributyrinase and lipase. The activity a t  different pI1's of 
tributyrinase a t  37 and 10' C. and of lipase a t  10' C. is illustrated in figure 2. 
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The skimmilk was buffered with a series of 0.1 M borate buffers which gave 
the desired range of pH. The pII  values reported are averages of iletermina- 
tions a t  the beginning and end of the hydrolysis periods. I11 determining ac- 
tivity of tributyrinase a t  10' C., a 2-hr. hydrolysis period was used. At 10" C. 
tributyrinase and lipase had the same p1-I optimum (abont 9.3). I t  is possible 
that the change in pI I  optimum for tributyrinase with tnnperatnre may have 
resulted from a decrease in rate of inactivation of the ellzylne a t  the lolver 
temperature. 

DISCUSSION 

Some early lipase determinations using milkfat as substrate did not provide 
adequate standardization of variables other than lipase concentration which 
influence lipolysis. Eilzymatic reactions are known to depend upon such factors 
as concentration of enzyme, temperature, pII, presence of certain activators, 
inhibitors or coenzymes, composition of the substrate, amount of substrate ancl 
area and condition of substrate surface. The procedures followed in most 
reliable lipase determinations provide for standardization of all such factors 
except the lipase concentration (preferably to optimmn conditions for the en- 
zyme), permit hydrolysis for a fixed time and use the amount of lipolysis as the 
measure of lipase. 

The desirability of milkfat as the substrate for lipase deterll~inations is recog- 
nized. IIowever, the use of milkfat introduces clifficulties in eliminating varia- 
tions in the composition of the substrate, size distribution of the emulsion and 
nature of the substrate surface. The long hydrolysis period necessary to pro- 
duce accurately measurable lipolysis also is a disadvantage. Tribuutyrin is less 
subject to the above limitations because it is available in relatively pure form, 
its solubility assures adequate dispersion anrl it  is hydrolyzed more rapidly than 
milkfat. Chemically, tributyrin meets the definition of a fa t  even though it is a 
smaller molecule than the triglycerides of milkfat. 

A limitation of the tributyrinase deterinillation described abore is that it  
does not eliminate the possible variable influence of accelerators or inhibitors 
present in milk samples. For example, low concentrations of CaC1, coilsistently 
caused some increase in hydrolysis when added a t  the beginning of the hydrolysis 
period. Variations in the concentration of calcium and perhaps other activators 
or inhibitors in milk nlay influence the results but probably do not introduce a 
serious error in the tributyrinase determinatioa. 

The authors consider that the correlation of results of the tributyrinase ancl 
lipase determinations depicted in figure 1 and the coincidence of the p H  optima 
show,n in figure 2 indicate that for some research purposes the tributyrinase 
determination may be useful as a measure of lipase in milk. A logical explana- 
tion for these results is that the two determinations measure the same enzyme or 
enzymes, but the data reported are insufficient to justify a definite conclusion 
on this point. 
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SUMMARY 

Procedures for the determination of tributyrinase and lipase are described. 
Data showing the correlation between tributyrinase and lipase determinations 

applied to the milk of individual cows are presented. 
At 10" C. the pH optimum for both tributyrinase and lipase was abont 9.5. 
The correlation of results of tributyrinase and lipase determillations and the 

coincidence of the pH optima provide greater confidence in the use of the tribu- 
tyrinase determillatioil as a measure of lipase in milk. 
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HYDROLYTIC RANCIDITY I N  MILK. IV. RELATION BETWEEN 
TRIBUTYRlNASE AND LIPOLYSIS 

W. L. DUNKLEY1 AND L. M. SMITH 
Departn~el~t of Dairying, University of Alberta, Edmonton 

This paper reports an investigation of the relation between both spontaneous 
and temperature-induced lipolysis and the concentration of tributyrinase in the 
milks of individual cows throughout their lactation periods. One of the purposes 
of this study was to provide additional information regarding factors which de- 
termine whether milk becomes rancid. 

Some investigators who have reported that the lipase content of milk is highest 
in late lactation and ill winter have based their conclusions on what might be 
considered measurements of lipolysis rather than lipase, since variables other than 
lipase concentration may have been involved. Results reported by Mattick and 
Kay ( 7 ) ,  Pfeffer e t  al. (8) ,  Reder (9)  and Roahen and Solnmer (10) inclicate 
that lipolytic enzymes in milk do not increase in winter or i n  late lactation. 

Tarassulr and Henderson (11) found that  the development of spontaneous 
rancidity may be prevented by mixing susceptible milk with about four times its 
volume of normal millr within 1 hr. after milking. 

Tarassuk and Jack (12) reported that the lipase of naturally lipolytically 
active millr adsorbs irreversibly on the f a t  globules when inillr is cooled. Obser- 
vations of Kelly (6)  and Roahen aud Sommer (10) are consistent with this report. 

EXPERIMENTAL 

The method for the tributyrinase determination used in this study was the 
same in principle as that  described previously (3)  but there were minor differ- 
ences in procedure (1) .  These differences do not influence interpretation of thc 
results. Tributyrinase determinations and surface tension measurements (2) 
were applied a t  weekly intervals to morning milk samples from 10 to 15 cows of 
three breeds (Holstein, Jersey and Shorthorn) over a 2.5-yr. period. The data 
for tributyrinase and surface tension measurements for six selected, but typical, 
lactation periods are plotted in  figures 1 to 6. The surface tension scale has 
been inverted in these graphs to facilitate visual estimation of correlation be- 
tween tributyrinase and surface tension. 

I n  view of the report that naturally lipolytically active lipase adsorbs on the 
f a t  globules when milk is cooled (12), tributyrinase determinations were applied 
to skimmilk separated from warm milk immediately after milking and fro111 the 
same milk after it had been held a t  2' C. for 4 hr. Cooling the milk did not 
result in a decrease in tributyrinase in the skimmilk. This was true for both 
normal millr and milk which developed rancidity spontaneously. Adsorption of 
lipolytic enzyme on the fa t  in cooled milk apparently mas not a factor infl~~encing 
results of the tributyrinase determination. 
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DISCUSSION 

I n  figure 4 the three marked decreases in surface tension occurred the day 
following injection of the cow with a pituitrin-stilbestrol mixture (4).  I n  only 
one case was this decrease accompanied by an increase in tributyrinase. 

Most of the data showed little or no correlation between tributyrinase and 
lipolysis. However, in some cases the concordance of tributgrinase and surface 
tension of activated milk samples indicated that the enzyme concentration might 
have been an important factor limiting induced lipolysis during the early part 
of the lactation period. To illustrate this point, data for the first 12 ~ ~ l r .  (17 wlr. 
in figure 7A) of the lactation periods included in figures 1 to G are plotted as 

SURFACE 

F 

1.0- . . . 
e 

as - . *. . 
as- 

TENSION 
FIG. 7. Scatter diagrams illustrating correlation between tributyrinase :tnd surface ten- 

siou of temperature-activated milk samples taken during the first 12 wk. (17 iu A)  of lacta- 
tions for  which data  are  plotted in figs. 1 to  6 .  Tributyrinnse i s  expressed as hydrolysis in 
milliliters of 0.025 N base and surface tension in dynes per centimeter. A-Polly, B-Poppy, 
C-Omieron, D-Maxine, E-Frieda, F-Lucy. 
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scatter diagrams in figure 7. During the first 17 wk. of Polly's lactation (figure 
7A), correlation is evident between tributyrinase and induced lipolysis. In- 
duced rancidity did not develop when the tributyrinase was low. However, 
some samples showing relatively high tributyrinase did not develop rancidity, 
probably because some factor other than tributyrinase limited the lipolysis in 
these cases. I n  spite of this indication that a factor or factors in addition to 
enzyme concentration was involved in limiting lipolysis in these samples, the 
coefficient of correlation between tributyrinase and surface tension for these data 
is - 0.80. This value is significant a t  less than the 1 per cent level. The results 
plotted in figure 7C have a correlation coefficient of - 0.92, which also is signifi- 
cant a t  less than the 1 per cent level. The coefficients for the data in figure 7B 
and E are - 0.66 and -0.72 respectively, both of which are significant a t  the 
5 per cent level, but not a t  the 1 per cent level. The data in figure 7D and F 
have correlation coefficients of - 0.24 and + 0.11, neither of which is significant. 
On the basis of the assumption that the tributyrinase measurements reflect varia- 
tions in lipase content, these results indicate that during the early part of some 
lactation periods the amount of lipase in milk is a factor limiting the develop- 
ment of rancaidity induced by temperature-activation. 

For milk produced after the first 3 or 4 mo. of lactation, there was no posi- 
tive correlation between tributyrinase and either spontaneous or temperature- 
induced lipolysis. These results indicate that the lipolytic enzymes measured 
by the tributyrinase determination were not an important factor limiting the 
lipolysis during the latter part of the lactation periods. 

I n  most of the lactations for which complete data were obtained, the tribu- 
tyrinase was higher in the middle of the period than a t  the beginning or end. 
No seasonal variations were observed. 

Results of this investigation are consistent with many reported elsewhere in 
indicating that the amount of lipase present usually is not the principal factor 
determining whether milk goes rancid. Since rancidity can be induced in most 
(perhaps all) milks by treatments such as homogenization, agitation and con- 
trolled temperature fluctuations, a reasonable assumption is that sufficient lipase 
is present to promote the lipolysis. I n  the authors' opinion the condition of the 
surface of the fa t  appears to be the most important factor determining whether 
milk develops rancidity. 

Activation treatments such as temperature-fluctuation, agitation and homo- 
genization generally are considered to depend on changes in the substrate for 
their effectiveness. Consequently, the term "activation of lipolysis" is prefer- 
able to "activation of lipase" since the latter designation implies that it is the 
enzyme, not the substrate, whch is involved in the changes produced by activa- 
tion. Furthermore, since the basis for differentiating spontaneous and induced 
rancidity is whether lipolysis occurs without activation, the authors question 
the advisability of using the term "naturally active lipase" until it definitely is 
established that this lipase differs from that of milk which requires activation 
to induce lipolysis. 
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IIerrington (5) discussed some contradictory results in the literature which 
may be attributed to differences in the properties of lipases in milk. I n  view of 
experimental evidence available a t  present, explanations based on variations in 
the s11t)strilte or on the action of an  inhibitor also are tenable in accounting for 
certain chilractcristics of hydrolytic rancidity. The finding that  spontaneous 
rancidity (.;in bc inhibitc4 by mixing susceptible milk with about four times its 
volume of non-susc.cptible milk (11) could result from the presence of a lipolysis 
inhibitor in normal milk which is deficient in susceptible milk. Such an  inhibitor 
might prevent lipolysis by prcfcrential adsorption on the sltbstrate to block the 
enzyme rather than by acting on the lipase itself. This mechanism for inhibition 
of lipolysis also would accomlt for  activation by agitation and homogenization, 
since these treatments disrupt the protected fa t  surface. 

SUMMARY 

Spontaneous and temperature-induced lipolysis, measured by surface tension 
changes, ant1 tribntyrinase were determined a t  weekly intervals in milk from 10 
to 1.5 c.o\vs over a 2.5-yr. period. 

I n  the early part  of some lactation periods there appeared to be a correlation 
between tributyrinase and temperature-induced lipolysis. For  milk produced 
after the first :3 or 4 Ino. of lactation, there was no positive correlation between 
tributyrinase ant1 either spontaneolis or temperature-induced lipolysis. 

The tributyrinase determinations showed a trend downward toward the end 
of lactation, but no seasonal variations were observed. 

The importance of lipascx concentration and conditions a t  the surface of the 
fat globnlcs in tlotrr~nining whether milk devcllops ranc'iclitp is discnssed. 
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ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

485. The vaccination of pregnant cattle with 
strain 19 Br. abortus vaccine during an outbreak 
of brucellosis in a dairy herd. A. MCDIARMID, 
Agr. Research Council, Field Station, Compton, 
Berkshire. Vet. Record, 63: 15 : 265-268. Apr., 
1951. 

A newly infected herd of 42 Ayrshire and 
Friesian cows and heifers was vaccinated with 

all mastitis cases treated by the senior author 
were reported, and when possible milk samples 
were taken before and after treatment for bacter- 
iological examination. The cow population in- 
volved was estimated to be 2,397, including Short- 
horns, Ayrshires and Friesians. Data are sum- 
marized to show incidence of mastitis, relationship 
to calving, age of cows affected with mastitis, 
association of injury with mastitis, seasonal in- 
cidence and types of bacteria isolated. 

R. P. Neidermeier 
S. 19 vaccine. Average period of gestation was 
5.7 mo., with a range of 12-236 d., and all ani- 488. New methods of treating ketosis--a prelim- 
mals either were ncgativc or reacting at 1 : 10 i n a v  report. R. B. JOHNSON, Livestock Sanitary 
when vaccinated. At parturition, cultures were Service Lab., College Park, Md. North Am. Vet., 
prepared from colostrum, cotyledons and stomach 327 5: 327-332. May, 
contents of all dead calves, and strains recovered Four clinical cases and 2 subclinical cases of 
were classified. Agglutination titres were deter- ketosis were treated by various methods, and the 
mined at vaccination, 3 wk. after, 3 mo. after milk production, plasma glucose level and plasma 
and at parturition, ~~~~~~i~~ period ranged kctone levels were followed with each treatment. 
from 172-296 d., with 36 live calves produced Treatments included massive intravenous glucose 
from the 42 pregnant animals. ~i~~ were in- injection, a combination intravenous and subcuta- 
fected with fjr. abortus at calving, of which 4 neous and glucose injection, oral sugar admin- 
Fhowed infection from field strains and appar- istration and oral administration of glycerin and 
ently with S. 19. Author states that results of t r i ~ r o ~ i O n i n .  The states that the use of 
this field trial justify vaccination of pregnant glycerin sholvs considerable promise. 
cattle when dealing with a severe outbreak of R. P. Niedermeier 
contagious abortion in a dairy herd. 

R. P. Niedermeier BUTTER 

486. The ring test for Brucellosis in herd man- 0. F. HUNZIKER, SECTION EDITOR 

agement. J. S. BRYAN, Walker-Grodon Lab., 489. The acidity of cream affecting the flavour 
Plainsboro, N. J. J. Milk & Techn"l.3 14: cream and butter (Preliminary report). H. 
109-1 10, 121. May-June, 1951. MULDER and J. H. B. KLEIKAMP. Netherlands 

A comparison of the ring test with the blood  ilk & ~~i~~ J., 1, 4: 225-231. act,, 1947. 
test for detecting brucellosis was m3de. Cows cream was acidified with H C ~  to various p~ 
showing a positive blood test also were positive levels and the flavor of the fat and the butter 
by the ring test, but those strongly positive by was checked for the ''trainy" defect. (This flavor 
ring test are not always positive by blood test. is known as fishiness in this country but in the 

Heifers vaccinated as calves seldom retain a op;n;on of the authors it is not quite correct. 
titre and as a do not give a positive The authors feel that trainy flavor is between the 

ring test when they are brought into milk pro- fishy and oily flavors.) The defect was strongest 
duction. a t  pH 2.55. If the pH was lowered still further, 

The ring test will probably never replace the the fat had more of a tallowy flavor. The addi- 
agglutination method. However, the test can tion of 20 mg/l. of hydroquinone prevented the 
serve as an adjunct to the blood test in a good oxidation defects at pH levels of 4.80-0.71. The 
herd management program. H. H. Weiser "trainy" defect did not occur in homogenized 
487. Mastitus in practice. 1. Epizootiology and butterfat dispersed in skimmilk. However, in 
bacteriology. J. BERGER, Alderley Edge, Cheshire, artificial cream prepared by emulsifying butter- 
and J. Francis, Imperial Chemical Inds., Ltd., fat in buttermilk from sweet cream the defect 
Wilmslow, Cheshire. Vet. Record, 63: 16: 283- was again prevalent at pH 2.80. The "trainy" 
293. Apr., 1951. defect seems to be associated with the surface 

This study involved a 3-yr. period during which layers of the fats. W. W. Overcast 
A77 



A78 ABSTRACTS OF LITERATURE 

490. The influence of the churning temperature 
on the consistency of butter. H. MULDER. Neth- 
erlands Milk & Dairy J., 1, 4: 232-234. Oct., 
1947. 

Churning cream at 9' C. gave a harder butter 
than churning at  15' C. The hardness of the 
butter was estimated by the method of Kruisheer 
and Den Herder after the butter had set. 

W. W. Overcast 

491. The influence of the fat content of cream 
on the consistency and the water content of butter. 
H. MULDER. Netherlands Milk & Dairy J., 1, 4: 
235-237. Oct., 1947. 

The fat content of the cream had no influence 
upon the hardness of the buttrr. Butter churned 
from low-testing cream (9%) had a higher 
moisture content and retained more of the butter- 
milk than butter churned from average test cream. 
Fat losses also were greater in churning the low- 
testing cream. 'W. W. Overcast 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

492. An early gas defect in cheese caused by 
yeasts. T. E. GALESLOOT. Netherlands Milk & 
Dairy J., 1, 4: 238-243. Oct., 1947. 

Lactase-fermenting yeasts were found to be the 
cause of early gas in raw milk cheese containing 
either KNO, or KCIO, to prevent gas due to 
the coliform organisms. The glucose-fermenting 
yeasts were not capable of producing this defect. 
Pasteurization of the milk and adequate care of 
the starters readily eliminated the difficulty. 

Mr. IY. Overcast 

493. Handling cheese. B. F. DAVIS (assigno; to 
Wingfoot Corp.). U. S. Patent 2,558,673. 5 
claims. June 26, 1951. Official Gaz. U. S. Pat. 
Office, 647, 4: 1266. 1951. 

Blocks of cheese are wrapped in air-impervious 
oil-resistant moisture-proof material and pressed 
to squeeze out all the air between the cheese and 
wrapper. After partial curing, the cheese may 
be cut into smaller blocks and each piece again 
wrapped and pressed and packed tightly in boxes 
for final curing and for sale to the retail consumer. 

R. Whitaker 
494. Preparation of blue-veined cheese. F. E. 
NELSON and I. I. PETERS (assignors to Iowa State 
College Research Foundation). U. S. Patent 
2,560,182. 8 claims. July 10, 1951. Official 
Gaz. U. S. Pat. Office, 648, 2: 546. 1951. 

Prior to setting pasteurized milk in the usual 
manner for making blue cheese, the milk is 
subjected to lipolytic action resulting from the 
addition of lipase obtained from a culture of 
Mycotorula lipolytica. R. Whitaker 

495. Determination des teneurs en matiire siche, 
ne calcium et en phosphore des principaux from- 
ages francais d pl te  molle (Determinqtion of the 
amounts of drymatter, calcium and phosphorous 
in the principal soft French cheeses). L. RAN- 
DoIN and C. VATINEL. Lait, 31, 303-304: 113- 
121. 3'-~-4nr., 1951. 

Analytical data on the Ca, P and moisture 

content of certain soft varieties of cheese are 
presented. A number of these were found to be 
superior in Ca and P content and their consump- 
tion is recommended for reasons of good nutrition. 

S. Patton 

496. Process for the treatment of a soft cheese 
product. J. A. KILLENGREEN. U. S. Patent 
2,558,256. 5 claims. June 26, 1951. Official 
Gaz. U. S. Pat. Officr, 647,4: 1153. 1951. 

A cheese dessert is prepared 11) heating- skim- 
milk to such an extcnt that its rennet coag-ulability 
is impaired, then setting the cooled milk with 
starter and rennet for several hours to form a 
finely flocculated curd. After whey has been 
pressed out, the curd is homogeni7rd and blended 
with whipped cream or other fat emulsion to 
form a foamy dessert of predetermined fat con- 
tent. R. Whitaker 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J.  DOAN, SECTION EDITOR 

497. Package for whey concentrate and other 
dairy products. N. L. SII IAION~.  U. S. Patent 
2,557,576. 2 claims. June 19, 1951. Official 
Gaz. U. S. Pat. Office, 647, 3: 893. 1951. 

A cylindrical cardboard with flat ends, con- 
taining an acid resistant flexible moisture proof 
resinous bag for plastic dairy products such a< 
whey concentrate, animal feeds, etc., is described 

R. Whitaker 

498. Process for producing a reducing sugar 
and milk product. P. F. SHARP (assignor to 
Golden Statr Co.) U. S. Patent 2,558,528 
7 claims. June 26, 1951. Official Gaz. U. S. 
Pat. Office, 647, 4: 1227. 1951. 

A blend of milk and a rcducing sugar having 
a total solids content of at least 25% is heated 
above 212OF. to produce a product suitable for 
improving the consistency of baked goods, ice 
cream, etc. R. Whitaker 

Also see ahs. no. 509. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

499. The bacteriological grading of milk by 
means of the resazurin test. J. G. REVALLIER- 
WARFFEJIIUS. Netherlands Milk & Dairy J., 1 ,3  : 
152-165. July, 1947. 

A cornparlson of the m~thylenr blue test and 
the 1-hr. resazurin test is prrsented. The methylene 
blue test is preferred over the resazurin test as an 
indirect measure of the keeping quality. The 
rcsazurin test is more sensitive to the rcducing 
power of lcucocytes and tissur cells. Thr  presence 
of large numhcrs of leucocytrs duc to mastitis is 
accompanied hy an abnormal chemical composi- 
tion of the milk, often causing retarded clotting; 
the detertion of milk of this quality may be im- 
portant for cheese making and the rcsazurin test 
was especially rccommcndcd for it. Contradic- 
tions bctwccn the 2 tests ran from 14-30%. A 
closrr correlation between the resazurin and 
methylcne blue tests could be obtained if  the 



DAIRY BACTERIOLOGY A79 

milk was stored a t  2-3OC. for 24 hr. before 
running the test. W. W. Overcast 
500. Synthetic culture media for reference use 
in dairy bacteriology. M. J. PELCZAR and J. H. 
BROWN, Univ. of Maryland, College Park. J. 
Milk & Food Technol., 14: 90-91, 97. May- 
June, 1951. 

A synthetic agar medium was compared to the 
standard TGEM agar in determining the bacterial 
counts of several pasteurized milk samples. The 
results were comparable if the incubation period 
of the synthetic medium was extended to 96 hr. 
for S, agar and 72 hr. for S, agar plus sodium 
ethyl oxalacetate in comparison with 48 hr. for 
TGEM medium. 

The authors believe they have a reproducible 
synthetic medium in dry form which may serve 
as a reference standard in which different lots 
of peptone media could be evaluated. 

H. H. Weiser 
501. A comparative study of six agars proposed 
for bacterial plate counts of milk. VIVIAN PESSTN, 
Dept. of Health, New York City, and Luther 
Black, U. S. Pub. Health Service, Cincinnati, 0. 
J. Milk & Food Technol., 14: 98-102. May- 
Tune, 1951. " ,  

A comparative study was made in 10 different 
laboratories on the bacterial count of 505 milk 
samples using standard agar, agar plus skimmilk 
and 4 agar media without skimmilk. The new 
medium with milk was comparable to be present 
standard culture medium, while 4 without milk 
showed 8% greater bacterial count. 

Participating laboratories reported that the 
agars without skimmilk were superior to thosc 
with milk in regard to freedom from precipitate, 
cleanness of background and size of colonies. 

H. H. Weiser 
502. Influence of penicillin in milk on total 
and coliform bacteria plate counts. H. H. 
WILKOWSKE and W. H. KRIENKE, Fla. Agr. Expt. 
Sta., Gainesville. J. Milk & Food Technol., 14: 
92-94. May-June, 195 1. 

No appreciable effect on the coliform count 
was noted when 10 units of penicillin/ml. were 
added to milk. I t  was suggested that the coliform 
organisms may produce "penicillinase". When 
1.0 unit of penicillin/ml. was added to milk and 
held at 10° C. for 72 hr., no significant increase 
was noted in the plate count. The control sam- 
ples showed a marked increase in the total counts. 
The authors contend that penicillin has a pre- 
servative property in milk, although its use is 
not recommended. H. H. Weiser 
503. Action inhibitrice de la ptnicilline sur les 
lactobacilles utilists dans la fabrication du gruysre 
(Inhibiting action of penicillin on the lactobacilli 
utilized in the manufacture of Gruyere cheese). 
1. AUCLAIR. Lait. 31. 303-304: 121-134. Mar.- , , 
Apr., 1951. 

Levels of ~enicil l in UD to 0.3 unit/ml. of milk 
did not materially inhibit acid development by 
2 stock cultures of L. helveticur, but such levels 
draqtically reduced acid development by 2 cultures 
of I.. lactis. Some adaption of these culturrs to 

the presence of penicillin was found possible but 
never to the extent or normal acid production. 
Use of penicillinase to inactivate penicillin was 
studied under both laboratory and cheese manu- 
facturing conditions. A qualitative method for 
detecting penicillin in milk based on inactivation 
by penicillinase is presented. S. Patton 

504. Die Bedeutung der Wuchsstoffe im Stoff- 
wechsel der Milchsaurebakterien (The signifi- 
cance of growth factors in the metabolism of 
lactic acid bacteria). E. F. MOLLER. Milchwis- 
senschaft, 5, 9 :  313-316; 10: 359-362. Sept., 
Oct., 1950. 

The group of lactic acid bacteria lends itself 
well for the study of the significance of growth 
factors in bacterial n~etabolism. The author dis- 
cusses the influence of growth factors upon lactic 
acid bacteria on the basis of published informa- 
tion under the following headings: ( a )  Lactic 
acid formation; ( b )  conversion of pyruvic acid 
within the cycle of carbohydrate metabolism; ( c )  
conversion of pyruvic acid within the cycle of 
protein metabolism; ( d )  anabolism and catabol- 
ism of complex amino acids; ( c )  folic acid and 
B,, in metabolism of lactic acid bacteria. 73 
references are listed. I. Peters 

505. Response of lactic acid bacteria to amino 
acid derivatives. 11. Glycine. R. B. MALIN, M. 
N. CAMIEN and M. S. DUNN,  Univ. of Calif., 
Los Angeles. Arch. Biochem. & Biophysics, 32, 
1: 106-112. June, 1951. 

The microbiological response of 5 glycine-re- 
quiring lactic acid bacteria toward 25 glycine- 
containing substances was tested over a wide 
range of conccntration and at sevcral incubation 
times from 18-229 hr. All 5 dipeptides and the 
tripeptide, L-leucyl-glycylglycine, were more ac- 
tivr than glycine toward at least 1 organism. None 
of the bacteria showed significant responses toward 
ylutathione and the dimethyl, trimethyl, benzoyl- 
glycyl and benzenesulfonylglycyl N-substituted 
glycine derivatives. Hippuric acid had a rela- 
tively high activity toward all of the bacteria. 
Under some conditions lactic acid bacteria msy 
utilize dipeptides directly. H. J. Peppler 

506. Cathode rays recommended for food, drug 
sterilizing. Anonymous. Chem. Eng. News, 29, 
28: 2818-2819. 1951. 

This is a brief report of papers presented at  the 
Annual Meeting of the Institute of Food Tech- 
nologists, June, 1951, on cathode ray sterilization, 
preservation with antibiotics, loss of riboflavin in 
bread and new methods for heat sterilization. 
Samples of milk subjected to cathode rays were 
said to be unchanged in flavor after irradiation 
and after storage for at  least 1 mo. in a refrig- 
erator. B. H. Webb 

507. Occurrence of ~ - a m i n o  acids in some nat- 
ural materials. C. M. STEVENS, P. E. HALPERN 
and R. P. GICGER, State College of Wash., Pull- 
man. J. Biol. Chem., 190, 2: 705-710. June, 
1951. 

o-Amino acids were found in acid hydrolysates 
of cclls of Lactobacillus arabinosus and Bacillus 
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brevis to the extent of 8-12% of the total amino 
acids. In  contrast, casein hydrolysate contains 
0.02% D-amino acids, Penicillium chrysogenum, 
0.01%, and Torulopsis utilis, 0.08%. 

H. J. Peppler 
Also see abs. no. 492. 

DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EIXTOR 

508. Effect of p H  on the denaturation of P-lac- 
toglobulin and its dodecyl sulfate derivative. M. 
L. GROVES, N. J. HIPP and T. L. MCMEEKIN. 
Eastern Reg. Research Lab. U. S. D. A., Philadel- 
phia 18. J. Am. Chem. Soc., 73, 6: 2790-2793. 
June, 1951. 

6-Lactoglobulin denatures unimolecularly in 
both veronal and borate buffer solutions more 
alkaline than pH 8. The rate of denaturation of 
f3-lactoglobulin, as measured by the increase in 
optical rotation, is inversely proportional to the 
1.1 power of the hydrogen ion concentration a t  
3 and 25' C. 0-Lactoglobulin containing 2 equiv- 
alents of dodecyl sulfate denatures more slowly 
than the normal substance. A comparison of the 
effects of pH, heat, urea, guanidine-HC1 and 
dodecyl sulfate on the stability of 6-lactoglobulin 
is given. H. J. Peppler 

509. Determination of alpha- and beta-lactose in 
dry products of milk from rates of crystallization. 
R. P. CI~OI,  C. W. TATTER and C. M. O'MALLEY, 
Am. Dry Milk Inst., Inc., Chicago 1, Ill. Anal. 
Chem., 23, 6: 888-890. 1951. 

The increase in the concentration of lactose 
that results from the addition of dry milk to a 
continuously agitated saturated solution of lactose 
containing crystalline a hydrate is determined 
and calculated as the 6-lactose of the sample. 
The a-lactose may be obtained as the difference 
between the total lactose and @-lactose. Data 
are presented showing the a- and P-lactose con- 
tent of some dry products of milk. The ratio of 
0- to a-lactose in dried skimmilk is similar to that 
found in fresh fluid milk. In  some samples 
of dried whey, a-lactose predominated, indicat- 
ing that crystallization of lactose was induced dur- 
ing processing. B. H. Webb 

510. Le dosage de I'enzyme de Schardinger B 
I'aide de la riduction des nitrates. I. Teneur en 
enzyme du lait de femme (Determination of 
Schardinger's enzyme by means of the reduction 
of nitrates. I. Quantity of enzyme in mother's 
milk). L. M. BURUIANA and E. GIRANIOU. Lait, 
31, 303-304: 134-150. Mar.-Apr., 1951. 

Schardinger's enzyme was measured by its 
capacity to reduce nitrates to nitrites in the pres- 
ence of benzaldeh~de. The resulting nitrite for- 
mation then was followed by color development 
with n~phthylnmine-sulfanilic acid re 'gent. The 
method was thoroughly studied and is presented 
in detail. 

Results of the investigation indicate that 
mother's milk contains only traces of the enzyme, 
and in 25% of the cases no activity was found. 
However, colostrum always contains the rnzyme 
and it is a richer source than normal milk. A 

number of other factors were studied with regard 
to their effect on enzyme concentration and ac- 
tivity. S. Patton 

511. The condition and mutual relationships of 
calcium caseinate and calcium phosphate in milk. 
M. G. TER HORST. Netherlands Milk & Dairy 
J., 1, 3: 137-151. July, 1947. 

A review article of 16 papers with some recal- 
culating of results for comparison is presented. 

W. W. Overcast 

512. Studies on the structure of nucleic acids. 
11. Investigation of pentose nucleic acid and en- 
zyme-resistant residue. L. F. CAVALIERI, S. E. 
KERR and A. ANGELOS, Sloan-Kettering Inst. for 
Cancer Research, New York 25. J. Am. Chem. 
Soc., 73, 6: 2566-2578. June, 1951. 

The enzymes ribonuclease and acid-phosphatase 
were employed as tools for the study of the struc- 
ture of pentose nuclric acid from beef pancreas 
and yeast nucleic acid. Quantitative determina- 
tions of the rosaniline-binding process, together 
with pH and periodate titrations, were carried 
out on the parent nucleic acid and on fractions 
resulting from the action of ribonuclease and 
riconuclease followed by acid phosphatase. From 
the interaction of rosaniline with the various 
nucleic acid samples it was established that the 
binding sites involve the phosphoric acid groups, 
of which about 13% are available for binding. A 
similarity of intrinsic binding constants and n 
values of the nucleic acids studied indicates a 
similarity of backbone structure. Ultraviolet and 
infrared absorption spectra of both parent and 
enzyme-treated nucleic acids are alike and cannot 
effectively serve as a means of identification. X- 
ray powder patterns indicate that some of the 
residues remaining after the action of ribonuclease 
and acid-phosphatase are partially crystalline. 

M. J. Peppler 

513. Crystalline trypsin inhibitor from colo- 
strum. M. LASKOWSKI, JR. and M. LASKOWSKI, 
Marquette Univ., RIil\v.ukee, \Vis. J. Biol. 
Chem., 190,2: 563-573. June, 1951. 

Bovine and human colostrum contain signi- 
ficant amounts of trypsin inhibitor. One ml. of 
1st-day bovine colostrum inhibited from 120-600 
y trypsin. Less inhibitor was found in human 
colostrum; of 10 samples analysed, the greatest 
amount of trypsin inhibited by I ml. of colostrum 
was 60 y. This discovery of marked trypsin in- 
hibition by colostrum offers an explanation for 
the transmission of immune globulins to the circu- 
lation of the new-born. The crystalline inhibitor 
has bccn isolated from bovine colostrum, and its 
properties are briefly described. H. J. Peppler 

514. Improved procedure for extraction of DDT 
in milk. H. D. MANN and R. H. CARTER, Bureau 
of Entomology and Plant Quarantine, U. S. D. A., 
Beltsville, Rld. Anal. Chem., 23, 6: 929-930. 
1951. 

The milk to be analyzed 1st is coagulated with 
acetic acid. The fat rises to the top and is ex- 
tracted with chloroform after the addition of a 
buffrr salt to prevent the formation of an emul- 
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sion. The Schechter and Carter procedure then 
is followed. The modified method reduces by 
one-third the time formerly required to make the 
determination. The successive treatments of the 
Milk with ethyl alcohol, ethyl ether and petro- 
leum ether are eliminated. The new procedure 
gives as good recovery as the older method. 

B. H. Webb 

515. Gauging the toxicity of chemicals in foods. 
B. L. OSER, Food Research Labs., Inc., Long 
Island City, N. Y. Chem. Eng. News, 29, 28: 
2808-2812. 1951. 

A general discussion under such topics as the 
criteria for the use of chemicals, the natural oc- 
currence of chemicals in foods, the harmfulness 
of such substances, the determination of toxicity 
and the role of the Food and Drug Administra- 
tion in the development and enforcement of 
standards is presented. B. H. Webb 

Aso see abs. no. 495. 

DAIRY ENGINEERING 

A. W. FARRALI., SECTION EDITOR 

516. Ein neues Ultraviolett-Milch-Vitamin- 
isiergerat (A new milk irradiation apparatus). 
English summary. E. SAUTER. Milchwissenschaft, 
5, 9: 296-299. Sept., 1950. 

A new apparatus is described which is suitable 
for irradiating milk by means of a low pressure 
mercury gas lamp. This lamp emits 80% of its 
light in wavelength of 254 mp. The flowing milk 
is irradiated consecutively in 12 stainless steel 
tubes 2 m. long. Advantages of this apparatus 
are given as follows: ( a )  Milk is irradiated in 
the absence of O,, thus no formation of 0 , ;  ( b )  
the apparatus is so constructed that practically 
all the light waves emitted by the lamp are used 
in irradiating the milk. Illustrations and dia- 
grams are presented. I. Peters 

517. Rotary can washer. W. S. CAMPBELL (as- 
signor to Cherry Burrell Corp.). U. S. Patent 
2,558,818. 7 claims. July 3, 1951. Official 
Gaz. U. S. Pat. Office,648, 1: 103. 1951. 

Structural details are given covering a rotary- 
type washer for milk cans and lids. 

R. Whitaker 

518. Freezer. L. S. MARANZ (assignor to Freeze 
King Corp.). U. S. Patent 2,558,449. 7 claims. 
June 26, 1951. Official Gaz. U. S. Pat. Office, 
647, 4. 1205. 195 1. 

A horizontal-type freezer for making soft ice 
cream, frozen custard, etc., is described. A mix 
supply inlet is located at the front end of the 
freezer. Mix, automatically and proportionately 
fed into the freezer when the finished product is 
withdrawn, passes through the hollow shaft, con- 
taining a worm-type conveyor, entering a com- 
partment at the back of the freezer where it is 
whipped and partially frozen. From this it passes 
into the main freezing chamber where it is 
whipped and frozen to the desired overrun and 
temperature. R. Whitaker 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

519. Milking machine pulsator. S. P. WALL (as- 
signor to Rite-Way Products Go.). U. S. Patent 
2,559,035. 14 claims. July 3, 1951. Official 
Gaz. U. S. Pat. Office, 648, 1: 163. 1951. 

A device for causing pulsations in the vacuum 
supply to a milking machine is described. 

R. Whitaker 
520. Control unit for milking machines. A. G. 
PERKINS. U. S. Patent 2,558,152. 14 claims. 
June 26, 1951. Official Gaz. U. S. Fat. Office, 
647, 4:  1126. 1951. 

A device is described which stops a milking 
machine when the milk flow from the cow ceases. 

R. Whitaker 
521. Milking machine rinser. E. REDIN. U. S. 
Patent 2,558,628. 8 claims. June 26, 1951. 
Official Gaz. U. S. Pat. Office, 647, 4: 1254. 
195 1 

A device for cleaning the teat cups and Milk 
tubes of milking machines is dcscribed. 

R. Whitaker 

522. Milker pail cover with fluid trap chamber. 
F. G. HUDSON (assignor to International Har- 
vester Co.). U. S. Patent 2,555,543. 1 claim. 
June 5, 1951. Official Gaz. U. S. Pat. Office, 647, 
1 :  146. 1951. 

A trap is built in the cover of the milk rrscr- 
voir on a milking machine to prevent milk from 
entering the suction line. R. Whitaker 

523. Milking truck. C. I. YOUNG. U. S. Pat- 
ent 2,560,059. 2 claims. July 10, 1951. Official 
Gaz. U. S. Pat. Office, 648, 2: 512. 1951. 

A hand truck for use in a barn is described, con- 
sisting of a platform for carrying pails and cans 
of milk and a bracket for holding scales and rec- 
ord sheets for recording milk production from 
each cow. R. Whitaker 

524. Mobile milk cooler. Ril. P. BANNISTER 
and J. F. PFEIFER. U. S. Patent 2,557,252. 1 
claim. June 19, 1951. Official Gaz. U. S. Pat. 
Ofice, 647, 3: 807. 1951. 

A hand truck consisting of an insulated tank 
surrounded by cooling coils is described. A com- 
pressor beneath the tank supplies refrigeration. 
Milk direct from the cow is po~~rccl into the 
receiving inlet where it is directed against the 
walls of the tank by a baffle arrangement to facili- 
tate cooling. R. Whitaker 

525. Calf weaner. W. I ~ U E S .  U. S. Patent 
2,559,018. 4 claims. .July 3, 1951. Official 
Gaz. U. S. Pat. Office, 648, 1: 159. 1951. 

A device for attaching to the head of a calf 
to discourage sucking by the calf is described. 

R. Whitaker 

526. Cow stanchion construction. M. REIF- 
SNYDER. U. S. Patent 2.557.688. 13 claims. 
June 19, 1951. Official ~ a z .  U. S. Pat. Office, 
647. 3 :  922. 1951. 

ljetails are given covering construction of a 
row of stanchions of the chain type featuring a 



A82 ABSTRACTS OF LITERATURE 

barrier which when in the raised position pre- 
vents the cows from eating. R. IVhitaker 

ICE CREAM 
C. D. DAHLE, SECTION EDITOR 

527. Corn syrup solids in ice cream. R. L. 
LLOYD. American Maize Prod. Co., New York. 
Sou.  air^ Prod. J., 48, 6:  116-117, 120, 122- 
123. Dec., 1950. 

Corn syrup is made in a range of 24-64 dex- 
trose equivalent (D. E.). In the higher part of 
the range the proportion of low molecular weight 
sugars is greater. Corn syrup solids is spray-dried 
corn syrup and is available in the range of 2.t-42 
D. E. The drying process is similar to that for 
spray-dried milk. 

Sugar imparts to ice cream palatability, smooth- 
ness of texture and food value. I t  increases spe- 
cific gravity and viscosity and depresses the freez- 
ing point. Sucrose is the chcapcst sweetener. 
Mixtures of sugars arc preferable for smoothness. 
Dextrose-sucrose mixes ha\ye less viscosity than 
all-sucrose mixes. The freezing point is lowcred 
more by the lower molecular weight sugars. Corn 
syrup solids lower the freezing point less than 
sucrose or dextrose. Because of their being less 
sweet than sucrose, they may be used in greater 
amounts, resulting in smoother texture and chewier 
body. The solids content of ice cream can be 
increascd at less cost than with serum solids and 
without danger of a salty taste. Reductinns of 
sucrose in all-sucrose mixes from 14-15% to 
10-1276 and the addition of 4-575 corn syrup 
solids is recommended. F. E. Bennett 
528. Marking cartons. A successful method of 
oreoaring neat legible cartons for your retailers. 
'B. 'BEAGE, ~ o r d g n  CO., ~ i t t sbur ih ,  Pa. Sou. 
Dairv Prod. T.. 49. 2: 48, 117. Fch.. 1951. 

A hethod of'marking 2.5- and 5-gal. ice cream 
cans with 3 2-in. diameter rollers, 3 in. in length 
is described. Two rollers into whirh are inserted 
%-in. letter rubber stamps designating the flavor 
and code date are mounted, 1 on each side of the 
conveyor and operated on a weak spring. The 
3rd roller is placed over the can on an adjustable 
shaft. 

A model 240 multigraph printer using a metal 
slug which impreanates the word and ink into 
the paper marks the flavor on 4 sides of cartons 
of any size up to 0.5-gal. at  the rate of 5,400 car- 
tons/hr. F. W. Bennett 
529. Sanitary jacket for ice cream cones and 
method of manufacture. C. C. HUITT and W. L. 
PARROTT. U. S. Patent 2,557,602. 7 claims. 
June 19, 1951. Official Gaz. U. S. Pat. Office, 
647,3: 900. 1951. 

An ice cream cone fitted with a conical heat 
sealed thin plastic sanitary jacket is described. 

R. Whitaker 
530. Method and apparatus for preparing frozen 
confections. E. F. BURTON. U. S. Patent 2,557,- 
813. 15 claims. June 19, 1951. Official Gaz. 
U. S. Pat. Office, 647, 3: 955. 1951. 

A small ice cream freezer is described. 
R. Whitaker 

531. Frozen confection and method of making 
same. C. H. MINSTER. U. S. Patent 2,558,453. 
12 claims. June 26, 1951. Official Gaz. U. S. 
Pat. Office, 647,4: 1206. 1951. 

A mix consisting of non-fat milk solids, suitably 
sweetened, stabilized and flavored is frozen and 
whipped to yield a smooth porous product re- 
sembling marshmallow. R. Whitaker 

532. Confection-making apparatus. M. B. RAS- 
%lUSSON (assignor to Vitafreze Equipment Inc.). 
U. S. Patent 2,559,463. 7 claims. July 3, 1951. 
Official Gaz. U. S. Pat. Office, 648, 1: 277. 
1951. 

A conveyor system for automatically coating 
frozen stick confections is described. 

R. Whitaker 

533. Ice cream dispenser. R. L. ARTHUR. 
U. S. Patent 2,559,840. 7 claims. July 10, 1951. 
Official Gaz. U. S. Pat. Office, 648,2: 456. 195 1. 

Ice cream in cylindrical bulk containers is 
removed from the container and placed in a 
refrigerated cylinder. A piston forces the ice 
cream down against the bottom of the cylinder 
in which a pivoted outlet valve is located. A 
measured quantity of ice cream is dispensed 
through the valve as desired. R. Whitaker 

534. Ice cream dis~enser. T. R. TESIERO. U. 
S. Patent 2,558,887: 7 claims. July 3, 1951. 
Oflicial Gaz. U. S. Pat. Office. 648. 1: 122. 1951. 

Bulk ice cream is dispensed into'packages, cups, 
cones, dishes, etc., in this device, consisting of a 
piston which pushes the ice cream through an 
outlet valve. R. Whitaker 

535. Ice cream and frozen confection freezer 
and dispenser. A. J. TACCHELLA (assignor to 
Steady-Flow Freezer Co.). U. S. Patent 2,559,- 
032. 26 claims. July 3,1951. Official Gaz. U. S. 
Pat. Office, 648, 1: 162. 1951. 

A freezer with automatic controls for contin- 
uously making soft ice cream, frozen custard, etc., 
for immedate consumption is decribed. 

R. Whitaker 

MILK AND CREAM 
P. H. TRACY, SECTION EDITOR 

536. Die u. v.-Bestrahlung der Milch (Irradia- 
tion of milk). English summary. K. SCHEER. 
Milchwissenschaft, 5, 9: 292-296. Sept., 1950. 

On the basis of published articles and personal 
experiences with irradiation of milk the author 
makes the following statements: Irradiation of 
milk by ultra-violet light at  a wavelength of 
250-300 my changes 7-dehydrocholesterin to vit. 
D,. Proper irradiation will increase the vit. D, 
content of whole milk (1-2 y/l.) 20-25 times. 
The vit. D, content of irradiated milk varies 
little throughout the year. The skimmilk portion 
of irradiated whole milk retains about 20% of 
vit. D,, the vitamin being attached to albumin, 
globulin and casein. 

Properly irradiated whole milk contains about 
25 y vit. D,/l. (Steenback's method about 3 
y / l . ) .  Infants require 7-10 y/d. and grownups 
3-4 y/d. Irradiated milk is twice as effective as 
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non-irradiated milk containing an equal amount 
of added pure vit. D,, and 15 times as effective 
as an equal amount of pure vit. D,. I. Prters 

537. Gewinnung und Abgabe homogenisierter, 
pasteurisierter und vitaminisierter Kindermilch 
im Rahmen der stadtischen Milchversorgung 
(Production and delivery of homogenized? pas- 
teurized and vitaminized milk for children In the 
city milk supply area). English summary. G. 
SCHNEII)F.R, 11. \ Y I T ~ . R I A N N  and E. VOGEL. Milch- 
wissenschaft, 5, 9: 289-292. Scpt.,1950. 

This rrport deals with the successful establish- 
ment of a superior milk for infant feeding in the 
city of Niirnberg, Germany. The above milk, 
produced by T.B.-free cows, is standardized to 
3.4% fat, fortified with vit. D, to 1000 I.U./l., 
preheated to 60' C., homogenized at 2400-2800 
lb./in.', pasteurized at 85' C., cooled to 5' C. 
and bottled in brown glass bottles. Although 
this milk sells for more than the regular milk 
(25 pfg. as against 22 pfg./0.5 I.), the volume 
sold has risen from 1,709 units in Jan., 1950, to 
6,114 units in July, 1950. I. Peters 
538. Fur Numberg's Kinder eine Milch aus 
tubprkulosefreien iibenvachtm Rinderb-standen 
(Tuberculosis-free milk for Numb-rg's children). 
English summary. G. BECK. Milchwissenschaft, 
5, 9: 287-289. Sept., 1950. 

A considerable improvement was brought about 
in the raw milk supply of the 35,000 producers 
in the Niirnberg milk shed through the combined 
efforts of the city milk plant (Bavarian Rtil'c 
Supply Co.) and the regional veterinarians. The 
improvement was brought ahout by establishing 
price cliffcrrntials for milk from T.n.-free herds 
as well as for clean milk low in bacterial count. 
The milk was further improved for infant feeding 
and for expectant mothers by raising the fat 
content from 2.5-3.0%, by homogenizing the 
pasteurized milk and by the addition of vit. D, 
to a level of 1000 I.U./l. I. Peters 
539. Methods of preparing cream for frozen 
storage. H. C. OLSON, Okla. A. & M. Coll., 
Stillwater. Sou. Dairy Prod. J., 49, 2: 122, 
124-126. Feb., 1951. 

The following recornmendations for preparing 
cream for frozen storage are made: Store fresh 
cream free from developed acidity, eliminating 
metal contamination. Pasteurize at  170' F. for 
20-30 min. or 180' F. for 5 min. or longer. 
Standardize and condense to ~ r o d u c e  cream con- 
taining 40% fat and 20% seium solids. 

F. W. Bennett 
Also see abs. no 5 16. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

540. Der quantitative Verlauf der Milchbildung 
(The quantitative course of milk secretion). 
English Summary. L. EISENREICH and U. MEN- 
NICKE. Milchwissenschaft, 5, 9 :  310-313; 10: 
362-364. Sept.; Oct., 1950. 

By following the same experimental methods 
described earlier (ibid, 5:  140. 1950.), the 
authors \vere able to show that with cows in 

advanced stages of lactation and pregnancy milk 
secretion is a factor of time, primarily. However, 
whrn time intervals betwern milkings exceeded 
20 hr., the succeeding milk yield was considerably 
lower than expected. The authors believe that 
milk production is a function of time but that 
the rate of production is governed by oestrogenic 
hormones within the animal. I. Peters 

541. The use of an  iron stain for the study of 
alveolar development in the mouse mammary 
gland. H. E. RAWLINSON, Univ. of Alberta, 
Edmonton. Can. J. Research, 28, 1: 1-4. Feb., 
1950. 

A method is described of using whole mounts of 
the mouse mammary gland with Gomori's potas- 
sium ferrocyanidr-HCl mixture for staining Fe. 
Rccaux Fc accumulates in the epith~lial cells in 
a granular form, most of the mammary gland 
tree of the mature nonlactating female mouse can 
be shown clearly. The staining reaction is quick 
and uniform, muscle can be clearly differentiated 
in microdissection and alveolar development can 
be estimated from the amount of Fe retention in 
the nonlactating gland. (Author's abs.) 

0. R. Irvine 

NUTRITIVE VALUE OF DAIRY PRODUCTS 
R. JENNESS, SECTION EDITOR 

542. Homogenisierte und D-vitaminisierte Kin- 
der-Vorzugsmilch (Homogenized and vitamin D 
fortified milk preferred for infant feeding). 
English summary. A. AI)A~I.  Milchwissenschaft, 
5, 9: 283-286. Sept., 1950. 

The use of homogenized, vitamin D-fortified 
milk (standardized to 1000 I.U./l. by the addition 
of vit. D, or D,) by 270 infants over a period of 
9 mo. proved the above milk to be superior to 
nonhomogcnized, nonfortified milk. The soft 
curd formed by acid coagulation of the homogen- 
ized milk offered special advantages in the prepa- 
ration of cultured milk for patients. The anti- 
rachitic effect of the fortified milk was excellent 
throughout the whole period, which included the 
fall and winter months. I. Peters 

543. Milch in der Rachitis-Prophylaxe (Milk 
in prophylaxis of rickets). English summary. 
E. AUHAGEN and W. GRAB. Milchwissenschaft, 
5, 9: 299-304. Sept. ,1950. 

The authors recommend fortification of milk 
by the addition of pure vit. D,, rather than by 
irradiation with ultra-violet light. The reasons are 
as follows: ( a )  The standard level (Germany) 
of 1000 I.U. of vit D,/1. cannot be obtained by 
irradiating milk. ( b )  Variations in provitamin 
in milk result in variation in final co~iccntration 
of vit. D, in irradiated milk. ( c )  There is no 
possibility of changing milk flavor, wherras irradi- 
ation to the extent of obtaining 400 I.U./I. (min. 
reg~rlation by cloctors) may result in off-flavors. 
( d )  Toxic by-products, such as toxisterin, and 
suprasterine,, which may form during irradiation 
process, are not present. ( e )  Changes in other 
vitamins and in proteins in milk are not possible. 
( f )  Contamination of milk by passing it through 
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equipment that is difficult to clean is avoided. 
( g )  Skimmilk may be fortified to the desired 
level. ( h )  The fortification is simple and easy 
to perform and more economical than irradiation. 

I. Peters 

544. Rolmilch oder pasteurisierte Milch fiir 
Saugling-und Kiuderernahrung (Raw or pasteur- 
ized milk for infant feeding). English summary. 
F. TRENDTEL. Milchcc~issenschaft. 5. 9: 308-310. , , 
Sept., 1950 

Use of raw versus variouslv heat-treated milk 
for infant feeding is discussed. The author feels 
that a closer collaboration is desirable among the 
child specialist, local health official, veterinarian 
and milk producer in order to obtain a higher 
quality milk which can be advocated for infant 
feeding. I. Peters 

545. Milchkonzentrate und Pulvermilchprapa- 
rate in  der Sauglingsemahrung und ihre Vitamin- 
isierung mit Vitamin D (Milk concentrates and 
milk powder prep~rations fortified with vitamin 
D for infant feeding). English summary. E. 
MULLER. Milchwissenschaft, 5, 9: 304-307; 10: 
353-359. Scpt., Oct., 1950. 

The author compares infant feeding practises 
in Germany with those in U.S.A. He attributes 
the much higher infant mortality rate in Germany 
in children below 2 ma. of age (18-20% as against 
1.8-2.0% in U.S.A.) to the extensive use of 
canned milks in U.S.A. Milk modified for infant 
feeding should form a soft curd, such as is the 
case in evaporated and sweetened condensed 
milk. Hc classifies all infant foods into 3 main 
groups: Group 1 : "Complete" or "humanized 
milk" prepared in a manner to resemble mothers' 
milk. Group 2: Per each kg. of body weight 
feed 3.5 g. cows' milk protein, 3-1.5 g. fat and 
12-14 g. non-milk carbohydrate (in addition to 
lactose in milk). Group 3: Acidified, low-fat 
cows' milk, such as 1.5% fat cultured buttermilk, 
natural or dried. I .  Peters 

Also see abs. no. 516. 

SANITATION AND CLEANSING 

K. G .  WECKEL, SECTION EDITOR 

546. Dairy plant design and its relation to 
sanitation. G. W. PUTNAM and A. H. WAKEMAN, 
Creamery Pkg. Mfg. Co., Chicago. Sou. Dairy 
Prod. J., 49, 1: 32, 104-105. Jan., 1951. 

Consultation with federal, state and city health 

departments will help the designer in laying out 
a plant to mcet modern sanitary requirements. 
Good housekeeping is not a luxury; the best 
housekeepers operate the most profitable and 
satisfactory plants. I n  designing an effort should 
be made to make the clean-up job eficient, con- 
venient and pleasant. Consideration should be 
given to the effects of larger capacity equipment, 
convenience of arrangement, lighting, ventilation 
and safe, sanitary and well-drained floors. Layout 
should give a continous flow of products with a 
minimum of sanitary piping. Permanent sanitary 
piping installations, whcrc approved, will elimin- 
ate much labor in clean-up operations. Adequate 
lighting may lessen damage to equipment during 
cleaning. A pitch of 0.25 in./ft. should be pro- 
vided in dairy plant floors. F. W. Bennett 

547. A time and motion study in the cleaning 
of dairy plant equipment. IV .  E. SCHIFFERMILLER, 
Mich. State Coll., E. Lansing. Sou. Dairy Prod. 
J., 49, 2: 25, 102-106. Feb., 1951. - ,  . 

A time and'motion study oncleaning operations 
was made in 3 commercial fluid milk plants. 
The total routine cleaning time 1vas distributed 
as follows: assembly and disassembly, 38-44%; 
rinse, 10-16%; washing exteriors, 4 -8s ;  wash- 
ing milk contact surfaces, 30-33%; preparing 
cleaning solutions, 5-8%; and getting and return- 
ing hose, 2-3%. Permanent glass sanitary pipe 
lines, improved designs of equipment for easy 
assembly and disassembly, pipe and fitting racks 
and small parts tables, power-driven solution-fed 
brushes for pipe and fittings, a hot water genera- 
tor with nozzle-end shut-off valves, central clean- 
ing solution tank, convenient general plant lay- 
out and definite efficient cleaning methods based 
upon a time and motion study arc suggestions for 
most efficient cleaning operations. 

F. W. Bennett 

548. The relation of soil film buildup and low 
surface wetting properties to plastic and china 
surfaces. G. J. HUCKER, A. J. EMERY and E. 
WINKEL, N. Y. Agr. Expt. Sta., Geneva. J. 
Milk & Food Technol., 14: 95-97. May-June, 
1951. 

Film buildup accumulates more rapidly on plas- 
tic than on china table service. Soiled plastic 
after several washes cleans much easier than 
cleaned plastic. Chinaware seems to retain the 
soil film more firmly than plastic. 

H. H. Weiser 
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COUNTS 

MILK IS COOLED RAPIDLY IN 
BULK TO 3 8 ° F  SOON AFTER 
E N D  O F  E A C H  M I L K I N G  
PERIOD, WITH MOJONNIER 
COLD WALL TANKS. COUNTS 
O F  10,000 A N D  U N D E R  
ARE COMMON PRACTICE. 

MOJONNIER STAINLESS STEEL 
TANKS MADE IN 8 SIZES, FOR 
EVERY DAIRY FARM. 

GET YOUR C O P Y  O F  

"THE BULK COOLING STORY" 
MOJONNIER 200 GALLON BULK COOLING TANK ON 

TODAY. NO OBLIGATION. DON JENNINGS FARM. VINCENTOWN. NEW JERSEY. 

I t  w i l l  P A Y  y o u  t o  i n v e s t i g a t e -  - 
t h e  G B I  VALUE LINE 
of ice Cream Stabilizers and Emulsifiers 

In these days of high ingredient and operating costs, GBI stabilizers and 
emulsifiers demonstrate their value in short order. They earn their way and pro- 
duce the type of ice cream, ice or other frozen confection you want. Whatever your 
product or operating conditions, there's a GBI stabilizer and emulsifier to give top 
performance and profit to you. The GBI VALUE LINE includes the following 
outstanding products- 

Complete Stabilizer and Emulsifier-BODY-GUARD and PRIDEX 
Straight Stabilizers-HY-GUARD and PRIDE 
Straight Emulsifier-EMEX 

WRITE NOW for complete bulletins and prices on the GBI VALUE LINE. These basic 
formulas cover the field. You will be surprised at their low cost. 

Pat. Off. 

Manufactured by one of  the Largest estubliahed suppliers in the field of biological sciences. 

GENERAL BIOCHEMICALS, INC. 20 CHAGRIN UBORATORy FALLS, OHIO 

Your  advert isement is being rend in  every S t a t e  a n d  i n  45 foreign Countries 
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~Lomd m e  

JUST HOW SIMPLE, EASY, 
ECONOMICAL GENERAL 
CLEANING REALLY CAN BE" 

The original, the genuine 

LYOPHlLlZED DAIRY CULTURE 
2 em. bottle dry powder 

maker 1 qt. Mother Culture 

me the amazing difference between Di- 
versey cleaners and the cleaner I was then 
using, I could hardly believe my eyes! I 
always thought that the lowest price 
cleaner was the most economical to use, 
but the Diversey D-Man proved how 
false, how impractical that is! I use 
Diversey cleaners exclusively now . . . and 
I am getting better cleaning in every way 
. . . and saving money, too!" 

DIVERSEY DIVOLUXE, 
D-LUXE, DIFLEX 
CLEAN COMPLETELY 
AND AT LOW COST 

THE DIVERSEY CORPORATION 
1820 ROSCOE STREET 

CHICAGO 13, ILLINOIS 

In Canada: The Diversey Corporation 
(Canada) Ltd. 

Lakeshore Road, 
Port Credit, Ontario 

RENNET and COLOR 
Strong, clean Rennet is important 
In the making and curing of 
cheese. Use Marxhall Rennet 
generously for maximum results. 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN L A 
Your advertisement is being read in every State and in 45 Foreign Countries 
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data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, etc., should be used for footnote 
designations. I f  possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.-Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(#), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURATAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) JONES, L. W., AND SMITH, J. D. Effect of Feed on Body 
of Butter. J. DAIRY SCI., 24: 550-560. 1941. 

Sample of book citation: (1) LANDSTEINEE, K. The Specificity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) COULTEE, S. T., 
AND JENNESS, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: em., centimeter(8) ; cc., cubic centi- 
meter (~)  ; g., g r a m ( ~ )  ; mg., milligram(s) ; y, microgram(8) ; ml., milliliter(8) ; mp, millimi- 
c r o n ( ~ )  ; C., Centrigrade; F., Fahrenheit; lb., pound(s) ; oz., ounce (8). 

.Where configurational structures of chemical compounds are used, drawinxs suitable f o r  
re~xodnction by photoengraving are to be furllished by the author. 

In preparing manuscripts, use of first person sbould be avoided. 
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BACTO-VIOLET RED BlLE AGAR 

is recommended in "Standard Methods for the Examination of 
Dairy Products" for the direct plate count of the coliform. bac- 
teria. This medium is especially prepared for direct enumeration 
of colionn bacteria in water, milk and other dairy or food prod- 
ucts. Upon plates of medium prepared from this product sub- 
surface colonies of the coliform types are generally surrounded by 
a reddish zone of precipitated bile. Due to the inhibitory action 
of the medium toward other types accurate counts are obtained 
after incubation for only 18 hours. 

BACTO-BRILLIANT GREEN BlLE 2% 
is recommended for the detection of coliform bacteria. This 
medium conforms in every way to the brilliant green lactose 
peptone bile described in "Standard Methods for the Examina- 
tion of Dairy Products" and in "Standard Methads of Water 
Analysis" of the American Public Health Association. Results 
obtained by the direct inoculation of water, milk and dairy prod- 
ucts or other food materials into fermentation tubes of this 
medium are reliable and accurate. 

BACTO-FORMATE RlC l NOLEATE BROTH 
is also employed for the detection of coliform bacteria. The me- 
dium is used in fermentation tubes which are inoculated directly 

ith the sample or dilution. Bacto-Formate Ricinoleate Broth 
nns to the "Standard Methods" formula. 
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