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Cuts Bottle Breakage and Downtime 
Now, for the first time, you can have the ad-  
vantages of  hydraulic power in a fully auto- 
matic soaker bottle washer. Liquid-smooth 
movements cut bottle hreakage-there a re  
n o  clutches, gears and pulleys to break, jerk 
a n d  jam. Positive hydraulic control elimi- 
nates"coasting," permits instant stopping ifa 
jam occurs. Fewer parts (there a r e  only three 

hydraulic cylinders and simple tubing) mean 
less wear, more  dependable operation. The 
chances for rime-consuming, profit-consum- 
i n g  breakdowns a r e  practically eliminated. 
T h e  rugged hydraulic mechanism is actually 
n o  more  complex than the  hydraulic brakes 
in your car. CP engineered for  long service 
life and  lowest maintenance cost. 
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Ready, h r  your bookimgs - now 
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: .. . an instructive and entertaining film for all 
who work with scientific glassware 

' 'Kimble c l a s s  cornl;anv takes 
pleasure u i  presenting for i~n~ne-  
diate booking its new filn~. Class, 
Science clnR People. Here is n fas- 
cinating s t07  of laboratory glass- 
ware. 

Anyone wHb works with labora- 
tory eqr~ipment . ... your Chelnicnl 

Socief:, . . . research groups . . . 
schobls, . . hospital staffs . . . will 
fiiid Gloss, Sciolce and People in- 
tensely intgestiug-highly infonn- 
a'tive. To reserve booking time for 
ydur group. write: Kimble Scien- 
tific Division, O\vens-Illinois. Bar 
10:33, Toledo 1, Ohio. 
I. . 
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R.ELIITIOSSIIIP I IETWEEN F A T  GT,OI:ITLE ST7RFACE A E E A  AND 

CAIROTESOI1) .\ND VTTA?([lN -1 CONTENT O F  MILK 
19 St'('('ESSIT7E PORTIONS OF  .I JIILKIXG ' 

.\ND 

STT'.IHT PATTOS 

Dair!~ Il~rnbtrr~ilr!~ I)r~))trrl~~~rirt, Tllr Priri~n!llc.fl~ricr :I!~ric~~rltrrrcrl E . V I ~ I . ~ ~ I I I ~ ~ I I I  Stntion, 
Stntr Collrgr, 

There hare been several ~.epo~.ts that the carotc~~~oicl a11(1 pe1.11aps the r i t a n ~ i u  
-4 coutnlt of the fa t  ~ v ~ n a i ~ ~ i ~ l g  in skinilnilk aftcr the s r p a r a t i o ~ ~  ],recess lnay be 
higher than that of t l ~ c ~  o~.iginal \vhole n ~ i l k  f a t  ( 2 .  !). I f .  1.7). K ~ I I  ~t 01. ( I f )  and 
Francois (9) harc suggestccl t h i~ t ,  since the fa t  of sliimnlillz rc.preseuts only thc 
smallest of the fa t  globules of whole milk, the reported differcx~~ces in ral*ote~loitl 
anil vitamin ,1 content 111ight hr  correlatetl \\.it11 (1ifferencc.s ill globule size. 
Smaller globules hare  grrilttbr surface areas, relatire to  their ro l~ln~es .  than (lo 
larger globnles, and Koll ct  07. suggested a relationship, for carotenoiils, to the 
" surfare-volnn~e" ratio. 7'ht.y foi111tl no snc.11 t l i ffrrr~~ces for r i t a ~ n i ~ ~  A. IIo\iv- 
ever, Francois fonnd these. cliffc.re~~crs for both c.arotr~~oids and r i t a ~ l ~ i n  ,I and 
proposed a snrfare layer, 011 thc fa t  globi~le, highly coi~crntrated in these sub- 
stances. I n  ge~leral, cliffci-(~~~c(~s ill carotr11oid (*o~~c.entration bet \vee~~ slzi~u ancl 
\vliole milk fat have hecn reportetl to he gr ra t r r  than those for 1-itamill A. 

-1verage globule tliaulc3tc~l. has bcen reportecl to incrcase through succrssivc 
portions of a nlilking (.i, 10. 12. 13. 1:;) .  auil this, talte~i in the light of the above 
discussion, might explait1 thc rcq)ortc~cl clrcl i~~e in t.arotplloids per graul of fat  in 
such p o r t i o ~ ~ s  (8). Eaton e t  (11. (8) (lit1 not fintl that r i t a m i ~ ~  11 pel. gram of f a t  
showed any trend ill successire port io~ls of il n~ilkiug. Tllc 1)rehent stildy was 
u~ider take~l  to make a strict clnalltitatire stucly of the relationship brt\~c.can fat  
globule size and carote~loid a ~ i d  \-itami~l A content. 

Reecircd for ])~~l) l icntiol~ April 30, 1!)5W. 

' Tllc clntn wtxrc taken fl.o111 n tllesis s111)nlittetl to tllc (;r:~rlr~:itr Scllor,l of tl~t. r ~ ~ i v c r s i t y  of 
Connecticut by the sel~ior autl~or in ~ ~ : ~ r t i n l  fulfillnlcl~t of tllr r e q ~ ~ i r r r ~ l c ~ ~ ~ t s  for tlle M.S. degree. 
The project wns sl~pportvtl ill ],:~rt 11y f1111tls ])ro~-iilrd 1)y tllc. C11:ls. 11. ('ox ('o., Roxtol~, M:LHs., 
:ind tile Big-Y-Fo1111datio11, Sorwic.11, COIIII. 

' Present nrldress: -411irllal A ~ ~ s I ~ : i l ~ r l ~ y  lJcq):~rt~llel~t, Iown State C'ollrge, .llr~c,s. 



IC. F. \YHTTE ET AL 

-4~li11ral.s. Four first-lactatio~l 1Iolstei11 cows were a s s i g ~ ~ e d  one a t  a time, for 
a ?-week period each, to the experiment. They were fed a 13.4% crncle protein 
grain ~nixtnrc  (1 lb. to 4 lb. of actual niilk produced) ant1 r. S. NO. 1 alfalfa hay 
acl libitr~ln ant1 were past~iretl on bl~legrass-ladino clover (snn~nier. 1951). Their 

mean clail- ~~rodoc t ions  through their 2-week periods. stages of lactatioii. and 
days in calf on assignnle~~t w r r  as presented in Table 1. 

Rn?~tples.  Samples were talren a t  every third e r e n i ~ ~ p  niillring, using a special 
valve developed for the experinle~lt (10). By this method, the milk from a single 
quarter coulil be clivided into four snccessire portions ~r i thont  clisturbi~lg the 
routine niachine millring of the three other quarters. Each of the follr qnarters 
of every con- was sa~nplecl oltce chiring the experinlent. ~naking a total of 16 
ex!wri~ne~ltal millri~~gs. 

.\ sample for gravity sk imn~i~ ig  was taken from each portion. This was con- 
trasted, in sltbseqne~lt analyses, with whole milk fronz that portion ill order to  
de t e~ .n i i~~c  the effect of a change in globule size 11-hile I~olcling stage-of-niillri~~g 
co~~sti lnt .  All samples were a~lalyzed for fa t  percentage by ether extraction (I. 
1 1 )  ant1 for carotenoid ancl vita~rlill A c o n t e ~ ~ t  15). Photomicrographs of the 
saniples were taken, after suitable dilution, for globule size determinatio~l ( I, G .  
18). The dianleters of 200 to 600 globnles w7ere meas~wed ill each san~ple  a t  a 
mag~lification of exactly 1,000. 

The portions were each identifietl by a decimal fraction represe~ltilig the 
stag(.-of-millri~~g. This was obtained by clividi~ig the total weight acc~u~inlated 
up to 11alf\vay throl~gli each of the successive portio~is by the total \\-eight of 
the  nilk king (nc~arest pram).  These fractions, varying fl-om 0 to 1, are sy~~ibolizetl 
in the folio\\-ing discanssion by the variable M .  

The diameter, (1 ,  of each globnle mas measured, in microns, to the  lear rest 
half-micron. The sum of the scluared tlianieters and the sum of the cubic po\17ers 
of diameters then were calculated in each sample. Assmuing that  the globules 
were spherical, the total globule surface area was ~ 8 ~ 1 "  The total globule volume 
would then be rSt l : ' /6 .  Thus, by divicli~lg the smn of the squares by  one-sixth 
the sun1 of the cubes, the surface-to-rolnme ratio, 6Pt12/Brl.', was obtairlt~tl in 
reciprocal micron miits, ant1 is symbolized below b -  the variable G .  This quantity 
is  either mathematically nor p11ysic.ally equal, ill gel~eral, to six times the recip- 
rocal of the meall diameter, 6/x It is c-lear, Inoreovrr, that  this lat ter  cluantitj- 
is 111eaningless for the testing of the hypothesis that the total carot r~~oi t l  ant1 



vitainil~ ,I content is related to the total surface area of fat globules ill tlie snlliple 
of milk. 

Statist icz.  Quantitative relatiol~ships were exploreci by the fitting of least- 
squares regressions. Differences between cows and ~ni lk i~lgs  were eliminated by 
fitting average within-millri~lg regressions ( I t ; ) .  

The fat  globnle surface-to-rolni~~e ratio ant1 tile carotei~oids and vitamin A, 
both expressed as micrograms per grani of fat, \\-ere higher in the slri~nn~illr than 
in the \vllole lllilk froni ~vllich it was separated ( Table 2 ) .  This offered qualitative 
support to the contellti011 that carotenoicls ancl ritanlin .-I seem to  be concen- 
trated a t  the f a t  globule surface. 

TAIX1.E 2 
7)ifcrcttrrx bctrceoi xkirrrr~~ilk cord tlrc rcliole rrtilk ffrrtr ~cl~irlr il rccrr x<.l~nrc~tccl i s  rt~colcooitls 

nirrl vitn?rritf ' 4  per gr'ctrrr of fnt n~rtl irr tltr I'cit ~lobrtlc srrrfnc.r,-lo-rol~rt~rr ratio 

Cnrotc~l~oicls 
per g. of fa t  lY.O(iy !I.?(;y H.XOy P < 0.01 

\-itni11i11 4 
per g. of f:it 9 . i l y  7 . 3 7 ~  2 . 3 4 ~  P < 0.01 

P:rt globlll~. 
sl~rfnrc to 
rol. ratio :.2!1:35p-' 1 .(;4!l4&-' ll.(;44lp-' P < 0.001 

" 'rllese vi~lurs nrc, tlrca :I\-csr:igc3s of l i l )  (rnrotcooiiln ;III(\ v i t i r ~ l ~ i ~ ~  A )  :11i0 ($4 (glol1111e S I I~~ ; IC( ' -  
to-ro111nle) 111i1k sn111l)lcs. Tllr I I I P ~ I I  of the fo l~ r  S:IIIII)ICS of n ll~ilkil~g \\.:IS ~o~~sic lered  :I s i ~ ~ g l e  
i ~ ~ i l ~ j ) e ~ i ~ l e ~ ~ t  o l ~ s r r ~ ~ ~ t i o ~ i .  A c.:~rote~roi(lx-ritnlr~il~ .I nlicl~~ot fro111 oi~e  of the ~~ l i l k i i~gs  IVIIS lost ill 
p roc (>~s i~~g ,  :tild the three otl1c11. I ) O ~ . ~ ~ ~ I I - S : I I I I ~ > ~ C S  of this ~llilkillg \vcBre not (~011sid~rev1 in this stage 
of tlrcx n~~:~lysis. 

In the results below, the cluantitatire inrestigatiol~ \vas confinecl to the whole 
niilk data. If the skiniinilk data also had been used. a ~vicler range of globule 
surface-to-rolnme ratio ancl carotenoid and r i t a n ~ i n  A content ~vould hare  been 
sampled. Such data no doubt woulcl hare demonstratetl the point ]?lore i~lllx-es- 
sivel;\-, but this wou~ld hare coi~folu~ded the description of trends by departing 
from the nornial borine secretion. 

Trends u ~ i t l t  g lobule  s ~ l r f a c ~ - f o - ~ - o l t l n t e  rnfio.  Iioth carotel~oids and vitamin A 
per gram of fa t  were fol~ncl to increase directly with globule surface-to-volume 
ratio (whole n ~ i l k  ralues only). The arerage linear regressions Aver? significa~~t 
for both substa~lces (P < 0.0.i), and neither shoxvecl a te~ldency to cnrratnre 
(Figure 1). 

T~.encls with stnge-of-91tilkirlg. Vitaniin A per gram of fat. as prcrionsly 
reported ( 8 ) .  sho\ved no t r e ~ ~ t l  with stage-of-~nillring. C'arotenoids per grain of 
fat. on the other hand, tc31tded to decline to a ~ ~ ~ i n i m r n n  a t  a point approxin~ately 
midway through the nii l l i i~~g,  and thereafter to increase, ill contrast to the previ- 
ous report (8) ,  which i~~t l ica ted  a steady declinc for carotenoitls per gram of fa t  
through the entire millr i~~g.  This highly significant trend ( P  < 0.001) was de- 
scribed by the regression : 

1. R = 10.02 - 4.692 -11 + 5.288 .112 



GLOBULE SURFACE 
TO VOLUME RATIO 

FIG. 1. Relationsl~ip between aarotenoids, vitamin A, and globule surface-to-vo1umt.n ratio in 
samples of wllolr milk. The plotted observations I~nve been atljo~ted so as to elimil~ntr differ- 
ences among the 16 milkings, the necessary adjustments originating in n eoraria~~ce analysis. 

where ill = stage-of-milking, varying from 0 to 1, and R = microgranis carote- 
noids per gram of fat. The minimum value of R with respect to N in this equation 
can be found by differentiation, showing the minimuin value to occur a t  31 = 0.44 
(approximately midway). The previous report (8) investigated colostral inilk- 
ings, whereas the present study was conducted on co~rs  relativelr aclvancecl in 
lactation. 

No significant trend with stage-of-milking was fount1 for globule size. es- 
pressed either as surface-to-volume ratio or mean diameter. Consequently, there 
appears to have been some other and unknown stage-of-millring variable in adcli- 
tion to globule size affecting carotenoids per gram of fat. 

Although not of interest to the main problem, the relationships of other \\-hole 
milk variables to stage-of-milking also were investigated. Thus, carotenoicls and 
vitamin A per gram of milk each increased with stage-of-milking (P < 0.001), 

Vress not directly but in relationships that curved upwards with milking pro, 
(P  < 0.001 ancl < 0.05). The average regressions were : 

2. C = 0.259 - 0.110 ill + 0.398 111' 
and 

3. B = 0.199 - 0.00794 M + 0.196 M2 
where C = nlicrograms carotenoids per gralll of ~nillr and B = micrograms vita- 
min A per gram of milk. 

Fa t  percentage increased with stage-of-milking (P  < 0.001), a fact which has 
long been recognized (13). A teaclency to cnrve upwards with millting progress 
was not significant. The average linear repression was : 

4. F = 2.211 + 2.771 11 
where B'= grams fat  per 100 g. milk. indicating that fat percentage 111ore than 
doubled between first- and last-drawn ~nilk. 



Perhaps the illost iiiterc~sting relationshil,~ indicated arc those under Trends 
~citlr globule s~r~.face-to-col trnre rntio ancl Figure 1. Apparently, there was a 
direct proportionality between either carotenoitls or vitaliiin A per gram of fat, 
on the one hand, and globule surfaee-to-volunle ratio, on the other. The relation- 
ship is not materially altered by canceling out "gram of fat" and "globule vol- 
ume," since these \vonld bear soiile constant proportionality to each other. This 
leaves direct linearity between total carotenoids and vitamin A and the total 
globule surface area. The linearity suggests surface layers of constant depths 
(i.e., independent of globlile diaineter). .\11 attempt to expand this and other 
considerations follows. 

Assume a sample of fat  globules with total surface area Sp2 ailrl total volume 
l'p3. The density of fat  is Qy/p:', and the carotenoids per gram of fa t  is R (in 
units of y/g.). Then : 

5. Globule surface-to-volume ratio = Sp"jl'p3 = G 
6. Total weight of fat  in saiiiple = ( I ) f i  = 01' X lo-'' g. 

7. Total weight of carotenoids in sample = RQV X lo-" g. (in 7 units) 

If R is a linear function of G, viz. : R = n + bG, then : 
S. Total weight of carotenoids = ( a  + b G )  (Qr'  X 10-0 g.) 

= (aQ1.' X 10-0 g.) + (6601- X l V a  g.) 
= (aQV X 1 0 - 9 . )  + ( 1 )  [I_Vp2/V*p" Qi' X g.) 
= (001' X lo-" g.) + (b(l)S/p) X l V O  g. (in y units) 

Thus, the total weight of carotenoitls can be factored into two components: 
one, varying with IT, the total globule volume, will be called the "interior com- 
ponent" ; the other, varying with S, the total globule surface area, will be called 
the "surface component. " 

Surface conlponewt. As indicated above, the weight of the "surface" carote- 
noids appears to be : 

9. (bQR/p) X lo-" g. (in y units) 

The quantity 7, is expressed in linits of py/g. For simplicity, factor out the 
units and substitute for b the quantity b', the numerical value of b without units. 
The above quantity, !), then becomes : 

9a. b'QS X y 

If the density of the surface carotenoids is TVcr/pS, then : 
10. Volume of "surface" carotenoids = b'S (Q/lf  c) X mop3 

I< the "surface" carotenoids are in a layer-form on the globule surfaces, 
then, since layer thickness - layer volume per layer area, and the layer area is 
8p2, the total globule snrface area : 

11. Apparent laper thickness = b' (Q/lVc) ): 1V6p 
= bt(Q/'CVc) X l@1° cm. 
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Sommer (17) has presentecl clata supporti l~g a mono~~~olecular  phosl)holipid 
~nc.mhrane of thickness 4.4 X 10-3p. Therefore : 

I I. Total volume of phospholipid membrane -= 4.4 zr' >: lo-"? 
13. Total weight of phospholipid membrane = 4.4 I'S X 10 :-y 

where Py/s:' is the density of the membrane. 

If it is assl~metl that the surface c*arotenoids are elltirely associated with the 
pliospholipid menibra~~e,  then dividing the weight of the snrface carotenoitls 
(Equation 9a'l by the weight of the phospholipid ~ n e ~ i ~ b r a n e  (Equation 13) 
shonltl yield the ronrrn t ra t io~~ of carote~loids in the surfaces of the globules. 
Thns : 

14. C'onc.e~~t~.ation in pl~ospholipid inen~brane 

= ( l ) ' ( j s  X 10 Isr)/(4.4 1'8 X 10-"yi 

= b ' ( ( ) / P )  X 10-'/44 + (b'/44) 

Note that () ancl 1'. the clc~~lsities of f a t  and pliospholil,icl. respectirely. are 
assmned to be al~nost exactly equal, following S o ~ n ~ t ~ r r  ( 1 7 ) .  

If no ass~i~nption is matle about the association of the "snrface" carotenoids. 
then it is not possiblt~ to c3xprrss the concentration in terms of units of volmne 
or weight, since t l~e r r  is 110 knowleilge of the depth of the zone in whicli the 
snrfacc component lies. In c3clnations inrolving adso1-ption, snrface co~~centra-  
tions are often expressed per unit of area. Thus: 

1.5. C:o~lccntration of carotenoids in surface = b'(j X 10-"y/lr? 
= b'() ,< 10' -y/cm.' 

,\ssl~nling H fat (1~11sity of 0.9 g.//c111.'. tl~eti G) = 9 V lo-: (in llnits of 
-y/p" a11c1 

1.k. Con~entra t io~i  of ~~itrotenoi(1s ill S I I P ~ ~ C I ~  == 90' \; lO-'-y/~~n.' 

Z~ltrrior cotr~l)ortcrtf. The weight of the "interior" rarotenoitls (Equation S)  
appears to be : 

16. nQ17 X I0  " (I. (in y units) 
Jlaking a substitutiol~ si~nilar  to that in 9a. we hare:  

16a. n'(;)I7 X 1 0 "  -y 

This is the carotenoitls al)l)arc>ntly not t~o~~centratecI at the sl lrfa~e.  The COII- 

c.c.ntration in t h r  fat Inay be fonl~d by dividing by the ~veigl~t  of fiit, 01' (I':cll~i~- 
tion 6 )  : 

17. Iltterior conce~~tration =- n' ): 10 "-= n' X lo-' 54 

dl)plircrtio)l. All the foregoing remarks on carotenoiils may be applied to 
ritanlin A. For  rlua~ltitativc application, estimations of the values a' and b' are 
necessary. The slope terms fitted to the data 1 )  seem reasonable for this 
purpose. Because the inter(1epts fall outside of the range of experience of the 
data, they are not clirec.tly tletrrnlined experi~nentally. This is inherent in the 
method, because the obtaining of it value G = O in actual experience requires 
globules of infinitely la~gc. tlia1netc.1-s. Tllerefore, an>- cont.lusions based on the 
intercept ralllcs fro111 these cIi\tiI  nus st he consiclered as first approsi~nations only. 
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If the relationship bet~rcvn carotel~oids or ritainili A per gram of fat  and 
globule surface-to-volume ratio is truly linear. alld if the slope tei-ins of Figure 1 
are good esti~natiol~s of the actual slope terms. it then follows that Equation 11 
results in good estimations of the apparent tliickllesses of the carotenoid and 
vitalnin 11 surface layers. Tnserting the esperin~entally detennined values for b' 
into Equation 11 yields : 

18. Apparent thick~iess of carotenoid "layer" 
= 2.838 X lo-'' (Q/Wr) cm. 

I!). Alpparent thickl~em of vitamin -1 "layer" 
= 2.126 X 10-lo (Q/WA) cm. 

where Q is the density of milk fat, W r  the density of the carotenoid "layer," and 
II', the density of the vitamin 3 "layer." 

Q is a determinable quantity; the IV's are not. Howerer, if the respective 
layers were composed entirely of carotenoids or vitamin A, their densities, We 
and IV.,, would be of the same order of magnitude as the d e ~ ~ s i t y  of fat, Q.  This 
would leave zones of thickness less than 1/100 the order of molecular diaineters 
(i ') ,  an impossible situation. We are left with the alternative that the layers are 
not close-packed, but are highly dilute solutions or molecules widely spaced. 
From this point of view, Wp and W., are much less than Q and the above values 
have meaning (provided the IV's could be evaluated). However, some qualitative 
knowledge of the nature of the surface layers seems to have been gained. 

TABLE 3 
.4~1~1nrott  roitc~r~rfrotio~rs of carotrnoirls nitrl t-itnstis A irt ~uriolrs portions of t h e  fat globtrle 
- - 

Globnle portion 

Phosplrolipid membmne" (2.838/41) = 0.0646 (?.126/41) = 0.0483 
I % wt. )  

Globule stlrface' 2.6 X lo-' 
( ~ / C ? I I  .e) 

Globule int,crior 0.000476 0.000381 
( y o  bby lot . )  

" Olilg one of these is  npplic:lblc, tlcprllding on the assmoptions accepted. See text,. 

Table 3 follo\irs froin the insertion of values from the data into Equations 14, 
I&, and 17. The stated concentrations in the phospholipid membrane, based on 
the assumption that the surface components of carotenoids and vitamin A are 
entirely associated with the membrane, would seem to contradict the argument 
that the surface components are not close-packed. The assumption is equivalent 
to setting the apparent thickness of either of the components (Equations 18 and 
19) equal to 4.4 X l V 3  p, the thickness of the phospholipid membrane, according 
to Sommer (17). Inserting a fat  density of 0.9 g . / ~ m . ~  and solving for Wc and 
IV*, we find the apparent densities of surface carotenoids and surface vitamin A 
to be 5.8 X l P g . / ~ r n . ~  and 4.4 X 10-'g./cni.< respectively. Thus, even under 
this assumption, the layers are not close-packed. 



Witliout this or sonle similar assuinption regarding the depth of the surface 
zone, the data provide 110 means of arriving at  estimates of the concentrations 
a t  the surface comparable to the "interior" coilce~ltratiolls of Table 3. Conse- 
quently, the coi~cei~trations given under G l o b ~ ~ l e  surfnce in Table 3, being es- 
pressed in units of area, innst not be directly compared with those given under 
Glohtrle i~t ter ior .  which are given as percentages by weight. 

Single-quarter milkings of first-lactation Holsteins were clirided into snc- 
cessive portions, ancl skiiilniilk and whole milk samples were taken from each 
portion. These sainples were anal~zed for fat percentage, vitamin A and carote- 
noid content, and globule size distribution. Skimmilk was significantly higher in 
carotenoids ancl vitamin A per gram of fat  and also in the globule surface-to- 
volume ratio than was the whole milk from which it was separated. This indi- 
cated a possible concentration of carotenoids and vitamin ,I at the globule surface. 

Considering the whole milk data only, both carotenoids and vitamin A per 
gram of fat had sigaificant positive linear trends with globule surface-to-1-olume 
ratio. By considerilig the magnitude of the trends, it mas possible to reject the 
possibility of continuous surface layers of carotenoids and vitamin A and to 
advance, instead, a possible dilute solution or loose cheinical complex on the 
globule surface. Values were advanced for the concentrations of carotenoicls 
and ritalnin A in the various portions of the fat globule. 

Carotenoids per gram of fat  showed a highly significant tendency to decline 
to a point near the milking mid-point and thereafter increase. Vitamin ,I per 
gram of fat showecl no trend with stage-of-milking. Carotenoiils and vitamin A 
per gram of milk increaseil, mith stage-of-milking, in upward-curving trends. 

Globule size, expressed either as surface-to-voluiie ratio or mean diameter. 
shor\*ecl no trend with stage-of-milking. Fa t  percentage increased significantly 
mith stage-of-niilking, more than doubling its value from the beginning to the 
(~11cl of the milking. There was nc apparent tendency to curvature. 
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d 1IETIIOU FOR TIIE: l)lSr~'EC~'l'ION 01" I'OKEIGN I U T S  
IN DAlRY PHODU('TS 

The Keivhert-JIeissl, Polenske, and Iiehner nninber has ser\-ed to distinguish 
butterfat fro111 other ediblc fats and to detecat acli~iixtnres of the latter with 
butterfat (1). In  addition, methods based on differences in the type of sterol (4) .  
the refractive index ((i), and the ainonnt of tocopherol (3) hare been suggested 
as a nleaas of detecting forcign fats in butterfat. IIo\vever, ilone of these inethocls 
seein to give reliable ~.esnlts if the foreign fat is lard, beef tallor\-, 01% a inixture 
con~posed of 60-80% c.ocoaut oil a ~ i d  40-20C/r hydrogenated cottonseed oil and 
if these foreign fats are present in concentrations of less than 307; (5). 

I n  the present stucly, a method for the detection of atln~ixtures of 10% or 
more of vegetable or aninial fats with bntterfat is tlescribecl. This 11ic.thod is 
basecl on the fact that fats  are composecl of a mixture of triglycerides \vIiich have 
different solubilities in absolnte ethanol and esterify a t  different rates under con- 
trolled conditions ( 5 ) .  

Butter \\.as n~eltetl an11 extracted ~v i th  ether ancl ~vashcd oncc ~v i th  water; 
the ether extl-act was dehydrated with sodiuln sulfate ant1 freetl of' so l~~el i t  on a 
water bath. Ten g. of nlelted f a t  was weighed into a 250-1111. Erlenmeper flask, 
100 ml. of hot absolute ethanol aclded with gentle rotation of the flask, and the 
clear solution allo\\-ed to  cool to  room temperatare. When cool, the flask \\-as 
immersed for 2 hours in a water bath kept a t  20" C. The mixture mas filtered 
and the precipitate ~vashed once with 10 ml. of absolute ethyl alcohol. The filtrate 
and the ~vashing were coinbinecl ancl the rolmne was noted. The precipitate was 
dried on a steam bath and transferred to  a vacuum desiccator, and the refractive 
index ? of the melted f a t  mas cletermined a t  40° C. 

,I 10-ml. aliquot of the filtrate or alcohol soluble fraction \\-as transferred to 
a sillall tared petri clish, freed of solvent on a steam bath, transferred to a vacuum 
desiccatol., and weighed. This value times the total vol~lme of the alcohol soluble 
fraction gave the \reight of the alcohol soluble fraction. The refractive index 
of the residue mas cletern~ineil a t  40" C. Seventy-five 1111. of the remainiiig filtrate 
\'as poured into a 250-1111. Erlennieyer flask, and 5 ml. of 0.001r/o sodiliil methoxide 
solution was added \\-it11 gentle rotation of the flask. After 1 honl., 3 drops of 1 yo 

Received for pul>lic:~tio~l dullc 12, li15:I. 

' A r l ~ ~ o r ~ r  resenrrl~ fellow. F I I I I ~ S  for pnrti:~l sllp])ort of tl~c~sv st~~cl ic~s \ ~ c r c  111:rclo available 
1jy the American D:liry A*soeintion mlcl .I\rmonr rP- Po., Cllir:~go. 

'All refractire indicrs I V C ~ P  tletel.n~il~ed \\-it11 a Zciss refractonletrr. 
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phenolphthalein were added and the sodiuln methoside was neutralized with 
dilute phosphoric acid. Ten 1111. of water mas aclded with gentle rotati011 of the 
flask, and the unesterified triglycerides were allowed to settle out. A 50-ml. 
aliquot of the clear solution was transferred to a 250-1111. separatory funnel, 
50 ml. ethyl ether and 50 1111. of water were added, the separatory funnel was 
shaken gently, and the aqueous phase mas discarded. The ether phase was washed 
with water, dried with anhydrous sodium sulfate, transferred to a 100-m1. beaker, 
and freed from solvent, and the refractive index of the residue was determined a t  
40" C. 

The sodiunl methoxicle catalyst was prepared by dissolving 4.3 g. of clean 
metallic sodium in 80 ml. of absolute methyl alcohol, cooling, and diluting to 
exactly 100 ml. with methyl alcohol. Ten rill. of this solution was diluted to 1 1. 
with absolute ethyl ether as needed. One ml. of the latter contained 1 mg. of 
sodium methoxide. The dilute phosphoric acid was prepared by diluting 0.71 g. 
of 85% phosphoric acid to 1 1. One 1111. of this solution will neutralize 1.0 mg. of 
sodium methoxide. 

The rearranged fa t  was prepared b -  the addition of 1 ml. of 0.001C/o sodium 
methoxicle in absolute ether to every gram of moisture-free fa t  and allowing the 
mixture to stand a t  room temperature for 1 hour. The catalyst was inactivated 
by adding dilute phosphoric acid; the fat  was washed thoroughly with water, 
dried over anhydrous sodium sulfate, and freed from the solvent. The re- 
arranged lard was prepared by mixing 7.5'3 of tributyrin with lard before i t  
was subjected to rearrangement. 

RESULTS 

Samples of butterfat which had been collectecl at  various times of the year 
and in different parts of the United States\vere found to contain 70 L- 4Ch of 
alcohol soluble triglycerides a t  20' C. (Table 1). Coconut oil was completely 
soluble, and hydrogenated cottonseed oil and rearrallged lard contained approxi- 
mately 26% and 40% of alcohol soluble fractions, respectively. Furthermore, the 

TABLE 1 
The solirbility of various fats in etkaaol at 20" C. a~rd the vrfvnctire i~ttlicrs of 

the alcohol insolabl@ and sol?rble fractioits 

Refractire index 

Fat 

Butterfat i O k 4  1.4540- 1.45:3\- 1.453!1- 
I .45$2 1.4.541 1.4544 

Coconut oil 100 1.44!)2 I .44!)2 
Hydrogenated cottonseed oil 2f; 1.4621) 1.4li24 1.4010 
Hydrogenated cottonseed oil,' 38 1.4605 1 .41i211 1.4600 
Rearranged lard 40 1.4592 1.4.591 I 1.45!10 

" 207% mono and diglycericles aclded. 

JObtninecl t l~rougl~ the courtcsy of H. F. Long, Sugar Creek C'rran~el:\- C'o., D:lnrille, Jll., 
alltl G. A. Cmpplr, \\'iluon S; Co., Cl~icago. 



refractive indictls of the alcohol insoluble and the alcohol soluble frac:tions of 
butterfat did not vary appreciably from the refractive indes of the \vhole fat. 
The refractive index of the alcohol soluble and the alcohol iusolnble fractions of 
pure bntterfat varied fro111 1.4538 to 1.4541 and fro111 1.4539 to 1.4544, respec- 
tively. After etllanolysis of the alcohol soluble fraction, the refractive index \vas 
found to vary from 1.4476 to 1.4482. 

Admixtares of bntterfat and 1076 of the various fats comnlercially available 
as substitute fats for butterfat had different solubilities in ethanol, different 
refractive intlices, ancl different 'ates of ethanolysis fro111 pure butterfat (Table 
2). The admixtures of butterfat and 10'Jl of coconut oil yielded Inore alcohol 

TABLE 9 
The effect of addiirg 111% various fats to b?cttrrfat oir tlrr j)(2reo~to!lc~ of xol~~blr rr~atrrinl 

and tlre refraetirr 11~7rces of the alcolrol solrrhlr, inaoloblr nit17 xolrrblr~ t,xfrr fmctiorrx 

Refractive in~lrs 

Fat Solubility 111so1111)11~ S o l ~ ~ l ~ l r  Solnl~le esters 
(%) 

- -  

h'one 71.3 1.4341 
Coconut oil 75.2 1.433:) 
Hydrogenated eoco~n~t oil 70.9 1.4.538 
Hydrogenated eottonsce~l oil G3.3 1.4550 
Hydrogenated fa:: 67.1 1.4549 
Hxdrogenated fat 61.8 1.4554 
Palm oil 65.8 1.4546 
Hydrogenateil eottol~seed oil' 74.0 1.4349 
20% cottonseed + YOC/o c o ~ . o n ~ ~ t  oil 70.9 1.4541 

' Crisco ; Velret ; 20% nlono and diglyeerides ntlcle~l. 

soluble triglyceritles and an alcohol soluble and ethyl ester fraction of lower 
refractive indes than butterfat. On the other hand, nlost of the other substitute 
fats tested to date yielded less alcohol soluble triglycerides and an alcohol insoluble 
fraction of higher refractive index than butterfat. llixtnres of 70-80% of coconut 
oil with hydrogenated cottonseed oil, beef tallow, or lard could be made which " - 
yielded approximately the same proportion of alcohol insoluble triglycerides as 
butterfat. Ilowever. such lnixtures contained enough coconut oil to affect the 
refractive indes ancl the rate of ethanolysis of the alcohol soluble fraction. 

The average refractive index of the alcohol insoluble fraction of 20 different 
samples of authentic bntterfat was founcl to be 1.4542 -t 0.00002 (S.E.M.) and 
was significantly diff'erent from 1.4550 + 0.00003 (S.E.N.), the average value 
of the samples containing 10% of substitute fa t  other than coconut oil. The 
addition of 10% coconut oil significantly lowered the refractive index of the 
alcohol soluble fraction of pure butterfat Pro~il 1.4540 + 0.00002 to 1.4532 k 

0.0000.5. 
A synthetic bntterfat with a mixed fatty acid conlposition similar to 

butterfat (Table 3 )  \\-as prepared by mixing 50% rearranged lard containing 
75% tributyrin, 2.5% liyclrogeaated coconut oil, and 25% beef tallow. This 
mixture, as well as pure bntterfat. was rearranged and 10% of the resulting 
product was acldetl to pure butterfat. The rearranged butterfat and the rear- 
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T-iRLE 3 
Cotrapnrtsorl of ihe 1,ii.cetl fatty acid cot~~posittotl o f  h?rttrrfnf tritlr cr ,~rc.tl,rrr of 

renrranged larrl coi~tai,iing $..i7c tribrctyrin, coco~r~rt oil, nrarl br r f tctllota 

F a t t ~ .  acid Butterfat S.vntl~etie n~iuture 
(%) ( % I  

But? ric 3.7 3.8 
Caproic 1.7 n.n 
Caprylic 1.0 ., n -.- 
Copric 1.9 1.i 
Laurie 2.8 11.5 
Myristic S . l  3.3 
Palmitic 23.9 23.1 
Stearie 11.2 10.3 
Oleic 32.4 40.9 
Linolcie 3.7 4.q 

TABLE 4 
The percentage of soli~ble winterin1 from carioirs fats and the refractilqc i)rrliccs of the 

whole fat, tlre i)isolable fraction, solzible fraction and the solr~blc cstrjrs. 

Refractive Iniles 

Fat  Solubility 
(O/oo) 

Whole Soluble 
fa t  Insoluble Solnl,lc cster 

Butterfat 71.7 
Rearranged butterfat 78.8 
Syntl~etie butterfat 59.2 
Rearranged syntlletie buttcrfnt 55.5 
Butterfat + 10% 

rearranged butterfat 73.6 
Eutterfat + 1070 reearra~~ged 

synthetic butterfat (i5.8 

ranged syntheti'c butterfat both decreased the rrfractive index of the alcohol 
soluble and the soluble ester fraction (Table 4) .  The synthetic butterfat also 
increased the percentage of alcohol insoluble triglycerides and increased the 
refractive index of this fraction. 

It would be advisable to run a known salnple of pare butterfat as standard 
with the unknown. A rancid butter of high free fatty acid value will give 
inaccurate data and shoulil not be used as a standard. 

The slnall but consistelit differences in the solubilitj- and refractive indices 
of the alcohol insoluble and alcohol soluble fractions, which were always noted 
when another fa t  was mixed with butterfat, were clue to the physical character- 
istics-contributed by component triglycerides. ,\lthough a thorough analysis of 
the component triglyceride mixtiire of butterfat has never been attempted, 
Sommer (7) has pointed out that over 5,000 are theoretically possible. Each 
triglyceride has a specific melting point and refractive index which is depeudent 
on the component fatty acids and their relative position to each other in the 
molecule (Table 5). A shift from an alpha to a beta position of the same fatty 
acid causes a shift in both melting point and the refractive indes. The largest 



'I'.\RI,E 5 
l'lrc. r fcc t  o f  chniti Icvrgth on tkr  tttrltitrg poi~rt nrrtl rtfrnrtire i11t7c.r 

o f  n!jnthetic tri(ll!lcrritl~rr (9) 

It;-1s-11; (is 1 A471 
IS-1 t i - l l i  62 1.44tii 
1'1-1s-15 .; 4 1.444s 
10-1S.lS 4!l 1.4444 

L'I. C'nproir, Ct, I.ni~ric, ('1. Pnlniitir, Ct. Stcnric: arid. 

shift is cal~sc~tl by the rrplaceunent of a saturated by an  unsatt~rated fat ty acid 
(Table 6).  As each fat is romposed of a specific ~n i s tu re  of triglycerides, it 
moltld not be possiblc to tlnplicate the esart  nlixturc* of triglyceritles in bntterfat 

TAJ:I,E !i 
l'ltr r8rr'ct of ~rtrxnt ~frnlrrl 1'ntt.q ncids ot1 thc ~frr~lt irrg ~rnifrl n~frl ~~~~~~~tirv itrrlr..r 

of n!/trtketio trigl!lc~.rirlr~x ( 2 )  

(;lyc.(~ritl(- IVf(~1ti11g l>oi i~t  Ilc-fr:~c.tivc in(lrs 
( " C . )  

by ~n i s ing  various proportions of fats so as to obtain the correct  nixed fat ty acid 
colnposition of butterfat. The synthetic butterfat prepared in our laboratory by 
~n i s ing  beef fat. rearranged lard containing 7.5% tributyrin, and coconut oil had 
almost the same fat ty acid conlposition as pure butterfat. However, i t  could 
be detected in butterfat a t  a 10% level as easily as any of the substitute fats  
presently available. Iinprovenie~its in the synthetic butterfat might be lnacle by 
the use of hydrogenatecl lard and hydrogenated rearranged coconut oil which con- 
tains butyric acid. Such a mixture of fats  may have the sanie refractive indes 
as butterfat. 1Iowever, i t  still would have to be rearranged snfficiently to pro- 
duce the same triplyceride coinposition as bnttrrfat, and that nlay not be possible. 
Our data indicated that even rearranged butterfat contained a different pro- 
portion of triglycerides than the original butterfi~t. 

I t  seems evident that snbstitnte fats  could be preparecl froin coconut oil and 
cheap animal fats  which would have approxi~nately the same Reichert-Meissl, 
Polenske. and Hehner number as butterfat. lhirthermore, these fats monld have 
the saliie tocopherol and butyric acid content and contain the saliie sterols as 
butterfat. I t  is possible that differences in the refractive indices of ~ii is tnres of 
these fats with butterfat a t  the 10% level ]nay be too small for positive itlentifica- 
tion. ~Ioreorer .  an accurate refractometer is reciuiretl. Nevertheless, the methocl 
described in this paper ]nay serve as a rapid screet~ing test of suspected samples. 
l!'urthermore. other means of separating ancl itl(.~~tifying triglyeerides are 
possible and are no\v ~ i n d e r  study in onl. 1abol.atoq-. 



The snspected saniple is first separated into alcohol soluble and i~lsoluble 
triglycerides in order to ir~crrase the concentration of the adulterant in one of 
these fractions and cause enough shift in the refractirr index for the adulterant 
to be detected. 

The average refractive index of the alcohol insoluble fraction of 20 different 
saiiiples of authentic butterfat was foi~nd to be 1.4542 k 0.00002 (S.E.M.) and 
was significantly different from 1.4550 +- 0.00003 (S.E.M.), the arerage value 
of the samples containing lo%, of snbstitl~te fat other than coconut oil. The 
addition of 10% coconut oil significailtly lowered the refractive index of the 
alcohol soluble fraction of pure butterfat fro111 1.4540 k 0.0000'2 to 1.4532 k 

0.0000.5. 
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STI'1)IISS Oh' HERD JIASAGEJIENT RECORDS 

TI. REL:\TlOS OF GESTATION TIENGTII TO RIRTII WEIGHT O F  
HOTJSTEIS (',1LITES OF BOTH SEXES AT VARIOUS C:ALVIR'GS 

H. P. DAVIS, MOGENS PLUM, .ixo BEXJAMTK BHOST' 
I ) ( > ~ I ~ , ' ~ I I I ~ I I ~  of  I)nir!l H?rsbnntlrj, D'ai~ers i ty  of  A-ebmakn, Littcol11 

Normal gestations for dairy cattle vary fro111 163 to more than 300 clays. 
The lower limit is an arbitrary figure used because it is believed to be the shortest 
period that represents a normal gestation (19). Among dairy breeders there is 
considerable interest in the length of the gestation period because of its use in 
planning for calving dates and because of the beliered relationship betwee11 
its length and the sex and weight of the subsequent calf. Traditionally, male 
calves are believed to be carried longer than females and to weigh more at  birth. 
Longer gestation periods are believed to result in heavier calves. To throw light 
on this question, reproduction records from 1897 to 1950 of the Holstein herd 
of the University of Nebraska were studiecl. 

Numerous investigators, (1, 2, 8, 10, 11,1.7, 15, 21) have reported upon gesta- 
tion length. Brackel e t  al. (3) have presented a review of the literature and state 
that for Holsteins the average gestation varied from 276 to 281 days. They 
reported that male calves were carried an average of 279.2 days, as compared 
with 277.8 days for females. Advancing age of the dam did not affect the length 
of gestation, according to Copeland (5),  Icnapp e t  (11. (12), Jafar e t  a2. (11), 
and Warren (20). Taking the opposite view were IIerman and Spaulding (10). 
Braude and Walker ( 4 ) ,  and Knott (14). Knott reported an increase, which 
averaged 1.5 days per gestation, for each advancing gestation up to 6 years. 

Within the Holstein breed, sex differences in birth weight of calves seemed 
important. Various authors (6, 7. 8, 9, 1.5, 17, 18, 21)  reported a range in birth 
weights from 92.9 to 101.0 lb. for males, and from 85.5 to 94.0 Ib. for females. 
According to Eclrles (6) there is an increase in birth weight of calves from the 
first through the third gestation, which is in agreenleiit with the findings of 
Fitch et al. (8) and Morgan and Davis (1G). 

Braude and Walker (4) found an increase of 0.91 lb. in the birth weight of 
the calf for each day it was carried beyond the nornlal term. Brackel et al. (3) 
reported a definite relationship between the mean gestation length and the birth 
weight of Holstein calves, the correlation coefficient being +0.24. Jafar et al. (11) 
studying 76 calves found a correlation of +0.61 + 0.09 oil raw data. and 
0.52 0.10 when adjusted for sex. They also reportetl the per eelit of variance 
due to sex as 28.6 and that due to calving sequence 0.1. 
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This study includecl 755 gestations resnlting in single births of 384 inales 
ant1 851 female calves. Table 1 presents, for successive calriiigs, first through 
the eighth, the arerage gestation lengths and birth weights for males, for females. 
and for all calres. The difference in gestation lengths and birth weights for 
the various calving sequences are showi~, together with a snnlniary of the data 
for all gestations. The range in length for iildividoal gestations was 265 to 297 
days for lnale calves and 266 to 290 days for female calves. The range in birth 
weights for i~idividnal calves was 4'7 to 118 lb. for males and 56 to 130 Ib. for 
females. I t  is evident froin the data in Table 1 that advancing age, as indicated 
bp calving sequences, had no effect llpon the length of gestation. For all gesta- 
tions, the mean of 2'78.9 days for male births mas practically icleiltical with 278.4 
clays, the mean for feiilale births. 

The average birth weights for both males and feinales a t  the first gestatiou 
were lo~rer than for sncceediilg calving sequences up to the seventh. There was 
a rise in average birth weight for inales to a high of 100.7 lb. a t  the third gesta- 
tion and then an irregular trend downward to the eighth gestation, where there 
was another high. Sillall nunlbers of calves with one uilusuallp heavy calf caused 
this situation. For females there was a stead?- rise to the fourth gestation and 
then a decline. 

To test the significance of the differeuces in the birth weights an analysis of 
variance was made (Table 2) .  This analysis indicates that the difference in 
birth weight betweell male and feniale calves (6.4 lb.) was highly significant 

TABLE 2 
Anallisis of variance 

Degrees of S i i ~ i ~  of Expected mean Estimated variance 
Source freedou~ sqnnres Mean sqnare square conlponents % 

Total i.54 110,401 

Ses  1 7,704 7704" 6" E+377.39u2S u=S=00.1 12.5 

Calving 
Sequence 7 9,022 1288.9' 6" E+85.74a9C u2C=13.7 8.6 

Gestation 
Length 2 J 12,128 485.1" 6" E+28.29u2G f G=13.1 8.2 

and that the cal\-iiig SetIueIlce of the ~1an1 had a sigiiificallt ilifluence upon the 
birth weight of the caalf. P~aobably this latter intluence was iiiainly due to the 
lighter calves born after the first gestation. Ifiiially, it was sho\va that gestation 
length had a significant effect upon the birth weight of calves. The estimated 
variance components indicated the relative importance of sex, calving sequence, 
and gestation length in determiniilg birth weight. The largest part of the vari- 
ance was not accounted for by this analysis. An analysis of interaction indicated 
110 interaction bet~reen the three factors. 



TABLE 3 
Corrclatiow (r) Zrtween gestcctioa lrsgtlt and birth weight and rrgrcssio~b (b) 

of birth wcigltt 011 gestation length 

99% Fiducinl 
limits of 

r b r 

(Zb. days) 

Totnl 
Within sex 
Within ealring 
Within sex ant1 

calving 

Table 3 presents other statistics of the relationship between gestation length 
and birth weights. The 9956 fiducial lirnits show that these statisticas are highly 
significant. 

A study of 755 nornial gc~stations, 384 niale births and 371 female, of Holstein 
calves in the University of Nebraska herd during the period 1897-1950 was 
made to cleternline the relationship between length of gestation and birth weights 
of calves, by sexes and successive calvings. Gestation length for each sex and for 
the successive calvings showed no sig~~ificant trend. The average gestation length 
for males was 278.9 days and for females 278.4 clays. The average birth weight 
for males mas 96.7 lb.. and for feinales 90.3 lb. Analysis of variance showed that 
differences in birth weight clue to sex, calving sequence, and gestation length were 
significant (P < 0.01). Correlation between gestation length and birth weight 
was 0.26 with 9976 fiducial liniits of 0.28-0.22. The regression of birth weight 
on gestation was 0.66 lb. per day. 
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A QU.\STITi\'llIVE A\I'PRAiIS.\L OF' THE F R E E  ,\JIISO 

.\C'[l)S I N  E'OREIGS TYPE C'HEI3SE 

Cheese r ipeni~ig is inalterably associatetl \vitli the p roduc t io~~  of iimnerons 
compounds from protei~i. The nature a i ~ d  significailce of a i~umber  of the 
higher molecular weight i~ltern~ecliate end prodncts have been extensively devel- 
oped, but the area embracing the water soluble protein constituents has yet to 
be fully explored. Significant advances hare been made by Tnckey et  nl. (13) 
using X-ray diffraction pattel-11s and by Harper and S\iranson (3) and Reihard 
and Garey (9)  ntiliziug iiiicrobiological methoils. Certain li~nitations inherent 
in each of these methods have p reve~~ ted  the at tain~neut of a more complete 
view of n-ater soluble cornpo~ieuts in cheese. The advent of cl~roinatograpl~ic 
techniques brings this objective closer to realization. 

Cliedclar cheese has been subjected to chroinatographic a~ialyses more exten- 
sively than other cheese. .\s reported by Kosikowskr ( 5 ) .  many free ainino acicls 
and a number of anlilies \\.ere found to be present in conunercial Checlilar 
cheese. Mock ( y ) ,  also using paper chromatography, observed siniilar free amino 
acid patterns in Cheddar cheese. I n  another investigation ( 8 )  the qna~ititative 
aspects of free amino acicls and aniitles in Cheddar cheese over the entire ~*ipening 
period were noted. 

Foreign type cheese have r e c e ~ ~ t l y  heen analyzed for their ~ v a t c ~  solnble 
nitrogenous coinpomtds by chromatographic metliods ( 2 ,  I, (i. 11, 12), bnt these 
stuclies were largely restricted to the qualitative phases. The  resent study 
deals more wit11 the quantitative aspects of free alnino acids a11tl a ~ i i i ~ ~ e s  ill 
foreign type checse. 

METHODS 

Thirty coiuniereial forcaig~~ type cheese were a~~a lyzed  during the course 
of this stnily. The histor>- of inost of these cheese. regarding date and place 
of ma~it~facture,  was generally u i i k n o ~ r ~ ~  but in each instance the cheese, obtained 
froin ronnters of food stores, \\,ere confir~ned as typical of the type upon organo- 
leptic testing. 

Two dimensional paper c.hron~stog:aplic iiiethods as appliecl earlier to Ched- 
dar cheese by Kosilio\vsky (:i, 7 )  were nsecl. Quantitatire estiination of the 
soluble nitrogellous componiids observetl on chromatograms was by the  neth hod 
of Block (1) .  As the methods used here mere identical to those applied earlier 
to Cheddar cheese (5 ,  7 ,  8 )  and subject to the same esperiiuental errors, the 
sensitivity and variability of ~~es~x l t s  mere cousiderecl to be of the same iiiagnitutle. 
In  actual practitae a n~nnber  of amino acids were so heavily concentrated on the 

Rrc.rivc.11 for p ~ ~ l ~ l i c n t i o l ~  ;1111? R, I!l.i::. 

l( i7 



c l ~ r o ~ ~ ~ a t o g ~ . a i ~ i s  as to esc.rrcl thc. 111itxi11li111l lill~its (6.06 111g.,,g. c.lieesr) used ill 
the stal~tli~rtl r.n1-ves. Tl1esc1 c.ol~c~c~~~trations were listecl ill thc. 1)1*ese11t tables by 
the notation. >6.06 n~g./g. cheesc. 

RESULTS 

( ' l ~ r o ~ i ~ a t o g r a ~ ) l ~ i ~  11atter11s of the free amino aeicls and reli~tccl ro~i~pou~lcls  of 
fori1ig1i type cheese. in general, were not iunlike those foul111 \\-it11 Cliedtlar cheese 

TABLE 1 
I.'rrr nfrrifrn ciri#ln iff Rfrtstratlinlrr nlrd c70111r.xlir Sic'iw~ rlrrrxr7 

($i1illigraiit8 p r r  gra$it) 

E~nment.l~aler Domcstie Swiss 
QIII~IIO acids and .- 

relnted contpoonds' 1 2 1 - > :< 4 

G l ~ ~ t n n ~ i r  acid 
-4sp:trtic. acid 
Leuczi~te-~netllioni~~e 
Banir 
V n l i ~ ~ c  
Alrn~itle 
(;lut:~n~i~te 
P l ~ c ~ ~ y l n l a ~ t i ~ t e  
Tyrositte 
(:l.~ci~le 
Tltn.o~tine 
Prol i~te 
T y ~ ~ r n i l ~ e  
a-~III~IIO-butyrie  acid 
Jletltioili~~e sulpltoxide 
y - n ~ ~ ~ i ~ ~ o - ? ) u t y r i c  acid 
Aspnr:~gine 
Seri~te 

Flnror Illeel. Blecl. Med. 3Iilql Mil(l Jlil(1 
clt~rrlo])~t~cnt sl. sonr 

' Sotn t io l~  0.00 i~~dien tes  i~lnlrility to o l r t : ~ i ~ ~  detcrtnble n n ~ o u ~ l t  of l):~rtic~ll:~r : I I I I ~ I I ~  :1(~i11 
11. this :~~t:llyticnl ~ i~c t l~oe l  nuil not roulplcte nl)se~lcr of a m i ~ ~ o  :~cid. 

tliu.il~p c~arlier studies ( 8 ) .  Although some clualitatire differences among thrsr 
foreign clieese mere apparent, it was not possible to effecttirely identify cheese 
types by their free a~niilo acid patterns. 

Qnantitatirely, a i l~ i i~o  acicls varied markedly betweell differel~t c11c.cse iu~cl 
cheese types, as sllomil in Tables 1, 2, 3, 4, and 5, r a ~ ~ g i n g  fro111 traces to a~noluits 
g1-eater than 6.06 mg./g. cheese. In  this respect the degree of ripeness of cheese 
within each classificatioil was an iil~portailt factor as the sharper flavored cheese 
~ ~ s u a l l y  sho\veil higher levels of indiridl~al  a ~ n ~ i ~ l o  acids. 

Glutamic acid, lencines, raline, ant1 basic a11li110 acids preclo~uinated in 
most foreign type cheese. l'roline, present in many of the cheese, mas co~isistelltly 
high in the E~~imenthaler-S~viss group and low or nonexistent i n  the Calnembert 
p~.oi~p.  This ohserration rc~gardiiig p r o l i ~ ~ e  ill Swiss cheese is ill accord with 
that of Virtal~en and Iireula (If) who by coiire~ltiolial chemical methods found 
1c~rc.l~ of fro111 3.5 to 6.0 ~ng./g. for aged cheese of this type. Asparagine was 



TA4RLE 2 
Free amivro acirls rtr Roqtcefort aitcl Rlrte cher.sr 

( s ~  illigra?r~s per gi-awl) -- 
Gorgon- Donirstic 

Roqriefort zol:~ Rlrle 
Amino acicls m1t1 

related c o n ~ p o ~ ~ n ~ l s "  1 2 1 I - 3 4 , 

Glutamic acid >6.06 6.06 >6.06 >6.06 >(i.(l(i >B.OIi >6.0(i >G.OG 
Aspartie acitl 0.23 1.48 0.23 1.14 0.46 1.14 0.91 0.14 
Leucine-rnetl~ioni~~ta 5.13 2.85 >6.06 4.90 5.59 3.76 0.97 
Basic >6.06 4.60 1.8(i 0.46 0.23 >6.06 >6.06 1.23 
Valine >6.06 5.36 4.33 >6.06 5.01 5.59 4.67 0.88 
Alanine >6.0(i 0.57 3.76 4 .  2.62 l.il 5.36 0.70 
Glutanlitir 0.91 >KO6 1.30 0.23 6.06 >G.O(i >6.06 0.61 
Phenplnlani~it~ 3.19 0.00 >(i.O(j 0.00 0.23 0.23 0.57 0.60 
Tyrosine 3.65 3.54 1.86 4.33 3.53 3.31 0.57 0.55 
Glyeine 0.34 0.11 0.11 0.34 0.57 0.11 0.23 0.00 
Threoni~~e  2.74 0.00 1.00 0.34 0.46 0.23 0.00 0.00 
Proline 0.46 0.80 3.0'2 0.34 0.57 0.46 3.88 0.13 
Tyramine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
a-a~nino-lmtyric mi11 0.00 0.46 0.00 0.10 0.00 1 . 0  0.00 0.01) 

strong strong strong strong strong strong n~etl inn~ 111ild 
1)i t tn 

" Kot:~tion 0.00 indicates innhility to ol)taili detect:~l>le anlount of pnrticolnr amiuo acid b?' 
thin a ~ ~ : ~ l v t i c a l  nlc.tho(1 and  not co~npletc nbstwce of a111i11o acitl. 

S o  ol~anvation made. 

TAELE :I 
Frcc rr~~rirro ncirls i ~ r  Li~~~brrr!ler rlreese atrt1 ~e lo t r r l  types 

(?nilligmwrs p o  grn 111) -- 

Amino acids ant1 

related c o ~ ~ ~ p o u ~ ~ t l s "  

Glutamic aeitl 
Aspartic acid 
Leuciae-~netl~ioiii~ie 
Basic 
Valine 
Ahnine 
Glutaniine 
Phenylalnninr 
Tyrosine 
Glgcinr 
Threoaine 
Proline 
Tyramine 
a-amino-batyric acid 
Methionine sulpliosirle 
y-amino-bntyrie acid 
Asparagine 
Serine 

Flavor 
rlerelopme~~t 

strong strong nictl. strong nletl. milt1 mild 

" Notation 0.00 indic:~tes in:lbility to ol)tain dctcc.table a n ~ o u ~ ~ t  of particular a1ni110 acid 
hy this analytical n~cthod and not con~l>lete a!)sel~ce of nnlino acid. 



TABLI' 4 
Frrr r~jrtiao ncirln irr rlo$r~estic Gntrccrrtbcrt clrt t sf 

(tjri1li.qrcijr.s per grarji) 

A n ~ i ~ i o  acids :111rl 
relatctl eo~i~po~iiials" 

Glutnn~ir acirl 
Aspnrtie acid 
JJeoci~~r-nirtliioi~i~i~. 
Rasic 
Valine 
Alanine 
Glutanii~~r 
P l ~ e ~ ~ y l a l a ~ ~ i n e  
Tyrosil~r 
(:lyeii~e 
Threoni~~e 
Proliiie 
Tyr:~niine 
a-aoii~~o-hotyric acid 
Metl~ionillr s u l l ~ l ~ o s i ~ l r  
y-amino-butyrie a e i ~ l  
Asparagiile 
Scriue 

Flavor 
dcvclopme~it 

xtroiig 111edi11n1 i11il11 ~i i i ld 
v. ripe opt. ripe 111i11rr ripe niltlrr ripe 

" Sotation 0.00 indicates in:tbility to obtain detectable an io l i~~t  of particular amino acill 
by this analytical method and not complete absence of amino aeicl. 

observetl ill 2111 Eiiliilenthaler-Swiss cheese but incoiisistentl?- so in other cheese 
types. S o  evidence of tryptophane, within the sensitivity limits of the present 
~nc~thoil, \\-as noted but amines such as glutamine and tymmine were present in 
A nnniber of cheese. 

A direct colnparison of total quantities of free ainino acids to flavor intensity 
is iiot possible under conditions of this study. I t  is possible, however, to make 
soine general observations with reference to cheese types and individual anlino 
acid concentration. Data shown in  Tables 1, 2, 3, and 4 indicate surprisingly 
enongh that the Roquefort-Blue and the Emmenthaler-Swiss types contain 
greater concentrations of many of the free ainino acids than either the Limburger 
or Caiiie~nbert types when the cheese are conlparecl a t  relatively similar flavor 
intensities. 111 view of the fact that  the latter cheese historically are associated 
with soft, highly broken-down bodies and pronounced aroma, both normally 
considered as criteria of extensive protein hydrolysis, these results \\-ere iiot 
espected. 

111 the 30 ripened cheese the concentration of indiridual free aniino acids \\-as 
to a certain degree 'elated to  their concentration in  the casein of milk. For  
exanlple, glutainic acid, leucine, and valine are present in largest concen- 
tration in casein. -4s free amino acids in the ripened foreign type cheese, 
these same compounds were also present i n  highest concentration. Bu t  such, 
a relatio~iship apparently does riot hold true for all free ainino acids, as  
intlicatecl by the proline and tyrosine concentrations. 111 casein, according to 



TAB1.F: 3 
Frrv, nrltiao rrrirln ~ I I  sorlte ~~tisrr,llaneo~cx I!/pe clcrtst 

Iittillin~~o?ns vrr nrnst J 

-4nlino acids ant1 1)onlestic Gruy~rc Prilnost 
related eompouacls" Asingo Provolone Gouila Process Type 

Glutamic acid >ti.Oli 0.34 O.:?F >ci.Oti 0.00 
dspartic acid 0.56 0.11 0.15 0.5!1 0.00 
IAeuciae-~~~etl~ionine >Ci.OCi 1.14 0.91 5.92 0.23 
Basic >ti.Oti 2.17 0.00 1.4!1 0.00 
Valine >ij.OCi 0.80 0.13 2.33 0.00 
illaninc 5.39 0.23 0.11 0.52 0.00 
Glutamine 5.06 0.11 0.1 1 0.11 0.00 
Phenplalaninr >ti.O(i 0.11 0.00 I~.!III 0.00 
Tprosine 0.00 0.11 0.15 0.1 1 0.00 
Glpeine 0.23 0.11 0.1 1 0.13 0.00 
Threonine 0.34 0.34 0.011 0.24 0.00 
Proline >6.06 0.23 0.00 2.11 0.00 
Tyralnine 0.00 (1.110 0.00 o.on 0.00 
a-amino-butyrie acid 0.11 0.1 10 0.011 (1.11 0.00 
Metl~ionine sulpl~osi~le  
y-amino-butyric acid >("" 4.22 0.90 1 .X 0.00 

Asparngine >6.06 0.00 2.05 2.26 0.00 
Serinr 3.Oh 11.11 0.1 1 11.1 1 0.00 

Flavor sharp nle~linm mild ~ ~ i w l i i i ~ n  r. niild 
development 

" Xotation 0.00 indicates inability to obtain cletc'ctahle an~oullt of pnrtirular ~ n l i n o  acid 
hg this analytical metllod and not complete absence of amino acid. 

Rogers' Associates (lo), proline and tyrosine rank 3rd and 'ith, respectively, 
among the amino acids, whereas in cheese analyzed in this study their relative posi- 
tions in terms of concentration of free amino acids varied for each from 4th to 17th 
place. These examples, as well as others not presented here, serve only to 
emphasize that partial or complete transforination of many of the freshly split 
snialler molecular casein compounds is an inevitable part of cheese ripening. 

A study of this type is designed primarily to provide more basic inforination 
oil the composition of ripened cheese. It is hoped that information of this nature 
may be found useful at  some later date to investigators working on problems 
dealing with the origin of flavor in cheese. Future investigations using new and 
nlore refined analytical techniques will undoubtedly show the presence of an 
even greater variety of substances as well as more accnrate measurements of their 
concentrations. At the saine time i t  is encouraging to note that substantial agree- 
ment on the natnre of coi~iponnds present in foreign type cheese exists between 
results presented here and those recently reported by Storgarcls and Lindqnist 
(12). 

-1 quantitative estiiuation of the free alnino acids ancl related conipouiids 
of 30 conlmercial foreign type cheese rerealetl that free ainino acids were present 
in concentrations from a ti-ace to more than 6 mg. per gram of cheese with 
glutamic acid, leucines, valine, and basic amino acids predoniinating. 

No foreign cheese type could be solely identified by its chroinatographic 
ainino acid pattern, although some clifferences \\-ere obser~ecl. Hocjnefort-Rlue 
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types and Emmenthaler-Swiss types were distinguished to some extent from 
Limburger and Ca~nenibert cheese types by the greater concentrations of many 
of the individual a ~ l ~ i ~ l o  acids existing in the former cheese. 
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T H E  I)IGESTI131LIl'T 0 1 "  IIONETSUCKLE: (LOiVZC'EKA ~lAIJOXZCA) 
FOR I'E~,ZRIJING ])AIRY RITLLS' 

For  lna i~y years it has been observed by farmers in the southern states that  
cows and certain other livestock often graze honeysuckle (Iionicern japonica), 
especially when other roughage is in short supply. Wild animals and birds have 
been observed to utilize honeysuckle as part of their food supply, especially 
during the winter (1 ,  2, 3, :i, 7), but no published reports hare been found con- 
cerning the value of this plant for ruminant doiuestic aninlals. 

Since there is a definite need for an enlerpenry pasture crop for drought and 
winter weather that is a perennial, is cheap to establish and maintain, and is 
resistant to adverse weather, insects, and diseases, it  was decided to investigate the 
digestibility of honeysuckle as a roughage crop. 

Our srt of ideiltieal twill hnlls of the .Jersey breetl was used in this experiment. 
Three 10-(lay digestion trials were conctucted using clig'stioii stalls patterned 
after plans obtained from the U ~ ~ i r e r s i t y  of Teniiessee Cooperative Project, Oak 
R.idge ( 4 ) .  Each digestion trial consisted of :  ( a )  a ~ ) r e l i n ~ i n a r ~ -  period of about 
.\-I0 days between fecal collection periods, cluring \\-hich a constant intake was 
established withont any weigh-back of the Iloneysucklc, and ( b )  a collection periocl 
of 10 days. Dnring each prriod of the collection intervals the animals consnined 
all the honeysuclzle fed. 

3y0 aliquot satnple of honeysnclile was obtained twice each (lay, and a t  the 
salne time a 3% aliquot saniple of the previous 12-hour feces sanlple \\.as secured. 

The honeysuckle, which was fed as the sole ronghage. was harvested by hand 
each day and fecl fresh to the aninials. Only the tender terminal parts of the 
plants were harvested, and care was taken not to lose any fresh leaves; briars, pine 
needles, d ry  leaves. and foreign rnaterial were rrnlovetl. The b~il ls  were gireii all 
the water they wonld consnine twire daily in a pail. They were \reighed a t  the 
beginning of each trial auil every 5 days dnring the trial. 

All cheinical analyses of the hoi~rysnc~lile and the feces were ~ n a d e  ill duplicate 
in accordance with official methods adopted by the .\ssoc.iatio~~ of Ofieial Agri- 
cultural Chenlists. 

IiKSITI.TS AXD I)ISCI-SSIOS 

I t  was observed fro111 hand botanic-a1 soi.ting that the proportion of letlvrs 
and vine fed was approximately 85 anti lr)',; . ~~esl )e~ ' t iveI~- ,  011 the fresh basis. A 

Rcccirrd for  ) ) l~ l~ l ir .nt io l~  Jll ly 23, 1!)5R. 

' J o ~ ~ r l ~ n l  Pnpcr So. 11 of thc College E s l > c r i m c ~ ~ t  St:ctioa. 
' Prcsc,l~t nclilrr.;.; : r .S .  -\rrnrtl Forces, Korea. 
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TABLE 1 
Chrncical con~position of ho~~e!/s~tckle ant7 f rcrs  

(freslb basis) 

Moiuturc Ash Fat  Protciu Fiber K F E  

Yo (6 5; 7% % % 
First trial IO/ll-lrl/:S 

Honeysuckle 
Feces, Bull 1 
Feces, Bull 2 

Second trial I I/<-ll/lf 
Honeysuckle 
Feces, Bull 1 
Feces, Brill 2 

Third trial 11/211-11/~.!? 
Honeysuckle 61.G 2.G I .5 3.9 10.0 50.4 
Feces, Bull 1 75.4 I .!I 1.s 2.1 6.7 12.1 
Feces, Bull 2 75.4 2.0 1.7 2.1 10.8 8.0 

coilstant intake of fresh honeysuc.kle of 20 Ib. per day was achieved for the two 
bulls during the first 10-clay collecation period. The intakes were "2 Ib. daily 
for the second collectioi~ period ant1 26 Ib. daily for the third period. Tile experi- 
ment was condncted from October 1 to Novelilber 30. 1952. Table 1 shows the 

TABLE 2 
l)i{~~.~tion coeficients and total digrsfiblc n~ctrirntn of ho~tr!/s~trl;lc 

Crude Crude 
Fat protein fiher S FI.: T D S  (frcs11 baais) 

First trial 
Bull 1 
Bull 2 

Second trial 
Bull I 
Bull 2 
Arcrn gc 

Tlrirtl trial 
Bull 1 
Bull 2 
Average 

Ar. for 3 tri:tla 

chemical compositio~l of honeysuclrle and feces during the experime~lt. Table 2 
shows the digestio~l coefficients and total digestible nutrients for honeysuckle. 

No apparent explanation can be given for variability in the digestion co- 
efficients for crude fiber (Trials 1, 2, 3) and crude protein (Trial 2) between Bull 
1 and Bull 2. 

Using Iforrison's 1948 figures (6), it will be noted that the TDN content of 
fresh honeysuckle as fed in this experiment compares favorably with that of the 



following green forages on an equivalent dry matter basis: Berinuda grass 
pasture ; Brome grasses, wild ; Uallis grass pasture ; .Johnson grass pasture ; 
lespedeza annnal, pasture, before bloom; lespedeza, annual, in bloom; and 
timothy, before bloom. On the basis of this limited trial. it seems that honeysuckle 
may offer some possibilities as an emergency green roughage for dairy cattle. 
I t  is possible, of course, that grazing animals would coiisu~ne inore leaves and 
less steins than ofTered in this trial, which might canse scoui.ing. Certainly, 
further research is needed before practical suggestions can be made. 

The bulls remained in good general condition throughout the experiment 
and gained an average of 0.8 lb. per day on an average daily consnmption of 22.7 
Ib. of the honeysuckle. Bull 1 weighed 298 lb. at  the start of the experiment and 
320 Ib. a t  the end, and Bull 2 weighed 304 lb. at the start and 330 Ib. a t  the 
finish of the experiment. 

Three 10-day digestion trials were colliluctecl 1vit11 one set of identical twill 
dairy bulls to determine the digestibility of fresh green honeysnclrle (Lonicern 
japonica).  The average digestion coefficients were as follo~r-s: fat, 22.1; crude 
protein, 66.8; crude fiber, 42.6; NFE, 69.5. The per cent T D S  on a fresh basis 
was 23.0. 
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SLIME FORMATION ON COTTAGE CHEESE 

P. A. DAVIS' AND F. J. BABEL 

Dairy Departa&ent, Purdue Cniz'ersity 
Lafayet tr ,  Indiana 

The forinatio~l of slime on cottage cheese held at  relatively low temperatures 
is oiie of the important bacteriological defects of this product. The rate of 
formation, color, and general appearance of the slime suggest that the defect 
may be produced by a variety of microorganisms. Also, descriptions of the slime 
defect by various manufacturers indicate that the character of the slime, as well 
as the odor of the product, is variable. 

Elliker (2) attributed the slimy-curd defect to contamination of milk froill 
poorly cleaned equipment subsequent to pasteurization. The ropy-milk bacteria, 
Alcaligeltes viscostcs and Aerobact~r  aerogenes, were suggested as causative 
organisms. Parker et al. (3 )  demonstrated that three species of bacteria, Alcali- 
genes nzetalcaligenes, Pseudonzonas viscosa, and Pseudomonas fragi, were respon- 
sible for the gelatinous or slimy curd defect of cottage cheese. Contaminated 
equipment aiid water used to wash the curd were believed to be the important 
sources of the organisms. Limited control of the defect was attained by regulating 
the p H  of the final product. 

This study was conducted to determine the relationship between storage 
temperature aiid production of the slime defect and also to determine the resis- 
tance of the causative organisms to heat and chlorine. Since Parker et al. ( 3 )  
indicated that a p H  below 5.0 was necessary for consistent control of the defect 
and since cheese known to be below p H  5.0 developed slime, it appeared desirable 
to obtain further information on this point. 

METHODS 

1solatio)t of o~~ganisnts. Samples of cottage cheese exhibiting the slimy defect 
were receired froni several dairy plants in Indiana aiid Illinois. These samples 
were plated on tryptoiie glucose beef-extract milk agar, and, after incubation, 
colonies were picked froin the plates, purified, and tested for their action on 
sweet-curd cottage cheese. I11 addition to cottage cheese samples, some isolations 
were made froni various itenis of equipment used in the manufacture of cottage 
cheese in oiie of the plants. 

Detern~inatiora of pH. The p H  determillatioils were made with a Leeds and 
Northrup Type K potentiometer fitted with a quinhydrone electrode and satu- 
rated calomel cell. Samples were prepared according to the method of Sanders 

(4) .  

Received for puBlieation Aogust 7, 1953. 
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Heat resistance. Capillary tubes 8 to 10 cm. in length, 1.5 to 2.0 mm. in 
diameter, and having a wall thickness of 0.15 to 0.20 mm. were aseptically filled 
with 24-hour cultures of the test organisms and sealed. After a definite exposure, 
the content of a capillary tube was emptied into sterile litmus milk. The inocu- 
lated litmus milk tubes were incubated a t  21" C. and observed for growth. 

Chlorine resistance. Cultures tested for chlorine resistance were grown on 
agar slants for 24 hours at  21" C. The growth was removed fronl the slant with 
sterile distilled water and shaken to break up clumps of bacteria; the number 
of bacteria in the suspension was determined by the standard plate count. The 
bacterial suspension (5 ml.) was mixed with a hypochlorite solution (5 ml.) of 
definite strength (determined by thiosulfate titration), and aliquots were re- 
moved a t  intervals into sterile milk. After incubation, the niilk was examined 
for growth. 

Rate of slime formation on cottage cheese lzeld at  variozrs temperatzcres. The 
country-style cottage cheese used for this experiment was manufactured by an 
accepted commercial procedure and had an  initial p H  of 4.77. One lot of curd 
was used for the experiment. Portions of this lot were washed with bacterial 
suspensions prepared from 24-hour cultures of the test orpaiiisnis. After drain- 

TABLE 1 
Eate of slime formation on cottage cheese held at  various tenvperat~rres and 

changes in pH after 5 days at  the holding temperature 

Days required to produce slime at pH of cheesea after 5 days at 
Culture Trial 

No. No. 4.4" C. 10" C. 21" C. 4.4" C. 10" C. 21" C. 

16 1 11 6 2 4.75 4.97 5.37 
2 11 6 2 4.80 4.94 5.37 

Control 1 b h b 4.71 4.70 4.56 
2 b b b 4.75 4.31 4.31 - 

Initial pH of cheese 4.77. 
No evidence of slime in 14 days. 



ing. the curd \\.aslied with a particular cnlture was divideil aillong three sterile 
glass jars and Iield a t  4.4. 10, ancl 21" C. Results of the experinlent are preseiitecl 
in Table 1. 

Of the nine cultures lised in this experiment. seven proiluced slime on cottage 
cheese held a t  -1.4" C. in 7 to 11 days. The same cnltnres procluced slime a t  
10' C. in a period of 3 to 7 days. All of the test cultures prodnced slime on 
cottage cheese held a t  21 " C. in 1 to 4 days. 

The p H  deter~ninations were made on the cottage clieese 5 days after inocn- 
lation of the samples with the test organisms. Samples held a t  4.4" C. stio\ved 
little change in pH,  and those held a t  10" C. either showed no change or in- 
creased in pH. At 21" C. all the inoculated samples showed a definite increase 
in pH,  although the extent of the increase varied with the particular test culture. 

The pH valttes of different areas of slirn!~ cottage ckccse. The slimy defect of 
cottage cheese appears first on the surface. As the aniount of slime increases, it 
gradually extends to the interior of the sample. During early stages of the 
defect, the top of the sa~iiple may show slinie while the bottoill portion appears 
normal. Samples were talzen for p I I  determination i11 different areas of the same 
lot to rletermine how iunifonnly the acid was distribnted. Data obtained in this 
experiment are presented in Table 2. 

TABLE 2 
pH ~.cclues of different areas of slimy cottngc clteese 

pH valaes" of cottage cheese incubated at 21" C. for 

2 days 5 days 
Cult~~re - - 

A-0. Lower area Slimy area Lower area Slimy area 

1 6 4.26 5.00 4.72 6.05 
28 4.17 1.46 4.10 5.09 
33 4.15 4.98 4.16 5.24 
36 4.18 4.54 4.00 5.37 
49 4.24 4.85 4.17 5.32 
50 4.31 4.66 4.35 5.13 

' Initial pH of cheese 4.77. 

Cottage cheese ilioculated with sliiiie-foriiiiiig bactrria ant1 lieltl a t  81" C. 
sho\veil marked di3ere1ires in pII at  the top ancl hottoill of the sample. After 
holding for 2 days, tlie lower area clecreasecl in p I i  while the top portion showed 
both increases and decreases. IIowever, the lo\ver area was always lower in p H  
than the top or slimy area. After holding for 5 days. the lo\ver area was still 
lower in p H  than the original cheese while tlie top or sliin~- area was considerably 
higher. Variations were enconntered with iliffrrent test cultures. 

Nttnrber of bnctevio rrtlded to cottage cheese cqcrcl b!j taaslzing tcritlz coritanlin- 
ated uwter. Since several of the cultures capable of producing slimy cottage 
cheese bilongecl to tlie genus Aerobacter, the ease with which this group is cleter- 
mined inade it seein desirable to cleteriiline the nmnber of bacteria that would be 
added to cottage cheese cnrd by \vashing with contaminated water. In this experi- 
nleiit, 15-02. portions of c-owltry-style cottage clieese were washed with 100 ml. of 



bacterial suspeusious coiltai~ling 2,000,000 to 120,000,000 cells per nlilliliter. The 
number of bacteria retained by the curd varied with the culture enlployecl and 
also with different trials and ranged from 0.0093 to 0.40y0 Aerobacter cultures 
which produced a ropy slinie were retained inore readily by cottage cheese c u d  
than cultures which were noiiropy. 

Ivrfl~rcv~ce of tlre irrrntber of bncteria i n  wcrslr ~cwter  a d  tenoperattcre of iric~c- 
b a t i o ~ ~  on tlze rute of slinze fov)r~ation. Suspensions containing different amounts 
of slin~e-producing bacteria were used to wash cottage cheese curd. After being 
\vashed with contaiiiinated water, the cheese was drained and held a t  10 and 
2J0 C. The three cultures for which data are given (Table 3) belong to different 

TABLE 3 
Zitpttence of the  number of bacteria ia wash water and te?t&peratfire of i~tetrbation 011 

the rate of slime formatioil on cotiagr eltreesea 

Culture No. 

I I I ~ I I ~ > R -  - 47 50  25 

tion Bacteria per nil. of wish water (ntillio~ts) 
Temper- Days 

ature held 37.3 3.72 43.7 4.37 40.0 4.30 

1 Defect nol~e  none none I I O I I ~  none none 
pH 4.73 4.74 4.77 4.71 4.79 4.7'3 

10" C. 2 Defect 11o11e none liol~e 1101ie ]lone nolle 
PH 4.74 4.73 4.75 4.69 4.74 4.73 

3 Defect none none none none none none 
]>IT 4.68 4.64 4.73 4.74 4.94 4.79 

1 Defect putrid none none none none none 
I)H 4.95 4.82 4.73 4.70 4 . i6  4.72 

21" C. 2 Defect slinie none slime none 1101ir none 
PH 4.07 4.16 4.3'3 4.33 4.13 4.17 

3 Dcfect sli~ne sliine slinie slime slimr none 
1,H 4.85 4.45 4.(ii 4.96 4.0!l 4.04 

genera ancl the extent of contamination is ahout the same. The rc~snlts show 
that the slimy defect dicl not occur ill 3 days a t  10" C., even though the cheese was 
washed with water conta i~l i~ lg  large nunlbers of spoilage bacteria. Cheese con- 
tanlinated to the sanle extent and h ~ l d  a t  21° C. tleveloped defects in 1 to 3 days, 
clepending 011 the culture employeti and extent of contamination. All of the 
sainples washed with snspellsions containing the larger nmnber of spoilage 
bacteria produced defects in a shorter time than those washed with a smaller 
number of bacteria. The results further emphasize the inlportance of teiiipera- 
ture in the production of s1iin;v cottage cheese, since the ctefect occurretl a t  
21" C. but not a t  lo0 C. during the 5-day holding period. Slime forniation took 
place a t  less than pH 5 in all trials. 

Heat  resistuirct of slinlc-formi?~g bacteria. Fifteen cultures capable of form- 
ing sl i~ne on cottage cheese were grown in skiinnlilk and tested for their ability 
to snrrive various exposure tiines a t  62.8" C. The data presented in Table 4 
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TABLE 4 
Heat resistance of  bacteria associated with the slime defect of cottage cheese 

Minutes exposure to 62.8" C. 
Cultllre 

No. 0 0.23 0.5 1.0 1.5 2.0 2.5 

sho\r- that all of the slime-forming bacteria are destroyed by short exposures 
to 62.8" C. The most resistant culture survived a 2-minute but not a 2.5-minute 
exposure. Fire  of the 15 cnltnrrs did not survive a 0.25-mi~inte exposure. 
Certain cultnres belonging to the genus derobacter  mere the nlost heat resistant. 

Clrlor.i)lr 1.t sisfnwce of slime-forwring bacteria. Cultures of slime-forming 
bacteria ~vasl~ed froin agar slants and standardized to contain f r o ~ n  1 to 5 inillion 
cells per milliliter were used in this experiment. The cultures were checked for 
their ability to survive exposures of 5, 10, 25, 45, and 60 seconds to chlorine 
concentrations of 5,  25, 50, and 100 p.p.n~. 

Table 5 sliolvs that seven of the 15 cultures survived a 60-second exposure to 

TABLE 5 
Minii~t~rn~ expos~rrr to tlariolrs chlorine concentrations required to destroy cziltnres of s7i.rse- 

prodirrinq bacteria using exposure times of 5,  10, 25, 45, and 60 sec. 

p.p.m. chlorine 

5 25 50 100 
Culture -- 

No. Exposure necessary to destroy culture (seconds) 
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5 p.p.111. chlorine; but the least resistant cultures did not snrvive a 25-second 
exposure. Three cultures survived a 60-second exposure to 25 p.p.111. and two 
cultures a 60-seconcl exposure to 50 p.p.m. None of the cliltures surviveti a 
60-second exposure to 100 p.p.m. chlorine, the two inost resistant cultures sur- 
viving a 25- but not a 15-second exposure. 

Other experinleiits were conducted to determine \idlether hypochlorites or 
chloramine T coinpo~unds added to the wash water wonld destroy slime-forming 
bacteria present on the surface of the curd particles. 111 these experiinents 
cottage cheese curd \\.as washed with suspensiolls of slitne-forming bacteria, 
drained, divided into equal portions, and washed with solutions containing 
definite concentrations of chlorine. A portion of each lot was treated as follows: 
(a )  a single wash with 5 p.p.m. chlorine using hypochlorite or chloramine T, 
(b) a single wash with 100 p.p.m. chlorine using hypochlorite or chloramine T, 
ancl (c) a double wash with 10.0 p.p.m. chlorine using hypochlorite or chloramine 
T. Each wash was allowed to remain in contact with the curd for 10 ininutes. 
The curd was held at 21° C. and observed for sli~ile formation. 

The results of these experiments indicate that it is not possible to destroy 
slime-forming bacteria on cottage cheese curd by washing with hypochlorite 
or chlorai~lil~e T solutions even when the curd is given two 10-ininnte washes with 
solutions containing 100 p.p.m. available chlorine. In  all trials, the cottage cheese 
curd washed with chlorine solutions (leveloped slilne just as rapidly as the control 
cheese which received no chlorine treatment. I11 soine trials, the organisms 
appeared to be stimulated by the chlorine treatment. 

Hypochlorite solutions containing 100 p.13.m. available c.lilorine contained 
from 3.5 to 7.0 p.p.m. residual chlorine after being nsed to wash cottage cheese; 
chloramine T solutions nsed in the same ~l~ai lner  contained 3.5 p.p.ni. residual 
chlorine or less. T h e n  cottage cheese curd myas washed a second time with 100 
p.p.111. of a hypochlorite solution, the amomlt of residual chlorine in the solution 

TABLE 6 
Appearuncc of tlzc slin~c prodlrcrd and generic classijicntio~r of bartr.ria 

capable of forming sli?ne on cottage cheese 

Culture 
Y o .  Type of  slime produced Generic rlassification 

Brownisll watery slime 
Brownish watery slime 
White slime 
White slime 
Deep yellow slime 
White, ropy slime 
White slime 
White, ropy slime 
Greenish brown slime 
White slime 
White, ropy slime 
White slime 
Brownish, ropy slime 
Brown, watery slime 
Brown, watery slime 

Proterrs 
Protells 
Pserrdo?nonas 
Pseudonronas 
-4erobacter 
derobacter 
Pseudonhonas 
Aerobacter 
Pseltdolnonas 
.4cl~romobacter 
Aerobacter 
derobactrr 
Proteus 
Alcaligenes 
Alcaligenes 



ranged from .i to 10 p.p.111. ; chloranii~~e T solntions nsed similarly contained from . 
3..i to i p.p.111. residual chlorine. 

i l p p e a r o ~ i c e  of tlie slinie forwied nlrd generic c lo s s i f i cn f io~~  of tlre bactericr 
enrplo!led in thesc sfrrdies. Table 6 preseuts illfornlation concerning the t - p e  of 
slinle prodnceil by cultures employed in the e spe r i~ne l~ t s  alld the generic classifi- 
cation of the bacteria. Cultures 16, 17, and 65 were classified as belonging to the 
genns Profe irs  ancl all produced a bro~vilish colored sliil~e. Cultures 16 ailcl 17 
were of the salne species. Cultnres 18, 25, 34, atid 42 were Psc~rrlonionas types; 
Cultures 18 a1111 34 were the same species. Cnltnres 18. 23, ant1 34 produced a 
white slinlc a11d C~l l ture  42 prodncetl a greenish-brow11 slime. Cultures 28, 33, 
36, 49. and 30 belollget1 to the grnns Aerobucter .  Cnltnre 28 fornlecl a deep >-ellow L 
slilne; all other A e r o b a c t e ~ .  types f o r l e d  a \~-hite slime that was ropy wit11 all 
cultnres except No. 50. Cnltwes 66 and 67 belonged to the gelins Alcul ige i~es  
and Culture 47 to the gellus Achr.onsobactor.. The organisms were classifietl 
accordillg to ilescriptiolls given in Ho.ge?j7s Mn)~trnl  ( I )  allil by Skerman(5). 

T l l ~  results ohtailled in this stncly enlphasize tlie iniportance of temperature 
ill the formation of sliine 011 cottage cheese. Elvell though cottage cheese curd 
was e s t e l ~ s i ~ r l y  col~taiilil~atetl with slime-for~~liilg bacteria. slinie failed to develop 
on sonle samples held a t  4.4" C. for 14 clays and was not evident on any sample 
~ul t i l  after 7 clays. The rapidity with which the clefect develol~s a t  21' C. snggests 
the use of this t e~ l~pe ra tu re  for keeping-quality tests. Tt is the p~.actice ill soiile 
plants to llolil one or niore packages of cottage cheese from eavh lot a t  a co~istailt 
temperature to ileterllline the approximate shelf life of the proclnct. Son1e mallu- 
facturrrs co~ldnct a keepi~~g-quality test a t  the storage tempcratnre nsed in the 
plant and fail to take illto accolult the fact that cottage cheese frecluentlj- is held 
a t  liighn- t e n ~ p e r a t ~ ~ r e s  on retail routes, in honsehold r~frigerators,  and in retail 
stores. 

The cottage caheese rll~ployecl in the experinieuts n-itll slime-fonilillg bacteria 
had a p H  of approxinlately 4.7. This p H  appears to be about the average for 
cottage cheese nla~lufaetured ill this area. Experi~nents were not earriecl ont to 
d e t e m l i ~ ~ e  whether slilnr was produced faster in cottage cheese' of higher pI-I ; 
the results of I'arlrrr c t  ul.  (.7) indirate that it is protlnced more rapidly a t  a 
higher pI1. Tt was ~loted,  however, that addition of creanl to cottage cheese 
incrrased the p1I 0.26 to 0.33 of a p H  unit, but washi~lg the curd with a 0.1% 
sodinni carbonate soll~tion increased the p H  0.04 to 0.08 of one p H  tuiit. Esten- 
sive growth of the slime-forming bacteria on cottage cheese always resulted in 
ail illc.rease ill pH,  especially in the area 1vhe1.e the slinie was concelltratecl. 
Generally, the first evidence of slime ovc~xrred a t  a lower p H  when the cheese 
mas held a t  10' C. thau \+-he11 it was hcld at 21" C. 81i1ne fornlatioll on cottage 

' 

cheese illcreasetl rapidly after its first appearance. Thc. rapid forillation may 
be dne to the fact that the p11 was niade more favorable by bacterial gl-on-th. 

The extl.eniely low heat resistan<-e of the bacteria associated with the slimy 
tlefect of cottage cheese snggests that the organisms result fro111 post-pasturiza- 



fion containination. as pointc.cl out by l.:llili(~~. (I). ('o~~tniiiiiiatc~tl eclnipine~lt or 
water supplies appear to be likely sourccls of thr  orpailisins. 

Bacteria capable of pi-otll~riilg sliiny c.ottnge cheese were isolatecl froin the 
water snpplies of two plants. Although the results presentetl in Table 5 indicate 
that some of the slin~e-forniing bacteria are rrlatirely resistant to chlorine, i t  
shonld be emphasizetl that the bac.teriai popnlations used in these trials were 
greater than n ~ a y  be espectetl in water supplies. IIo~vever, such populations may 
he present on equipment ant1 coi~tainers reusetl for storage and transportation 
of bulk curd. Relatirely l o ~ r  col~centrations of clilo~.ine hare been efective in 
eliminating spoilage organisins froin the water supply. particnlai.ly in instances 
where the chlorine \\-as injected into the water supply in a manner that per- 
mitted sufficient timcl for clestrurtion of organisms. Chlorination of a water 
sn j~ply  a t  the point of entering the vat or  clilorination in the vat could not be 
expected to acconiplisli the clesired result. 

Bacteria representing five genera were capable of producing slime on cottage 
cheese. Since the samples from ~v1lic.h these organisms were isolated came from 
a rather sinall area. it is probable that other types also are capable of producing 
the clefect. 

The rate of slime forination on cottage calleese inoculated with bacteria capable 
of proclucing the defect \\-as related to the temperature of holding. So~ne cultures 
failed to produce slime a t  4.4 or 10" C. in 14 days. whereas others produced it in 
i to I1 days a t  4.4' C., and in 5 to 7 days a t  lo0 C. All cultiires produced slime 
on cottage cheese held a t  21" C. in 1 to 4 days. 

Cottage cheese having a p H  of 4.7 readily developed slinie when the tempera- 
ture was favorable. As slime formed on a cottage cheese sample, the p H  of the 
slimy area increased. Fowlation of sliine was rapicl after its initial appearance. 

Cottage cheese curd washed with snspensions containing 2,000,000 to 120,- 
000,000 bacteria per ~nilliliter retained from 0.0093 to 0.40% of the organisms. 
Ropy cultures were retained more readily than nonropg cultures. The tempera- 
ture of incubation had greater effect on the rate of slime formation than did 
the number of bacteria in the wash water. 

The bacterial cultures capable of fornling slime on cottage cheese employed 
in this stucly were destroyed by a 2.5-minute exposure to 62.B0 C. Seven of the 15 
slime-forming cultures survived a 1-minute exposure to 5 p.p.m. chlorine ; three 
survived a 1-minute exposure to 25 p.p.m. chlorine ; and two survived a 1-minute 
exposure to 50 p.p.m. chlorine. The two most resistant cultures survived a 25- but 
not a 45-second exposure to  100 p.p.m. chlorine. 

Cultures capable of producing sliine on cottage cheese were classifiecl as 
belonging to the follo~ving genera : Protells (three cultures), Psezcdomonas (four 
cultures), Aerobacter (five cultures), dlcnligo~es (two cultures), and Achromo- 
bacte~ (one culture). 
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A DETAILEI) STUDY OF LEVELS OF CE:R.TAIN 

BLOOD CONSTITTJENTS IN NOR-BZALLY CAIlT'lNG IIXIRY COWS AND 
IN DAIRY COWS WITH PARTURIENT PARESIS '. " ' 

P. J .  V A N  SOEST .IXD T. H. ELOSSEI< 

Dc~]~arlt~tr~itt of 1)airy Scirnrr, Slate Collcgr of TVnsWitrgtotr, P~rll~lratl 

Considerable infonuation is available ill the scientific literature colicenling 
the levels of organic ant1 inorganic constituents in the blood of iiorinal parturient 
dairy colvs and of cows afflicted with parturient paresis (nlilk fever). I t  is well 
established that levels of many of these constituents change as a result of milk 
fever; however, how rapidly the changes occur prior to the appearance of 
symptoms is not known. 

Increased blood levels of magnesium, lactic and pyruvic acids, and glucose 
and lowered blood citric acid have been reported in cows afflicted with parturient 
paresis (8, 14).  The low blood levels of calcium and phosphorus in cows with 
this disorder ha\.e been recognized for many years. 

One of the most detailed studies on levels of blood constituents in cows with 
milk fever was made by Fish ( 4 ) .  This study, as is true of nearly all studies of 
this type, was made during the posttreatment period when the cow was recover- 
ing from milk fever symptoms. This investigator reported increased blood 
glucose and lactose levels after insufflation therapy. The levels of these constitu- 
ents were determined a t  frequent intervals until about 40 hours after insufflation. 
The same author (5) also studied blood calcium and inorganic and acid soluble 
phosphorus after udder insufflation. Levels of these constituents were low at the 
time of treatment and returned to normal 10 to 18 hours after treatment. Blood 
sugar levels, already rather high prior to treatment, continued to increase after 
inflation of the udder, after which they declined to normal levels within 20 to 
30 hours. 

Niedermeier and Smith (11)  also have reported a study in which blood sam- 
ples were drawn from cows with milk fever immediately pretreatinent and 0.5, 
1.5, 3.0, 5.0, 8.0, 11.0, 14.0, 17.0, 20.0, 36.0, and 48.0 honrs postinflation. After 
studying calcium, phosphorus, and magnesium levels under these conditions, 
these authors suggest that relative levels of calcium, magnesium, and phosphorus 
may be more important to symptomatology than the level of any one constituent. 

Ward e t  a2. (14)  determined the levels of calcium, sodium, potassium, chlor- 
ides, pyruvic acid, lactic acid, citric acid, and hematocrit in  cows with milk 
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fever before t~~c~atment  ancl at 5, 10. 15, and 30 days l~osttreatment. However. 
these investigato~s (lit1 not report any extensive stutly of the constituents prior 
to the de\.elopment of synlptoms. 

The purpose of this experilnent was to make a tletailecl study of the changes 
in blood levels of ra~.ious organic* and inorganic constituents in the period imme- 
diately prior to and subseclnent to parturition or the developnient of inilk fever. 
This stntly was tlesignetl to discover when these changes occur as related to par- 
turition ant1 the developnient of milk fever symptoms. I n  oriler that this inight 
be (lone, blootl san~ples were drawn at frequent intervals before. clnring, and after 
partnrition in both normal ant1 milk-fel-er colvs. 

Two groups of co~vs \VC'IY chosen for this exl)e~*inlent. One group of four 
cows hat1 a history of recurrent milk fever, and the other group of fonr coivs 
hail no previons history of illilk fever. More speaifically, cow 2116, a mature 
.Jersey ant1 co~vs 237, 243. and 259, nlatlire Holsteins, hacl prior histories of milk 
fever. These cows varied in age from 71/2 to 11 years. The other four cows in 
this study were 309 and 311, 3-year-old Holsteins, and 3063 and 3067, 3- and 
4-year-olcl Guernseys, respectively. The plan was to take blood samples f r o n ~  
these colvs a t  30, 15. and 10 days prior to calving, and daily beginniilg 5 days 
prior to calving. When a cow was thought to be within 12 hours of partarition. 
sanlp1c.s were taken every 4 1loul.s until parturition, after which time they wcrr 
talten erery 3 honrs for 24 hours. 

Blootl was drawn for analysis every 6 hours for the succeeding period of 24 
ho111.s. after which san~ples were taken daily until 5 days postpartum and subse- 
cluently a t  10, 15, and 30 (lays postpartnm. The blood sa~nples were taken to a 
chemical laboratory for analysis. The above procednre was found to be reason- 
ably satisfactory. IIo~vever. tlifficulty was experienced in accurately predicting 
the clay and hour of c.alving. This resnltecl, in some cases, in a paucity of pre- 
partum data. 

1:lood samples were drawn from the external jugular rein a t  the specified 
times. Two 1.5-1111. centrifuge tubes were fiileil a t  each collection. In one of tllr 
tubes. heparin \\-as nsed as an anticoagulant; the blood in the other tnbe r\*sb; 
allo\ved to coagulate. From the heparinized blood a Folin-Wu (Tungstic acid) 
protein-free filtrate and a trichloroacetic acid filtrate were preparecl. The 
Polin-11-11 filtrate was used for the glucose analyses and the trichloroacetic acid 
filtrate for the pynlric acid analyses. A portion of the heparinized blood \\-a* 
nse(l for the hematowit determination. The remainder \\,as centrifnged to obtain 
the plasma for the phosphorus dt.termination. 

Tlie tube in \\-hiah the blootl was allowed to coagulate was centrifngetl ;111cl 
the serulll was l.eniove(l for calci~un determination. The sa~uples \\-ert. refrirrc'lxtctl 
\vitllill 1 hour after taliing. For  the blood ghicose a11d pyruvic acid. the clrtt.1.- 
lllillatiolls \\.ere carrietl out within a few hours after the salngles \yere dralvll. 
r~Thc, lnc>tllotls of analyses used were, for calcinn, that of C'larli and Collip (.7/ : 
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for phosphorus, that of Fiske and Subbarow (6); for glucose, that of Benedict 
(1); for pyruvic acid, that of Friedman and Haugen (,7): and for hematocrit, 
that of Wintrobe and T,andsberg (15). Statistical analyses mere made according 
to Snedecor (12). 

RESUI,llS AND DISCUSSION 

Data are given on eight cows-two Bnerilseys, fire Holsteins. and one Jersey. 
Blood levels of various blood constitllents were determinecl pre- and postpartum, 
according to the proposed plan. The bloocl data by constituents are given for 
each cow in Figures 1 to 5. The data are presented in this way in order to 
facilitate comparison of normal and milk-fever cours for any single constituent 
studied. 

Cow 2116, a .Jersey, was observed through two partnritions. She exhibited 
symptoms and was treated for milk fever at  both parturitions. All of the other 
cows were observed through only one parturition. Cow 237, a Holstein, exhibited 
symptoms and was treated for illilk fever. Thus, three cases of milk fever were 
available for this study. The other cows did not show any clinical symptoms of 
milk fever and appeared to be normal. However, co\vs 243 and 259 mere put in 

PRCPARTUM TIME OF POSTPARTUM 
CALVING 

C11:1ngc>s ill l~loocl levels of glucose i11 milk ferer, l>o~.~ lrr l i~~e ,  nncl 11orl11a1 
nrnr pnl.turitio~~. 

cows during 
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FIG. 2. Clialiges in bloocl levels of pyruvie acid in milk fever, l~orderline, and nornial corns 
during the perioil near parturition. 

a separate group in analyzing the data, since the drop in their blood calcium and 
phosphorus was much liiore marked than that of the other normal cows. The 
procedure of designating such animals as "borderline" has been used by other 
investigators (2). Both the borderline cows and the cows showing milk fever 
symptoms in this experiment had previous histories of milk fever. None of the 
four normal cows hacl such a history. 

Cow 2116, in her first lactation studied (designated as 2116A), became 
unsteady and depressed about 4 hours after parturition and 3 hours later ap- 
peared very weak. However, 1 hour later she had apparently recovered and 
was eating and behaving normally. At  28 hours postpartum this cow went down 
in a semi-comatose condition. At  this time the udder was inflated and a partial 
recovery occurred, but 5 hours later the cow had relapsed and could not rise. 
A calcium borogluconate injection was then given, and a prompt and complete 
recovery resulted. I n  the second parturition studied (designated as 2116B), 
symptoms of milk fever developed prepartum, and after treatment with calcium 
borogluconate, the cow rapidly recovered and calved normally. 

Cow 237 began to show some weakness 13 hours postpartum. By 17 hours post- 
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partum the cow was unable to rise. Three and one-half hours later the cow was 
treated with calcium borogluconate, and complete recovery ensued. 

Figure 1 shows trends in whole blood glucose associated with parturition. 
In cows 2116B and 237, separate peaks in blood glucose occurred, which were 
associated with the development of milk fever. I n  these cows the glucose was 
the highest a t  the onset of the symptoms and remained a t  a high level, declining 
as recovery occurred after treatment. However, in cow 2116A and the borderline 
cows, 243 and 259, the blood glucose reached a high level after parturition and 
declined precipitously to a very low value and then rose again. In cow 2116A, 
this was associated with the spontaneous recovery from milk fever symptoms. 
As has been mentioned, however, this cow later relapsed. In cow 243, the total 
decline in blood glucose level in 24 hours was 76 mg. c / , .  Possibly this pattern 
may be indicative of some response to the condition of impending milk fever 
whereby that condition is avoided. 

A very marked rise in pyrnvic acid (Figure 2 ) ,  which was generally associated 
with the rise in glucose, was noted in all cows. The rise in blood pyruvic acid 
began about 24 hours prepartum. Blood pyruvic acid levels were considerably 

PREPARTUM TIME OF POSTPARTUM 
CALVING 

FIG. 3. Changes in blood serum levels of calcium in milk fever, borderline, and normal cows 
during the period near parturition. 
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higher in the colvs exhibiting syinptoiiis of inilk fever than in nornlally calving 
con-s. This isbin agreeinelit with the finclings of Ward e t  al. ( I f ) .  I-Iowever, the 
IeveIs found in nor~nal cows in this study seemed to be some~vhat higher than 
those reported by Ward et  (17. 

Between the 7th and 4th clays prepartnm, cow 309 showed an unexpectedly 
high level of blooil pyrnvic acid. This is difficult to explain, since from outward 
appearances the cow was not abnormal. I t  is perhaps worthy of note, however, 
that this cow had a foreign body operation about 4 months after calving. It is 
possible that this co~v was suffering from the foreign body near the time of 
parturition ancl that the pressures arising as a result of pregnancy caused some 
temporary cliscomfort. Furthermore, this cow was difficult to bleed during the 
first few days in which sainples were taken daily. The excitement associated 
with bleeding inay hare contributed to the elevated pyrnvic acid levels. 

Figures 3 and 4 sholr-, respectively, blood levels of calcium and phosphorus in 
the co~vs studied. The most noticeable difference betweeii the cows with illilk 
fever and the borderline cows as compared ~vi th  the norinal animals was the 
progressive and rapid clecliiie in blood calcinn and phosphorus in the former 
group from approxiiiiately 30 hours prepartum until a few hours postpartum, 

PREPARTUM TIME OF POSTPARTUM 
CALVING 

FIG. 4. Changes in blood plasma levels o f  phosphorus in milk fever, borderline, and normal 
cows during the period near parturition. 
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or until the development of inilk fever symptoins. A great deal of detailed data 
were secured from co\v 2116,1, for a t  that partnrition blood samples were drawn 
hourly from 2 hours prepartuin until 9 11olli.s postpartum. This cow was not 
treated until 31.6 hours postpartnm, but for the fell, hours near parturition she 
apparently was warding off an  impending attack of inilk fever. No blood plasina 
phosphorus deteriniiiatioiis were run on this cow. Tt is apparent from studying 
blood calcimn levels of 2116,1 in Figure 3 that this cow seemed to  "bounce" 
clolvn to her low lerels of caleinm. Blood glncose levels (see Fignre 1) also 
sl~owecl very erratic behavior ilnring this period. 

In  order to emphasize the (1ifferencc.s in bloocl levels of certain constituei~ts 
between cows with milli fever ant1 normal co\\,s, correlations between glucose and 
pyrnric acid, glucose ant1 pl~osphorus, a i ~ d  pl~osphorns and pyrnvic acid were 
calculated. In  making these calculations, the data were divided so that  analyses 
of blood froin normally calving cows were in one segment of the data and those 
fro111 milk-fever and borderline co\vs in aiiotlier. Only data for samples taken 
fronl parturition to 48 hours postpartuin were used in the calculations. 

111 the data for co~vs wit11 inilk f e ~ e r  and borderline corns, \vIie11 the between- 
cow differences were remo~-ed, the correlations were, for glneose and pyruvic! 
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acid, +0.47; for glucose and phosphorus, -0.84; and for phosphorus and 
pyruvic acid, -0.59. All of these correlations were significant a t  the 1% level 
of probability. In  the normal group contrasting correlations were obtained. All 
of the correlations were positive and only one of them, that between glucose 
and pyruvic acid (+0.39), was significant, and that only at  the 5% level of 
probability. The correlations between pyruvic acid and phosphorus (f0.24) 
and glucose and phosphorus (+0.11) were of lower order and not significant. 

Interpretation of these differences is difficult. It seems, however, that blood 
pyruvic acid parallels blood glucose in both milk-fever and normally calving 
cows. This situation is not true in ketosis, where the blood glucose is low and 
the blood pyruvic acid is high. 

The lower orcler and nonsignificant correlations of glucose and pyruvic acid 
with phosphorus seem to indicate that in normal cows the inorganic plasma 
phosphorus moves more or less independently of these two organic constituents. 
However, the significant negative correlations between these constituents in cows 
with milk fever illustrate the consistency with which these constituents change 
in relation to one another. 

The hematocrit data are presented in Figure 5. I n  most of the cows studied, 
the level of hematocrit was higher during parturition and later declined, so that 
by 10 to 30 clays postpartum, values were lower than at  any other time in the 
study. There were no important differences between milk-fever, borderline, or 
normal cows in the levels of hematocrit. The high hematocrit values at  parturi- 
tion might be explained on the basis that during the short period near the time 
of parturition water intake may be low. Furthermore, Ward et al. (13) have 
indicated an increased volume of urine on the day of parturition. This may 
enhance the hemoconceutration. It is a well known fact that lactating cows 
consume more water than nonlactating cows. This increase in water consumption 
may account for the decline in hematocrit in the period following parturition. 

I n  view of the high blood glucose and pyruvic acid and also the glycosuria 
(10) and increased nitrogen excretion reported in  milk fever (9) ,  the similarity 
to the effect of the injection of adrenal hormones suggests an adrenal involvement 
probably as a response to the stress condition occurring. Thus, one could hypothe- 
size that at  the time of parturition there is an increased level of corticoid hor- 
mones in the body as a result of stress. This in turn would create the hyper- 
glycemia, glycosuria, and increased nitrogen excretion also found when adrenal 
cortical hormones are injected. 

The elevated blood pyruvic acid demonstrated here both in normally calving 
cows and in cows with milk fever has been reported to occur also in cows with 
ketosis and also in humans and experimental animals under varied stress con- 
ditions such as physical exercise, diabetes mellitus, and thiamin deficiency. 

Although certain of the conditions occurring in parturient paresis can be 
explained on the basis of adrenal activity, no research has been reported to 
relate the adrenals directly to calcium and phosphorus metabolism. Thus, the 
influence of the adrenals on the occurrence of milk fever in parturient cows is 
not known. 
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Experimental results hare been presented on eight cows in nine parturitions 
in a study of the changes that occur in levels of whole bloocl glucose and pyruvic 
acid, serum calcium, plasnla phosphorus, and hematocrit, during normal ancl 
abnormal parturitions. 

11 markedly increased blood glucose and blood pyruvic acid were noted in 
all parturient co~vs. Increases associated with the development of milk fever in 
three cows also mere noted. The level of pyrnvate associated with milk fever 
was considerably higher than that associated with parturition. Erratic declines 
in blood plasma phosphorus and serum calcium were noted in cows that exhibited 
symptoms of milk fever. Smaller declines were noted in two borderline cows. 
Normal cows showed slight declines in these constituents. 

Correlations between blood glucose and blood plasma phosphorus and between 
blood pyruvic acid and blood plasma phosphorus were negative and very highly 
significant in the milk fever and borderline cows. These same correlations were 
positive and not significant in normal cows. The correlations between blood 
glucose and blood pyruvic acid were positive and highly significant for both 
milk fever and borderline cows and for normal cows. 

An increase in the level of hematocrit was noted in all cows a t  the time of 
parturition with a gradual decline in the postpartum period. Generally the 
hematocrit level was lower in all cows a t  15 to 30 days postpartum than a t  any 
other time in the study. No important differences were noted in the hematocrit 
data between normal, borderline, or milk-fever cows other than the expected 
individual differences. 
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THE EB'FEC'T ON MILK AN11 V.lT 1'ROI)UC"l'lOS O F  ISJECTIOXS O F  

OX'I'TOCIS ,\T AII,TERNATE lCI )AIT  1'ERIODS DTRISG LACTATIOS ' 

1 ) .  G. SPI:ATS. VIa:AI:I. R.  SYITII. \I-. .I. I'YI,El:', .\SIB 0. T. FOSOA'I'I.:' 

I)r.)~~rrlrrrtrrt of I)c~ir!l Hrrxbnrrtlry, Z't~r~.r~rait!l of Il'inc~orrxirr 

. ~ f a ~ l i ~ f ~ 1 1  ~ I I I ~  

1:rrvr t r ~ r  of I)frir!/ Itrfl~rxlr!~, L'. 5. 1)c~~tccrtirtc~trt of .Igricrtlt rrr'r 

ll~nxkirr.qton, I ) .  C. 

811 injection of osytocin after a thorough ~lornial ~nilking catises a more co~n- 
plete eracuatio~i of the 1iian1111ary gla~ltl ( 1 ,  ? ,3 ,  ti, 7 ,  8 ,  11).  Milk retained in the 
ndcler after a nonnal niilkirig is kno\vn as residnal milk, and in ~ l o r ~ n a l  cows it 
represents 12 to 207 of the total yieltl ( I ,  2 .3 .  7 ) .  

The amount of residual milk is proportional to the yield and thus varies 
directly with the stage of lactation (o' .7,11).  A difference has been noted between 
breeds (11)  in the amount of residual milk. The amount of milk obtained a t  the 
first subsequent nor~nal   nilk king after an  injection of oxytocin is reduced by 
approximately the same amomlt as the additional milk obtained a t  the previous 
millring (:;. 7 ) .  Thus, it appears that a rather constant amount of milk is re- 
tained in the uilcler after a nor~nal  mill;ing, and evidence presented by Ailams 
ant1 Allnl (1) indivates that the fa t  not obtained a t  one milking is removed a t  
the subsequent   nil king. 

The ii~nonnt of resiclual niilk is tlirectly influenced by the con~pleteness of 
response to the n~ilking sti~liulns. If the st in~ulus is inaclequate, then the response 
is i~~complete. Any c.ircun~stanc.e a t  the time of milking that distracts the cow 
results i l l  a less complete rniptying of the udder, with a concomitar~t increase in 
the anioullt of resiclual nlilk ( I ,  I,?). Sonle \vorkers have reported that  colr7s 
\vhicll c.11ronically fail to respond adrquate1)- to a normal milking stimulns lack 
in persistency (8, 9). Since increased intraalveolar pressures have an inhibiting 
effect on the synthesis of milk ( 5 .  10) .  lack of persistency has been explained on 
the basis that residnal 111ilIi ~o l~ t r ibn te s  to higher pressures. thereby inhibiting 
milk secretion ( 8 ) .  

The 7)urposc of this stutly was to ascertain the eflect 011 milk and fat  proilnc- 
ti011 of injt~cations of osytoc.in (Inring alternate 2-meek interrals throughout lacta- 
tion wit11 c.o\vs that prerionsly Ilatl s l ~ o ~ v e ~ l  lack of persistency and with normal 
co\vs. 

Rrceirr(1 for ])uhlic.f~tioi~ Augl~nt 13, I!b5:3. 

'Pnbliwl~rd with t l ~ r  :111l)rov:ll of the Uirrctor of tllr W i s e o i ~ s i ~ ~  - \gr ir~~ l t~ ir :~ l  Esl)crin~cnt 
St:ltiol~. A rol~triltutiol~ from tllc W ~ R F O I I S ~ I I  Agricultural Expcrinlr~~t  Stntio~l a s  n colln1~or:itor 
u~ldrr tlrc Sort11 Ccl~tr:~l H c g i o ~ ~  eoo~~rr:~t ive  ~>rojeet ci~title(l " I n ~ p r o \ - r ~ ~ ~ r i i t  of Dairy (':~ttle 
'I'lrroogl~ Rrrc~ l i~~g-S( '? ,"  ro1111urtrrl in roo])c'r:~tion wit11 the B t u m ~ t  of 1):lil.y Il~tlnxtry, 
IT.S.D.A. 

'Agt>~lt of tl~c. I:~II.P:III of 1):lir.v T I I ~ ~ I I S ~ ~ ? .  

1!13 



ESPERIMENT.\IA PROCEDURE 

Seven cows in the Emmons Blaine, .Jr., Experimental Farm herd a t  Lake 
Mills, Wisconsin,  ere nsed in this experiment. Two of the cows, No. 55 and 56, 
half-sisters, had demonstrated a lack of persistent:- of protluction in the second 
lactation by drying off spontaneously a t  277 and 265 days, respectively. The 
first three lactations of cow 102 were characterized by lo\\- ~~roduction.  The other 
four cows were relatively high producers with recortls consistently above herd 
average. Each cow hat1 a pre1imina1.p period prior to being subjected to a control 
or experimental period. Four of the cows were subjecteil to a control period 
before an esperimental period, and the other three were subjected to treatment 
of an experimental period before a control period. Each cow was milked through 
ten experimental and ten control periods. The length of the preliminary period 
was dependent on the relation of the time of calving to the beginning of a period 
and rapidity of recovery from calving. Ten I.U. of osytocin were injected intra- 
jugularly immediately prior to each milking during esperi~nental periods. The 
normal millring proceclure practiced during control periods consisted of washing 
and massaging the udders sereral niinntes before attachment of the machines. 
The cows were ~nilked twice daily and marhine stripped. The first day of each 
period was considered transitional. Single samples were taken from each milking 
on the transition days, day 2 and day 14. A coinposite for each period was made 
u p  of an  aliquot sample froin each milking on days 7, 8. and 9. All samples mere 
tested for inilk fat  by the Rabcock method. 

Mean milk production by 13-day periods (the day of transition was omitted) 
for each cow is presented in Table 1. A composite mean for each period, each 
lactation, and co~nposite lactation also are presented. Without exception, the 
01-er-all mean milk production was higher for experilnental periods than for 
previous or subsequent control periods. The mean differences between experi- 
mental and control periods for individual cows ranged from 0.7 to 7.0 lb., with a 
composite mean of 3.6 Ib. per day per cow higher for the experiniental periods. 

I11 Table 2 are presented the nlean milk and fa t  production and the butterfat 
percentage on specific days of the experimental and control periods throughout 
the lactation. There was an  increase in mean milk production from the transition 
or first day of control periods through the 14th day of the experimental periods. 
The mean difference in milk production between the 14th day of the experimental 
periods and the transition clays or first days of control was 7.8 lb. This marked 
difference was apparently the result of the retention of milk by the udder. 

The mean per cent of fat  was lowest on the day of transition from experi- 
mental to control and highest on the day of transition from control to experi- 
mental. Mean f a t  production followed the same pattern as the per cent of fat. 

I n  Table 3 is presented the weighted mean per cent of fat  for the control and 
experimental periocls. These values were obtained by multiplying the per cent 
of fat  of the aliquot samples taken on days 7, 8, and 9 of each period by the 
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aiiiount of lliilli prodnced on those clays. The per cent of fat  was 0.063 higher 
for the experiiiiental periocls. IIo\\-c~rer. the clifferrnce was not statistically sig- 
nificant (P > 0.05. < 0.10). 

TAR1.E :< 
Il~r~i,i11tf1~17 r t r ~ ~ t r t r  per. c.r.11 t o f  fitt for. cotttr.01 it1117 r~.r)t~~ritrrc.ttt~~l prriorlx 

('o~\. SO. F:sl>cri~l~c.~it:~l Coatrol 

T.\RLE 4 
Fat ~rr.oi7rrrtiotr t.rro~r7x of rotrx rrsr~rl it1 tlrc r . r~ t~r i r t t~~t t t  i117,jttnt1.(7 to  ( I  JI.8:. b0.vi.v 

Cow So .  

Prorlurtioll 
for 

c.sprrinle~ltnl 
I:~rtatio~l 

Production 
for 

prerrclil~g 
1:lrtntion 

JIenn productiol~ 
of all other 
Iartn tions 

(Ib.1 /% ) 

The 305-clay lactation recortls for the co\w in the experinlent are presented 
in Table 4. The amount of butterfat produced while the cows were on this 
experinlent is coiiipared with the fat  production of the preceding lactation, as 
well as with the Iliean fat production of all prrrious records. All records were 
adjusted to a niatnre ecluiralent basis using the Holstein-Friesian factors given 
in the 1953 report of the ])airy Cattle Breeding Co~nmittee a t  the 48th annual 
meeting of A.D.S.A. The nic.ali differenre between the records made on experi- 
~nen t  and in the precetlinp lactation was 49 lb.. whereas the difference between 
the iiieaii of all prerious records of these rows and the record made on the experi- 
nieiit was 46 lb. Both of these differences are statistirally significant. 

Cows 55, 56, ant1 102 were those \$-hose previous history indicated poor 
persistency. and they have shown the largest increases in production. I t  may 
be argued that since they were low producers in earlier lactations, some regression 
to the herd arerage would be experted. On the other hand, if regression was 
important in the case of the above three c.o\'s, one might expect cows 34, 68. 
and 97 also to regress to the liertl arerage. They actually showed an  increase 
of 18 lb. over their precetl i~~p recaorils and 33 lh. iiiore than tlie mean of all their 
previous records. 
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The mean number of services required per conception prior to the experi- 
mental lactation was 1.80. For the experimental lactation, 1.43 services were 
required per conception, which resulted in a calving interval of 13.0 months. 
Thus, oxytocin as administered in this study appeared to hare no effect on 
conception. 

DISCUSSION 

I t  is difficult to cleterlnine the effect of a treatlnent when the only standard 
of colnparison is a previous lactation, since production is affected by age and 
environment. Consequently, this experiment was designed with relatively short 
alternate experimental and control periods within a lactation. However, even 
in a lactation the effect of stage of lactation has to be taken into account. Those 
cows, No. 34, 55, and 102, with the greatest mean difference in milk production 
between experimental and control periods had an experimental period, with 
natnral relatively high prodnction, prior to a control period. Furthermore, the 
last control period of a cow that commenced with an experimental period occurred 
2 weeks after the last experimental period at  a stage of laetation when production 
normally falls OR rapidly. Thus, there is a productio~l advantage to whichever 
periocl occurs first in a lactation. Consequently, the mean difference in milk 
production of 3.6 Ib. per cow per day between experimental and control periods 
is probably conservative, since four of the seven cows started their lactations 
with control periods. 

In order to rompare the effect of oxytocin injections on persistency, the 
mean production at biweekly intervals of all lactations for all cows was plotted. 
Injections of oxytocin did not appear to affect persistency as judged by these 
comparisons. The actual level of production for cows 55, 56, ancl 102 for the 
experimental lactation was considerably higher than for previous lactations, but 
the rate of decline was not appreciably different. Oxytocin injections main- 
tained these three cows a t  a higher plane of production without affecting 
persistency. 

The mechanism responsible for the increased milk production when a cow 
is injected with oxytocin is not known. Perhaps oxytocin has a favorable stimu- 
lating effect on the physiological processes involved in lactation, or the effect 
may be purely physical. The more romplete evacuation of the udder by use of 
oxytocin may be the stimulating factor. 

SIIMMARY 

The effect of an intravenous oxytocin injection at  alternate 14-day periods 
on milk and fat production of seven Holstein-Friesian cows during a lactation 
has been studied. Mean daily production per cow during the injection periods 
was 3.6 lb. higher than during control periods when the transition day was 
omitted from each period. The per cent of fat  in the milk was not significantly 
different between the experimental ancl control periods. 
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-1 J I O D I F I E I ~  P E R 0 S I I ) E  TEST FOR 1)ETECTIOS Ob' 
LII'ID OXIDLITION I N  DAIRY PRODUCTS 

Osi t la t io~~ of 111ilk lipids is of major illlportance to the dairy ilidustr.~. A 
hilllpl(1 ob.je(~tive ~nethoil of lneasi~relne~lt u-ould facilitate control procednres. 
The modified ferric t h io rya~~a te  method of liills and Thiel (3) for estimating 
fat peroxitles yielcls very satisfactory results on butter oil, but obtaining an  oil 
salnple from Ilomogenized fluid products is very difficult, if not impossible, a11c1 
even rhnrning of nnho~nogenized cream is a laborious procedure. Furtlle~.more. 
it is not possihle to secure a sufficiently high concentratioii of oil in the benzene- 
~nethanol solvent proposed for the extraction of clw nlilk. This is especially true 
of poxv(1ers of lo\\- peroxitle content. 

17arions snrfare-active agents have been snccessfnlly employed to liberate 
fat fro111 lllilk anil cream ( 1 ,  2, I, 5,  6 ,  7). The work reported herein mas under- 
taken to invc~stigate the possibility of utilizing such an agent to secure butter 
oil ]lot only from fluid milk bnt also from reconstitutecl tlry milk for the estima- 
tion of fat l>crosicles by the ferric thiocyanate method. 

('rrttl.ifttgc7. A Rabcaoc.1; l l~ac l~ i~ le  is satisfactory, or any ce~~tl- ifuge that will 
receive the cream test bottles employed in the procedure m a -  be used. 

R o i l i ~ ~ g  vcwtel. both. A metal container holding water a t  a depth of about f,Y2 
in. a ~ ~ d  heated on a gas plate is satisfactory. 

Co?tsto~it tantparot~rre wotev both,. The bath should be equipped with a stirrer 
ant1 shonld be thermostatically held a t  50 & 0.2" C. 

S~)actroplrofonttter. A Coleman Model 11 Universal Spec.tropl~oto~~~eter ancl 
13 111111. s i ~ n a r ~  clivettes were used. 

(I'1nsstr~o1.c. Standard 9-g.. 50% crealn test bottles, 0.3-n11. Ost~vald-Folin 
pi1,ettes ant1 10-1111. glass-stoppered volnllletric flaslrs. All glassware must be 
free of iron or osiclizecl fat. Thorough washing with a detergent such as "Sepco," 
rinsing wit11 distilled water, ant1 oven drying just prior to use yield the nlost 
satisfactory rclsnlts. .Itltlitional glassware is required for the preparation of thr  
stanclarcl cnrvc.. 

RDZ Rcogc'rtf ( 5 ) .  Thirty g. of Triton X-100 ( a  nonionic snrfare-active agent 
nlanufactured by the Rollnl and Haas Company, Philadelphia. Pa.)  and '70 g. of 
.;ocliiim tetraphosphate are made u p  to a volnme of 1 1. \vith distilled water. 
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1'el.nxirle h'cagents (3). 

n )  Benzene-methanol solvent. -1 mixtm-e of 70 volnnles of thiophene-free 
bel~zene and 30 volumes of C. 1'. nlethanol is employed. The benzene is redistilled 
and the methanol is dried by refluxing for 4 h o ~ ~ r s  with magnesin~n ribbon ( 5  g. 
per liter) followed by distillation. 

b) Ferrous chloride solution (approximately 0.011 61) .  Hydrated barium 
chloride (0.4 g.) dissolved in 50 ml. water is ailcled slowly with stirring to a 
solution of 0.5 g. of hydrated ferrous snlfate ill 50 rnl. water. Finally, 2 ml. of 
10N hydrochloric acid is added. The precipitated bariunl sulfate is allowecl to 
settle, and the clear solution is decanted into a brown glass bottle and stored in 
a refrigerator. A11 reagents should be as free as possible of ferric iron. 

c) Standard ferric iron solution. Iron wire (0.250 g.) is dissolved i11 26 ml. 
of 10hT hydrochloric8 acid and oxidizetl with hydrogen peroxide. The excess 
peroxide is boiled off and the sollltion tlilnted to 250 ml. with water. 

(1 )  Ammoainm thiocyanate solntion. Thirty p. of this salt is clissolveil in 
water ancl made to a roll~me of 100 ml. 

PIIEP.\RATION OF THE STANDARD CCRVE 

For  the preparation of the standarc1 curve, appropriate aliqnots of the stand- 
ard ferric iron solution (containing 1 mg. of ferric iron per milliliter) are first 
diluted to 100 ml. including sufficient 10N IICl to bring the concentration of 
the acid to approxi~nately that used in the ferrous chloride solution. One-half ml. 
portions of the tlilnted stantlard iron solntions are added to 50 ml. volmnetric 
flaslis ancl inade np to the mark with the benzene-lnethanol solvent as indicated 
by the details in Table 1. After vigorous mixing, a 10-1111. volunletric flask 

TABLE 1 
Prr))coatin~t of xtn~ttlnrrl vtrr.t.r. 

Volulne of IOS II('I 
. \ l i ~ l ~ ~ o t  of stock Fc ' i ~ ~ r l u c l ~ ~ l  in 1lilutc11 I lollcll. of PC 

.IIIII. ~ l i lo tr~ l  to 100 1111. Fc-.' s o h .  111 1111. of s o l r ~ l ~ t  

is fillecl to the nlarli with the iron-solvent mixture ant1 olle drop of almnoaium 
thiocyanatr reagent is added. After closing with a glass stopl~er. the flask is 
rigorously sbalren ant1 imlacdiatelp placed in a water bath a t  .50° C. for exactly 
2 minutes for color tlevelop~nent. The tenlperature of the eolored standard is 
l o ~ r e ~ ~ d  to approsinlately roo111 te~nperature during about 2 ~ninntes in an ice 
bath. Finally, the nlisture is transferrecl to a cnvette and the light transnlission 
is detern~il~ecl a t  .505 mp with the instrnineut adjusted to 100'/; transmittance 
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with the benzene-methanol solvent. When the logarithn~ of the per cent trans- 
mittance is plottecl against the microgralns of Fe+++ per 10 ml. of solvent, a 
straight line is obtai~led, indicating close adherence to Beer's law for the con- 
centrations used. 

PROCEDURE 

A. Isolation of t71e fa f .  
1. The proper alnol~nt of sample is added to a 9-g. 50% cream test bottle. 

The amotult of prodnct required varies, of course, with its fat  content, but the 
follo~ving hare prored satisfactory: 

a. Flnid whole (inclntling homogenized) milk : 25 5111. 
b. Cream : 9 1111. 
c. Condensed whole ~n i lk  : 9 ml. 
cl. Dry whole ~ni lk  : 8 g. powder dispersed in 15  ml. distilled water. 

2. RDI reagent is next added in sufficient quantity to bring the contents 
to within about jh in. of the base of the neck. The sample and reagent are well 
mixed. 

3. The bottle is placed in a gently boiling water bath for 4 minutes. Dnr- 
ing this period the saniple will show signs of oiling off. Nore BDI reagent is 
then added until the graduated portion of the neck is approxinlate1y half full. 
The bottle is then replaced in the bath for 3 more mi~lntes, after which i t  is 
ccntrifupecl for 1 minute in a Bahcock centrifuge. 

4. The oil is tempered by returning the bottle to the water bath for 3 
minutes. 

B. Detel./~ri~tafiolt  of pevoxide vo l~re .  The method employed in determining 
the peroxide ralue of the isolated milk fa t  is essentiall- that of IIills and Thiel 
(3) .  

1. il 0.5-1111. san~ple of the tempered butter oil is re~norecl from the cream 
test bottle with a 05-ml. Ostwald-Folin pipette and placed in a 10-ml. standard 
taper rolnmetric flask. After the addition of benzene-methanol to the mark, the 
stoppered flask is inverted several times to  dissolre the fat. This mixing must 
not be postponed and conibined with the next step in the procedure. 

2. One drop of ferrons chloride, follo11-ed by one drop of ammonium thio- 
cyanate reagent, is added to the mixture in the flask and the flask shaken vigor- 
ously to disperse the reagents. 

3. The color is developed and the light transmissioli cleternli~~ed as indi- 
cated for the preparation of the standard cnrve. 

4. A fat  blank should he run  on the sample of the milk fat. A 0.5-ml. 
sample of oil is handled in precisely the same manner except that no ferrous 
chloride reagent is ailded. 

5. A reagent blank, determined by the above procedure and omitting the 
milk fa t  addition in Step 1, should be run  periodically to check for possible 
deterioration of the reagent. The ferrous chloride reagent should be discarded 
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when the transmittance on the reagent blank decreases appreciably below that 
of freshly prepared reagent. 

6 .  I t  is convenient to express the peroxide value in terms of milli-equiva- 
lents of oxygen per kilogram of fat. I n  making this calculation, the per cent 
transmittance for the blanks must first be converted to micrograms of iron per 
10 ml. solvent by means of the standard curve. The net value for the unknown 
in terms of micrograms of iron per 10 ml. of solvent is then calculated by sub- 
traction of the sum of the fat  and reagent blanks. 
Then : 

Peroxide value - Net Fe per 10 ml. 
(as 111. eq. O,/kg. fat)  g. of fat  used X 55.84 

Selectio?z of the de-enaf~lsificr. The reagent recently proposed by Sager and 
Sanders (5 )  for determining the fat content of milk was chosen to prepare the 
inilk fat, since it was the only reagent of the various materials tested that would 
effectively de-emulsify both fluid milk and reconstituted dry whole milk. 

E f e c t  of BDI reagent on peroxide valzce. The use of this reagent for securing 
the fat  sample apparently has little effect on the resulting peroxide value when 
compared to the churning and oiling-off technique for obtaining a sample of fat. 
This is indicated in Table 2. 

TABLE 2 
Conr1)arison of the prroxidr ~alzres of oil srocved front crcniit by  

churning and by de-entitlsification with BDI wngrnt  

Peroxide value 
(nt. eq. o f  oxjlgra per kg. of  f a t )  

Sample S o .  I .  11. 111. IV. 

Fat from butter 0.214 0.220 0.247 0.180 

Fat fro111 BDI reagent- 
de-emulsified cream. 0.196 0.209 0.238 0.192 

Oililtg-of time. The time that the sanlple and de-emulsifying reagent remain 
in the boiling water bath is not critical since, as shown in Table 3, the limits of 
5 and 15 minutes in the bath produced similar peroxide values. An oiling-off 
time of 7 minutes was found to be adequate for every type of sample tested and 
was selected to standardize the procedure. 

T.4BLE 3 
Erec t  of "oili?tg-of" tti~tie in tltr bat11 on the prro.tide ralrte of fresh cream 

Time in 1)a th Peroxtle value 
( ~ l ~ i n i t t e s )  (?if .  eq. o.z!/qes prr k ~ .  f a t )  



Mensltret)~e)tt  of tlce oil b y  rrtcnrrs of  n pil)cttr .  If the centrifuged oil is firqt 
tempered for 3 n ~ i n l ~ t e s  in the boiling water bath, escellent accnrac>- is obtainecl 
1)y nleasuring tllc fat  sa~llple by nicans of an Ost~valcl-F'olin pipette rather than 
by ~veighing it. One pipette will s11ffice for an unli~nited nlulnlber of detenuiua- 
tions if it  is t l i o ro~g l~ ly  rinsed b(~t~vet~n sa1111)les with acetone, followecl by drying 
with an aspirato~o. Five successive O..j-inI. aliquots of oil \\'ere foll~ld to deviate less 
than O.2F from the average valuc of 0.4285 g. This results in a considerable 
saving of time when a large ~lmnber  of samples are to be analyzccl. 

R ~ ) ~ ~ . o ( l ~ r c i b i l i f ! j .  The  neth hod has good reproducibility, as illnstratecl by the 
data in Table 4. 1)rterniinations were made on four separate aliqnots of oxidized 
whole nlilk by ear11 of three operators. The best results were obtained by Oper- 
ator 1. who hat1 consitlerable previous espericnce with the method. bnt there are 
are only two cases in which the i~i(li~riclnal valnes deviate from the mean by more 
than 3%. 

'l'.\RI>E 4 
1:~~)1rrrr/11i~ibilit!/ of Ikr ))ro))oxr.il ~~rorctlriri* for i l c t r ) . t #~ i r ! i~~g  fnt pr7).o.(.ifl,.~ 

Pcrosidt. rn111t.n (111. PC/. O L ! I . ~ O I I  ))cr kg. f a t )  

~~~~~~t o f  cu~rccritr .ofio,~ of ferrotrs chloritle ,.engcrtt. IIills and Thiel ( 3 )  sng- 
gestecl clilution of the ferrous chloride soll~tion to 20% of its original concentra- 
tion for use wit11 n~i lk  fat  low in peroxide content. Although such dilution ]nay 
increase the sensitirity somewhat, it  myas observed that  a single sample of fat  
gave tlifferent peroxicle values if aliquots were analyzed with dilutecl and undi- 
lutetl reagent. 111 order to ascertain the effect of the ferrous iron concentration on 
the perosiiie val11e. soll~tions were prepared containing 20, 100, 200, and 300% 
of the ferrous iron taoncentration of the original ferrous chloride reagent (ap- 
prosin1ate1~- 0.014 .I!). The concentration of l~ydrochloric aeicl was 11eld constant 
ill a11 of tl~cxse solutio~~s.  Results ob ta i~~ed  with these reagents are sho~vn in 
Table 3. 

Since there was little tliffere~~ce ill the peroxide value on Creanl San~ple  I, 
an escellent ~111i3lif. prodt~ct, when using diluted or full-strength ferrous chloride. 
it seemet1 advisable to use the full-strength solution on all samples analyzed. 
Increasing the co~~ee~l t ra t ion  of the iron beyond that  rccommenclecl for the full- 
strength iron sol~ltiou gave no values sufficiently higher to justify their use. I t  
was also noted that the concentrated ferrous chloride reagents cleteriorated Illore 
rapidly than (lit1 the recommended concentration. 

Apl)lirnfio?l o f  prwgosed method t o  d r y  nzilk. There is a definite increase in 
the perosicle content of milk fat  c111ring the luanufactnre of dry  whole milk, as 
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TABLE 6 
Tlre rffect of cofrcr~itr.atro~l of the fcrroits cltlorirle ~ e a g u ~ r t  011 ilrc 11cro.rrrle rallies of 111i1k f a t  

( f ts inq 9 . 5  rial. oil ycr 10 1111. s o l ~ e i ~ t )  

Concentrat011 of 
ferrous cl~loride Peroxide values (lit. eq. o.rypen per tp.  f a t )  

reagent a s  ppr ceut 
of IIills & Thiel reagrnt' Fluid milk Cream Dry 111ilk 

TABLE 6 
T11e i~icreaxe an f a t  peroxides dltrinp the ~rta~lufactvre of dr!l tclrole lililk 

Peroxide value" Peroxide 1-nluel 
S:I nlple Sample 

So .  Raw milk Dry milk S o .  Ran- 111i1k Dry nlilk 
- - 

3 0 0.132 0.360 40 0.14'7 0.188 
3 1 0.132 0.209 41 0.142 0.172 
32 0.132 0.163 43 0.142 0.176 
33 0.142 0.205 4-4 0.142 0.151 
34 0.140 0.172 45 0.159 0.246 

" As 111. eq. of osggen per kg. of fat .  

shown by the data in Table 6 for 10 lots of dry milk. Furthermore, preliminary 
results indicate that most, if not all, of this lipid oxidation occurs during the 
drying step in the manufacturing process. 

The use of a nonionic detergent (RDI reagent) for breaking the einulsion has 
been found a satisfactory means of obtaining fa t  for estimatioll of peroside value 
by the ferric thiocyanate method. The procedure is applicable to milk, cream, and 
condensed and dried milk products. It appears to be veq- satisfactory for routine 
control purposes. I ts reproducibility and sensitivity are escellent. 

This paper reports research undertaken in cooperation wit11 the Quartermaster Food and 
Container Institute for  the Armed Forces and has been assigned S o .  44.5 in tlle series of paper$ 
approved for  publication. The views or conclusions in  this report are those of the authors. 
They are not to be construed as necessarily reflecting the views or e~idorsement of the Depart- 
ment of the Army. 

The support of the Minnesota Institute of Researcl~ also is gratefollp nckuo~vledgeil. 
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GROWTH CII,lR.AIC'TERISTICS OF STREPT0C'OC'C'-1L PHAGES IN 
RELAITION TO CIIEESE JI.1SUFACTrRE 

A group of pure strains of Rtreptococcl~s crencoris and Streptococctcs lactis 
selected for their lack of interrelationship in  phage reactions has been in use in 
over 200 commercial cheese factories in New Zealand for about 8 years (8). 

I t  has been found in commercial practice, even when all practicable measures 
to exrlnde phage infection are taken, that some cultures cannot be used for more 
than 1 or 2 days in succession without serious risk of failure through phage 
infection either (a) of the starter culture during the course of its preparation or 
/ b )  of the starter during its growth in the cheese curd in the vat. Some cultures. 
however, are much less liable to infection and may (with the appropriate safe- 
guards) be used daily over long periods without a similar risk of failure. 
Graclually it has become clear that these apparent differences in snsceptibility to 
infection are due to the differences in the levels of air-borne phage infection, which 
normally becomes established in commercial factories for the different cultures. 
These levels are in turn r'elated to the concentrations of the phage which ap- 
pears in cheese whey even when cheese manufacture proceeds normally. A 
consideration of all the data led to the hypothesis that the concentration 
of phage developed in cheese whey under conditions of minimal initial in- 
fection depends on the two main growth characteristics of a phage race, 
viz.. (a) its latent period or minimum length of time from infection of bac- 
terial cell to lysis and ( b )  its burst size or average yield of phage particles 
per infected bacterial cell (1, 2). 

The experiments to be described in the .present paper were designecl to test 
this hypothesis, which, if true, would provide a rational explanation for the 
behavior of the various cultures in cheese-making practice and serve as a guide in 
the search for cultures less liable to infection than the majority under cheese 
factory conditions. 

EXPERIMENT.\L MATERIAL 

C~cltztres. The cultures used co~nprised seven strains of S. c~.emoris,  most of 
which have been in use as cheese starters in New Zealand for niany years. They 
were selected in the first place for their high acid-producing activity in milk, 
for their capacity to withstand exposure to a temperature of 37" C. with a 
minimum of damage (9), and for their lack of relationship to one another with 
respect to a series of lytic phage races. The strains were maintained in daily 

1tccei.c-ell for pn1)lieation August 24, 1953. 

' Fulhrigl~t sc.11ol:ir. Prcscllt address: Depart~llellt of Dairy ant1 Food Industries, U~lirersity 
of IVisco~~si l~.  lI:~lli*o~i. 
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subculture a t  22" ('. in sterilized slriininilli. Tllrongliout the experiments the 
initial inoculnm (unless otherwise indicated) consisted of 0.1 ml. of the 24-hour 
clotted milk culture per 9 ml. of medium. 

Phages. Six clistinct phage races corresponding to s is  of the streptococcal 
strains were usecl in the experiments. The phages were originally isolated from 
cheese whey taken from rats  in which the cultures were in use as starters. 
For the seveilth culture, IVL,, three distinct phage races (easily distinguishable 
on the basis of plaque size) mere available. The phages \\-ere prepared in the form 
of whey filtrates ancl stored in  the refrigerator a t  5' C. (For convenience in 
description in this paper the phages are na~ned after the strains they attack, e.g., 
h p  is the phage which attacks strain HI'. But this is not to be taken as implying 
that the phage races have a unique relationship with the organisms, each of 
which m a -  be susceptible to attack by several different phages, as is ML,.)  

PART 1. 

.lIetliorl 1rscv1 for t l e t c r ~ ~ t i ~ t n t i o ~ r  of faclta o f  g r w o t h  of p l ~ o g c .  I11 order to obtain 
a general picture of the characteristics of the different phages under conditions 
similar to those ~vhich exist in a cheese vat, the following experimental method 
was used. X series of six tubes (9  ml.) of sterilized skiininilk was inoculated 
with culture at  the rate of 0.1 ml. per tube (giving a bacterial infection of 
the order of 20 n~illions per milliliter). To each tube was aclded 1 ml. of a dilution 
of the specific phage containing a relatively sinall number of phage particles, not 
exceeding 3.000 in an?- csperiment. The titbes \\?ere incubated at  30' C. At hourly 
intervals one of tlie cultures was taken for assay of its content of phage and 
bacteria. A direct connt of the bacteria llilder the microscope was made on 
suitable dilutions of tlie culture. For the phage assay a set of serial 1-in-10 
dilutions in ~ ~ a t e r  \\-as prepared. Drops taken with a standard loop (0.004 ml.) 
from these dilution tubes were placed on inarked areas on the surface of an agar 
plate n~hich hacl jurt previously been spread with a mat of the appropriate 
organism. The plate \\-as incubated overnight at 30' C. Clear areas or isolated 
plaques appeared on tlie bacterial mat where the phage had acted. The results 
were recorded cliagra~liiiiatically, giving a pictnre of the rate and extent of phage 
develop~nent over a period of 7 hours. This experimental niethod was designed 
to give phage-growth results similar to those which might occur in a cheese vat 
where a strain of streptococcus in use as a starter became infected, a t  the 
beginning of the provess, ~ ~ 4 t h  a sniall a ino~i~l t  of a phage capable of attacking the 
organism. Such an illfeetion is in fact liable to occur regularly i n  practice, e.g., 
from the air or from incompletely sterilized eqnipment, whererer a given culture 
is in claily or even illtermittent use in a factor?- over long periods. 

RESULTS 

The results obtained \\-hell sillall amounts of phage \\-ere added to cultures 
of six strains of streptococci in inilk are shown in diagranlmatic form in Figures 
1 and 2, the darli areas corresponding to areas of lysis or to plaques. The right- 
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PHAGE TITRE la la a 16s18*C~ElA 
W RS. 

hand column gives the ~iuiilber of bacteria (in inillions per milliliter) in the 
cultures as deternlined by direct colult micler the microscope. The following 
coliclusions inay be clra~~i1. 

( 0 )  The several phage races showed illarlretl differences in rate of develop- 
ment. Phage wl,, was by far the iiiost rapid ill grolvth, ~.eaching its ~naxinluni titre 
in 3-4 hours, whereas phage qls, was still iilcreasiiig ill titre at  7 hours. The other 
races mere iatennecliate between these two iu  their rate of development. 

(b) Both slow- and fast-developing phages reached final titres of the same 
order since the fast phages (e.g., nd,) lysed all the bacteria in the culture within 
3 or 4 hours and hence could not develop further, while the slow phages (e.g., us,)  
coiitiilued to develop on the bacteria for over 7 hours. 

( c )  With phages hp and r, there mas ericlelice towards the end of the expcri- 
ment of the nlultiplication of bacteria resistant to the phage. 

The general characteristics of the phages as clisclosed in the experiments, 
tended to corresponcl with the ililpressions gained cluriilg the use of the cultures 
as cheese starters. Cheesemakers had fomicl that some of the cultures were 
more liable than others to phage infection dtu.ing the course of starter preparation 
or manufacturing procedtue ailcl hence \\-ere lnore difficult to handle in com- 
mercial practice. I11 particular, as an estrenie esample, culttn-e JIL, had proved 
so "unreliable" that its use as a coininercial starter had bee11 cliscontinued. 
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Culture R,; also was ~ I I O I Y I ~  as an ulireliable starter \vhereas Ii and Z-S, were 
less liable to infectioli ancl conseqneilt failure. So far as could be judged, there- 
fore, making allowance for the impossibility of stating in definite ternis the 
general experience of the cheesemaker, tlle lerel of "reliability" of the sis cultures 
could be correlated, at  least to sonie extent, with their bcl~avio~. i l l  ~ililli i l l  the 
presence of trace of a specific phage. 

So far only a broacl picture of the characteristics of the rarions pllagc. races ' 

had been obtained. There was a multiplicity of factors operating undcr tlie 
experiliiental conditions used. The large excess in nninber of bacteria over 
nuniber of phage particles at  the beginning of an experinlent meant that the 
processes of infection, multiplicatio~i of phage within the bacteria, lysis lvith 
liberation of a crop of phage particles, and rcinfection of further bacteria. could 
be repeated until all the barteria in the cnltnre had bee11 infected. The rate of 
developnient of phage wolild depend partly on the length of the latent period 
between infection and lysis, ancl partly oil tlle bnrst size or average number of 
particles liberated from each lysing organis~n. Ent the supply of bacteria to 
serve as a substrate for phage growth would depenil on the rate of multiplication 
of the organis~iis. A slow-gro~ving strain would so011 be "overtalten" b- tlie 
phage, whereas a fast-growing strain would snrvire longer and thus yield a higher 
final concel~tratioli of phage. Ilultiple i~~fection of s o l ~ ~ e  of the bacteria in the 
later stages of the process might reduce slightly the yield of phage. 

The results so far describecl give, therefore, merely a laboratory parallel to, 
ant1 a rough quatitative measure of. the colnplicatecl sequence of events follo~ving 
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infection of a starter with phage in the cheese rat. It then becaine llecessary to 
undertake a inore cletailecl investigation of phage growth in an attempt to 
disclose the precise reasoils for diflei-elices in behavior between phage races. 

Illefliocl ~tsecl for. t l e t e ~ * ~ ~ ~ i i / r r t i o n  of latellt period alrd birvst size. Several of 
the \*ariable factors in the fol.egoing experiine~its were eliminated in the technique 
used for tleterminatioil of latent period and bnrst size of a phage. The essential 
featnres of the techniclne were: ( a )  infection of a few of the bacteria in a culture 
\\-it11 one phage particle to each bacterium, and f b )  dilution of the infected culture 
to such an extent that fresh phage particles procluced when the bacteria burst 
were unlikely immediately to infect a further group of bacteria. I11 so far  
as i t  mas possible to attain this state of affairs, estimation of ( a )  the minimum 
time from infection to lysis of the bacteria and (b) the average "crop" of phage 
pal-ticles from a single bacteria, was possible. IIeilce the parts played 
by latent period and bnrst size in cleterinining the rate of clerelopmeizt of a phage 
race could be defined. 

The basis of the technique used \\-as taken fro111 Adaiiis ( 1 ) .  The proccvlure 
was as follo\rs : 

( a )  A tube of lactose-yc~ast-phospliate (L.T.1'. ) broth ( I) was inoc.nlated 
froin the stock skinllnilli culture of the appropriate strel,tovoc.c.al strain and 
incubated at  30° C. for 7 hours. 

(b) One ml. of a clilution of the phage ~ ~ r ~ p a r a t i o i i  in saline was aclcled to 
the 7-hour broth culture, and an adsorption period of esaiatly 10 inii~~itcs at  
30" C. was allowed. 

(c) The tube of cnltnrc \\-as sp1111 ill the centrifuge at 4,000 ia.l).ill. for 10 
ininutes. The supernatant, containing niladsorheil free phage, \\-as porn-etl of, 
and the nlixture of infectecl aild iioiii~ifected bacteria \\-as resusl)encletl in 9 1111. 
of sterile broth. 

(d) A series of 3-in-10 tlilutions of the phage-infectecl bactc~rial snsl~r~rsion 
was made in sterile skimmilk. The dilutions were held at 30° C. i l l  a water 
bath. At  precise intervals, tinled froin the illoillent of original i i i f~ct io~i  with 
phage, drops (0.02 ml. by calibrated clropping pipette) \\-ere talcen fro111 one 
or Inore of the dilutions, iilixed on the snrfaccl of an agar plate with a sinall i1111omlt 
of a heavy broth emulsion of streptococci, and spread over the agar surface. 
The plate also had previously beell qpread with a drop of lllilli cnlturc~ of the 
streptococcus. The plate mas incubated overiiight at 30° C. 

f e )  The phage plaques which appeared on the bacterial inat 011 the plate 
were counted. Froill the counts, the latent period and bnrst size of the 11hage 
race were calculated. 

During the course of each experimeiit, plaque c'otuits were ii~adc to dctci.nliue 
the total number of phage particles added to the aclsorptioli tube aiicl the 
aumber of particles remaining inladsorbed in the supernatant fluid after centri- 
fugation. The number of iiidividual bacterial cells and of chains of streptococci in 
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the adsorption tube m-as determinecl by direct count under the niicroscope. Froiia 
these figures estimates were made of (o) the percentage of tlie phage particle:, 
adsorbed on the bacteria, ( b )  the multiplicity of infection of the bacteria and of 
the chains (i.e., the ratio of number of adsorbed phage particles to iiu~iibers 
of individual organisms and of chains), and (c) the probable percentage of 
bacteria and of chains infected by more than one phage pal-ticle. , 

In  settling the experimental details for determination of burst size, the 
difficulty had to be faced that streptococci occur as chains, the length of chain 
varying with the strain. This characteristic of the organisms meant that ~vheil 
the relative numbers of bacteria and phage particles to be used in a reaction mix- 
ture were being considered, i t  was desirable to aroid not inerely nlnltiple i11- 
fection of individual orgallisins but multiple infection of chains. Two infectect 
organisms in a chain mould yield a t  the start only one plaque in the plate connt, 
whereas after a burst, double the expectecl number of plaques would appear. 
thus giving a false result for the burst size. I11 all the experinients, therefore, 
the number of chains of streptococci in the culture was countecl and approximately 
one tenth of this number of phage particles was aclded to the adsorption tube. 
With all the cnltnres investigated, an adsorption period of 10 ii~inutes at  30' C. 
resulted in adsorption of over 907h of the phage, and. accorcling to a Pois40n 
distribution, approximately only 5% of the chailis \\-as infectecl ~vitli more t11in1 
one phage particle. Serial dilution of adsorption inixtnre (after ren~oral of 
the unadsorbecl phage by centrifugation), usually to 10 < 10 '. and 10 ", gave 
dilution tubes from which plaqne counts were macle at intervals. There was 
evidence in some of the experiments of a second crop of ~ h a g e  particles after 
the first bnrst. This may have been another c.ollseclnenccl of tlie spatial 
arrangement characteristic of streptococci, since it is ~r idei i t  that no matter 
horn far a st~.eptococcal culture is diluted, the organis~iis in a chain remain in 
close proximity to one another, and particles liberated froui a bnrst of one 
organism in the chain are more likely to infect the other organisills than thry 
~vould be if the organisms were individnally clispersecl tliron~liout the fluid. 

In  spite of these limiting factors, it was fonnci possible, over a long series 
of experiments. to obtain repeatable results which indicated that the various 
phage races had characteristic latent periods and burst sizes. 

The results obtained in representative experiments are given in Figure 3. 
The results for the latent periods were i~cca~~rate to within 5 minutes on either side 
of the values qnotecl. The burst sizes mere calculated f ro~n  eight to tell valnes 
given by sainples taken from the dilution tnbes during the latent period and 
a ~oi.~espondiiig eight to ten values given by samples talreii dnring the steady 
15 to 20 minutes period after lysis of the infec*tecl bacateria was complete. The 
standarcl error of the average bnrst sizes is inrlicated ill the figure. The bnrst 
size valnes are subject to the reservation that plaque con~lts may be low because 
of failure of some phage particles to derelop. The precise details of the platiiig 
tcclmiqi~e are lancr\vn to affect the nmlibers of placlnc< \vl~ic.l~ derclop fro111 a 
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giren llllniber of phage particles (the "efficienc- of plating") (2 ,  7). The method 
used in the present 11-orlr was acloptecl after a series of preli~ninary trials had 
shorn11 that, of several modifications, it gave the highest values. 

From the curves it is clear that among the six-organism-phage combinations 
there were significant diffel.ences in both latent period and burst size. The 
extrenles in latent period mere 40 nlinntes for ml,, and 90 minutes for us,. The 
burst sizes ranged from 21 for k to 77 for Irs,;. 

Z?tfltrc~?ce o f  t en ipowt~rre  oit latettf  pe~iorl  r n ~ d  btrrst size. ,111 the above 
experiments were carried out at  a temperatnre of 30' C. In order to determine 
~vllether tenlperatnre of iucnbation influenced either burst size or latent period, 

FIG. 4. EA'ect o f  inen1)ntion tenrpcrwtnre 011 1:ltellt period and I~nrst size. 
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solne experinients were carried out wit11 strains V L ,  and R and their correspond- 
ing phages a t  three temperatures, viz., 2'z0, 30°, and 37" C. Figure 4 gives 
sollie representatire results. 

I11 agreement with the finclings of Ellis and Delbrucli (2) ,  the results indi- 
cate that the latent period is significantly reduced by rise in incubation tempera- 
tnre within the range 2%' to 37" C. At 37" C'. phage k failed to give any burst in 
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the dilutio11 tubes. Hunter (3) also observed that several phages for the lactic 
streptococci failecl to grow a t  3 i 0  C., although the bacteria \\-ere capable of gro\vth 
a t  that temperatnre. A test on the supernatant fluid in an  aclsorption tube 
containing strain Zi and its phage after a 10-minute adsorption period a t  3 i 0  C'. 
indicated that the phage \\,as not adsorbed to a significant extent. Strain XL,; in 
colnnlon with Inally other strains of S. cre~noris (3. ci), \\-as founcl to be some- 
what inhibited in growth and acid production a t  3 i 0  C. IIence the shortening of 
the latent period of phage nd,, with rise.in temperature bet~veeu 30' C. and 37' C. 
cannot be directly coniiectecl with the bacterial gro\i7tli rate but is an indication 
that the phage has an optilnun~ temperatnre diff'erent from that of the substrate 
organisms. 

The burst sizes were not significantly influencetl by c*l~alige in illcubation 
temperature. The higher value for ml, a t  3'i0 C. is not outside the range of 
standard error. 

Actiogh of difevent p l ~ c ~ g e  races 071 one bactcricrl st~wirr. In the later stages of 
the work there happened to become available three distinct phage races which 
were all capable of attacking strain ML,. The three races could easily be cliff'er- 
cntiated on the basis of plaque size. One of the races formed pin-point plaques 

FIG. 5. 1,ntcllt gcriods rind 1)urst sizes of two p l ~ : ~ g r  r:letBs :teti\.c- : ~ p i ~ i ~ l s t  011e strel>tuec~cc:~l 
strain. 

which were too sniall to enable plaque co~uits  to be made under the conditions 
of burst size experiments. The curves in Fignre 5 clra\vn fro111 the results of 
typical experiineilts 011 the other tn70 races inclicate clearly that  both latent 
period and burst size are characteristics of the streptococcal phage race and 
not of the substrate bacteriluln~. 

DISCUSSION 

The original object of the T V O ~ ~ Z  was to find a complete esplanation of tlic. 
fact that sonle strains of S. cvewroris, usecl as starters in cominercial cheese fac- 



tories, mere more liable to phage ilifection aiid consequent failure than were other 
apparently similar strains. The primary explaiiation was already known, viz., 

( a )  Where strains of streptococci are in regular use in factory cheese vats, 
phage races capable of attacking theill are always present i11 the cheese whey. 
Normally, if adequate precantioiis are taken, tlie phage concentration is not 
high eiioligh to cause failure of the starter. 

( b )  Under such conditions the phage races for the illore "seiisitive" or "un- 
reliable" strains usually reach a higher titre in the r a t  \rliey than that  reached 
by phages for less sensitive strains. 

(c) A higher pliagca titre i n  tlie \\-hey results in a higher air-borne infection 
and thus there is  greater probability that the starter cultnre will bccoine infected 
011 subsequent usage. 

The present work has slio\vii that  the clifferent phage races have characteristic 
rates of developmelit i n  milk cnltnres. The laboratory resnlts gave a rough 
cluaiititative measure of the rates of derelopment of the phages and explained 
i11 a general way the cliffereiices be t~\een cnltnres in sensitivity to phage iilfection 
in coinnlercial cheese-making practice. 

Determillation of latent periods and burst sizes of the phage races appeared 
to provide a reasoliable fmidamental explauatioii for tlie differences observed 
in rates of phage clevelopment. A shorter latent period or a higher burst size 
necessarily leads to a more rapid prol~agation of phage and to a higher final 
titre. provided that  there is an  adequate nliiniber of bacteria on which the phage 
niay act. Fo r  the six main phage races ilivestigated, latent periods (a t  30" C.) 
raaged froin 40 minutes to 90 minutes aiid burst sizes froin 21 to 77. ,\ siinple 
calcnlation shows that within these ranges of ralnes, latent period has inore 
influence on rate of phage propagation than has burst size. Thus although u s ,  
has a high bnrst size, its long latent period makes i t  one of tlie more slowly 
developing races. The rapid rate of development of ml, is due iiiainly to i ts  
short latent period; its burst size is not so high as those of r,  and kh. The two 
factors. latent period aiid burst size, can, of course, act i n  a compensating inanner 
to gire two phages, with quite different characteristics, a similar rate of develop- 
ment. Thus k and ? i s ,  gire a similar final result i n  milk cnltnres, the shorter 
latent period of k apparently compensating for its lower burst size. I n  summary, 
therefore, a consideration of latent period and bnrst size, with clue regard for 
the greater effect of latent period, enables one to predict the rate of developnient 
of ilifferent streptococcal phages under cheese vat  conditions. 

The isolation froin cheese whey froin different sources of three apparently 
clistiiict races of phage for strain IUL, raises the interesting point tha t  a phage 
race isolated in  a cheese factory does not necessarily bear a lulique relationship to 
the straiii of orgaiiisiii on which i t  acts. Although in  this paper the races have 
been clesigiiated h p ,  k, etc., as a matter of conveiiience, i t  must be remeinbered 
that there inay be inally phages capable of attacking each strain. Iluilter (6) 
reported that  in conlinercia1 practice strain HP was generally attacked by one 
particlilar phage race which seernecl to have a preferelitial relatiollship with the 
strain;  but the three clifferelit races ~ ~ l i i c h  attaclred strail? ML; Tvere all isolated 
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from cheese whey obtainecl fro111 ~videly separated sources. Evidently there is 
no special relatio~isliil> of one phage \\-it11 JlL,. Tlie ve1.y ditferent characteristics 
of the two races ~vliicli \yere in~estigated iii~licate that the "reliability" of .ML, 
as a starter \voultl tlept>ntl 011 \vl~icli of the t\vo raeeh brcanie established in a 
given factory. 

.1 phage race cal)able of attackil~g a streptococcal stmiti often can be isolated 
fro111 cheese \v l~e~-  very soon after tlie culture has been i~ttt.oilncc~tl into a factory 
and before any phage-failure of tlie starter has occnrretl. rn i le r  such circrnn- 
stances a deterniiiiatioii of the latent periocl and burst size of tlie phage shonld 
(presuming our hypothesis is correct) enable a predictio~i to be made of the 
relative ease of maintenance of the starter culture untlei. commercial conditiot~s. 
There are several qualities which have to be considered in the selection of cnltures 
for use in Cheddar cheese manufacture. but for ease of ~ i i~ i i r t t r~ ia~rce  of tlie culture 
it seems desirable that the phage race or races \vliicli niay attack it slionltl have 
long latent period. and if possible, low burst size. 

Under the conditions of coiniiiercial clieese ~nanufac.tnre sonie strains of S. 

wentoris were more liable than others to phage infectio~t. This greater chance 
of infection appeared to be connected lvitli a niore rapit1 tlevelop~uent of certain 
phage races, leading to a higher concentration of phage in tlie cheese ~vliey aiicl 
hence to a higher degree of air-borne phage infection. Tlie observecl characteristics 
of the phage races coulcl be reasonabl?- explained on the basis of latent period 
and burst size. Short latent period or high burst size. or both, were characteristic 
of phage races mliicli developed rapidly and reached a hip11 concentration in 
cheese whey. Within tlie limits of the ralnes found. latent period was luorr 
important than bnrst size in deteniiiniiig rate of phage tlereloptiient, bnt both 
had an influence and could reinforce or coiiipensate one another. Increase iu incu- 
bation temperature brought about a decrease in latent period but hacl no sig- 
nificant effect on burst size. The change in latent period with rise in  temperature 
did not depend directly on the changed rate of growth of tlie bacteriu~n. Two 
phage races which were capable of acting on the one strain of streptococcus 
differed both in  latent period and burst size. 
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DILUTERS FOR BOVINE S E l I E S .  11. E F F E C T  O F  MILK PROTEINS 

T'PON SPERi\lATOZOAN LIVABILITY ' 

D. L. TII-iCKER,' 13. J. FLIPSE, A N D  J. 0. A1,JIQTIST 
Dciir!~ Cattle Breedi~tg Resrarck Ccirtrr 

The I 'c~~r~~s!/ lrania State University, State Collrgf 

Since T11ac.Iier ailcl Alln~qnist  (22)  shelved that heated 111illi n~aiiitaiirs satis- 
factory motility and frrtility of bovine spenirratozoa, heated fresh h~mogeiriz~tl  
milk or skimmilk has bee11 s11o1v11 by these workers (2.3) and Dreher and Webb ( I) 
to give fertility results equivalent to, or better than, those obtained with the 
conve~~tional yollr-bnffer clilnters. However, studies wit11 reconstitnted noilfat 
dry  milk solids. canl~etl sliimnrilk, and evaporated ~v l~o le  milli 11ar-r not yirlded 
as eiiconraging results to date. Marion and 0lso11 ( I / ; )  irt~il Re1111ctt ( 2 )  f o ~ u ~ ~ t l  
that nonfat dry  111ilIi solitls prepared a t  low teinpei.atlirf~s g a ~ c  ~x t r e i i~e ly  poor 
resnlts ui~less hcated after reconstitntioi~, ~vlrereas recoiistitntetl high temperature 
polvdcrs, nitliont atltlitioiial heating, gave r e s ~ ~ l t s  Inore ncarly approaching those 
obtained \vith heated fluid liiilk a ~ l d  yolk-citrate. daccluet and Cassou (!)) have 
questioiied the nse of cani~ed s k i ~ ~ r l ~ ~ i l l i  after observing ~vitle I-ariations in  fertility 
between bulls. C'olli~is ( 3 )  obtainecl fair  l i~abi l i ty  but ]>oar fertility 1-esults wit11 
semen diluted ill eraporated milli reconstituted with ail cclnal volir~ue of ilistilleil 
water. Tliacker and ,\lmqnist (2.5') reported very poor spermatozoa~~ livability 
ill uiilreated fresll n~illis. as \vr11 as a redurtion ill ~ ~ ~ o t i l i t j -  ssur~il-a1 11-hen tlre 
inilli was heatetl for ail este~lded tiiue in an iiiicorc.red ~.e\h(ll. 

Fro111 these reports it is apparelit that bori11e sperii~atozoa are seirsitirc to 
products tlr~eloped ill ~nilli 11po11 excessive heating. as well as to chemical or 
physical factoi-s l>~*eseiit ill ui~heatecl 111il1i. 

Jlillr alb~unin and globulii~ were fouild by R.o~vlaild (20) to be completcl?- 
denatured ~vhe11 heated a t  !I>" C. for 10-15 minutes or at 100" for 5 to 10 miantes. 
KO change was obserrrd in tlre nonproteiil nitrogen c o n t e ~ ~ t  of milk on heating 
a t  te~iiperaturrs np to 100" C.; 011 coii t i~~ned heating at 93 and 100' C., extremely 
small amomnts of l~roteosc \Irere producecl by hydrolysis of the whey proteins. 
I n  milli heated a t  13.5-120" C. the ilenatnration of alb~unin a i ~ d  globuliil was 
accoinpaniecl by apprrciable hydrolysis of protein. Ilarland c t  01. (6) studied 
the time aad teml>eratnre relationships c l e t e r i i~ i l~ i~~g  the extent of denatnratio~r 
of serum proteins in fluid sliimrnillr a t  t rmp~ra tu res  from 145 to 175" F. They 
fom~i l  a ten-folcl decrease ill the time required for a giren perce~itage clenatura- 
tioir of tlre sermn proteiits for each 13.5" F. increase ill ten~peratnre. 

These reports indicate that changes take place in the whey proteins a t  roughly 
the same temperatures \vhich coilrert fluid milk to a satisfactory semen diluent. 
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It appeared, therefore, that the n~illr proteins ~voulcl be the logical locatioi~ 
of the toxic factor of unheated milk. The present investigation was uudertaken 
to determine if the toxicity of unheated lnilk was associated with any particular 
fraction of the milk proteins and to cleternline the effect of tlie Iicating of these 
protein fractions npon their spern~iciclal properties. 

I .  Caseia-lieatetl skinintilk. C!asein and whey were prepi~red and tested to 
establish whether the speriniciclal entity of unheated nlilk TI-as associated with 
the casein or the whey. Casein was precipitated fro111 fresh raw skinln~ilk by 
acidifying to pH 4.6 with 10% acetic acid. The casein was filtered off. reclissolved 
in 6% ammonium hydroxicle, and reprecipitatetl ~vitli acetic acitl. The casein 
was dispersed and precipitated once more, then ~vashcd ~ v i t h  alcollol and wit11 
ether, and dried. Fo r  testing as a dilnent, the dritxd casein \\-as tlispersed in 
water mith the aid of soclilun bicarbonate, and an aliclnot was re~norecl ancl 
heated a t  92" C. for 10 minutes, and cooled. 

The acid whey was adjustetl to p H  6.3 with soclinni bicarbonate, and an  
aliquot was removed, heated at 92' LC. for 10 minutes, and coolecl. Heated and 
unheated aliquots of the casein and \\,he:- prt~paratioiis mere then added to the 
skimmilk, which had been previously heated a t  92" C. for 10 ~il inutes and subse- 
quently cooled, a t  the rate of one rolnme of casein or whey to 24 voltunes of 
skimmilk. The 1 :24 ratio was adopted as a result of preliininary trials which 
revealed that  the addition of one part  of mlheated skimmilk usually was toxic 
to bovine spermatozoa within a 4-day storage period a t  4' C .  The control diluter 
consisted of skimlnilk heated ant1 cooled as described above. All semen sa~nples 
were diluted a t  the rate of one part  semen to 50 parts  diluter. Diluted samples 
were stored a t  4" C. for 12 days. and motility of the spei-matozoa mas estimated 
a t  37" C .  by using a microscope eqnipped with a thernlostage. The mean motility 
data for 10 ejaculates in each treatment are show11 in Table 1. That the treat- 
n~en t s  used did not detract materially from their ralue as diluents is indicated 
in a comparison of spermatozoa11 survival in heated casein or whey as compared 
to the control. heated skimtnilk. J1aintenance of motility in nnheated prepara- 
tions inilicated that the toxicity was associated al~nost esclnsirely mith the whey. 
Subseqllent stu(1if.s dealt with f~wt*tions of the \\-hey in an  effort to further 
characterize the toxic factor. 

11. Il'ltctl p,.ofci~r.c-ltecrfetl skinrt~r~lk.  Whey protc>in fractions were prepared 
by the proceclure of Polis f ~ t  01. ( I ! ) ) .  slightly nlodifiecl by Hnttoii and Patton (8 ) .  
111 order to aroitl tlenaturation aLi conipletely as possible, the protc>in fractions 
were not dricil conipletely but were dial\-zed until free of salt and dissolved in 
0.1 X sodium rhloritle. Concentrations, based upon Kjeldalil iiitrogen determina- 
tions, mere acljusteil to roughly the Ierel of each fraction found in milk. Moieties 
of each fraction were heat treated as previously ilescribetl. IIeated ancl unheatecl 
aliquots of the protein fractions were n~ i sed  into heated slrin~millc at the rate of 
one volume of fi-avtion to 14 ro l~unr s  of slrimii~illr. ant1 senlrn was added a t  tlie 



TABLE 1 
Licability of spernratozoa in boiled skim?izil& containing additioi~s of casein aad whey 

(mean of I0  ejaculates) 

% motile spermatozoa after storage a t  4" C. for 

Diluter l r lay  2days 3days 4days 6days 8days lodays  l2days  

Casein u 58 48 44 35 31 1s 13 7 
h 61 55 50 45 41 26 21 10 

Whey u 54 54 25 11 3 0 
h 59 55 48 40 34 !?3 18 10 

Skimmilk h 6 2 5 9  51 46 37 23 22 13 

u = unheated 
h = heated 

rate of one rolnnle of semen to 50 vol~unes of diluter. The luean ~noti l i ty obserra- 
tions for 10 ejaculates in each treatment are presentecl ill Table 2. I t  is obvions 
fro111 these data that the slrinniiillr usetl in the l~reparation of the sermu protein 
fractions was relatively nontoxic to spermatozoa, as motilit- \\-a% niaiiitained for 
6 d a - s  in tlie mnheatetl skirnmilk. Normally. spermatozoa becollie i~nlnotile in nn- 
heated skim~nilk n-itl~in 1 to 3 days. Since the toxic principle mas absent from 
the sonrce material, it coulcl not be identifird with ally of the fractions in  this 
trial. The data do indicate, however, that  more than one factor affecting sperm 
livability is present in the protein fractio~is, for in all fractious except Fraction 
111 sperliiatozoan motility iin unheated sainples tended to be higher than motility 
i n  heatecl samples. Thus, i n  the absence of the toxic pri~lciple, heating of the 
fractions appears to  hare  an  aclverse effect upon sperni livability. 

Analysis of ~ a r i a n c e  (21) showed a significant difference (P = < 0.05) be- 
trveen treatinelits (fractions). Treatments were then allocated to three gronps : 
fractions containing the albu~nins, fractions containing the globulins, and the toll- 

trol. With this classification. the between-groups differences were highly signifi- 

TABLE 2 
Livability of spermatozoa in boiled skinmnilk containing protein fraetioss of the whey proteins 

(mean of 10 ejacrtlates) 

Diluter 

Fraction I 

Fraction I1 

Fraction I11 

Pseudoglobulin 

1 day 

47 
48 
55 
61 
53 
55 
55 
50 
.5 i 
51 
54 
55 
57 
55 

yo motile ~permatozoa after storage a t  4" C. for 

2 days 3 (lays 4 days G days 8 class 10 days 12 days 

u = unheated 
h =heated 
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cant ; among-glob~lliilr cliffercnces, significant : ant1 among-alI)inni~~s tlifere~ices, 
not significant. 

111. 11'71r!j l ~ r ~ o f r i ~ i s - ~ ) ~ ~ o t r i r / - f ~ ~ r r  111ilX. S P I ' I ~ I ? ~ .  111 the lwecetling trial, fraca- 
tioils were ailcled to lieatecl skimmilk prior to t ~ s t i ~ l g  as a senlell clilnent. I n  
order to eliiiliiiate a nmnber of nlilli proteins fro111 the system, protein-free milk 
serwn was prepared by placing 1 1. of distilled water i n  Visking nienibrane ancl 
suspending in 2 pal. of raw skinlnlilli a t  3 to 4' C. Three changes of skimmilk 
a t  24-hour interrals wel-e employed. Protein-free milli serum t1111s prepared was 
f o m ~ d  to support sl>erni niotility for 8 to 10 (lays a t  4' C. 

Fresh protein fractions were preparetl as pi-eriolisly described. Eacli fraction 
was added to the protein-free niilli seru1i1 a t  tlie rate of one volinne of fraction 
to 24 volumes of serum. Each preparation was then divicled in  half, and onc 
portion was heated a t  92' C. for 10 miantes while the other portion received no 
lieat treatinelit. Since bacterial growth had been observecl i n  the later stages of 
preceding trials, 5,000 units each of pcwicillin and strel~toinyciii were added 
per n~illiliter of dilnter in tliis trial. Semen was added to a dilntioii of 1: 50. 
Meall motility observations are recorded in Tahle 3. The skinlnlilk used in pre- 
paring these f r a c t i o ~ ~ s  was definitely spermicidal, no motility being observed 
after 1 clay of storage in the lulheated skin~niilli. Of tlie fractions, Fraction 111 
\\-as decidedly speriiiiciilal and Fraction I exhibited ericlei~ce of toxicity. Analy- 
sis of variance sho~ved a significant difference bet~veen treatments, and the inter- 
action between treatments ancl heating or not heating mas highly significant. The 
cletri~nental effect of heating observed in the preceding trial apparently was 
niaskecl in most cases by the sperniicidal eRect of the unheated fractions but is 
evident in the pseniloglobnlin and euglobulin frartioiis. 

TABLE 3 
Licability of sprr?natozoa i n  protein-free milk serztm with added whey protein fractions 

(mean o f  10 ejaculates) 

%, motile spern~atozoa after storage a t  4" C. for 

Dilatrr 1 day 2 days 3 days 4 days G days 8 days 10 days 12 days 

h 38 29 21 10 5 3 1 1 
Fraction I1 u 42 35 26 13 9 4 2 0 

11 44 .%A 22 1 2  2 n -- . - - - - - 
Fraction I11 11 10 G 4 2 1 0 

h 43 31 23 12 3 1 n 
p-laetoglobulin 11 33 27 20 15 10 3 1 0 

h 37 26 20 10 3 1 n 
Pseudoglobulin 11 42 31 24 15 G 3 0 

h 31 23 19 7 3 1 0 
Euglobulin u 44 36 28 20 10 2 0 

h 37 29 19 5 1 0 
Protein-freemilk 1 41 32 22 11 5 1 0 

serum h 38 27 20 9 3 1 1 0 
Skimmilk 11 0 0 

h 54 52 44 34 24 13 6 3 

u = unheated 
h = heated 



224 I). L. TH.\PKEI< ET .\L 

Samples of the lyophilizetl fr;tc.tions prepared by 1111tton and Pattoil ( 8 )  
were obtaiuetl for co~npar i so~~ .  ' li~lfort~lnately. samples of euplobnlin and psendo- 
plobulirl were not available. These fractions were acltletl to proteill-free milli 
serum at  the rate (weight per v o l l u ~ ~ e )  of 0.5% for F r a c t i o ~ ~ s  I, 11, and 111, anil 
0.12% for p-lactoglobuulir~. After recoiistitutio~l, each preparation was clivided 
into two portions, one moiety being used after heat tl.eatineat ancl the other 
being used unheated. Peilicilliil and streptomycin \yere ailded to inhibit bacterial 
growth. The meal1 iiiotility esti~ilatioris for 10 ejaculates are presented in Table 4 
Sperm livability \\-as significantly improved by heating Fractions I, I[, and Ill. 
Results in this trial differ from those in the precedi~lp trial principally in that  
P-lactoglobnlin, both heated and unheated, gave ver>- poor results. This ma\- 
have been clue to deterioration during storage, alteration (luring lyophilizatio~l. 
or some other fartor. 

TABLE 4 
Lirobility of spermatozoa in protein-free wzillc serlrwa w i t h  orldecl 

protein fractions at levels normal to s8ia~?1rrlk 
(ntean of 10 ejacztlates) 

% motile spermatozoa after storage at  4" C. for 

Diluter 1 day 2 days 3 days 4 days 6 days 8 days 10 days 12 days 

Fraction I u 18 13 11 7 4 1 0 
h 42 32 27 18 9 4 3 1 

Fraction I1 I 18 8 8 6 5 1 1 1 
1 49 41 32 20 14 4 3 - 9 

Fraction 111 1 22 12 9 6 4 1 3 1 
h 41 34 29 2 2  11 G 0 1 

P-laetoglobulin u 16 9 4 3 2 2 2 1 
1t 39 29 12  5 1 1 0 

Protein-free milk u 34 24 19 12 5 1 0 
serum 11 32 27 16 8 0 

Skimmilk 11 2 0 0 
h 47 46 42 35 3s 20 16 10 

u = unheated 
h = heated 

I11 this series of experimeilts, only occasioually did any of the prepared 
fractions approach heated slrimn~illc i n  ma in ta i~~ ing  the motility of bovine sper- 
inatozoa during storage a t  4' C. This was due in part a t  least to the use of the 
simplifietl system of protein-free milk serlu~n plns the testetl fraction, for evidence 
is pl-esentecl in Table 2 indicating that the at l t l i t io~~ of unheated psendoglobldin 
or euplobuliil to heated skimmilk results in impro r~ t l  livability over that ob- 
taiilecl in heated ski~iimilk alone. This obserration leads to the postulation that 
as heat is applied to the milk or milk constituent, two opposi~lg groups of forces 
interact. On. the one hand, a factor (or factors) detrimental to sperm moti1it:- 
is inactivated or destroyed; on the other hand, a factor (or factors) detriineiltal 
to sperm motility is activated or formed. I11 the intact sliilllmilk system, the 
former appears to dominate the latter, and harmful effects are noticecl on1:- 
after prolonged heating (23).  However, when the fractions are heated individu- 



ally. the activation of clrtrimental prilicil~les often predominate\. This interaction 
11lalit.s the eluciclation of the toxic. factor ( s )  present in unheated sl<i~unnilk sonic- 
what Inore difficnlt than \vould otherwise be trne. The iiiteraction also diins thr  
prospect of siinplifying the inilk tliluter to a stable item ~vithont critical storage 
conditions, for the product, whether it be canned inilk (9), eraporated inilk ( 3 ) .  
nonfat d ry  milk solids ( 2 ) .  or some other prodnct, must be processed under 
rather exacting conditions if it  is to be nsed successfully as a dilnter. 

,Ilthough the several trials inc~lntlrtl in thi5 report are not in absolute agrec- 
nieiit, certain deductions mith regard to the tosic factor(s) \\-hich is clestroyetl 
by the heat treatnlent of skiininilk appear to be justified. Certainly the factor(s1 
is not united with the casein, or closely linked with any of the globnlin fractions. 
I t  does appear to be associatetl with the albmnin fractions, ancl i n  these trials 
it wa.; preclominantly fonncl in connection mith Fraction 111. I t s  variable activity 
in Fractions I and IT niay have been clue to slightly clifferelit fractionations of 
the proteins dependent npon snlall procednral variations which may have oc- 
curred from one trial to another. Fraction 111. accorcling to Hntton and Pat-  
ton (8), is composed of P-lactoglabnlin, t rue n ~ i l k  albnlllin (19), ancl component 
C (17). Whether the factor(s) is albninin per se, or an  agglntiaation factor. 
elizyme, or eiizyine inactivator assoc.iatec1 \ ~ i t l i  the albtnllinous fraction remains 
to bp determined. 

Enzvmatic activity could well acacount for the spernliciclal effect of unheated 
milk, but the ren~oval of fa t  and casein remover many of the e11a.c-mes of milk (17). 
The enzymes aswciateil with milk sennil proteins probably are inactirated by a 
considerably milder heat treatmelit than is necessary to convert inillr to a satis- 
factory semen dilnent. with the possible esc~=ption of lactoperoxidase. 

1IacLeod (15) has observed that  certain substances which hare  a n  affinity 
for wlfhydryl  groups inhibit the n~oti l i ty of speriiiatozoa ancl that  this inhibitory 
effect may be prevented by adding wlfhydryl  compounds to the system of sperm 
ai~cl inhibitor. Since reactive sulfhyclryl groups may be released from albulnin 
and other protrins by heat dena tn ra t io~~  ( I .  11, 1.7) .  they conld conceivably be 
respollsible for the favorable action of heated milk as a diluter. Other forms of 
sulfllr also have been implicated in regulating the inetabolism of bovine sper- 
matozoa (5, 10, 14). -2lthough the release of sulfhyclryl grol~ps offers a specious 
expla~~atioli  for the results obtai~ied, it also has its li~nitations. p-lactoglobulin 
constitutes 55 to 6 0 v  of the millr seriun proteins (17, 18) and accounts for 
nearly all of the sulfhydryl groups ill normal skimmilk (7, 12, 19). 111 view of 
the results obtained with the /I-lactoglob~~lin fraction. i.e., the absence of toxicity 
in the unheated fraction and the fai1111.e of heating to 1nateriall~- affect result.; 
with this fraction, it appcwrs ~~ii l i l<ely that sulfhyclryl groups account for the 
differences obtained in spernl livability in heated and nnheateil skiininilk. The- 
oretically, denat~i ra t io~i  and liberation of sulfhydryl groups froin albmnin could 
occur a t  a tenlperatllre too low to l~romote release of snlfhytlryl groups from 
p-lactoglobulin. At  the temperature nn1,loyecl in these trials (92" C.). however. 
considerable denaturation of ,8-lactoglobulin should take place (I.3). 



In atteml)ts to identify a factor ill luilleated slri~n~llilli which is toxic to 
spermatozoa, caseill and pl.otcin-f~-ec. nlill; sel.rrlii were prepared and fomntl 
devoid of the tosic factor. 

Milk serum protein fractions prepared by ammollimn sulfate additions ant1 
p H  adjustmeuts were added to heated slrinl~nillr and to protein-free milk sermii 
in order to test for spermicidal actirit-. The toxicity \I-as associated only wit11 
the albumin-coiltaining fractiolis. IIeating these fractions at 9'1' C. for 10 mia- 
utes eliminated the toxicity. 

Heating of englobulin and pseuclaglobnli~i fractions resalted in a decrease 
in sperm livability re lien conlpared to similar fractions unheated. 

The authors are indebtrtl to St11:trt Pat ton for prox-icling the lropl~il ize~l  serunl ],rotein fmc- 
tions employed in one phase of the esper i~ne~l t  and for I~elpful c.oiu~srl t l ~ r o u g l ~ o l ~ t  the illresti- 
gation. 
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JIET,4130LIC RESPONSES O F  BOTTINE SPEH.\IATO%OA 

TO ANTIBAlCTER.T.4L AGENTS' 

('RCIL 1:IIASTOS .LSD I\'. R. PRATHER" 

I)rriv!l I)rltnrlr~r(.ri!, I,orrisiarrn Stnlr3 Z7>riz.rrsit!l, Ihcto~r Eo~ igr  

Sulfai~ilan~ide ant1 the antibiotics, penicillin and strepto~nyc.in, are now being 
used sinply or in various co~nbinations ahnost unirersally in tlie diluted semen 
processed and shippetl from bull stntls throughout this colnltry. The wide- 
spread use of thc~se agents has resulted from research ant1 observations which 
showed that these agents control bacteria (3, f, 5 ,  ll), 1)roloiig livability (3, 4, 
5, 11, 12) ,  and improve fertility ( 1 ,  2, I(;,  22) of bovine spenl~atozoa. The im- 
provenlent in fertility has been no re  ma~-lred for semen from bnlls with moderate 
and low fertility levels than for sen~en fro111 blills with relatirely high fertility (2,  
2, 16). 

The beneficial effects of these agents on livability aud fertility of bovine 
spermatozoa generally have been ascribed to their control of the bacterial flora 
of the semen. The results of the metabolic studies by ,111nrluist et al. ( 5 )  ancl 
Knodt ancl Salisbm.>- (I.') of penicillin ant1 sldfanilainide treated selnen, respec- 
tiyely, indicate that sonte of the beneficial effects may be clue to the effects 
of these agents on spennatozoau metabolisn~. The metabolic stndies with bac- 
teria snbjected to penici l l i~~ ( 2 5 )  or s t r e p t o ~ n y c i ~ ~  (7, 9, 2.3) tent1 to substantiate 
this belief. IIowever, no data on the effect of streptom>-cin, or combinations of 
sulfanilamide, penicillin. anti s t r ep ton~yc i~~ ,  on sperinatozoan ~netabolis~n have 
been reported. 

I n  view of this lack of data, tlie investigatio~~s reportcltl Iierei~l were ~ulder-  
taken. The purpose of these investigations was to stuclj- the livability and 
metabolic responses of bovine spt.rinatozoa to no antibacterial ag..cnts ancl to combi- 
nations of snlfanilamitle. pe~ t i c i l l i~~ ,  ant1 streptomycin in egg yolk-citrate diluent. 

Semei~ ~ r s c d .  Two espcrimemts, using ten ejaculates for each. were conducted. 
Each ejaculate met the following minimmn standards: initial motility, 50%, 
and sperinatozoaa concentration, 500 X 10"er milliliter. Initial motility and 
motility after storage were estimated n~icroscopicallp as described by Branton 
et  al. (8). Spermatozoall coi~centration loas determined by means of a calibrated 
Klett-Summerson photoelectric calorimeter (19,26). 

Immediately after evaluation, each ~jacnlate was divided and diluted with the 
respective diluents at the 1 :4  ratio. The final rohlme of diluted semen used 

Receired for p~rblientio~~ August 07, 1983. 
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for each diluent or treatnient was 3.0 1111. in a 10 X 73 111111. test tube. The test 
tubes of diluted semen were placed in beakers of water at 27" C. and allo~ved to 
cool gradually to 4.5' C. They then were stored at 4.5" C. for 10 days. 

Diltrents. The tliluents nseil in the first experiment were as follo~vs: 
EYC = egg yolli-citrate (control) 
EYCS = egg yolk-citrate-snlfai~ilaiilide (300 nig. per 100 ml.) 
EYCSt = egg yolk-citrate-strepton~ycin (500 units per ml.) 
EYCP = egg yollr-citrate-penicilli~l (500 units per ml.) 
EPCSStP = egg yolk-citrate-sulfanilamide (300 mg. per 100 ml.). 

streptomycin (500 units per ml.), and penicillin (500 units per ml.) 

In the second experiment an egg yolk-citrate-streptomycin (500 units per milli- 
liter)-penicillin (500 units per milliliter), or EPCStP, diluent was used in addi- 
tion to those above. Ill these diluters streptomycin anci penicillin are expressed 
as units of streptomycin sulfate and penicillin-G (crystalli~le-pot ass inn^) per 
milliliter of dih~ted semen; whereas sulfanilamide is expressed as lnilligrams of 
sulfanilamide (U.S.P.) per 100 1111. of dilnent. These levels anil co~nbindions of 
antibactel-ial agents mere chosen for study because t h e -  represent routine prac- 
tices at many bull stnds. In  each of the above cliluci~ts the egg yolk and the 
citrate bnffers were mixetl at the 1 : 3  ratio. 

Li.crrbilit!l arrcl chentical detc~.rni~?atton.s.  The levels of fructose and lactic 
acid in the. diluted semen samples were cletermined initially and at  4 and 10 
days of storage in the first experiment. Fructose was determined by a modification 
of the method described by Roe (17)  and Rlann (13).  The lactic acid levels 
were determined by the method of Rarlrer and Summerson ( 6 ) .  

During the course of the first experinlent reported herein Vantieiihoveil e t  crl. 
(24) and Jlann ( I # )  reported that under anaerobic conditions bnll spermatozoa 
utilize glucose when it is available in preference to fructose. T'antienhoven pt a l .  
also fomlil that egg yolk has a sparing effect on fructose utilization by bull sper- 
matozoa during anaerobic incubation a t  37 or 46.5' C. They explained this 
sparing effect by the occurrence of glucose in egg yolk as reported by Ronlanoff 
and Romanoff (18) and by the utilization of the glucose in preference to frnctose 
by bnll spermatozoa. Therefore, in the second experiment reported in this paper 
total reducing substances, fructose, lactic acid, and motility cleternlinations 
Tverc made on each semen sample initially ancl at  4 and 10 days of storage at 
4..j0 C. The method oiitlined hj- Nelson (1.3) was used for the total reducing 
subqtances. 

The statistical a~~alyses  of all data were carried out according to the methods 
cleseribcd by Snedecv)r (21) .  

I*:.rpc>i.intcict 1 .  A s~umiilary of the lnean values for tell ejacnlates for fructose 
iitilixation ant1 lactic acid protlnction by lO%speriliatozoa as affected by the 
various diluents is prc~sented in Table I. I t  \!-ill be noted that the average fructose 
lossc~ in the control dilnent (ETC) wrre significantl?- yreatei. (I' < 0.05) at 
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TABLE 1 
Fructose ~i t i l isat io~t  ant1 lactic acid prodztctioiz b y  blill s e~~te t t  as affcctrtl by antibacterial 
agents (Bull senlea diltrted 1 : 4  with tke appropriate dilziter a71d stored at f.5" C .  for 10 days)  

Experiltleilt 1 

Fructose loss Lactie acid gain 
Diluent 

4 d a m  10 days 4  lays 10 days 

EYC 
EYCS 
EYCSt 
EYCP 
EYCSStP 

Least significnllt d i f f e r e ~ ~ c e s :  
P = 0.01 0.21 0.30 11.111 0.19 
P = 0.05 0.15 0.22 0.14 0.14 

4 days of storage than only tliose in the two cliluents containing sulfanilamide 
(EYCS and EYC'SStP). At 10 clays of storage, however, fructose losses in 
the control diluent vere significantly greater (P  < 0.01) than the losses in each 
of the diluents except the one containing streptonlyciii (ETCSt).  The difference 
between losses of fi-nctose in the control diluent and in the dilnent containing 
streptomycin alone was significant at the 5 .0 '~  level of probability. I t  also will be 
observed in Table 1 that lactic acid production by the spermatozoa in the different 
dilnents followed the same general pattern of the fructose losses. 

Experinle~lf  -7. The egg yolk-citrate d i lnn~ts  contained an arerage of 29.8 mg. 
of total reducing substances per 100 ml. and no fructose or snbstances with 
fructose activity. The average initial levels of total reducing substances and frnc- 
tose in the dilntecl semen samples on a milligrams per 100 ml. basis were 135 
and 114, respectively. Ry snbtracting the average fructose value from that 
for total reducing snbstances a value of 21 mg. per 100 ml. of diluted semen is 
obtained for glucose. Tl~us, fructose accou~ted for apl>rosin~ately 85% of 
the total reducing substances in the dilnted semen samples. 

Table 2 presents the average values for ten diluted semen samples for total 
reducing snbstances (TRS) and fructose utilization and lactic acid production. 
Initial levels of these also are given. I t  will be observed that the sulfanilamide 
diluents (ETCS and EYCSStP) again had the most marked effects on sper- 
nlatozoan metabolism. Next in order was the diluent containing a combination 
of streptomycin and penicillin (EYCStP). When used alone, penicillin had 
more effect than streptomycin on metabolism of the spermatozoa. The least 
significant differences required for significance a t  the 1.0 and 5.0% levels of 
probability are given in the bottom portion of Table 2. 

If the fructose losses in  Table 2 are substracted from those for total reducing 
substances (TRS) at  4 or 10 days of storage, approximate values for glucose 
utilization can be obtained. The effects of the antibacterial agents on the utiliza- 
tion of glucose by the spermatozoa were essentially the same as those for fructose 
ntilization. 

The average nlotilities of the diluted semen samples initiall?. and at  4 and 10 



TABIIE 2 
Total redtrcing subs ta~ icc .~  ctnd frctctosc iitrlizatio~i anr7 lrtclic acid p,'od~rctio~r b y  br~ll srmen 

as affected b?j a~~t ibac ter ia l  agents (Bit11 sett~ea drlrrtcd 1 : 4  with the nppro1)riate 
rlilrrter ard  atorr~l  at  4.5" C .  for 10 ( lays)  

R.cpcri?ttetrt 2 

TRS Frnctose Lactic acid 

Loss Loss Gain 

Dilnent Initial 4 10 Illitin1 4 10 Initial 4 i n  
level days days lerel clays days level days days 

+:Sc' 5.81 
E Y( 'S .5.57 
ISY('St 5.56 
ETC'P 5.54 
EYCStP 5.54 
EYCSStP 5.52 

Least significant differences: 
P = 0.01 
P = 0.05 

(mg./lOo cells) 
2.87 4.85 0.85 1.62 
1.80 4.77 0.54 1.05 
2.32 4.78 0.77 1.46 
2.00 4.72 0.73 1.35 
1.96 4.77 0.56 1.30 
1.70 4.74 0.54 1.05 

TARLE 2 
.Motility of bit11 setitol as affectecl by  c~ittibacterial a g e ~ ~ t s  itritinll!j aircl nt f a~rd  10 ( 7 0 ~ s  of 

storage at  4.5" C .  (Bzill semen dilrrted l : d  toitlh tlre appropricrfr clrlrrfcr) 
Experintent ,? 

Diloent Initial 4 days ] ( I  days 

( r/c ) (%) (%)  
EYC 62 47 29 
EYCS (i 2 4 .i ., -- .) 
ETCSt (i 2 32 - .  3 7 
EYCP (2 .>(I 3 7 
EYCStP (i2 .i S 41 
EYCSStP 62 33 29 

Least significant differences: 
P = 0.01 5.31 11.33 
P = 0.05 4.13 8.50 

days of storage at  4.5" C. are show11 in Table 3. It will be noted that the motility 
of the spermatozoa in the sulfanilainide dilneilt (EYCS) was significantly (P < 
0.01) lower than that in the diluents containing streptomycin (EyCSt),  penicil- 
lin (EYCP), or a combination of the antibiotics (EYCStP) a t  4 and 10 days of 
storage. However, the motility was not significantly lower ( P  < 0.05) i a  the 
sulfanilamide diluent than in the control diluent (EYC). I t  appears, never- 
theless, that sulfanilainide had a detrimental effect on the lirability of the sper- 
nlatozoa and that streptomycin and penicillill each had beneficial effects. 

DISCUSSION 

The data for fructose losses (Tables 1 and 2) and those for the utilization of 
total reducing substances and fructose as affected bg sulfanilamide (Table 2) are 
in agreement with the findings of Kiioclt and Salisbury (12 )  and Vantienhoven 



r t  (11. (.'I). Sulfai~ilainitlc de11rc~ssrtl f~.ut*tolysis ancl the uti l izatio~~ of total rc- 
c luci~~g snbsta~ic.c~s or glucaose by t 1 1 ~  bull spern~atozoa. Also, srrlfanilan~itl(~ in- 
creasccl thc 1)crcciitage of total r e d ~ ~ v i ~ l g  substances lohs~s r ( ~ ( ~ o r ~ i * ~ d  tis lil~tit- 
acid at  4 and 10 days of storage. 

I t  appears that sonle of the tleprcssion of glucose ant1 frnctos(~ i~tilinativn 
cansed by sulfanilamide in these stutlies can be explained by the loxt~rotl livability 
of the sperinatozoa in the sulfanilai~iide diluent as conlparecl \\-it11 that in the 
conti-01 tliluent. These livability results are contradictory to those reported by 
Knodt ancl Salisb~irj- ( 1 2 ) .  who found that the addition of 300 mg. of sulfanila- 
niide ~ ( ~ r  100 1111. of egg yolk-citrate dilnent gave a significant (P  < 0.01) im- 
provr inc~~~t  in the lirability of ejacnlatecl bull spermatozoa over a 20-day storage 
period at  5" ('. l'erhaps differences in experinlental conclitions, such as the 
q11alit.v of selnelt aild the proportions of egg yolk and citrate buffcr in diluents, 
acc*onnt for these contrasting livability resnlts. However, i n  the investigations 
repo~.ted herein and in routine observations in our laboratory snlfanilamide had 
a clefinite cletriinental effect on livability. This effect becanle noticeable a t  2 
days of storage at  .i0 ('. and was more inarlred a t  4 ancl 10 days of storage. I n  
thiq connection, j t  is of interest to notcA that T)min ct 01. (10) recently reported 
that they attributed a reclnctio~i in viability of spernlatozoa ranging fro111 29 to 
43',4 to the presence of 0.3',6 snlfanilamide in sanlples stored at  -7.5" C. 
Yurtliermore, they suggestetl that s~~lfallilaniicle should not be inclnclecl in cgg 
yolk-citrate diluents to be frozen. 

From the tlata in Table 2 i t  appears that the spermatozoa user1 glucose in 
l,~.c~ferc~~cc~ to fructose, particularly tlirough 4 days of storage. This confirms 
thr rvsnlts reported by Vantienhoven e t  al.  (,?I). IIowever, if the values a t  10 
clays of storage ill Table 2 are consiclered, it will be found that fructose \\-as useil 
in p~.eference to glucose. This, no doubt, was due to the relatire proportions of 
tllesc~ sugars rr~naining after 4 days of storage (24). 

Tl1c2 utilization of total rectncing substances by the spel.iilatozoa in the 
presel1c.c. of penicillin (EITCP) was depressed, as she\\-11 in  Table 2. These 
results agree with those reported by Alinquist et 01. ( 5 ) .  On the other hand, the 
lactic acid protluction data as shown in Tables 1 and 2 are contradictory to the 
results obtained by Almquist et  al. They found that the anlounts of lactic acid 
n l~i r l l  \\-ere acc~~inulatetl \\-ere not sig~iificantly affected by penicillin. Studies 
by Wilkowske ct al. (25) of the iiiflnence of penicillin in skilninilk on the lactic 
acid-pi.odncing ability of Lnctobncill~rs acidnphil~rs, Lnctnbnri1l1r.s btrlga~-iclrs, and 
Lnrtoboci1lir.s crrsei tend to substantiate results reported in this paper. - 

The effects of streptoniyci~z on the utilization of total reclucing substances 
and frncatose and on the production of lactic acicl by spermatozoa were silnilar 
to tliose for penicillin, though they were not as large (Tables I anci 2) .  Perhaps 
streptoniycin affects the carbohydrate metabolism of bovine spermatozoa and 
certain bacteria similarly. Streptomycin apparently inhibits soine terminal step 
in both aerobic and anaerobic carbohyclrate metabolism of these bacteria (7, 9 ,  
2.3). 

Tlita dil~lc~nt ~ontaiiiing a combii~ation of pe~iicillin ant1 strepto~llycin 



(EYCStP) gave better livability than an:- of the other dilnents (Table 3) 
and had almost as mnch effect on speriilatozoan ~netabolism as did the sulfanila- 
mide diluents (Table 2).  These resnlts ancl those in the literature indicate that 
the egg yolk-citrate cliluent containing a co~ubination of penicillin and strepto- 
mycin (EYCStP) is a better diluent for widespread use in artificial breeding 
than is either of the dilnents containing sulfanilamide (ETC'S or ETCSStP). 

Two experiinents were condncteil to cleten-lniue tlie effects of antibacterial 
agents in egg yolk-citrate diluents 11po11 livability and inetabolisin of bovine 
spermatozoa a t  4 and 10 days of storage at  4.5" C. 

I t  was found that streptomycin and penicillin, either siiip1~- or in combination, 
had beneficial effects on spermatozoa11 livability, \\-hereas sulfanilamide appar- 
ently hacl a detrimental effect on viability of the spermatozoa. 

Sulfanilamicle, streptomycin, and penicillin each clepressed the utilization 
of total reducing substances and fructose and the production of lactic acid by the 
spermatozoa. Sulfanilamide gave the most marked metabolic effects. d combina- 
tion of streptoinycin and penicillin in tlie egg yolk-citrate cliluent clepressed 
spermatozoa11 metabolism almost as much as sulfanilamide and pave the best 
livability in comparison with the other fire dilnents. 
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Borden Award Winners for 1953 
Tht. i i~~~c.rienn Chc.l11ie:1l ~ O C ~ ( ~ ~ ~ - ~ O H E R T  .IEs- 

SESS, r n i r .  of 3Iin11esi1ta 
Thi. ;\~~lt.ric.nl~ 1):liry Scic~ncc .4ssoci:1tio1l- 

])airy Prodnc+tion--13.. 13. HE(.KER, Unir. of 
Florida 

1):liry Jlanufnrturing-F. E. SEI,SOS, Iowa 
st:itc. Coll(.ac. 

Tllc. .\111('ri(.an I I O I I I ~ ~  Eeonnl~~ies A s s o c ~ ~ ~ ~ o ~ I -  
lil-TH 31. I I ~ v & ~ ~ o s ,  ~ I I ~ V .  nf Schraska 

Tllc. .4ssoei:1tion of i i ~ l ~ e r i e : l ~ ~  J[cdical Collc~ges 
- J ~ a s  OI.IVER, Stat(& Tniv. of Se.w york Col- 
1t.g~ of Jlcdieinc. 

Tl~c. ;1111e~ri(.a11 111stitutc~ of Sllt~.itiol~-ll. H. 
\VII.I.I.~>IS, Cor11c4l L I I ~ V .  

TIIP Al~lc~rican .4cnrl1.111y of Pcdii~tricbs-L.r\rsos 
\VII.KISS. Johns Ilopkius I-uir. Srhool of 
JZedicinc. 

Thc. l'oultry Scit.net. as so cia ti or^-IT. R. BIRD, 
L-niv. of \ \*iscol~si~~ 

Tllc, ;\l~~c.rican Vc~tel~'i~~ilry Jledical Associatioll 
-(;. 11. I l . rn~,  I'nir. of Californin 

Distribution of Consumer's Evaporated 
Milk Dollar 

I:colro~~~ists of thc. Satiol~nl Gr:111ge : I I I ~  Gro- 
cery 3l:1nnfnetnrc.rs of Xulc.ric,s ~.rrtantly re- 
1c~:lsc.d the. rc.sults of a study of 1932 retail 
prices of emporated 11lilk. A S I I I I I I I I M ~ ~  of tllc.se 
~c.snlts is as follo\vs: 

I)istrihutiol~ of 
price pnid 

To ~ : I I . I I I ~ , ~ S  : 
f priec. rc~c~c.iri.d : ~ t  tllct 
*.onclel~sc~y for  thc 2.03 
l I>. of r:l\v 3.57, 1,uttc.r- 
fat  n~i lk  rc.rluirc.d for a 
14y2 oz. ea11 of "evap.") i.S{ .51.:37, 

~I:~lmf:~eturers '  gross 111mgil1 : >.St :3S.2% 
Fro111 this was paid : 
I':~c.kngin:: 111atc.rials 

and supplies ?.It 
1Vn::c.s RIICI salaric~s 

(c.scc.pt casc.c.l~tirc.) 1.0 
F:xc.entivc s:~laric.s f :I ) 
c )llthoulltl 

t rn~~s l~o~ . t :~ t ion  0.S 
:\dvch~tisi~~g 0.3 
0tl1c.r huril~css c.sl>chnscts 1.0 
Ft.de.~.;~l ;111cl s t : ~ t ~ -  

illeo1111. nncl 1,;1yroI1 
tas1.s 0.4 

Sent protits 11.2 
Sulx~rnu~~~kc.ts '  gl.oss I I I ~ I . ~ ~ I I  : 1.Gt 10..5::& 

Froln this was pnid : 
lVages and s:~lnrie.s 

f c.sc.ept c.sc,cuti\-e) O.i{ 
Esc.eutire salarit~s 11.1 
Supplies 0.1 
Ai t lvrr t i s i~y 11.1 
( )ther husiness espc.nscss U:2 
Fcdcral, state, and 

loc.aI tastxs 0.2 
S1.t profit 0.1 

1'ric.c. to c o n s u ~ ~ ~ r r s  : 15.24 100% 
( a )  1,c.s~ than 1/10 of a ec811t. 

17:111- ll~ilk prices ill I!)>' were below 1948 
1)s :nl)out 3/10 of :I c r ~ i t  pc.1 can. However, 
\vholesale and retail pricacls of evaporated Inilk 
\vcsrc. u p  hy ahout the ~ : I I I I P  an~ou l~ t .  The fac- 
tors rclsponsihle for  the incareased spread were- 
higher w-age, packaging, and transportation 
co9ts R I I ~  tases. Piet profit rates of ~nanufar-  
turcars :~nd  super n~arkcth \ v ~ r e  lo\vt~r in 1952 
that1 in 1048. 

Harry S. Fielder Dies 
1 1 . j ~ ~ ~  S. FIELDER, Direc*tor of the Sew Prod- 

uc~ts I'lanning Group of Cherry-Burrell Carp., 
dic~d after a short illness Dee. 16, 19.53. A Inem- 
1)t.r of the C'. of I. clash of 1912, Fielder started 
~v i th  the A. 11. Barhrr Crmmery Supply Co. 
in 391:l. This collipnny later n~erged with thr  
C11cbrr.v-Burrell COT. Si11c.c. 1946 he has served 
a s  C11ainrt:rn of tht. I).I.S.A. Tecllnical Conl- 
111ittcvn and xras active in thc~ Sanitary Standards 
C'o11111ritter. IIe is su~.virc.d hy hic; wife n ~ l d  two 
c~hildrc~n. 

Oregon State Holds Industry Meeting 
The 43rd AIIIIUR~ Conrel~tion ; ~ n d  Short 

Clourse of the Oi+egoll l)airy 1ndustric.s a n s  
11c.ld F e h ~ u a r y  15-1s a t  Corrallis with G. H. 
\VII.STCR in ehnlpc.. ,2111nng the out of state 
spc.akers were G.  11. TROI.T of 3Iichig;nn State, 
C'. F. ~ ~ E I K R E I C H  of the ClI11~1'ry-Burr(~11 COI.~., 
and .\I. \V. 1 1 ~ 1 , ~ s  of thch ('hris J1:111sc>n 1,ahor:l- 
torit's. J l i l~vauk~c ,  \Vis. 

California Milk Hearings 
A st.l.ic.s of hvnr i~~gs  \v:ls hcaltl in thcb diffrrcnt 

111ilk 111arkt't areas ill (':~lifornia tlurillg the 
I I I O I I ~ I I  of l ) e e ( ~ ~ ~ ~ b e r .  T l l c~s~  wercA ill ~ O I I ~ O ~ I I I -  

:IIIC.~. with tho Statc. ;\g:*ic.ultural (lodc, which 
xv:~.; cwnrtcd in 19:+5, nntl :1111vuded latclr, pres- 
calltly C'hal1tc.r 1:3, "St;lhiliz:ltioll tllld n l~rk( ' t ing  
I B ~  I.'111id Nilk :~nd  C~~>: I I I I . "  



23 6 JOURSAL OF D.kIRY SC'IESCE 

The. purposc3s of this chapter arc. to provide 
I'uncls for adntinistrntio~~ and t ~ n f o r ~ t ~ t n t ~ n t  of 
the Act. to authorize i~llcl c*nahle the 1)irector of 
Agriculture. to prc.seril)c. ~narkclting arms ancl 
t11 for~~~nlatc .  stnl~ilization ilntl 111arketing plttns, 
to (.nahlt. the d:til:\- inclustr~ with thc* :lid of the 
stat(. to corlrc*t existing rvils, to clt~vt.lop cund 
t~~i~int i l in  satisfa~tory 111:1rli(lting renditions, to 
I)l.ing nl~ont a rt~ason:~hle antount of stability 
and pros1writy in the prodoction and ~narIit.ting 
of fluid tllilk ilnd crt.:~tl~, and to providc a I I I ~ T I I ~ S  

for carrying OII t.sstantinl educational activities. 
i\s :I result of the l~rarings, whc.re both pro- 

c1ucc.r~ ant1 pt.occ.ssors voiced opinions, producer 
I I I ~ ~ ~ I I ~ I I I I I S  \verc8 cnt 46 cents pt.r hundredwcaight 
on :3.S:% ttchst Class 1 ns:lgc in 111ost of the areas, 
onahling consnnlers to rei~lizc. a one cent per 
c111art rc.tluc.tit>n in the I I I ~ I I ~ ~ I I ~ I I I  r~ t i l i l  prima of 
111ilk. Ac~~orcling to r('ports, Bureau Chief n o s  
11. \YRIXI..\SII said, "This is thcl second consecu- 
tivc. tnilk price rednction in California within 
tht. pasf t~ight ~ ~ ~ o t ~ t l ~ s ,  despite* sisittg costs of 
ot11c.1. food col~lt~~o~litic~s." 

Tl~c. ~)rcst,nt tninil~~uul retail price of n~i lk  
in 19 nortltc.rn and rentrill California areas 
v;~rit.s fro111 '10 cents to 21y2 rents per cluttrt, 
tllc. grc,:~tc.st (IitTt~rr~ltiitl hetwt.t.n store pricat. and 
IIOIIII.  dc.li\-c.rc.tl price 11ring ly2 cents. I n  south- 
1~1.11 <'nliforni;~ i ~ n d  in one t,xtre~l~t. northern 
i~re:~,  tilt' I I I ~ I I ~ I I I ~ I I I  prir(> is ge~~era l ly  ahout one 
ct~nt higher. 

l'1rt.1~1. is :il\vap c~onsidt~rablt. ( l i~agr~c.~~~c.nt  
: ~ t  the 11(~:1rings, as the suhjcrt is highly contro- 
vc.rsi:~l. IInny producc.rs want higher prices. 
cli~inting the ~~it.tl~ocls used hy thc. Burmu of 
Nilk Control in clc.tc.rntining fecld, 1:1hor, and 
I I I : I I I : I ~ ( ~ I I I I ~ ~ ~  (anst arc. inacc.nrate. These costs 
:II.(. cletc.rl~~inrtl by the Rureiln auditors, who go 
illto an area and st.l~c.t :I linlitecl nun~hcr  of 
f':1r111s for ~ t l l ( 1 ~ .  

Accordinp to news rt*ports, certain distrihu- 
tors arcs also dissatisfic.d wit11 thc. ~ninitnutn store 
priccxs, on(& cht~in orgilnization rlai~ning they 
coulcl s~.ll in their stores for 2 rents less than 
thv ~~rinilnntn pric*r, r~ntl :lnoth(lr chain organi- 
z:ltion t~~:~intaining t11t.y (aonld lowt~r the price 
:3 cents. 

Tt srcS~ns to I)(. gc.nc.r:~ll? i~glr.c~I that the pres- 
c.nt surplns of Glntlt. A 111ilk was thcb detertnin- 
i l ~ g  f:~c.tor in tl~t. gc211c-t.nl ovcbr-nll reduction in 
tllc, ~wiccb of 111ilk. 

Study Made of Bulk Milk Handling 
in Wisconsin 

.\l)ont (iOO f; lrn~rlr  now use hulk n~i lk  cool- 
ing tanks in \Yiseonsi~~--or about 1 %  of the 
tot:~l I I ~ I I I I ~ ) P I .  of n~i lk  producers in the state, 
accot.ding to A K T H ~ R  II. ~III.I.ER, Univ. of Wis- 
consin c-co~~ort~ist. The plants using bulk hand- 
liyg 111c~t110ds i~rc. nitl(.ly scattered, with lnost 
of t l ~ t ~ l ~ ~  in tht' sol~tl~( 'rn half of the state. Gen- 
c.r:11Iy, these plants arcb I~andling n~ i lk  destined 
for fluid n~illr n~i~rkc.ts. 

31illc.r'~ studichs 11:lrc. sho\vn that the grmtest 

opl>or t~u~i ty  to cut costs through bulk ~ n i l k  
I~i~ndling rests \\-it11 thcl stnall plant ~ v i t l ~  a few 
l i ~ l y c ~  patrons. I n  :~re ;~s  \vl~c.rc dairy 11c.rds ilrr 
1:1rg('. it is entirely fensihle for cl~c.c,sc factor it.^ 
to adopt bulk hantlling. 

Aceording to Jliller, hulli handling eould 
I)l.ing ahout illn~ost re~olutionary chi~nges in 
thc. ~ ~ ~ a r k e t i n g  of \\-iseonsin milk. Receiving 
costs, t.speci:~ll\- in the stnall plants, eould he 
r:~dically retlnctvl through eoluplete conversion 
to 11ulk handling by as ~nuch as 25 cents per  
hundred\\-eight of ~nilk. Larger operatiolls will 
I~r~vr. snlallt~r savings, and very large plants 
wit11 Inany snlall patrons nlay have savings 
rou~yl(.tely ahsorl)ctl in added hauling, field 
scbr\-ic.c., and cluality test expt~nscs. 

Bauman Joins Pillsbury Mills 
I l o ~ - ~ \ ~ n  B.\r-ar.\s has joined I'illsbury IIills, 

lne., as Ht~nd of the JIicrohiologicnl Seetion of 
tltc. R(*st.arcl~ :tnd I)t.vt.lopn~c.nt I)~.pt. in JIinnc*- 
npolis. 

I)r. B;IUIII:III rc.ct.ivt.cl his I3.S. drgrec. fro111 the 
Yniv. of \\'isconsin in 1949, his J1.S. clegree 
in 1951, and his l'h.I>. in 1953, ~n:ijoring in 
l::~ctc.riology ancl ~ ~ ~ i n o r i n g  in I):~iry i ~ n d  Food 
I ntlustry. 

News from the Golden State 
E. I,. J-iclc, Cl~airnlan of the Urpt. of Dairy 

Industry, rc.turnecl .January 1 front a 6-111011th 
snl)hatieal l t~avr al)road. After attencling the 
111t(lrn. 1)airy Congress as an  official delegate 
of the State Ilepartlnent, he tmvelrd in sc.veral 
countries on the continent and in the British 
Is~c's. 

Short courses have heen revived after a nunt- 
her of year\. A 2-week short courqe in n~arket  
~ni lk  was given Sov. 3-13, 1953, with an  enroll- 
ntrnt of 1.5. A 2-week short course in ice creatn 
was given Jml. 23 to Fell. 5. The annual Dairy 
Tndustry Conf'ermce was hrld Fel). 8, 9, 10. 

S e w  ~~ternhers of the Dept. of Dairy Inclustry 
staff are \\-ALTER G .  JESSISGS, who is work- 
ing in the field of dairy chen~istfy, and LEOX A. 
I<F:I,LEY, a speeialiht in market ~nilk. Jenninps 
i, :I gradnatc. of tht. Univ. of C:llifornit~ and 
I\(.ll(.y of the liniv. of \Yisconsin. 

Dairy Institute to Study 
Methods and Techniques 

1)airy fieldtnen, inspectors, snlestnen, cdu- 
crttoss, i~drninistrators, and health officcw had 
an opportunity to Icaarn the latest in dairy 
~narketing and hei~lth and production progralus 
a t  tht? Univ. of Tt.nnessee, Fcb. 25-26. Visual 
aids, personal contacts, group ~neetings, and 
unified proglatn al>proacht*s to d a i r ~  prol~lrtns 
\vc.rcB discnssc~tl. 



Cherry-Burrell Named Distributor 
for Laboratory Centrifuge 

C'l1c.1.1.y-13~1rrc.11 Corp. has hc.c>n I I : I I I I ( ~  dis- 
trihntor for  the. \I-c.stf;rlia c+laritit.r, :I rrrsnti l(~ 
Iahoratory et.ntrifuge that ctln hr. used fo r  
clariticntion, n~ixing and e~nulsifying, solvent 
t,xt~.;~ction, sep:lration, ;~ncl eonc~c*ntr:rtio~~ of 
solids. Hc~ing only 32 in. high :1nd ~veighing 
o111!. 163 Ih., it is ~vell suited to installation on 
a li~hot- tory work hc'11el1 for  us(. in rthstwrch, 
pilot plant operirtions, or clualitg cwntrol. Capa- 
city is flr)111 12 to 140 g;tI. per hour. 

Course in Artificial Insemination Given 
for Foreign Visitors 

'I'hc. 1)cq)t. of Dairy Scic.11cc2 a t  the Univ. of 
Illinois ill eoop(.ration with thtl b'oreign Opera- 
tious ~ \ ~ I I I ~ I I .  spot~sort*d :I short course in arti- 
ficial i n s ( ~ ~ ~ ~ i ~ ~ : ~ t i o t ~  for  l ~ a d ~ r s  i l l  this field from 
v:~l.ions forri'rn countries. The 13 participants 
rc.1wrs(~nied hortvt~y, The Sctl~(.rlands, yugo- 
slaria, Turkry, Iran,  Bolivia, and Brazil. R. L. 
H. t rs  spent $ wrc~ks with thcl group acting as 
a tc.chnical consultant. The program included 
a 4-~vrek s11o1.t course a t  the Univ. of Illinois 
sllpfkrvised hy S. 1,. VASI)EI\IARK and G. \ti. 
S.~I,TRR'I.RT an11 taught by thc. staff of the Dept. 
of 1):liry Science and the Vrt(>rinary College. 
Also included in thr  progralll were 2 weeks 
slx.11t a t  \\Tashi~~gton, I). C., 1 week a t  the 
I-niv. of Jlassaehusetts, 3 days a t  tht. Univ. of 
3Ii11.ylnnd, and 2 clnys a t  Co~.nc~ll Univ. 

Coulter Warns Against Research Curb 
At thc. a1111uaI 111eeting of the Illinois Dairy 

1'roduc.t~ i2ssociation in I)rc.c.~llhcr, 8. T. Cour.- 
Twr of the Unir. of Jlinnesota Dairy Dept. 
111atlc1 ;I strong 11ppea1 for  fre(~do111 in acadelnic 
r(~s(~arc11. He cited as at1 exatr~ple of lack of 
such frc~tadolrl the ouster of a college professor 
~ ~ > I I I  a lIid~vc~stt.rn university fo r  publishing 
111aterial construt~d as favorable to ~nargar inr  in 
c o ~ ~ ~ p a r i s o n  \\-it11 huttcr. H r  also warned the ice 
cl~cvtlll prople not to n~:rkr the nlistake made hy 
the. 1)uttc.r industry ill their tight against mar- 
gari111. and advised t h e ~ t ~  to adopt a reasonable 
attitudv toward eo~~~pe t i t i ve  products, such a s  
tllr soft-sc.rved icc. 111ilk and ice ercall~. 

Ilr. Coultrr strongly urged support  for  es- 
r):rndc.cl rc.sc.arc11 in thr dairy field and citrd as 
a11 c ~ s a ~ ~ ~ p l e  of ho\v the industry call he heme- 
fitc~d through hasic. rrsri1rc.11 tht. ~.eccnt dc,velop- 
I I I ( ' I I ~  of "Xu \Vorld" ~I IC(SSC hg the c.oopert~tive 
\vorl; of scic.ntists a t  thr L*niversities of \\-is- 
consin :~ntl Jlint~esotn. Cnulter aclvised the 
I I I C ~ I I I ~ ) ~ ~ ~ S  of th(' industry to I)($ 111or(~ l>rogr(~ssiv~ 
and wartl(*d th(~111 of the <l:~ugrrs of 11nlcIi11g to 
o u t ~ r ~ o ~ l ~ ~ d  ~ t~ l ld i1 l .d~ .  He st:rtt*d that proxress 
usuall>- b h r ~ ~ s  ahont ch:~ngos in thc. th i t~gs  \vt2 
clo ;und how \vc. do th(3111. 

Carman Esmond Serves in New Capacity 
('.IRJI.\S \\-. ES~IOSI) .  \v111> s(*rve(l for  20 

3-th:lrs with the G .  P. G I I I I ~ I ~ C I I  (20. as a dairy 
sales 1n111otion specialist, has hc~co~r~e Supcr- 
risor of Artivities of the Parish f o r  Christ 
Church in Cincinnati, Ohio. Es~ l~ond ,  a co- 
founder of the Guncllaeh Co., retired fro111 
active scwictl in the husi~lcbss in 1952 hemusr 
ol' il111c.s~. 

Iowa State News 
The 1):lip Hushandry Extension staff has 

~ ~ ~ o v c d  into nem- quartthrs in Curtiss Hall (for- 
111erly Ag. Hal l ) .  

I<ARI. WESTER has resigued, effeetivt~ Feb. 18, 
as i\ssistant Professor of Dairy Industry Ex- 
trnsion to hero~rle associated with the Grading 
S(.rvicc. of PJIA, Dairy Branch. His  head- 
clu:~rtt.rs will he Banon, \\-is. 

The, anuut~l Dairy Industry Short Coursr will 
l)(. 11c.ld l lnreh 23 a t  -4111rs. 

Bureau of Dairy Industry Reorganized 
The reorganization of the Agricultural Rr-  

sc.areh Serviec. of the U. S. I l rpar t~nent  of 
A~ricul ture ,  which hecatne effective Jan. 2.  
1934, was carried out on a functional rather 
than a eot~~tnodity basis. Accordingly, the work 
f o r t ~ ~ e r l y  done by the Bureau of Dairy Indus- 
t ry  is divided into eatrgorit~s of production and 
utilizatiotl r(bs(v~rrh. The Dairy Products Hr- 
sc.arcl1 Idahs., dealing with the processing and 
~~t i l iza t ion of Illilk and n ~ i l k  ~ r o d u r t s .  h e c o ~ ~ ~ e  
n sc*c.tion of' the \ ~ a s h i n g t o ~ ~  utilization Re- 
sc,;ll.eh Branch. G. E. IIOLM r e t ~ ~ a i n s  as brad 
of this section. 

The Rurrau's produetion ~vork  will conti~~uc. 
to he eo~~durtc.d hy the Srctions ( fo r~~~c l r ly  
1)ivisions) of Brc.rding, Feedir~g and i\lanagc.- 
~r~tant;  Sutri t ion and Physiology; and 1)airy 
Il chrd I I I I ~ ~ o ~ ( , I I N ' I ~ ~  Invc.stigations, u11dt.r the 
nczw Dairy I-lushandry Research Branch. AI. N. 
I " o ~ ~ a l , z s ,  L. A. JIOOHE, and ,r. F. KEXIIRICK 
rc.l~lain as the respc~ctive heads of the three 
sectiol~s. H. F:. HOIK;SOS has I > ~ ( * I I  ~uadcb chic+ 
of thc~ Br; r~~ch.  
0. F:. REED, chief of tllv f o r l ~ ~ ( , r  R L I ~ I ~ ~ I ~ L  of 

1)airy Indust~.y, has hecm ~nadt? I)irc.etor of 
I,irc.stock Resrarch aud is rc~sponsihlc~ for  the 
rc~sc.arel1 progralns of the 1)airy Hush., -411il11al 
and Poultry Hush., and Animal Disease and 
1':rr:rsitt~ Research R~.anchc~s of thcb Agri~~uI t t~raI  
I<c.scw 1.c.h Svvvict.. 

Virginia Polytechnic Institute Holds 
Series of Courses 

'I'o t~.:lit~ lirhorato~~y \ v o ~ ' k ( ~ s  for the i tldustry, 
\-.P.I. hckld a ?ours(. for heginners Fc.11. 8-13. 
\vhich \\.;I.; follo\vc~l hy ;I l-xv\.c.c~k adv:~nccd 
c.oursca. 'I'lic. ic.t. crcL:1~~t c.onf(~renee was hrlcl 
Frh .  24-2.5. 1). 1'. . J o s e ~ ~ ~ s o s  of Pennsylvu~~ia  
St;~tt. IVlliv. \\.;IS thv ~ U I - s t  spc.al;c.r and sc*ored 
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the clinic sa~npl(.s. ,I cottage. cheese and hutter- 
tt~ilk confere~~ce  rill he held at  V.P.1. Nar. 
1'7-18. l'ractical del~~onstt~ations of the nlt~nu- 
farturt* of cottagla chc.c.~c and cultured ~uill; 
will I>(, ~n:~de. 

Completed Theses 
A3f.2T. l )O,qr /v  : 
CECII. ( i .  F O R ~ ~ ~ ~ - C ~ ~ i l l l i t l g  sanitarg pipe 

lines in place. lows State College. 
AI.RERT E:. FR~~l t . \ s -~c l le t i c  analysis of the 

con~potirnts of type conforrnation :uid pro- 
durtion in Ayrshirr cows. West Virginia 
Unir. 

PJ1.D. U ( , g r ~ r :  
1 ) e ~  11. GRa~.%~l-S6~~t~c!tire chenlieal i~atagoii- 

is111 of Iaetic strt.~)tococeus ht~ctt~riopllage. 
Io\v:t State Collt.gc.. 

1-Iow.4~1) .J. L A R S R S - ~ ) ~ ~ ~ ' S ~ ~ O I I  tllld ahsorption 
of c;~rl)ohydrntc.s in tlit. young hovitic~. IO\V:I 
Stilt(. College. 

New General Biochemicals 
Catalogue Published 

Over (iOO items of interest to research work- 
ers in the fields of hiology, trticrohiology, ha(,- 
teriology, hioc*hen~istry and nutrition are listc,tl 
in the ne\v 195-4 issue of the GBl catalogue.. 
T ~ P  follo~ving types of products are included: 
alnino acids, peptides, carbohydrates, nucle- 
ates, purines, pgri~~lidines, enzynles, pFI indi- 
cators, tnicrohiologicill and hacteriological Ine- 
dia, conlplcte anirnal test diets, test diet ingre- 
dients, and ~triscellanrous rescxarch I~ioehemicals. 

Michigan State Dairy Engineering 
Conference 

The annual Dairy Ehginecring Conferei1c.e 
sponsort.d by the Departn~ents of Agricultural 
B2nginrcring and D n i y  Hushandry at  Michigan 
State C'ollegt. ~vill 1~ held March 3 and 4. 
Topic5 to hc discus5ed include : 

Engincv.ring d~sigtl  and opc~ration of hulk 
tnilk cool~rs. 

Effect of hulk Itandling on plant operatiotts. 
\Vater conditionitlg for the dairy plant. 
Engineering the 111oc1nn receiving roon~. 
Installation and use of conveyors. 
l\laintetian'e of refrigerator systetns. 
Application of time-~ltotion studies to dairy 

plant operations. 
Dairy plant p:lillt l1roh1et11~. 
In-place cleaning installatiol~s for specialized 

c.quiptl~t~nt. 
Floors for ditiry pltutts. 

West Virginia University News 
i\. E. FREE~~.\s  1 1 ~ ~ :  gOlle to Corn~ll  UlliV. 

to study ani~nal breeding under C. R. ~IESDER- 
sox. 

The Kest  Virginia Dairy Products Associa- 
tion has announced that it will offer three 
scholarships valued at  $250 each for the 1934- - - ;,:> school year. The ax-ards are given to sopho- 
111ortls. The recipients of the 1953-54 awards 
3r(,1.1. D . i r r~  I<IXG and CHARI~ES RHODES. 

Borden Chooses Ice Cream 
Operations Chief 

HARRY L. ARCHER has been niade General 
Jltlnager of the Borden Co. ice crearn opera- 
tions in the United States. He  has been assoei- 
atrd with Borden's since 1926. H e  is also a 
t~ten~her of the executive conunittee of the 
Tnt(1rn. Assoc. of Ice Cream JInErs. 

Johnson Made Head of Oakdale Laboratory 
ARs01.n 11. J o ~ s s o s  has been elected presi- 

dent of the Sational Daily Research Labs., Inc., 
Oakdale, S. T. He has served the colllpany 
since 1930 and has been vice-president and 
rc.-e:~rc~h director since 1950. 

Oregon Approves Vegetable Fat 
in Frozen Dessert 

Erginning .Tan. 2, it is legal to sell ;\[ellor- 
inr., it frozen dessert containing vegetable fat, 
it1 the state of Oregon. ,411 final-delivery eon- 
s n ~ t ~ t ~ r  packages t~lust be labeled "JIellorine," 
a.nd no words ~vhicll \vould associate such prod- 
ucts with ice crearn can be used on the Iahel 
or in advertising. The new regulation is a 
ruling of the Departluent of Agriculture. 

U. of T. Reports on Graduates 
Univ. of Tennessee graduates in dairying are 

doing well in their professional careers, with 
approsimately 90% of the111 holding good posi- 
tions in the dairying industry and allied fields. 
That conclusion xms nlade by C. E. TVYLIE of 
the G-T Department of Dairying after con- 
dncting a suivey of U-T dairying alumni. 

I'rofcssor Tf-ylie received answers froln 198 
alu~nni in the survey and found that all but 
20 of them (not couuting 1 5  in military service) 
were engaged in work connected with dairying 
and dairy iiianufacturiug, holding a wide range 
of positions. The survey also show-ed that 136 
alut~lni (ahout 70%) were located in Tennessee. 
the others in 21 other states, the District of 
Colu~nbia, and three foreign countries. 

Thirty of the graduates are dairy fanu  
operators, breeders, and herdsmen. This was 
the largest single classification of activities. 
The nest largest group, 2S, are in estension 
~ v o r b - n s  county agents and specialists. Third 
largest, 2.5, are in aduiinistrative work eon- 
nected with the dairy industry. Twenty are 
dairy fieldmen; 20, teaching in colleges and 
schools; 19, in dairy manufacturing; 10, in 
sales work; 6, health inspectors; and 5, re- 
sc.arch \\-orl;ers. 
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Dunn Joins Staff of New York 
~ i e e d e r s  Cooperative 

HESRY 0. U u s r  has accepted a position 
at  the S e x  Artificial Breeders Coopera- 
tive at  Ithaca. His research work will have to 
do with artificial breeding and the application 
of dairy cattle genetics to selection for higher 
milk production. He will work cooperatively 
with (:. R. HESDERSOX and R. JV. BRATTOY of 
Cornell Vnirersity. 

The Nominating Committee 
Solicits Your Help 

The nolninating cou~nlittee needs help in 
selecting non~inees for ASDA election of officers 
in 1951. Please help by prolnptly mailing sug- 
gestions for candidates for the office of Vice 
President from among u~en~bers  affiliated with 
the Xanufacturing Section and for Directors 
represent~ng both the Extension and Production 
Section5 to cornn~itter chairlnan R. Tlrhitaker, 
National Dairy. Oakdalr., N. Y. 

Future of Dairying May 
Depend Upon A.D.A. 

A Guest Editorial 

One of the dairy industry's nlost itnportant 
experiments of all tinle is now in progress in 
this country. I have in mind the efforts of our 
dairy fartners and dairy processors to increase 
the consun~ption of dairy products through the 
recently accelrrated research and advertising 

catnpaign of the Atneri- 
can Dairy Association. 
The results of this ex- 
perinlent and the solu- 
tion of the surplus proh- 
let11 c o n f r o n t i n g  t h e  
dairy industry nlay have 
a lasting impact on the 
number of dairy farm- 
ers in this country, the 
type of teaching and re- 
search required by the 
dairy industry, and the 
nu~nher of persons serk- 
i n g  t r a i n i n g  f o r  t h e  

J. B. Fitch dairy industry. 

proh1e111 has bccon~e so acute that it is not so 
~ ~ ~ u c h  a 111attrr of increasir~g the average con- 
sutnption of dairy products as it is of main- 
taining the present eonsulnption level. 

The per cilyita consun~ption of fluid n~i lk  
was 1owt.r in 1951 and '52 than in the ten 
previous years. The total per capita consulnp- 
tion of butterfat in 1952 is the lowest 011 record 
by the Bureau of Agricultural Econon~ics, 
U.S.D.A., as given in the Sept.-Oct. 1953 Dairy 
Situation Report and is 5.5 Ih. less than it was 
in 1942. The consulnption of nonfat solids 
was slightly higher in 1952 than in 1951 hut 
is ,still under the amount consunled in the 
years 1945 to 1947. The increase in 1952 is 
sntall in view of reported increases in the eon- 
sulnption of dried nonfat and sales of fluid 
nonfat in stores and on nlilk ~.outes. The con- 
su~nption of cheese and ice crealn is in a lnore 
favorable position. 

The dairy industry has been too late and 
has done too little in taking a realistic attitude 
toward the use of research and promotional 
agencies in expanding the use of dairy prod- 
ucts. I t  is not enough to know that milk is the 
n~ost nearly perfect food. Consurners must he 
told this fact tiwe after time. Most of the urge 
behind the present catnpaign is directed toward 
persons twenty years old or older. We have 
neglected directing facts about the food value 
of dairy products to adults. We have failed 
to elnpha.;;~c~ that oldc.1- pt.ople rat1 11t. i)t.nc~lited 
hy the nscs of Illore tnil!i and dairy prodnets. 
There is :11so tllr fact that n~illi and dairy prod- 
ucts can be used in a diet by those who want 
to reduce their weight. This does not ~nean 
any let-up on selling the younger groups hut 
an added emphasis on adults. The protnoters 
of this ealnpaign hope that the consumers of 
dairy products will develop a "king-size" de- 
rrland for dairy products rather than the "regu- 
lar" detnand as featured with another product. 

The Alnerican Dairy Association year-round 
check-off plan for dairy prolnotion will he 
drveloped on a national basis as soon as it is 
estin~ated that the producers of 60% of the 
total nlilk produced are cooperating. On the 
basis of collecting two crnts per 100 lb. of 
111il1i or one-half cent per pound of butterfat 
for the annual production of the dairy farmers 
under agree~nent, A.1I.A. hopes to raise six 
n~illiot~ dollars annuallr. As this is written. 

T h e r e  m a y  n o t  he 
proper controls to jus- 

tify calling this effort of A.11.A. an exprrin~ent 
and there nlay he crrtain factors that will hias 
the results, but the agencies conducting the 
campaign are using the best means available 
to conduct the campaign in a carefully con- 
trolled xnanner and are endeavoring to esta11- 
lish nleans of nreasuring the results. 

Large numbers of our dairy farnlers have 
come to realize the seriousness of the inroads 
that other food products and beverages have 
made on the eating habits of our people. The 

111orr than 30% of the total volulne of milk 
p rodu~rd  in the United States has been signed 
up, and the national cmupaipn to approve the 
annual chrck-off 11t1s beer] under way lesr than 
a year. 

I t  ih \veil to relnel~~her in connection with 
this producer-sponsorel prograln that the pro- 
cessor$ and distributors of dairy products have 
annually spent a large amount of nloney in 
pro~uoting the sale of dairy products. 

111 general, dally farn~ers  are hecoming lnore 
willing to participate in the A.D.A. program. 
I n  lllnnc~sota, i t  has been easier to collect 
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$400,000 in 1953 than it was to collect $50,000 
in 1940. The large surplus of dairy products 
and the fact that support prices on dairy 
products have placed us at  a disadvantage on 
the export market have created an awareness 
of the seriousness of our proble~ns at  the pro- 
ducer level. 

The surplus of dairy products has gotten 
the headlines, hut it  should not be overlooked 
that several other agricultural products also 
are in surplus. The history of production and 
consumption of flour products is quite similar 
to that of butter, but the millers have met the 
situation by curtailing production. I n  1900 
the per capita consumption of flour products 
was 225 lh. and in 1940 it was 154 1h.-a de- 
crease of 31% in 40 years. Since 1940, the per 
capita consumption has declined to 130 lb., or 
an additional 15%. There has been a sharp 
decline in butter consumption during this same 
period, dropping from 17  lb. per capita in 
1940 to about 9 lh. in 1952, a decline of 47%. 

The econon~ic status of a large segment of 
our population is such that food products from 
all over the world have been attracted to the 
easily available and well advertised domestic 
markets. This has given the consumer a wider 

variety of choices for a limited storage space 
in the human stomach. 

I11 some n~arkets, the cost of processing and 
distributing fluid milk has been such as to 
almost price it  out of the market. Marketing 
agreements in some areas have created high 
retail prices for milk, which has resulted in  
more ~uilk being diverted into dairy products 
that were already in surpluc;. The Government 
is purchasing hlgh quality butter to go into 
storage, leaving the lower grades to be sold to  
the consumer. Research and education on the 
value of milk fat  in proper nutrition and good 
eating should help to absorb some of this 
surplus. 

The results of the A.D.-4. program to pro- 
mote the consu~~~ption of milk and its products 
will help determine which products are in 
greatest demand in the maxket place and will 
form a basis for future research and advertis- 
ing programs. The outconle of these efforts 
will determine the type of farming pursued by 
many farmers in the future. This will be par- 
ticularly true of the marginal producer. 

J .  B. FITCH, Head 
Div. of Dnirjj  Hztsbandry 
C'nir. of ~Minnesota 

LETTERS TO THE EDITOR 
Likes Changes in Journal 

In  reading recent issues of the Journal of 
Dair?! Science, I have heen very much im- 
pressed with its excellent get-up and appear- 
anre and especially with its con~pleteness. 

I t  is my opinion that the inclusion of the 
sections captioned People and Events, Letters 
to the Editor, and Our Industry Today con- 
tribute very much to making the Journal more 
comprehensive and of greater value to those 
of us who like to keep in touch with the indus- 
t ry across the board. 

Such an excellent job is thus being accom- 
plished that I feel I would like to pass my com- 
pli~nents to yourself as Editor, and to the sev- 
eral members of your Editorial Board and the 
members of the Committee on Journal Manage- 
ment. 

F. S. BOARD 
Chicago 

Dairymen Should Set an Example 
I have attended many dairy banquets and 

luncheons, and I have eaten out with a number 
of dairy people, including dairy equipment 
salesmen, and I am amazed at  the lack of 
enthusiasm that these people have for their 
own products. I recently attended an annual 
meeting of a state dairy association a t  which 
practically everyone drank coffee-much of it  

black; there was no cottage cheese on the table, 
no ripened cheeses were served, the butter had 
acquired a surfare taint fro:n being stored in 
the refrigerator after I-eing cut, and for dessert 
we had pie. This I have seen happen time 
after time. 

At dairy short courses and conferences the 
faculty sometimes kindly arrange for a break 
in the middle of the morning and afternoon- 
for what? Usually coffee, not even hot choco- 
late. 

I n  the hotel rooms at  dairy conventions great 
hospitality is shown the guests by the supply 
people. Some serve cheese and crackers, but 
a high percentage serves liquor. Pio one ever 
offers you a glass of milk or buttermilk. One 
company a t  a recent meeting did offer hot 
chocolate along with the liquor, a co~nmendable 
move on their part. 

Even dairy farn~ers  e~nphasize coffee at  their 
dinner mcetings rather than the product that 
is their livelihood and which is in jeopardy a t  
the present time because of the inroads being 
made by conlpetitive food products. We render 
a great deal of lip service to the cause of using 
more milk and milk products, yet we certainly 
do not do our share of promoting their use by 
setting an example to others when we eat in 
public places. Instead of boosting sales for  
liquor, coffee, and other competitive beverages, 
let us show the world me believe in our own 
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products by serving complete lines of high 
quality dairy products at  our association meet- 
ings, by establishing milk or hot chocolate hours 
in place of coffee hours, and by encouraging 
our employees to drink milk at  their rest 
periods instead of soft drinks. How can we 
expect other people to increase their milk 
intake if we don't show them the way? 

J. W. HEIZER 
New York  Ci ty  

Suggests Addition of Courses 
in Public Health 

I notice with much interest the report of the 
Curriculun~ Committee which appeared in the 
December issue of the Jo~trnal of Dair!y Science. 

To one who has spent many years in public 
health, i t  seems to me that the Land-Grant 
colleges have neglected to include either suffi- 
eient or well-rounded courses in public health 
for students in both the dairy and food tech- 
nology sciences. 

For basic science, a co~i~bination of sanitary 
and food bacteriology is a recommendation for 
manufacturing majors only. Under Dairy Pro- 
duction, animal health and sanitation are 
grouped together once again as a reconnuended 
elective. For Dairy hIanufacturing majors, 
there is not a single full-time course devoted 
to public health. 

JThile it is true that many of the courses 
given do include a smattering of sanitation and 
public h~a l th  in relation to the particular suh- 
ject n~atter, it appears that the colleges and 
universities do not have a full understanding 
of the importance of public health to food 
technology. 

The basis for 111ost of the laws and reeula- 
tions of puhlic health is environmmtal sanita- 
tion. Prevention of outbreaks of disease, 
whether they be directly or indirectly traceable 
to food, has its basis in a properly controlled 
environment. An understanding of co~un~uni- 
cable diseases, the mode of transmission, the 
sources of infection, their prevalence, and the 
methods of control qhould be a basic part of 
food teclnlology. 

One might advance the theory that a course 
in bacteriology would suffice, but it has been 
my experience that the average graduate has a 
pitiful understanding of the importance of 
public health to the d a i ~  and food industries. 

HAROLD WAIKESS 
Chicago 

People Should Eat More Cheese 
The editor of the Pacific Foods Revirw in 

the January 1954 issue makes the significant 
statement: "On the present basis of population 
increase in the United States the current sur- 
plus could be wiped out if each family of four 
would spend just $2.50 more a year for cheese. 

High protein cheese dishes make inexpensive, 
nutritious meals. One new dish made with 
cheese 'sold' to every consumer in the United 
States could wipe out surpluses too!" 

Here is a challenge to the dairy industry! 
The per capita consumption of cheese, not 

including cottage, in the United States increased 
from 4.4 lb. in 1932 to 7.7 lb. in 1952. There 
has been a tremendous increase in the produc- 
tion of Cheddar, Swiss, Italian, and Blue 
Cheese during this 20-year period. Of the 
1,170,404,000 lb. of cheese made in 1952, 375,- 
181,000 lb. were of varieties other than Ched- 
dar. In  1952, a total of 439,000,000 lb. of 
creamed cottage cheese was made, with Cali- 
fornia producing 20% of the total. 

I believe there is an opportunity to further 
increase the per capita consumption of cheese 
in the United States. When I visited Denmark 
in 1949 I was impressed with the attractive 
displays of many varieties of cheese in specialty 
stores. The quality of the cheese was escellent. 
The ~nost  comnlon varieties were : Samsoe 
(Swiss-type), Fynbo (Gouda), Molbo (Edam), 
Danahlu (Blue), Taffel (Tyho), Esrotn (Port 
du Salut), and Danbo (Steppe). Cheese was 
served even for breakfast. yes, why not? A 
fine breakfast that the writer enjoyed at  restau- 
rants was "Kaffe Compl~t." I t  consisted of 
boiled egg, several kinds of sliced bread, a 
dish with balls of tasty butter, several kinds 
of deliciou'i cheese nicely arranged on a tray, 
and coffee n-ith cream. For the evening meal, 
which generally consisted of open-faced sand- 
wiches, butter and cheese were used generously. 
This small country (only one-sixth the size of 
Oregon) produced 215,000,000 lb. of cheese in 
1951. A large percentage was exported. Do- 
n~estic consun~ption was 55,000,000 lb. Cheese 
consumption in several other European coun- 
tries is also high. 

Cheese is one of God's finest gifts to man. 
We should serve it more often. 

G. H. WILSTER 
Oregot& State College 

Likes New Department of Journal 
Since my student days at  the Manitoba Agri- 

cultural College over a third of a century ago, 
I have been a reader of the Jo~trttal of Dairy 
Science I have heen interested in following 
its evolution over the years and wish to take 
this opportunity to express to President Price, 
the Editor, and the Journal hfanagement Com- 
mittee my appreciation for the improvenlents 
that have been made in the Journal during the 
past year. For~nerly, nly Journal went un- 
opmed for some time after it  arrived. Now I 
look forward to receiving it, and the first thing 
I turn to is your "People and Events" column, 
where I like to rend what is happening in the 
various parts of the country. 

I particularly enjoy your tributes to our 



242 JOURA'.\L OF D.\IRY SCIESCE 

dairy Ieaclc~rs, and the guest c.ditorial.;. T n l ~ o  
like very nloeh tht. t l r p : ~ r t r ~ ~ c ~ ~ ~ t  on eonlpletrd 
1I.S. and Ph.D. thesc..;. I \ronld like to set. you 
tlrrc.lop the. Pcoplc. i ~ n d  Event.; colulrrn even 
Illore. I suggcb.st you gclt u~ore  l~ews ahout 
industry drvc~lopnlc~nts in the different states 
in ad(1ition to thr  cc.vc,tlts happcwing a t  unirer- 
sities. I Ili~re ~vonderc.d too why you don't have 
Inore nch\vh about \\.hat is  happc.ning a t  Wash- 
ington, D. C., that ptbople in tl~c. dairy industry 
would like to kuo~v tlhout. I also suggest you 
include nlore news about rrcvnt developttlrnts 
in laboratory and plant rquipn~rnt.  

I find your "Industry Today" articles very 
much worth while. I n  trry position as quality 
supervisor for  our colnpany, I frequently have 

to conti~ct farnters. I hart. long since 1c.arned 
thr. value of being able to talk to then) ahout 
son~ething they are interestrd in and in a non- 
tc,chnical language. The article by C. R. Hog- 
lund on "How Efficient C i ~ n  the I h i r y  Cow 
Bt~colne" in the 1)rcrmher issur was tops in lrly 
opinion. I t  gave the essential facts without 
frills that I need when I tiilk to farrnrrs on 
n~i lk  production prohlellls. 1.et.s hilve Inore 
such articles. 

So, once again, congratulations on a Inore 
intc~resting and Inore usc4ul .journal. ICeep u p  
thr good work. 

~ I O R R I S  BAROX 
Chirtrgo 



MANUFACTURE OF QUALITY 
CREAM CHEESE 

A Means of Utilizing Some of Our 
Excess Milk Fat 
ERIK LITSDSTEDT 

Conswlting Dnirrl Ckrn~ist  
Jfin t11 i ,  Flu. 

Crratn cheese occupie.; a relatively stnall but 
itnportant place alllong the ntany varieties of 
cheeses made in the United States. The annual 
per capita eonsurnption is about one-half pound. 
During the last hundred years a large a~noun t  
of technical skill and knowledge has been ac- 
cumulated. J lany firtns and individuals have 
contributed to the devrlopnlent of thi3 product. 
Some of their names are ren~en~bered, but Inany 
others have been forgotten. 

I n  a discussion of the manufarture of rreanl 
cheese i t  is necessary to review it7 legal back- 
ground in order to better understand the rea- 
sons fo r  the present-day 111et11ods of ~nanufac- 
ture. 

First Standards Established in 1921 
The first advisory standard of identity fo r  

cream cheese was issued in 1921 by the Secre- 
tary  of Agriculture, who a t  that time adnrinis- 
tered the Federal Food and Drug Art  which 
stated that, "Creanl cheese is the unripened 
cheese made by the Srufchatel  process fro111 
whole tnilk enriched with crratn. I t  contains 
in the water-free substance not less than sixty- 
fire per cent (65%) of milk fat." A product 
containing 26% f a t  and 604'1, n~oisture had been 
made co~nmercially from 7% f a t  mixes for  
many gears prior to this time. Today, however, 
such a product would be considered a s  a high- 
f a t  Seufchatel cheese. I n  the 10-year period 
following the issuing of the 1921 standard, 
cornpetition caused ~nanufacturers to raise the 
f a t  eontent of oean l  cheeses to over 33y0. The 
sweetness and s~noothness of the higher f a t  
rheese was f a r  superior to that of the old type 
"Seufchatel Crealn" cheese and resulted in in- 
creased sales. 

During the nes t  decade the ercaln cheese 
iudustry u7as in a state of eonfusion. The hot 
pack tl~ethod of manufarture was developed in 
the late tn~enties, using a heated ~nixture  of 
carob bean gum, crealn, and cold park curd. 
A big advantage of this type of cheese was that 
i t  could he discharged hot directly into foil 
lined boxes or containers. I t  was soon found 

hy practical c.lrcrse makers that a satisfactory 
clrec~sc, could he made containing 24% fa t  and 
68% n~oisture. This product was well over the 
1921 standard since it contained '75y0 f a t  on the 
dry  tnatt,er basis. The industry now had two 
alternatives, either to lower the f a t  of their 
creanr rheeses to meet the competition of the 
new product made by the hot process or  to have 
lirws prolnulgated which took into consideration 
different linlits of f a t  and ~noisture. 

It was not until 1939 that the Secretary of 
Bgriculture notified the industry that a public 
hearing \~-ould be held in Washington to con- 
sider new standards fo r  crealtr cheese. Fortu- 
nately, the majority of the industry had con- 
tinued to produce cheese with a minimum of 
331, f a t  and a rnaximum of 56q0 n~oistur-e. 
After 3 years of study and argumentation, an 
order was published in the Federal Register, 
Decen~ber 23, 1942, but due to judicial reviews 
i t  did not becotne effective before March 1943. 
An a~nendnrent to the order was signed by the 
Federal Security Administrator September 13, 
1918 (9/17/48 F R  13-5422-5134). 

These standards apply to crearrr cheeses 
shipped in interstate colnmerce or to that made 
in states which have adopted the federal stand- 
ards. They state that creanr cheese must have 
not less than 33% f a t  and not Inore than 55% 
moisture; the raw materials used may be skim- 
~nilk,  ~nilk,  rrealn, condensed milk or  condensed 
sk i~n~n i lk  or nonfat dry  nrilk solids. The order 
further specified that the cheese  nus st not con- 
tain more than 0.5% of a water-binding sub- 
stance, such as Karaya, gun1 tmgacanth, carob 
bean gum, gelatin, and algin, and the label 
must bear a statenlent to that effect. 

I n  the United States both the cold and hot 
pack types of cream cheese are  produced today, 
and many different methods are  employed to 
n ~ i ~ k e  these two types. 

Making Cream Cheese by the 
Cold Pack Method 

One of the best methods used by the industry 
in producing a cold pack cream cheese with a 
f a t  content higher than the federal standard 
is as follows: 

1. Standardize milk or  sk i~n~n i lk  with fresh 
or frozen cream to a f a t  content of about 
12570. 

2. Pasteurize a t  150' F. for  30 minutes. 
3. Cool to 120'' F. and hon~ogenize single 

stage a t  1800 Ib. pressure. 
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4. Cool to 72-75' F. and inoculate with 
starter. 

5. Ripen for 16 to 18 hours to a p H  of 4.6 
or lower. 

6. Heat the coagulated mix in coil vats to 
about 130" F. or until a proper "break" 
is obtained between the curd and the whey. 

7. Cool to 90°F., add 1% of salt, and fur- 
ther cool to 40" F. 

8. Drain in bags, ice, and press over night 
to a yield of 33%. 

Resulting cheese will contain about 36% fa t  
and 53% moisture. To produce a cheese with 
33.5% fa t  and 54% moisture an 11% fa t  niix 
should be used. Some of the older school prefer 
to use 18% mixes, producing a cheese with 40% 
fa t  and 51% moisture. 

Factors determining quality of cold pack 
cheese. The keeping quality of cold pack cream 
cheese is about 3 weeks or less, depending upon 
the efficiency of the plant and the methods of 
distribution. Manufacturers using the cold pack 
method are prin~arily concerned about the taste, 
flavor, body, and texture of their cheese. The 
taste and flavor, or aroma, depend upon the 
raw material and the quality of the starter used. 
The body and texture are regulated by a series 
of factors which are more complicated and 
therefore need discussion. 

The size, shape, arrangement, and degree of 
hardness of the solid particles determine the 
body and texture characteristic of the cheese. 
A desirable cheese is one that is smooth and 
soft and has good spreading qualities even a t  
refrigerator temperatures. The physical state 
of the milk solids can be controlled by proper 
manipulation of the cheese making process. 
The more important factors affecting body and 
texture in the finished cheese are as follows: 

The source of the butterfat. 
The percentage of f a t  and milk solid not fat. 
The pasteurizing temperature. 
The pressure and temperature of homogeniza- 

tion. 
Whether or not salt is added before cooking 

the mix. 
The p H  of the mix a t  the time of cooking. 
The cooking temperature. 
The amount of agitation during cooking. 
The extent of cooling before homogenization. 
The amount of water added after the mix is 

cooked. 
The extent to which the acid is reduced after 

cooking. 
The temperature a t  which the mix is drawn. 
The alnount of pressure to which the curd is 

subjected. 
Mechanical treatment given the finished curd. 

In  choosing the percentage of fa t  for mixes, 
i t  is not correct to base calculations on the per- 
centage of fat  and solids-not-fat alone, as the 
easein in the solids-not-fat does not have a con- 

stant value. This solid varies in different parts 
of the country from 23 to 30% of the milk 
solids-not-fat. The importance of the compo- 
sition of the solids-not-fat in milk in cream 
cheese ma.king will be discussed under the hot 
pack method of manufacture. 

Proper pH and cooking temperature neces- 
sary. The best cheese is obtained a t  a p H  of 
4.6 using a cooking temperature of 130" F. 
With a higher p H  value (less acidity) and higher 
cooking temperature the resulting curd will 
become dry, crumhly, and rubbery; but with a 
decrease, in  p H  and cooking temperature the 
curd will become stnooth, soft, sticky, and un- 
drainable. I f  for some reason it  is desirable 
to use a higher cooking temperature, the mix 
should have a pII  low-er than 4.6 in order to 
maintain a desirable body and texture. Because 
of possible variations in milk solids-not-fat and 
CO? present in the mixes, the titrable acidity 
test is not a satisfactory guide in making cream 
cheese. 

Establishing proper drailzage conditions. An 
experienced cheese maker can predict the tex- 
ture and body of the resulting cream cheese 
curd by observing the rate of drainage of whey 
fro111 the bags. The proper breaking point for 
whey separation depends on the p H  and tem- 
peratures, and by means of a stop watch and 
filter paper it  can be denionstrated that this 
point is reached at  a p H  of 4.6 at  110" F., but 
for good drainage an additional 20 degrees of 
heat is necessary. The drainage is slowed down 
by high pasteurizing temperatures, high homo- 
genizing pressures, high fa t  content mixes, high 
acidities, low "cooking" temperatures, and the 
addition of salt and neutralizers before "cook- 
ing." Fast drainage is obtained by minimum 
pasteurizing temperatures, low homogenizing 
pressures, low fa t  content mixes, low acidities, 
gentle agitation, high cooking temperatures, 
and the addition of a t  least 25% water to the 
mix. I n  general, the faster the drainage the 
coarser the cheese, and the slower the drainage 
the smoother the cheese. 

Sofcrce of tke fat important. The texture of 
the cheese to a certain extent also is influenced 
by the type of product used to supply the 
butterfat in the mixes. The texture varies from 
coarse to smooth in order of the following types 
of fa t  sources employed-butter oil, butter, 
frozen cream ( 3  months or more), plastic 
cream, and fresh creani. Butter oil cannot be 
used to the extent of more than 30% of the 
total ainount of butterfat required without in- 
fluencing the taste as well as the body of the 
finished product. 

Sorne manufacturers fortify their mixes by 
the addition of concentrated skimmilk or low 
heat milk powders. I t  is possible to increase 
the output of a plant by 20% or more by the 
addition of extra solids and fat. 
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Making Cream Cheese by the 
Hot Pack Method 

The base for hot pack erean1 cheese is curd 
nlanufaetured aecording to the principles laid 
down for the cold pack process. The best and 
most ecouo~~~ieal hot pack method is the eom- 
hination of whole niilk eurd and cream, since 
the eurd can be used both for Neufchatel and 
eream cheese. Further, a more uniform cheese 
can be produced a t  the legal limits with a firm, 
spreadahle, and s~nooth texture and a flavor 
and taste surpassing the straight curd method. 

After the publication in 1927 of the Dahlberg 
method (J. Dairy Sci., 10: 106) of packaging 
erearn cheese directly from the homogenizer 
into foil lined boxes, a vast amount of expcri- 
mentation took place. Secrecies surrounded the 
industry sinee all foresaw an era similar to 
the one created by the late J .  L. Kraft  in the 
processed eheese field. Patents were taken out 
on the addition of gums and co~nbinatiou of 
gums and pectins, on the use of cottage cheese 
curd and plastic cream, and on all sorts of 
mechanical devices. However, it was alnlost 20 
years before a new proeess of significance was 
created in the hot pack cream cheese industry. 
At this time the centrifugal curd concentrator 
was developed by the DeLaval Separator Co. 
and the Kraft  Foods Co. 

In  order to control the texture and body of 
this type of curd, it is necessary to use a com- 
bination of a low p H  mix and a high cooking 
temperature already described under the cold 
paek method. If mixes are "cooked" at  tem- 
peratures over 165' F., the finished cheese will 
lose the delicate flavor and aroma ohtained 
with lower temperatures of "cooking." 

The use of high casein milk may result in 
economy. I t  is difficult for the uninitiated to 
understand that two hot pack cheeses of appar- 
ently widely different compositions can have 
the same firmness of body.' For  example, a 
Neufchatel cheese with 20% fa t  and 65% mois- 
ture may have the same finnness of body as a 
cream eheese with 33% fa t  and 55% ~noisture. 
From the casein content of the n~ixes it  can be 
calculated that both cheeses on a fat-free basis 
contain the same amount of casein and mois- 
ture, i.e., 10.5% casein and 82% moisture. 

Therefore, if the cream cheese contains 21 lb. 
of casein per 100 lb. fa t  the Neufchatel eheese 
will have twice as much casein, or 42 lb. per 
100 lb. of fat. The proportion of easein to the 
fa t  in cream cheese ~ilixes raraging from 10 to 
13% fat decreases only 2 lb. per 100 lb. of fat  
in the cream eheese for each per cent increase 
of the fa t  in the mixes. This certainly is impor- 
tant from a standpoint of cost. I f  a manufac- 

Some homogenizers, regardless of type and 
pressure, will not produce a firm-bodied hot pack 
cheese because they are unable to properly dis- 
perse the fat in the casein. 

turer has a choice of milk supplies, i t  is to his 
advantage to know how much casein there is 
in the solids-not-fat of the milk, because the 
higher the percentage, the lower the cost of 
his finished produet. 

pH nlztst be controlled. Another important 
factor in the production of hot paek cream 
eheese is the control of the p H  in the finished 
cheese. A whole lnilk curd with a p H  of 4.7 
will by the addition of sweet cream have its 
acidity redueed to a point where the finished 
eheese will be soupy or sticky. I t  is therefore 
desirable to have on hand ripened cream to use 
for this purpose. The proper proportion of 
sweet or ripened cream and whole milk eurd 
can be determined by a p H  determination of a 
small a ~ ~ i o u n t  prior to making the factory batch. 
Each nlanufacturer should determine for him- 
self what the p H  should be in order to produce 
a cheese with the type of body the market in 
his area demands. 

I f  a market requires a very sweet but not 
sticky cheese of a p H  of 4.7 to 4.8, the milk 
mix should be cooked a t  a p H  of 4.6 and the 
finished cheese should contain 22 lb. of easein 
per 100 lb. of f a t  when making cream cheese 
and 46 lb. casein per 100 lb. fa t  when making 
Neufehatel cheese. 

There Is  a Future for the 
Cream cheese Industry 

The cremu cheese industry has a very inter- 
esting background and a promising future, and 
it is to be hoped that the increased interest in 
this type of cheese will absorb part of our 
growing surplus of butterfat for the benefit of 
all concerned. 

APPRAISING THE TRANSMITTING 
ABILITY OF SIRES PLACED 

IN ARTIFICIAL SERVICE 
AS YOUNG BULLS 

C. S. RHODE 
Department of Dairy Science 
University of Illinois, Urbana 

The cooperative artificial breeding program 
in Illinois was started and functions for the 
purpose of iinproving the efficiency, produe- 
tion, type, and value of Illinois dairy cattle. 
Consequently, keeping an adequate number of 
bulls in service that have the ability to trans- 
mit the desired characteristics to their offspring 
is one of the nlost important problems in con- 
nection with this project. 

The nunlher of bulls adequately and favor- 
ably proven for production and type that are 
available for use in artificial breeding associa- 
tions falls fa r  short of supplying the demand. 
Some bulls proven satisfactory for  production 
transmit undesirable type. Bulls proved on the 
basis of a few dam and daughter pairs in one 
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herd may 5how up differently when final ap- 
praisal is made on a large number of artifi- 
cially sired daughters. JTith this situation in 
nlind, the practice of carefully selecting and 
maki~lg special ~natings to produce young sires 
to be sparingly used until proved on the basis 
of artificially sired daughters was started soon 
after the program got under way in Illinois 
in 1940. 

When this type of breeding prograni is fol- 
lowed, making an early appraisal on the trans- 
mitting ability of young bulls is of lnaior 
importance. Early in 1953, an organized plan 
was outlined by the author to meet this need. 
The plan consists of the following major 
nhases : 

1. Arrangeinents should be made with 100 or 
more cooperators who are inembers of dairy 
herd in~provenlent associations to breed two or 
more cows to each young bull as he is placed 
in service. Heifers resulting from these mat- 
iugs should be retained until they have finished 
a lactation record. 

2. The association should keep a separate 
record of the location of the first two or three 
hundred cows bred to each young bull. More 
con~plete infor~nation will be made available 
and time saved if this procedure is followed. 

3. Technicians should be asked to report the 
location of heifer calves. 

4. Twenty to 50 daughters of each sire should 
he checked for type and uniforniity when they 
are 6 to 12 inonths old. At that time, a report 
card should be made out for each calf. This 
record should show the nunlher of the calf, her 

sire and da111's nu~nher, date of birth, owner, 
and notations relative to the type of the calf 
and feeding and ~nanagenlent practices. At this 
time the dam should be classified (unofficially) 
and the rating listed on the card. The dam's 
record should also be recorded. I t  is iinportant 
to list the type classification of the d a n ~  at  this 
ti~ne, as she nlag not be available when her 
daughter conies into illilk. 

5. An early check on 20 or inore daughters 
should be n~ade before first-calf lactation 
records are finished. At this time, the report 
card is con~pleted by listing the calving date, 
days in milk, production of inilk and butterfat 
to date, and the unofficial type rating. 

6. The production and type data are ana- 
lyzed. 

7. I f  the inheritance picture is favorable, the 
cooperator, fieldn~en, and technicians should be 
notified and the bull placed in heavier service. 
If the data on a bull indicate strong trans- 
mitting ability for certain characteristics, this 
fact also should he nlade known to the above- 
mentioned group. Any faults should be noted 
and kept in mind when nlatings are made. 

8. If an early and inconlplete appraisal of 
a bull raises sonle question as to his trausmit- 
ting ability, he, of course, should be taken out 
of even lilnited service until a final decision 
ean be made on the basis of Inore co~nplete 
infor~nation. 

Following a progranl of this kind gives an 
early appraisal of the transmitting ability of 
young bulls and n~akes possible a wiser selee- 
tion of sires to be used in individual herds and 
on individual cons. 
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ANIMAL DISEASES 
237. Dilator for clogged teats. V. GARIEPY. 
T;. S. Patent 2,664,894. 1 claim. Jan. 5, 1954. 
Official Gaz. U. S. Pat. Office, 678, 1: 146. 
1954. 

A round instrument, surrounded by a solid 
medicament, for inserting in and treating in- 
jured or diseased teats. R. Whitaker 

238. Comparative study of the content of 
starch and sugars of Tribulus terrestris, lu- 
cerne, some Gramineae, and Pentzia incana 
under different meteorological, edaphic, and 
physiological conditions. 11. Carbohydrate nu- 
trition (bloating and dikkop sickness). >I. 
IIESRICI, Veld Reserve, l!'aures~nith, S. Africa. 
Onderstepoort J. Vet. Research, 25, 45. 195'2. 
(Cheln. Abstr., 48 : 30%. 1954.) 

S. Patton 

BUTTER 
239. Automatic individual butter server. V. 
PALAZZOLO. U. S. Patent 2,663,932. 4 clairns. 
Dee. 29, 1953. Official Gaz. U. S. Pat.  Office, 
677, 5:  1208. 1953. 

Sticks of hutter held in vertical channels are 
sliced by a knife blade into single individual 
servings by pressing a level. The butter is held 
in servable condition by cracked ice in an 
adjacent chamber. R. Whitaker 

240. Forsok med bitning av firsksmor (Ex- 
periments in  the printing of fresh butter). 
English summary. I<. E:. THOM%, E. G. SAM- 
UELSOS, and X. MATTSOS, Dairy Dept. of The 
Alnarp Inst., Sweden. Report 39. 1953. 

The most important factors influencing the 
quality of printed butter were storage time and 
teu~perature prior to printing. Butter stored 
at  room tenlperatnre as well as cooler tempera- 
ture was inferior with regard to flavor and 
general appearance 10 d. after printing. De- 
terioration was due to an increase in the size 
of the serum droplets resulting in a wavy, 
inottled butter and an increase in the number 
of bacteria. The churn seemed to have little 
influence on the quality of the butter, although 
prolonged working in a wooden churn increased 

the number of bacteria as compared to normal 
working in a wooden churn, and normal and 
prolonged working in a stainless steel churn. 

The use of regular salt or a special salt 
(buffer) did not influence the quality of the 
butter. T. Kristoffersen 

CHEESE 
241. Quality cheese and government stand- 
ards. H. L. WILSON, Kraft Foods Co., Chicago. 
Southern Dairy Products J., 54, 5 :  133. 1953. 

The three important items in the manufacture 
of cheddar cheese in order of importance are 
quality milk, a dependable starter and satis- 
factory cheese making procedure. Low-grade 
milk can cause defects in the cheese in spite 
of pasteurization. A competent grader in the 
receiving room usually can pick out milk of 
poor quality by stile11 and thus reduce the 
amount of low-grade cheese. The methylene 
blue test has served a purpose in the past but 
its value in grading milk to be pasteurized for 
cheese making is questionable. The Wisconsin 
curd test is considered superior but nlay be 
no better than a competent grader by smell. 
Starters should be handled carefully by an 
approved procedure. The details of good cheese 
making procedure are reviewed. Holding the 
cheese a t  50-65O F. for the first 60 days is 
recolnnlended for cheese of good quality. Ref- 
erence should be made to government standards, 
which Inay be obtained from the Production and 
Marketing Administration, in order to nieet the 
requirements as to composition and character- 
istics of the cheese. F. W. Bennett 

242. Cheese and process of preparing the 
same. S. G. KXIGHT (assignor to Wisconsin 
Aluntni Research Foundation). U. S. Patent 
2,665,990. 2 claims. Jan. 12, 1951. Official 
Gaz. U. S. Pat. Office, 678, 2:  526. 1954. 

By using a white mutant obtained by irradia- 
tion of blue-green Pelticillium roqueforti, a 
Roquefort type of cheese is made which is free 
fro111 the blue-veins, characteristic of such 
cheese. R. Whitaker 

243. Cheese curd cutter. B. T. HENSGEN (as- 
signor to Swift & Colapany). U. S. Patent 
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2,663,081. 1 claim. Dec. 22, 1953. Official Gaz. 
U. S. Pat. Office. 677. 4: 910. 1953. 
h cheese curd cuttei for a vertical cylindrical 

shaped cheese vat, consisting of a fixed shaft 
mounted in the center, to which one cutter is 
attached, and around which another cutter is 
nladc to rotate. The fixed cutter holds the curd 
from rotating. R. Whitaker 

244. Open texture or late gas defect in ripen- 
ing cheese. W. V. PRICE, Univ. of Wis., Madi- 
son. Milk Products J., 45, 1: 22. 1954. 

Cheeselnakers and dealers have observed ex- 
cessive openings, gas holes, "sweet-holes" or 
splits developing in cheddar cheese during rip- 
ening. The defect may appear as early as seven 
d. to two wk. in cheese with moisture approxi- 
mating 40% or more, or it may appear in Ched- 
dar cheese after three nlo. of curing at  55' F. 

The difficulty generally is attributed to the 
presence in the cheese of anaerobic gas forming 
microorganislns which can survive pasteurizing 
te~npcratures. The control measures that will 
minilnize the develop~~~ent of late gas in cheese 
are sunnnarized. J. J. Janzen 

245. New investigations on the development 
of "bank-red in cheese. 1%. H. HANNI, Nilch- 
wirtsch. Anstalt Liebefeld. Schweiz. Milch- 
ztg., 79: 343. 1953. (Chem. Abstr., 48: 300h. 
1954.) S. Patton 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

246. Preparation of milk powder. F. F. HAN- 
SEX. U. S. Patent 2,663,644. 6 claims. Dec. 
22, 1953. Oficial Gaz. U. S. Pat. Office, 677, 
4:  1UG7. 1953. 

Dry skill~lnilk powder, having a lnininlum 
particle size of 200 mesh, is exposed to ultra- 
violet light of 2,500 to 3,000 for 20 to 40 
min. to neutralize the sulfhydryl (-S-H) radi- 
rals. for the DurrJose of improving the oven- - ,  . A - 
spring of hread dough containing the powder. 

R. Whitaker 

247. Milk powder and its preparation. F. F. 
HAXSES. U. S. Patent 2,663,643. 4 claims. 
Dec. 2'2, 1953. Official ~ a i .  U: S. Pat. Office, 
677, 4 :  1067. 1953. 

  he oven-spring of bread dough made with 
dry skimmilk is in~proved if the reducing action 
of the sulfhrdrvl (-S-EI) radicals of the pow- . . " ~  
der has heen neutralized'by chlorination. 

R. Whitaker 

248. Process of concentrating milk and prod- 
uct. R. 'KHITAKER and A. C. HERRO (assign- 
ors to Sational Dairy Research Laboratories, 
Inc.). U. S. Patent 2,663,642. 22 claims. Dec. 
22, 1953. Official Gaz. U. S. Pat. Office, 677, 
4: 1067. 1953. 

A process is described for producing a con- 

centrated pasteurized milk which, on reconsti- 
tution with water, gives a whole milk with a 
flavor indistinguishable from fresh milk. Criti- 
cal ranges are given for the temp. and duration 
of heating during pasteurization and concen- 
tration, so as to avoid the formation of a cooked 
niilk flavor. R. Whitaker 

249. Milk protein food product and process. 
H. W. HOWARD, R. J. BLOCK, and H. E. SEVALL 
(assignors to The Borden Co.). U. S. Patent 
2,665,989. 3 claims. Jan. 12, 1954. Official 
Gaz. U. 6. Pat.  Office, 678, 2 :  526. 1954. 

Casein and lactalbumin are simultaneously 
precipitated fro111 skilnn~ilk at  85-95' by adding 
the amount of acid required to bring the p H  
to the isoelectrie point. Prepared in this way, 
the proteins are readily dispersible in water a t  
the neutral point. R. Whitaker 

250. Combined can puncturing and can 
holder device. J. 0. KEENEY. U. S. Patent 
2,663,460. 2 claims. Dec. 22, 1953. Official 
GHE. U. S. Pat. Office, 677, 4: 1016. 1953. 

A can of evaporated milk is placed in this 
device which has a can puncturing attachment, 
which also serves as a pouring spout. 

li. Whitaker 

DAIRY BACTERIOLOGY 
251. Psychrophilic bacteria, effect on finished 
product. G. H. TVATROUS, JR., Penn. State 
Coll., State College. Souther11 Dairy Products 
J., 54, 5: 102. 19.53. 

Seventy-five raw n~ilk sau~ples were collected 
fro111 milk receiving platfortus. Some portions 
were laboratory pasteurized. All were stored 
at  5" C. for 20 d. The average standard plate 
count of the raw milk increased from 29,000 
to S8,000,000/ml. The average psychrophilic 
count increased from 690 to 84,000,000/1ul. The 
standard plate count of the pasteurized inilk 
decreased fro111 730 to 510/ml. and no psychro- 
phils were found. Three types of variability of 
bacteria counts were obtained during the stor- 
age of colnmercially pasteurized rnilk sa~nples. 
I n  one type the standard psychrophilic and 
coliform counts all increased rapidly. I n  a 
second type there was no increase in the stand- 
ard count, psychrophils reached 1/1111. only 
after 6 d. and then increased rapidly and no 
coliforms were found. I n  a third type there 
was no increase in the standard count, psychro- 
phils reached 1/1111. first after 3 d. and increased 
rapidly thereafter and colifornls reached l/ml. 
first after 12 d. and then increased rapidly. 
Changes in counts when plates were incubated 
at  25" C. for 3 d. followed somewhat the same 
pattern as the changes in psychrophilic counts. 
Psychrophils appeared not to withstand pas- 
teurization but were found in pasteurized milk 
as a result of post-pasteurization contalliination. 

F. W. Bennett 
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252. Testing quaternary ammonium germi- 
cides. G. K. GOETCHI~~S and H. GRINSFELDER, 
Roh~u and Haas Co., Philadelphia, Pa. Appl. 
Jlicrobiol., 1, 6 :  271. 1953. 

An inlproved proredure has been suggested 
for evaluating the bactericidal properties of 
alkyl (C-CI~) totyl lnethyl trinlethyl annnonium 
chloride (50%). A comparative study on the 
bactericidal efficiency of phenol and the quat- 
ernary ammonium con~pound tested over a \ride 
variation in concentration.; showed that these 
substances are not si~nilar in their behavior, 
and therefore it is hcalievetl to be ineorrect to 
speak of a phenol coetlic.ic.nt value for yuater- 
naries. J I .  11. l\7eischr 

253. The nutrition of Brucella melitensis. 
T. H. SANDERS, I<. HIC;I-(-HI, and C. R. BRETVER, 
Camp Detrick, Frederick, Jfd. J .  Haczteriol., 
66:  294. 1953. (Clirni. .\hstr., 47 : 12.5lli. 
1953. ) 13. 1,. Larson 

254. Some properties of the hexokinase of 
Pseudomonas putrefaciens. H. P. I<r .~ls .  J .  
Racteriol., 66 : G50. 1953. F. E. Selson 

255. The diserentiation of Aerobacter aero- 
genes and Aerobacter cloacae. JI. S. BROOKE. 
.J. Barteriol., 66: 721. 19533. 11'. E. Selson 

256. Synthesis of citrovorum factor by Leu- 
conostoc citrovorum : potentiation by ascorbic 
acid. (Note) G. N. I~'OLET :~nd E. C. HALET. 
J. Hacteriol., 66 : 727. 19.53. F. E:. Selson 

DAIRY CHEMISTRY 
257. Improved method of determining densi- 
ties of viscous fluids with Babcock bottles. 
R. S. Cass, J. B. GRE(:~RY, and E:. LEVESS, 
Frederick S. Bacon Laboratories, \tTaterto\~n, 
Mass. Xnalyt. Cheni., 25, 11: 1773. 1953. 

Babcock milk test hottles werr used as pyc- 
no~neters for detern~ining densities of viscous 
liquids. A fornlula was developed to calculate 
density a t  a known ten~perature when the 
bottle neck reading and the weight of the fluid 
in the bottle were known. A prerision of 
k0.0002 gram per ml. was obtained with vis- 
cosities of 1000 to 2000 cp. and temperatures 
of 160" to 180" F. B. H. 1ITebh 

258. Studies on casein. VII. Identity of 
y-casein isolated from casein or paracasein. 
E. CHERBULIEZ and H. WOLF, Univ. Geneva, 
Switz. Helv. Chim. Acta, 36:  1174. 1953 (in 
Frenrh).  (Cl~em. Abstr., 47 : 12433f. 1953.) 

B. L. Larson 

259. The terminal amino groups of a- and 
p-caseins. E. F. MELLON, A. H. KORN, and 
S. R. HOOVER, Eastern Regional Research Lab., 
Philadelphia, Pa. J. Am. Chem. Soc., 75: 
1675. 1953. (Chein. Abstr., 47 : 12461a. 1953.) 

B. L. Larson 

260. Amino acid composition of Y-casein. 
1t-M. G. GORDOK, WM. F. SEII&~ETT, and 11. 
BENDER, Eastern Regional Research Lah., 
Philadelphia, Pa. J .  l l ~ ~ l .  Chenl. SOC., 75: 
1678. 1953. (Chenl. Abstr., 47 : l2Mlb. 1953.) 

B. 1,. Larson 

261. Pyruvic acid and acetaldehyde in human 
milk according to different Arakawa reactions. 
-1. SATO and T. ,\RAKA\$-A, Tohoku Univ., Sen- 
dai. Tohoku J. Esptl. Ned., 55:  176. 1952 ( in  
English). (Chen~. Abstr., 47 : 12496a. 1953.) 

B. L. Larson 

262. Nicotinic acid content of human milk. 
G. SICHEI,E, Univ. Home, and G. Rovelli. Arch. 
Ital. Pediat e pucricult, 15 :  241. 19.51. (Chenl. 
,Lbstr., 47: 12555h. 1953.) B. L. Lnrson 

263. Hydrolysis of casein. E. SEI,T.ES and .J. 
.JARA. Gillenica Acta (Madrid), 5 :  143. 1952. 
(Che~n. Abstr., 47 : l2174f. 1953.) 

B. 1,. Larson 

264. Composition of kangaroo milk (walla- 
roo, Macropus robustus). 11. R~LLICER and J.  
T. PI\SCOE, Vniv. Sydney. Australian J .  Sci., 
15:  '715. 1953. (Chem. Abstr., 47: 12569e. 
1953. ) R. L. I~tirson 

265. The influence of the ration of dairy 
cows on the amino acid composition of milk. 
P. T. I<uc;~se\-. Izvest. Tin~iryaz ev. Ssl'skok- 
hoz. .\kad., JIoscow, 1, 2:  187. 1953. (Cheln. 
,\hstr., 48:  296a. 1954.) S. Patton 

266. The fat-albumin correlation and its sig- 
nificance in practice. 0. S T ~ B E R  and J. G ~ ~ R E L T .  
Jlilehmiss. Her., 3: 1952. (Che~n. Abstr., 48:  
29Sd. 1954.) S. Patton 

267. Relationship of lactose to chlorides in 
milk. M. J~E.\D, Dairy Farmers' Co-op Milk 
Co., Sydney. Australian J. Dairy Tech., 7 :  77. 
19.52 (Chem. Abstr., 48: 298e. 19.54.) 

S. Patton 

268. The changes of some physical constants 
of milk produced by the addition of water or 
urine. J. F. VALE SERRANO, I?. TATTARES, and 
E'. TEIXEIRA, Centro Estudos Farniacol., Porto, 
Portugal. Anais fac. farm. Porto, 12:  35. 
19F2. (Chem. Abstr., 48 : 298e. 1954.) 

S. Patton 

269. Determination of vitamin E in food and 
fodder. S. SOBILE and H. MOOR, F. Hoffmann- 
LaRoche & Co., A.-G., Basel, Switz. Mitt. 
Gehiete Lehensm. u. Hyg., 44:  396. 1953. 
(Cheni. Abstr., 48 : 302d. 1954.) S. Patton 

DAIRY ENGINEERING 
270. HTST timing with homogenizers. H. L. 
MITTES, JR., and D. C. ROAHEN, Creamery 
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Package RIanufacturing Co., Fort Atkinson, 
\I7is. Milk Dealer, 43, 1 : 52. 1953. 

AIany HTST pasteurizer installations use an 
ho~nogenizer as the timing or metering pump. 
This eliminates the usual metering pu111p thus 
lowcrilig the initial cost for both equipment 
and installatiorl work. One p u ~ n p  less may 
also Incan that clean-up cost is less, n~aintenance 
requirenlents are lower, and depreciation is 
reduced. Diagrau~s shoring the installation of 
ho~nogenizcrs as timing pumps are given and 
the design and engineering of the installation 
is discussed. 

C. J. Babmck 

271. Pumping mechanism. R. HORTON, N. E. 
SPIESS, JR., and I<. R. WEAVER (assignors to 
National Dairy Research Laboratories, Inc.). 
U. S. Patent 2,644,829. 6 claims. Jan. 5, 1954. 
Official Gaz. r. S. Pat. Office, 678, 1: 127. 
1954. 

An air actuated, electrically controlled sani- 
tary type purnp for n~oving liquids with mini- 
mutn agitation, with no rnoving parts other 
than inlet and outlet valves. Of particular 
value in pu~nping such prodncts as cream, 
buttern~ilk, etc., the physical properties of 
which are impaired by agitation. 

R. Whitaker 

272. Bending pipe cuts installation costs 
75%. IT. R. SCHUH, E:. D. Wesley Co., Mil- 
waukee, Wis. Milk Products J., 45, l: 24. 
1954. 

The savings involved when using bent pipe 
instead of welded ells are discussed. This type 
of installation has possibilities in any dairy 
plant as it is applicable to refrigeration, water, 
steal11 or fuel line construction. 

The effieiency of such an installation is still 
another phase where bends prove their superi- 
ority. The smooth walls allow flow with lower 
resistance than ells, helping maintain the pres- 
sure. J. J. Janzen 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

273. A system of payment for milk. E. 0. 
WHITTIER, Bureau of Dairy Industry, USDA, 
Washington, U. C. Ifilk Products J., 45, 1: 
27. 1954. 

The present system of payment for milk 
based on a differential for each tenth of a per 
cent fat  above or below the standard percentage 
needs re-evaluation. Greater emphasis should 
be placed on the solids-not-fat content of the 
product. 

The method presented here is based on a 
consideration of the relative value of the com- 
po~leiits of milk to the consumer in terms of 
nutrition and in terms of prices of competing 
nutrients. 

The basic formula employed is Af + Bs = P, 
in which f is the number of pounds of fa t  in 

100 Ibs. of ~nilk, A is the value assigned to the 
fat  in dollars per lb., s is the nutnber of Ibs. 
of total solids in 100 Ibs. of milk (approx. four 
times the number of Ibs. of protein), B is the 
value assigned to the total solids in dollars per 
Ill. (approx. 1/4 the value of the protein per lb.), 
and P is the price of 100 lbs. of 111ilk. Values 
of A, R, and P may be established by assunling 
values for any two, but preferably by setting 
a base price for 3.5% 111ilk of average solids 
content and assu~ning a definite ratio of A to B. 

Three tables are included which show the 
changes involved in 'price paid to farmer' using 
different base prices. J. J. Janzen 

274. Milk sales with bulk flow dispensers. 
ANON. Milk Dealer, 43, 1: 56. 1953. 

Milk dealers are installing dispensers in 
special outlets such as restaurants, drug stores, 
drive-ins, schools and hospitals, where illilk is 
used in large qnantities and where quick service 
is an il~iportant factor. A survey of the use of 
these dispensers shows that they enable the 
milk dealer to sell Inore ~nilk with a lower dis- 
tributing cost. C. J. Babcock 

275. Sample with quarts. WM. SKINNER, The 
illilk Shed, Inc., AIoultrie, Ga. Milk Plant 
NIonthlv. 42, 10: 25. 1953. 

The %ilk' Shed, Inc. of JLoultrie, Georgia 
reports spectacular results fro111 chocolate-sell- 
ing by the Johnson Conlpany "set-off" contest 
plan. The plan involves placing at  each retail 
consunler's doorstep a qt. of the dairy's choco- 
late drink and a message fro111 routemen. I f  
the housewife does not want the drink, it  nlay 
he set back out for pickup on the nest delivery 
date. I t  is not a free sample, and if not set 
back out is billed at  regular price. A few days 
later the route~nan leaves literature urging the 
housewife to order chocolate drink regularly. 
The route which won the contest had a sales 
base of 6 .qt. per d. retail and 286 wholesale. 
During the contest, this route totaled 52 qt. 
retail and Sly2 qt. wholesale. Two wk. after 
the contest, the route was selling 33 qt. retail 
and 443 qt. wholesale. C. J. Babcock 

276. Students learn by doing in cooperatives 
milk plant. Asox. Ifilk Dealer, 43, 2 :  54. 
1053. 

As an aid to teaching high school agricultural 
students about cooperatives the Miami Valley 
Milk Producers Association in Dayton, Ohio 
employed 9 me~ubers of the Beavercreek High 
School Future Farmers of America Chapter for  
a day's work in its plant and offices. The basic 
ail11 \\-as a better understanding of dairy manu- 
facturing and lnarkding operations. The prep- 
arations prior to the day in the plant and the 
activities in the plant are discussed. The event 
should be held in late spring when students are 
thinking about the type of work they want to 
do after graduation. Public relations progra~ns 
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of dairy manufacturers can easily be coor- 
dinated with opportunities offered by groups 
such as the Junior Chamber of Commerce. 
Furnishing inforlnation to high school seniors 
about jobs in the dairy industry would add to 
the interest of students for the work as well 
as increasing understanding of the work done 
by industry. C. J. Babcock 

277. Sell dairy chocolate to restaurants. C. 
0. DAVIS, JR., Editor, Milk Plant Monthly, 
42,lO : 19. 1953. 

Tests concerning restaurants as outlets for 
hot chocolate, and the equipment required for 
the sale of restaurant chocolate are discussed. 
Factors causing increased sales are listed. 

C. J. Babcock 

278. Mejeridriftens Organisation. 1. Glasm- 
jolk och Osttillverkning. (Organization prob- 
lems in the dairy plant. 1. Production of 
bottled milk and cheese). English summary. 
E. Enrr~soh-, Dairy Dept. of The Alnarp Inst., 
Sweden. Report 40. 1953. 

Studies were carried out on rhoice of technic 
and capacity in the Swedish dairy industry. 
Reco~n~nendations were made for a bottling 
plant handling 40,000 bottles a day and a 
cheese factory making cheese of 10,000 litres 
of milk a day. T. Kristoffersen 

Few instances of butterfat tests below stand- 
ard were found when cows had adequate pas- 
ture, hay or silage. Where the herds with sub- 
norlnal butterfat tests were fed hay the fa t  
tests soon began a gradual increase. 

A. It. Porter 

281. The influence of feeding tocopherol to 
dairy cows on the yield of milk and milk-fat 
and on the tocopherol content and keeping 
quality of the butter. J. NIELSEN, Natl. Re- 
search Inst. of Animal Husbandry, Copen- 
hagen, A. K. FISKER and A. H. PEDERSEN, 
Gov't. Research Dairy, HillerGd, and L. PRANGE, 
E. S@NDERGOARD, and H. DAM, Dept. of Bio- 
chem. and Nutrition, Polytechnic Inst., Copen- 
hagen. J. Dairy Research, 20, 3: 333. 1953. 

Two groups of nine cows were used in three 
periods in an experiment to determine the effect 
of feeding a-tocopherol acetate. One group 
remained on a control winter type diet, while 
the experimental group first was observed in a 
preliminary 42 d. period without supplement 
and then under supplementation with 2.0 g. of 
tocopherol daily for 63 d. There was a further 
observation period of 35 d. following cessation 
of feeding the tocopherol. 

Tocopherol feeding did not significantly in- 
fluence milk yield. 

There was an indication that the feedintr of 
FEEDS AND FEEDING 

279. Fedtfattigt og fedtrigere kraftfoder ti1 
malkekoer (Concentrates with different fat 
content for dairy cows). English summary. 
H. W. ESKEDAL, Exp. ~ a h o r a t o 5 ,  ~ o ~ e n h a g e h .  
Bulletin, 265. 1953. 

Rations containing linseed cake, linseed n~eal 
and linseed were given to 3 different groups of 
dairy cows. The more fat  in the ration the 
higher was the yield of milk. Rape oil and 
soybean oil had the same effect with soybean 
oil being son~ewhat better. All 3 vegetable fats 
lowered the iodine no. of the butterfat resulting 
in a better consistency of winter butter. 

Animal fats, lard, and ox-tallow also resulted 
in higher yields of nlilk when given to cows. 
The iodine no. was also lowered but butter made 
from such ~iiilk was considered less desirable. 

T. Rristoffersen 

280. Subnormal butterfat tests affected by 
roughage supply. R. B. BECKER and P. T. DIX 
ARXOLD, Fla. Agr. Expt. Sta., Gainesville. 
Guernsey Breeders' J., 90, 1: 16. 1954. 

Instances are given of subnormal butterfat 
tests occurring when normal roughages are lack- 
ing in the dairy row rations. These include 
finely ground and pelleted feeds, chopped straw 
and nlolasses, corn or sorghum silages with 
limited pasture and inadequate pasture. Other 
cases of subnormal butterfat tests have been 
reported when cows were pastured on young, 
succulent oats. 

2.0 g. a-tocopherol acetate daily to co~rs  caised 
butter made from their milk to develop a n  
oxidized oily flavor. 

A second experinlent on supplelnental feed- 
ing at the same rate used two groups of seven 
cows for three periods of 35 d. each. The differ- 
ence in butter quality was less definite but in 
the same direction on butters stored for 3 
months a t  -12' C. 

I t  was found in this group of butters that 
feeding tocopherols did raise the tocopherol 
content of butter to about twice that of butter 
from the unsupplemented group. The higher 
levels returned to nor~nal in 2 weeks of the final 
period. The cows were then turned to pasture 
and tocopherols rose to about what the supple- 
lnented group had been (25 pg./g.). 

The butters were tested on chicks to deter- 
mine the tendency toward producing encephalo- 
malacia. I n  neither group did the disease ap- 
pear when butterfat was incorporated at  a 30% 
level of the diet. I n  the group receiving butter 
fro111 cows not supplemented, white striations 
appeared in 5 of 10 chicks while in the other 
group, 1 of 10. Thus, an increased protection 
was afforded chicks by the increased content of 
the tocopherol in the butter. 

The supplementation of a winter ration with 
2.0 g. daily of a-tocopherol acetate did raise the 
tocopherol content of the resulting butter. Nilk 
yield and f a t  0/,  were not influenced. Butter 
keeping quality was not materially changed but 
was slightly decreased. J. D. Donker 
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282. The effects of feeding iodinated casein 
and L-thyroxine upon the health, reproduction 
and yield of a dual-purpose breed of cattle, 
and a purely dairy breed. J. N. AITREN, A. nT. 
BOYXE, and J. A. CRICHTOK, Rowett Research 
Inst., Bucksburn, Aberdeenshire. J. Dairy Re- 
search, 20, 3 : 291. 1953. 

Ten Red Poll and ten Ayrshire cows were 
treated with iodinated casein or an equivalent 
amount of L-thyroxine following the peaks of 
production in several consecutive lactations. 
Their herd health record, reproductive perform- 
ance and nlilk yields mere conlpared to a con- 
trol group of cows of similar genetic make-up. 
The iodinated casein was given for 1 5  weeks 
beginning at  the 17th week of each lactation 
in the alnount of 20 g. daily (80 mg. L-thyrox- 
ine) for the first 12 weeks, 15 for the next 
week, 10 the next and 5 the final week. 

The incidence of disease over four lactations 
was not different between groups. There were 
for the control and experiinental herds respec- 
tively 1.85 and 1.73 services per conception and 
440 and 446 days between calvings, these fig- 
ures not being significantly different. The 
treated Ayrshires lost weight during the first 
12 weeks of feeding iodinated casein (18.6 lbs.) 
while the controls gained (46.2). Both groups 
of Red Polls gained; 68.2 Ihs. for controls and 
13.2 for esperi~uental. 

The control group of Ayrshire cattle gave 
600 111s. Inore nlilk per cow per lactation in the 
preexpcri~nental period. The Red Polls were 
nlore evenly n~atched. Increased productivity 
reached masitnuni proportions 4-6 weeks after 
the start of feeding the drug. This increase 
becaanle progressively less until the control 
aninlals giving nlore nlilk before the end 
of the feeding periods. Consequently the 
lengths of the lactations averaged approxi- 
nlately 5 weeks less overall. I t  was only if 
daily average production for the experinlental 
period was calculated that one of the experi- 
lnentally fed groups produced significantly bet- 
ter than the control groups. This benefit ap- 
peared only in the first lactation of the Red 
Polls and Inay have been the result of their 
heavy fleshlng prior to the start of the feeding 
of lodinated casein. There appeared to he no 
difference in butterfat % of the nlilk from 
the experinlental group. ,T. D. Ilonker 

283. The suitability and utilization of winter 
forages for dairy cattle. %I. E. MCCULLOUGH, 
TI-. E. XEVILLE, JR., and 0. E. SELL, Ga. Agr. 
Espt.  Sta., Athens. Mimeo. Series, 62. 1953. 

Types and nutritional value of winter pas- 
tures are discussed. R. IV. Aunt 

284. The nutritive value of tobacco seed 
extrrrction salvage in milk cows and suckling 
sheep. G. COMBERG and IV. ROSEXHAHN, Univ. 
Halle, Ger. i2rcli. Tie~ernahr, 2 :  376. 1952. 
(Chen~. Abstr., 47 : 12541g. 1953.) 

R. L. Larson 

285. The animal protein factor, vitamin B r z  
and antibiotics in the feeding of domestic 
animals. R. FERRAKDO and J. PRILIPPE, Ecole 
veterinaire, Lyons, France. Rev. fermenta- 
tions et inds. aliment, 7 :  79. 1952. (Chem. 
Abstr., 47 : 12557a. 1953.) B. L. Larson 

286. The nutritive value of the indigenous 
grasses of Assam. VI. The grass Joy-Joha 
(Ischaemum rugosum) as a cattle feed. B. K. 
DAS and K. C. ~IUKHERJEE, Animal Kutrition 
Research Schenle, Gauhati. Indian J. Vet. 
Sci., 22 : 239. 1952. (Che~n. Abstr., 47 : 12548d. 
1953.) B. L. Larson 

287. The use of vitamin concentrates and 
salts of cobalt in feeding cattle. A. M. P o ~ o v .  
Latvijas PSR Zinatiiu Akad. VBstis, 1951 : 
421. ( In  Russian with Latvian sun~mary, 423). 
(Cheln. Ahstr., 47: 12550h. 1953.) 

B. L. Larson 

288. Contents of carotene and vitamin A in 
natural, cultivated, and prepared cattle feed 
in Latvian S.S.R. E. TAUCINS, Inst. Zootech. 
& Zoohyg., Acad. Sci. Latv. S.S.R. Latvijas 
PSH Ziniitnu Akad. T'Pstis, 10: 40. 1949. 
(Chem. Ahstr., 48: 303d. 1932.) 

S. Patton 

289. Needles of coniferous trees as a vitamin- 
rich food for domestic animals. I<. BRENCIS, 
Inst. Zootech. t? Zoohyg., Acad. Sci. Latv. 
S.S.H. Latvijas PSR Ziniitnu Akad. VPstis 
5, 59. 1950. (Cheln. .lbstr., 48: 303c. 1954.) 

S. Patton 

GENETICS AND BREEDING 
290. A study of variation in twin cattle. I. 
General description. H. P. DONALD, Agr. Re- 
search Council, Aninial Breeding Research 
Organization, Edinburgh. J. Dairy Research, 
20, 3:  355. Oct. 1953. 

Forty-five pairs of sister aninlals were ob- 
tained equally distributed among identical 
twins, fraternal twins and half sibs. Pairs 
were ohservc.d as to variances arising within 
n~ell~bers and this co~nparcd to variances be- 
tween pairs to arrive a t  heritability estiniates 
of varioiis characteristics. illanagenient was 
within nornral far111 routine with care taken 
to hold environlnental variation to a ininilnum. 
Hay was fed ad lib in winter. Free access was 
had to pasture in sutnliier. Grain and silage 
were rationed according to body weight and milk 
production. The feed available was considered 
to be of such quantity and quality as to not be a 
limiting thing in the observed perforrl~ance. 
Each animal weighed every second week. 
The heifers were to he bred at  15 lnonths to 
n~embers of identical twins. 

I t  was stated that diagnosis of one-egg twins 
on subjective characteristics are accurate to the 
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extent that week-old calves are properly diag- 
nosed in 90y0 of the cases. 

The data on which recordings were to be 
made include growth, inilk and butter-fat pro- 
duction, body di~nensions, fertility and pattern 
of tooth growth. J. D. Donker 

291. A study of variation in twin cattle. 11. 
Fertility. H. P. ~IONALD and D. ANDERSON. 
Agr. Research Council, Animal Breeding Re- 
search organization, Edinburgh. J. Dairy Re- 
search, 20, 3 : 361. 1953. 

An effort was made to determine the effects 
of heredity on factors affecting reproduction 
by using data obtained frorn twin aninials. I f  
the variance observed between one-egg twins 
was less than that observed between two-egg 
twins this is support that genetic influences 
are  manifest in the trait under study. 

A study was made within a herd consisting 
of 15 pairs of one-egg, twins and 1 5  pairs of 
two-egg twins, along with 15 pairs of half sibs 
for age at  first heat, intervals between heat, 
services per conception, gestation period, sex 
and twinning in the progeny. Although a trend 
was evident, the statistical significance of the 
analysis used failed to prove that differences 
in age of first heat arose from a genetic basis 
within this group of animals. Sirn~lar analysis 
failed to show a genetic bearing upon length of 
estrus cycle. Services required for  first service 
showed no genetic influences to distinguish the 
variations observed. Although a difference in 
the variance between pairs compared to within 
pairs existed in one-egg twins, the differences 
were not of great enough ~nagnitude to assume 
mathematical significance. 

Of 122 ntatings of one-egg twins to one-egg 
twins there mas only one occurrence of twins 
(two-egg). Thus, there is no evidence to sup- 
port the contention that occurrence of identical 
twins is associated with a recessive gene. Since 
the heritabilities of these characteristics are not 
assured a t  a high level the author concludes 
there is little justification for using identical 
t ~ - i n s  for this type of study. J. D. Donker 

Construction details and diagram are given 
of a farm vacuum tank for use with bulk Inilk 
pick-up systems. Air agitation of Inilk in the 
tank is accotnplished by vacuunl instead of by 
air pressure. The same vacuum pump is used 
to operate milking nlachines and to agitate the 
~ni lk in the tank. It takes about 1% min. to 
build 14 in. of vacuunl in the tank, but as soon 
as this reserve has been built up, it  improves 
the efficiency of the entire milking system. This 
tank is particularly adapted for  climates where 
the milk putnp on the tanker may freeze during 
the winter months. C. J. Bahcock 

294. The deterioration of milking rubbers. 
111. The effect of farm treatment. J. H. 
COOPER and E. R. GARDNER, Avon India Rubber 
Co. Ltd., Melksham, TITilts. J. Dairy Research, 
20, 3 :  3-10. 1953. 

A study of factors affecting the life of rubber 
teat cup liners and the pattern of fat  accutnu- 
lation in the liners has shown that fa t  accumu- 
lates ~nainly a t  the lnouth piece and along the 
inner surface in  contact with the teat. Rubber 
under stretch absorhs more fa t  than relaxed 
inaterial and this condition results in the rubber 
beeotning supersaturated and later exudating 
fat  in relation to its concentration. I t  has been 
estitnated that 3.0 cc. of fa t  becotne absorbed 
during the inilliing of 3000 cows by virtue of 
the liner only absorbing the f a t  fro111 1/2 drop 
of milk per cow. 

When fat  beco~nes absorbed the ruhber su~ells 
and I)ecomes more susceptible to oxidation 
which causes further swelling. The source of 
fat  to be absorbed is from teat skin exudates, 
ointtnents and inilk fats. The life of the rubber 
is directly proportional to the care received in 
protection frotn prolonged contact with these 
sources. Fa t  absorption in the liner iurreases 
linearly with milkings performed. Dry or sour 
~ni lk caused a rapid deterioration. At~nospheric 
ozone caused cracking of rubber, this being 
increased if the rubber was under partial ten- 
sion such as where hoses were slipped on to 
inetal tubes or where thev were kewt in a bent 

HERD MANAGEMENT position. JVhile modern ;leaning aients do not 
harm rubber they generally do not renlove ab- 

292. Effect of two systems of management sorbed fat  except under prolonged soaking as 
on milk yield and body temperature of dairy the fat  diffuses slowly out of the ruhber. 
cattle. K. A. A~.I&I. Sature, 172, 4391 : 1195. J. D. Donker 

Sative Egyptian cows were either kept in- 
doors and provided with barseem or taken to 
the fields for 10 hrs. daily and fed the same 
ration. There was no significant difference be- 
tween the two systetus on either the inilk yield 
o r  rectal tetnp. Barn temp. ranged frotn 13.4 
to 21.5' C. and attnospheric tet~tps. from 12.5 
to 19.7" C. R. \lThitaker 

293. Vacuum tank with pipe line milking. 
T. D. ROI.AND, Roland Hros., Pocatello, Idaho. 
Milk Plant Monthly, 42, 11: 14. 1953. 

295. Animal operated drinking bowl. A. E. 
ANDERSON. U. S. Patent 2,664,069. 4 claims. 
Dec. 29, 1953. Official Gaz. U. S. Pat.  Office, 
677, 5 :  1246. 1953. 

A drinking fountain for  cattle, consisting of 
a bowl to which water is adtnitted from a pipe 
by a valvc operated by a plate which the animal 
depresses with its nose. R. Whitaker 

296. Stock waterer. C. H. NELSOX. U. S. 
Patent 2,664,070. 11 claiins. Dec. 29, 1953. 
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Offirial Gaz. U. S. Pat. Office, 677, 5 :  1246. 
1953. 
11 cattle drinking fountain in which the water 

level is n~aintained by a float valve. 
R. Whitaker 

297. Valved coupling for milking system. A. 
E. -\SDERSON. U. S. Patent 2,664,104. 16 
elai~ns. Dee. 29, 1953. Official Gaz. U. S. Pat. 
Office, 677, 5 :  1253. 1953. 

-4 coupling for attaching a milking machine 
to a fixed vacuum outfit. A built-in valve closes 
whc~n the ~nilking machine is disconnerted. 

R. Whitaker 

298. Milk strainer with removable baffle and 
centering device. TV. H. HARSTICK (assignor 
to International Harvester Co.). U. S. Patent 
2,665,009. 4 claims. Jan. 5, 1954. Official Gaz. 
U. S. Pat. Office, 678, 1: 180. 1954. 

A design for a milk strainer, so constructed 
that the filter pad is centered and rigidly held 
in place on the strainer. R. Whitaker 

299. Livestock feeder. A. M. BEST (assignor 
to Sperry Corp.). U. S. Patent 2,665,015. 16 
clain~s. Jan. 5, 1954. Official Gaz. U. S. Pat. 
Office, 678, 1: 182. 1954. 

A conical shaped scraper is installed in  the 
botton~ of a silo. Pressure of the silage actuates 
a motor which rotates the scraper and delivers 
silage to feeding outlets as consumed. 

R. TVhitaker 

300. Electric automatic stock and chicken 
waterer. TV. F. CLEVELAND. U. S. Patent 
2,665,366. 1 claim. Jan. 5, 1954. Official Gaz. 
V. S. Pat. Office, 678, 1: 275. 1954. 

A watering trough suitable for cows, chick- 
ens, etc., having a float valve to maintain a 
given level and a thermostatically controlled 
electric heater. R. Whitaker 

301. Pneumatic pulsator. 6. J. ERLING (as- 
signor to Aktiebolaget Separator). U. S. Pat- 
ent 2,665,703. 3 clai~ns. Jan. 12, 1954. Official 
Gaz. U. S. Pat. Office, 678, 2: 442. 1954. 

Details are presented covering the construc- 
tion of a pneumatic type milker pulsator. 

R. Whitaker 

302. Pulsator. E. RAT~SON (assignor to Pack- 
age ?tlachinery Co.). U. S. Patent 2,665,702. 
18 claims. Jan. 12, 1954. Official Gaz. U. S. 
Pat. Office, 678, 2 :  442 1954. 

Construction details are given for a vacuum 
type ntilker pulsator. R. Whitaker 

303. Suspended milker. E. RAWSON (assignor 
to Package llachincrp Co.). U. S. Patent 
2,665,663. 8 claims. Jan. 12, 1954. Offirial 
Gnz. U. S. Pat. Office, 678, 2:  430. 1954. 

A rylindlical shaped portable milker, having 

a detachable pulsator and connections to a vac- 
uum supply and lines to teat cups. 

R. TVhitaker 

ICE CREAM 
304. Trends that will influence sales - 12 
months of vegetable oils and ice cream. TV. A. 
WENTIVORTH, Borden Co., New Tork. South- 
ern Dairy Products J., 54, 5 :  42. 1953. 

Ice erean1 gallonage in 4 ~nidnestern ice creatn 
plants which also made vegetable-oil frozen 
desserts (Group 1 )  was down 9.3% and in 3 
plants which did not make these new products 
(Group 2) it was down 4.1% during June 19.52- 
May 1953 as compared with the past 12 1110. 

The overall gallonage of frozen desserts in- 
creased 11.5% in Group 1 plants but decreased 
1.3% in Group 2 plants. Gains in the utiliza- 
tion of serum solids were 1.4% and less than 
170 respectively. F. w. Bennett 

305. Liquid sugar-what it is. $1. F. HUGHES, 
Director, R,esearch Laboratory, Refined Syrup 
and Sugars Inc., Yonkers, Sew Tork. Ice 
Creanl ~ e v . ,  37, 5 :  44. 1953. 

Liquid sugar is n 67% sugar syrup contain- 
ing varying amounts of impurities depending 
upon the method and degree of purification 
carried out by the refinery. High quality liquid 
sugar is virtually free of color and it has no 
flavor other than s~veetness. I t  has a low ash 
and invert sugar content, is practically neutral 
in reaction and is comparatively f r ~ e  of rol- 
loidal material. 

Means of protecting liquid sugar fro111 pos- 
sible deterioration,  neth hods for lneasuring 
liquid sugar into a mix, and the advantages 
claimed for the use of liquid sugar are dis- 
cussed. 

The author indicates that the marketing 
branch of the U.S.D.A. is studying the question 
of fornlulating standard grades for liquid sugar 
products. In  setting up  standards for the 
industry, the need for uniform procedures in 
evaluating the various factors which determine 
quality in liquid sugar produrts is stressed. 

TV. J. Caulfield 

306. Consumer satisfaction from packaged 
ice cream. R. T. SMITH. Robert T. Smith and 
iissociates, Scranton, Pa. Ire Cream Rev., 37, 
5: 49. 1953. 

The opinions of 1.500 representative consum- 
ers were ohtained in an effort to learn what 
factors are important in consulner acceptance 
of packaged ire cream. 

Su~nmarization of these opinions indicates 
that: (1)  availability, (2) good assortment of 
flavor%, (3) storage of the ice cream in a special 
cabinet so as to keep the packages firm, and 
(4) .providing insulated bags are factors which 
are ~t t~portant  to 75% or ntore of the consumers 
in the purchase of packaged ice cream. Numer- 
ous other data relative to the sale of ice cream 
are discussed. ITT. J. Caulfield 
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307. Report on saving the half-gallon con- counts but higher average standard plate counts 
tainer through standardization. F. M. SKEL- than either ice cream or novelties. 
TON, General Ice Cream Corp., Schenectady, If7. J. Caulfield 
S. Y. Ice Cream Trade J., 49, 11: 36. 1953. 

The sinlplified practice colnlllittee of the 311. Stabilized ice cream compositions. J. 
1~1~11 that two standard 1/2-gallon I~AMLET (assignor to The B. I?. Goodrich CO.). 
packages have been developed with the follow- U. S. Patent 2,665,216. 3 claims. Jan. 5, 1954. 
ing d~mensions : Official Gaz. U. S. Pat. Office, 678, 1 : 241. 

No. 1 squat 31/2" x 4-13/16" x 6-47/64" 1954. 
So. 2 tall 3" x 5" x 7-19/32" An ice creanl stahilizer consisting of ammo- 
~ ~ ~ t ~ ~ i ~ i ~ ~  forlns for use with the two styles nium and alkali metal salts of polyacrylic acid. 

of cartons have the following dimensions: R. RThitaker 
No. 1 3-39/64" x 4-59/64"x 4" 
NO. 2 3-7/64'' x 5-7/64" x 6" 312. Thickening and stabilizing agents. C. T. 

W. H. jlartin ROLAXD (assignor to Calgon, Inc.). U. 8. Pat- 
ent 2.665.212. 17  claims. Jan. 5, 1954. Official 

308. Keeping ice cream consumers loyal. G. 
P. G~XDLACII  and C. W. Esniox~.  Ice Cream 
Trade J., 49, 11: 54. 1953. 

A survey made by Univ. of Ore. to find out 
why and how often consunlers changed brands 
of various kinds of merchandise showed that 
3,755 custolners made 24,401 changes over a 
6-yr. period. 5,422 changes were due to dissatis- 
faction with the product, 3,751 because the price 
was too high, 3,323 changes resulted from other 
product advertising, 2,946 were caused by 
reeom~nendation of a friend, 2,886 due to reconl- 
mendation of sales people, 2,064 because they 
did not like the style of the product, and 1,561 
changed because they did not like the dealer 
who supplied the former brand. 

IV. H. Martin 

309. Trends in ice cream costs. PAUL BECK, 
IAICM, Washington, D. C. Ice Cream Trade 
J., 49, 11 : 30. 1953. 

Based on 1952 operations, the weighed aver- 
age cost for ice cream per gallon in the U. S. 
was $1.595, or 94 niore than in 1951, 22.74 Inore 
than 1950, 25.5/ nlore than 1949, and 744 Inore 
than was reported for 1939. 

I n  1952 percentage costs were: ingredients, 
48.99% ; manufacturing, 20.17% ; selling and 
advertising, 9.569; ; delivery and custolner serv- 
ice, 15.43%; and administrative costs, 5.85%. 

W. H. Martin 

310. A tabulation of routine coliform and 
standard plate counts on frozen desserts. J. L. 
COURTSEY, Puhlie Health Laboratory, Oak 
Ridge, Tenn. Ice Cream Rev., 37, 5 : 47. 1953. 

Examination of 669 samples of frozen des- 
serts fro111 1 5  different processors over a period 
of 47 mo. revealed that 20% of the sanlples 
were negative for coliforln bacteria and that 
48% contained not Inore than 10 colifor~n hac- 
teria per ml. I t  was found that 69% of the 
samples had standard plate counts of not more 
than 50,000 bacteria per ml. The bacteriological 
quality of novelties was found to he inferior 
to that of ice creaul. The 85 samples of counter 
freezer products exan~ined had lower colifonn 

Gaz. U. 8. Pat. Office, 678, 1: 241. 1954. 
A body building material or thickening agent, 

consisting of milk protein dispersed in a n  
aqueous solution of a mixture of Na and K 
lnetaphosphates and a solubilizing agent fo r  
the nletaphosphate. H .  Whitaker 

313. Automatic ice cream filler. P. GILRERTY 
(assignor to Dairynlat Corp.). U. S. Patent 
2,663,482. 14 claims. Dec. 22, 1953. Official 
Gaz. U. S. Pat. Office, 677, 4: 1023. 1953. 

A can filling head is described, which is 
mounted over a conveyor. Xeans is provided 
for holding the can under the head until almost 
full and then releasing it, so that when it leaves 
the filling head, it is level full. R. Whitaker 

MILK AND CREAM 
314. Origin of sunlight flavor in milk. S. 
PATTON and D. B. JOSEPHSON, Pa. Agr. Expt. 
Sta., State College. Milk Dealer, 43, 1: 70. 
1953. 

Exposure of n~ilk in conventional glass bot- 
tles to daylight for  about y2 hr. produces a 
defect co~nmonly known as sunlight or activated 
flavor. Experiments have indicated that the 
flavor substance has its origin in ~nethionine and 
that flavor production is dependent, in large 
lneasure, on the presence of rihoflavin. When 
distilled water solutions of ~nethionine (20 mg./ 
qt.) and riboflavin (1.5 ~ng./qt.) were exposed, 
the sample containing ~nethionine developed a 
slight sunlight flavor, while that containing 
inethionine and riboflavin developed the flavor 
to an extreme degree. Flavor defects did not 
develop in the sanlple containing only ribo- 
flavin. Salnples containing added cysteine and 
cystine exhibited about the same degree of sun- 
light flavor as the control. The flavor was 
greatly intensified in the sainple containing 
niethionine. C. J. Babcock 

3 15. Refrigerated cream dispensing cabinet. 
R. I\-. \I-ALKER. U. S. Patent 2,665,563. 2 
claims. Jan. 12, 1954. Official Gaz. U. S. Pat. 
Office, 678, 2: 401. 1954. 

A sntall cabinet for holding a container of 
crealn fitted into a chamber surrounded by ice 



A38 ABSTRACTS OF LITERATURE 

or other refrigerant. The cabinet also provides 
refrigerated storage space for a nu~nber of 
snlall individual containers. R. Whitaker 

316. Formulas for pricing milk to producers 
in Ohio. E. F. BAUMER and C. G. MCRRIDE, 
Ohio Agr. Expt. Sta., Wooster. R,esearch Bull., 
739. 1954. 

In  1946, a meeting of marketing econonlists 
was called to explore the feasibility of expand- 
ing and refining the methods of pricing milk 
in Ohio city nlarkets. The participants were 
f r o ~ n  several states, the P.M.A., and from every 
federal order market in Ohio. As research 
progress~d, it was recognized that the prohle~n 
was to build a formula based on economic 
factors. The Tri-State market was the first Ohio 
market to consider incorporating econo~nic fac- 
tors into their formula. Feed and labor, whole- 
sale price index and retail sales index were to 
be used. After considerable deliberation, the 
Dairy Branch did not approve the use of this 
new formula. In  19-19, the Akron Milk Pro- 
ducers recluested that the Dept. of Agr. Econ. 
rnoi4i on a for~nula using the following factors: 
cost of production, condensory prices, whole- 
sale price index and retail sales index. Com- 
parison of actual prices vs. prices calculated 
according to econo~nic factors reveals that gen- 
erally the caIcuIated price would have heen 
higher than the actual price paid. I t  is believed 
that neither of the forn~ulas is being used. 

R. TV. IIunt 

MILK SECRETION 
317. Automatic apparatus for drawing the 
milk ejection curves of dairy cows under con- 
trolled milking conditions. ]\'. G .  WHITTLE- 
STOXE and I). S. A1. PHILI~IPS, Ruakura Animal 
Research Sttl., Dept. of Agriculture, New Zea- 
land. J. Dairy Research, 20, 3 :  319. 1963. 

The authors describe in detail a fully auto- 
matic ~tlilking rate and yield recording device 
which needs no special attention from anyone 
other than the regular milker and in no way 
interferes with his routine work. The tinting 
and recording ~nechanism is actuated by a 
switch within the teat cups when they are 
placed upon the cow. I t  automatically stops 
recording vhen the rate of milking falls below 
a prescribed level (0.5 lb./min.) a t  which time 
the milker nlay machine strip the cow. The 
recorder auton~aticallg zeros itself when the 
milk container is en~ptied. There is included a 
description of an improved type experimental 
~nagnetic pulsator for the milking machine to 
be used in studying how pulsation s t i~~~ula t ion  
affects the cow's response. J. D. Donker 

318. Pulsation and milking rate. P. A. 
CLOUGH, F. H. DODD, and E. W. HUGHES, Natl. 
Inst. Research Dairying, Univ. of Reading. 
J. Dairy Research, 20, 3 :  375. 1953. 

The effect of varying the pulsation rate a t  

20, 50 and 80 cycles per ~nin. was examined as  
to effect on milking rate. Three groups of three 
cows were used. Each group contained a slow, 
medium and fast  nilk king aniinal. Each group 
received each treatment of pulsation rates. The 
groups were rotated at  weekly intervals and 
average milking rates were compounded from 
the last four days in each period. 

I t  was found that rate of  nilk king in first 
n~in. increased 1.92 Ihs. when going fro111 20 to 
80 pulsations per mil:., peak flow increased 1.39 
11). per min. and overall rate 0.34 Ibs./~nin. 
while total duration of milking decreased 1.26 
luiii.; a11 effects heing significant a t  the 5% 
level. There appeared to bt. no effect on total 
yield or stripping yield. 

An experinlent mas set up to detcrinine 
whether the observed effects were due to a 
stin~ulatory effect on the milk ejection mech- 
anism or due to nleehaniral conditions in the 
teat cup assen~hly. This mas done hy milking 
two halves of the same cow at  two pulsation 
rates sin~ultaneously thus elinlinating the cow 
rffect. Five cows with a ~ ~ i d c ,  range of milking 
mtes were chosen (1.95 to 7.03 Ib./min.). The 
experiincnt was set up  so that each cow was 
suhjected to all treat~nents on both udder halves. 
The milk obtained expressed as a percentage of 
the 50 cycles per min. peak rate was 109.72v0 
for 80 cycles and 61.10% for the 20 cycles/lnin. 

I t  appears from these experi~nents that milk- 
ing times may be reduced by about 10C/, when 
milking co~vs at  a pulsation rate of 80 cycles 
per min. eolnparrd to a usual of 50 cycles/n~in. 

J. I). Donker 

319. Normal variations in the rate of ma- 
chine milking. F. H. Doon, Satl.  Inst. Re- 
search I)airying, Univ. of Reading. J. Dairy 
Research, 20, 3: 301. 1953. 

Three hundred twenty-six records of milking 
rates from 141 cows were gathered from 1946 
to 1952 from Shorthorn, Guernsey, Friesian 
and Ayrshire cows. The records were made 
between the 5th and 6th weeks of each lactation 
for three consecutive morning  nilk kings. I n  
addition ten cows had records taken daily fo r  
tFo weeks and another ten cows had weekly 
records made over a lactation. 

The lactation trends showed that as yield 
increased or decreased so did yield in first min- 
ute, mid-milking rate, peak flow, machine rate 
and overall rate. The duration of  nilk king de- 
creased due to the fact that yield dropped 
faster than milking rate. Of the regression 
coefficients calculated for the ten cows of morn- 
ing yield to rate in first minute, mid-milking 
rate, peak flow, machine rate, and machine time. 
All are positive and 38 of 60 are significant at 
the 1% level and 3 at  the 5% level. Stripping 
yield on milk yield showed no relationship. 
There is an indication from partial regression 
coefficients that as the time fro111 calving in- 
creases independent of yield that peak flow 
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and machine rate decrease while machine time 
increased. Calculation showed that the fast 
milking eows had a greater absolute and rela- 
tive fall in ~nilkiiig rate associated with de- 
creased yield than the slower milking cows. 

Total time of milking also increases as the 
yield increases and to a greater extent than 
rate. The trend is gradual and the statistical 
significance of the differences between lacta- 
tions is usually above 5%. Partial regression 
coefficients show that while peak flow is not 
effected by increased age, the duration of milk- 
ing time increases, probably because of the 
effect of age increase on increased yield of 
strippings and machine rate. 

Statistical analysis showed that total dura- 
tion of milking was influenced in the following 
ratio by milk yield, stripping yield and peak 
flow; 3 : 1 : 6. A good measure of machine rate 
is the % yield in the first two niinutes of milk- 
ing. The correlation coefficient between this 
datum and machine rate is .869 and significant 
a t  the 1 %  level. 

While the anatom;r- of the teat orifice is the 
main controlling factor in rate of milking there 
are other minor changes associated with yield, 
stage of lactation and age. J. D. Donker 

NUTRITIVE VALUE OF 
DAIRY PRODUCTS 

320. Multiple sclerosis in  rural Norway. I t s  
geographical and occupational incidence in  re- 
lation to  nutrition. R. I. SWANK, 0. LERSTAD, 
A. S T R ~ ~ M ,  and J .  KSCKER, McGill Univ., Mon- 
treal, Can. Sew Engl. J. Med., 246 : 721. 
1952. (Chein. Abstr., 47 : 12540g. 1953.) 

B. L. Larson 

321. Chick-growth stimulation by alfalfa 
juice, casein, and aureomycin. C. H. HILL, 
R. L. BORCHERS, C. 'A7. ACKERSON, and F. E. 
MUSSEHL, Unir. Sebraska, Lincoln. Poultry 
Sci., 32: 775. 1953. (Chem. Abstr., 47 : 
12543b. 1953.) B. L. Larson 

322. Milk diet, p-aminobenzoic acid, and 
malaria (Plasmodium berghei) . F. HAWKING, 
Natl. Inst. for Xed. Research, London. Brit. 
Med. J., I: 1201. 1953. (Chem. Abstr., 47 : 
12626a. 1953.) R. L. Larson 

PHYSIOLOGY AND ENDOCRINOLOGY 
323. Characteristics of testicular hyaluroni- 
dase. H. >I.~I,MOREX, Inst. Biochem., Upsala, 
Sweden. Hiochini. et Biophys. Acta, 11 : 524. 
1P53. (Cheni. ilb>tl.., 47 : 124541. 1953.) 

B. L. Larson 

11 : 587. 1953. (Chem. Abstr., 47: 12456~. 
1953.) B. L. Larson 

325. Methods of studying cow urine. A. P. 
GORBACHW and T. H. RZHEVSKAYA. Dokladp 
Vsesoyuz. Akad. Sel'skokhoz. Nauk im. V. I. 
Lenina, 18: 23. 1953. (Chem. Abstr., 47:  
12483a. 1953.) B. L. Larson 

326. Effects of diet and antibiotics on utili- 
zation of nonprotein nitrogen by rumen micro- 
organisms. J. 11. PRESCOTT, Texas Agr. Expt. 
Stn., College Station. J. Agr. Food Chem., 1:  
894. 1953. (Chem. Abstr., 47 : 12545d. 1953.) 

B. L. Larson 

327. Placental and mammary transfer of 
vitamin A and carotene by beef cows. F. H. 
BAKER, R. NACVICAR, L. S. POPE, and C. K. 
WHITEHAIR, Oklahoina A. & M. Coll., Still- 
water. Proc. Soc. Exptl. Biol. Med., 83:  571. 
1953. (Chein. Abstr., 47 : 12546g. 1953.) 

B. L. Larson 

328. Biosynthesis of milk proteins in  the 
fasting goat. R. A. ASKONAS and P. N. CAMP- 
BELL, Natl. Inst. Ned. Research, London. Bio- 
chim. et Hiophys. Acta, 11 : 304. 1953. (Chem. 
iibstr., 47 : 125521. 1953.) B. L. Larson 

329. Mineral metabolism in growing calves. 
11. AHMAD TREMAZI, Agr. Coll. Research Inst., 
Lyallpur. Pakistan J. Sci. Research, 4 :  77. 
1'352. (in Pakistan J. Sci., 4:  3). (Chom. 
Abstr., 47 : 12555h. 1953.) B. L. Larson 

330. Radioactive sulfur and ergothioneine 
formation in the pig. H. HEATH, C. RIMING- 
TOX, T. GLOVER, T. NAXX, and E. LEONE, Univ. 
Coll. Hosp. &led. School, London. Biochem. J., 
54:  606. 1953. (Chem. Abstr., 47 : 125730. 
1953.) B. L. Larson 

331. The biochemistry of the phosphorus 
compounds of milk. H. SIMONNET and J. 
STERNBERG. Lait, 32: 276. 1952. (Chem. 
Abstr., 47 : 12569a. 1953.) B. L. Larson 

332. Glycemic levels and rumen development 
in calves. J. A. DYE. Rept. N. Y. State Vet. 
Coll., Cornell Univ., 1951-52: 23. 1953. (Chem. 
Abstr., 47 : 12580b. 1953.) B. L. Larson 

333. Mechanism of hormonal fattening, steri- 
lization, and lactation. H. KLETTE (Studienges. 
Eiweissforsch., Frankfurt a.&l., Ger.). Wien 
tieriirztl. Monatsschr., 40 : 513. 1953. (Chem. 
Abstr., 47 : 12580~. 1953.) B. L. Larson 

324. Biosynthesis of fatty acids from car- 334. Biochemistry of lactation and the mech- 
boxy-CU-acetate by soluble enzyme system pre- anism of butterfat synthesis. V. N. NIKITIN. 
pared from ra t  mammary-gland homogenates. Uspekhi Sovreinennoi Biol., 35 : 57. 1953. 
G. POPJAK and A. TIETZ, Natl. Inst. Med. Re- (Chem. Abstr., 47:  12580g. 1953.) 
search, London. Biochiin. et Biophys. Acta, B. L. Larson 
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335. Absorption of immune globulin by the 
young lamb after ingestion of colostrum. E. F. 
RICCARTHY and E. I. ~ICDOUGALL, Lister Inst., 
London. Biochcni. J., 55: 177. 1953. (Chem. 
Abstr., 47 : 12600b. 1953.) B. L. Larson 

336. Comparative electrophoretic studies of 
bovine and human colostrum in relation to 
neo-natal immunity. A. POLSOP*', Onderstepoort 
Labs., Pretoria, 8. Africa. Onderstepoort 
J. Vet. Research, 25 : 7. 1952. (Chem. Abstr., 
47: 12608h. 1953.) R. L. Larson 

SANITATION AND CLEANSING 
337. Cleaning glass lines in place. J. J. 
SHEURIXG and T. R. FOLDS, Univ. of Ga., Ath- 
ens. Milk Plant Monthly, 42, 11: 48. 1953. 

This article is a discussion of the experi- 
mental procedure and experimental data on 
cleaning glass lines in place. The following 
conclusions are emphasized : (1) Velocities of 
1, 2, 3, and 4 ft. per sec. of a cleaning solution 
resulted in a line that is visibly bright and 
shiny; ( 2 )  A niediunl strength acid cleanser 
followed by a medium strength alkaline cleanser 
is the niost effective cleansing niethod for re- 
moving organis~ns fro111 the line; (3) The 
higher the velocity the more effective the re- 
moval of bacteria from the line in the cleansing 
process; (4) Hot water is more effective than 
chlorine solution in sanitizing a glass line; 

(.5) A velocity of 3 ft. per see. of 190" F. water 
or 200 p.p.ln. chlorine solution will satisfac- 
torily sanitize a glass line, and (6)  Hot water 
(190" F.)  or a 200 p.p.111. chlorine solution will 
destroy colifor~n and thermophilic bacteria in 
a glass line. C. .J. Babcoek 

338. Fly control in dairy barns. H. KING, 
G. GUYER, and H. P. RALSTON, Mich. Agr. 
Expt. Sta., East Lansing. Quart. Bull., 36, 2:  
179. 1953. 

A project involving 10 harns and 1 5  treat- 
nicnts was conducted during the sulnnier of 
1953. The following co~lclusions were obtained : 
(1) I n  conventioiial dairy banis, residual wall 
sprays of nlalathion or diazinon were satis- 
factory; (2)  I n  conventional barns, floor treat- 
ntents of ~ualathion, lindane-TEPP, or Bayer L 
13/59 were satisfactory; (3)  In  loose housing, 
direct spraying of the animals was the only 
effective niethod of control; (4)  In  Inilk par- 
lors, bags sprinkled with lualathion bait mix- 
ture gave satisfactory control: (5)  I n  the 1952 
season, lindane vaporizers were ineffective. 

R. TV. Hunt 

339. A method for assessing the cleaning 
efficiency of detergents. 11. MEAD and J. V. 
PASCOE, Dairy Farmers Co-op Milk Co., Sid- 
ney. Australian J. Dairy Technol., 7, 114. 
1952. (Chem. Abstr., 48 : 389g. 1954.) 

8. Patton 



.70URXdZ,  OF DAIRY SCIENCE' 5 

Tour advertisement is beina read in e v e n  State and in 45 Foreian Countries 

t 
A New Book of Much Interest t o  

Readers of this Journal 

MAMMALIAN GERM CELLS 
A Ciba Foundation Symposium 

Our up-to-date understanding of the physiology of mammalian sper- 
matozoa and oya in vifro ancl in viva is reported and discussed by worlcl 
anthoritie\. One paper, alone, Dr. C. Polge's report on "Preservation 
of Sperlnatozoa at  Low Temperatures," which brought out the aspects 
of freezing semen, will have a treinelldous impact on the artificial breed- 
ing inclnstry. 

296 page5 54 illustrations $6.75 

Order fronl 

LITTLE, B R O W N  A N D  C O M P A N Y  - 34 Beacon Street - BOSTON 6, Mass. 

- 

Now Available. . . 
a limited supply of the new 

DECENNIAL INDEX 
of the JOURNAL OF DAIRY SCIENCE 

Covering Volumes XXI-XXX. All Copies Clothbound. 

COST: Members, $6.50 Non-Members, $7.50 

Send check or money order to the 

AMERICAN DAIRY SCIENCE ASSOCIATION 
Ohio State University Columbus 10, Ohio 



6 J O U E N A L  OF D A I E Y  SCIENCE 

Reg. U. S. 

T R A D E  M A R K  I I 
DAIRY CULTURES I I 
Save Time-Save Mon- LYOPH ILlZED* 
ey - Avoid Trouble. f o r  
Use  rap id-growing  UNIFORMITY 
'Frigidry' cultures to 
produce mother  cul- v 1 A B 1 L J T Y 
ture in  one generation 
and take guess work S Bi I 
ou t  of making  g o o d  

*New high-vacuum, buttermilk, butter and sub-zero drying 
. - 

cheese. process.  

F R E E- write for Booklet No. 206 onpmduc- 
tion of Cultured Dairy Products. 

GENERAL BIOCHEMICALS, Inc. 
20 LABORATORY PARK CHAGRIN FALLS, OHIO 

Year In, Year Out - 
Always Dependable 

UNIFORMITY 
IS IMPORTANT! 

Leading agricultural 
schools and  colleges 
agree that  the regular 
weekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 
milk producta. 

FLAV-0-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 
bottles $2.00. 

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

THE 

DAIRY LABORATORIES 
asrd & ~ o c u s t  Bts.. ~ h l l a  1, Pa 

BBANCHBIB 
New York Baltimore Washin- 
See our catalog in Dairy Industries Catalog 

Your advertisement is being read in 

Copies of the 

20-YEAR INDEX 
covering Volumes I to XX, inclu- 

sive are available a t  the following 

prices: 

MEMBERS 

. . . . . . . . .  Cloth Bound $2.35 

. . . . . . . . .  Paper Bound 2.00 

NON-MEMBERS 

. . . . . . . . .  Cloth Bound $5.50 

. . . . . . . . .  Paper Bound 5.00 

I 1  
very State and in 46 Pbreim Ooamtries 



JOVRSAL OF DAIBF S C I E S C E  

FILTER DISKS 
Catchtng causes of sedlment at the very start save\ tlme THE RAPID-FLO FARM 

and tmproves mtlk quality That's why fieldmen recom- SEDIMENT CHECK-UP 
mend the Rapid-Flo Farm Sediment Check-Up. J & 1's 1 After.8lterlng each can 
exclusive Fibre-Bonding process makes Rapid-Flo Filter of m ~ l h  I t0 gallons or 

less), the producer should 
Disks safer, stronger and more retentive, a reliable Farm c a r e f u I I ~  remove the used 

Sediment Check-Up. 18lIer d i rk  from the rtralner 
and p l a c e  \ t o n  a card. 

Fieldmen and sanitarians find their jobs made easier board to dry. 

in uo-eradine milk when thev receive the cooperation of 1 . -  - 
farmers who can see lor themselves the necessity of elimi- When fi l ter d i rk  i s  dry. 2. i t  should be examined 
nating substandard milk. closely. The producer can 

~ d e n t t f y  the sediment or 

1HESE FACTS ARE WELL KNOWN! 
ex l raneo~s matter t o  deter- 
mtne ~ t r  orlgtn, and take 
precavtlons t o  prevent 11s 

A recent coast-to-coast survey of over 175,000 farmers, recurrence. 

made by an independent research organization. revealed 
that Rapid-Flo Fibre-Bonded Filter Disks are the farmers' Urge your producers lo use genuine Rapid-Flo 

fibre-Bonded Filter Disks - aroilable in Bonded fare, 
choice2-10-1 over the next three leading brands combined! single Gauze k c =  end Double Gauze To<. tvptr 

FILTER PRODUCTS 4949 WEST 65th STREET 

DIVISION CHICAGO 38, I l l lNOlS 

Your advertisement is being read in every State and in 45 Foreign Countries 



8 JOURNAY, OF DAIRY SCIENCE 

Coldest 
Bulk Milk 7 

During last summer's scorching hot weather, Under Mojonnier Bulk Coolers delivered sharp, fast 
cooling' to 360 F. - 380 F. in hundreds of mil khouses 

The the country over. This safe, low temperature cooling 
was done soon after the end of the milking period, 
with a fraction of the power used by other methods. 
When you switch to bulk, choose the Mojonnier 

Sun! Bulk Cooler, field -proven by impartial tests. 
Bulletin 290 sent free on request. 

MOJONNIER BROS. CO., 4601 W. Ohio St., Chicago 44, Illinois I 

THIS HELPS BOTH THE ADVERTISER AND YOU 

Your advertisement is being read in every State and in 4 5  a'oreign Countries 



CULTURE MEDIA 
for Examination of Milk 

BACTO-PLATE COUNT AGAR (TRYPTONE GLUCOSE YEAST AGAR) 

ie recommended for use in  determining the total bacterial plate count of milk 
in accordance with the new procedure of "Standard Methods for the Exami- 
nation of Dairy Products" of the American Public Health Association. This 
media does not require addition of skim milk. 

Upon plates of medium prepared from Bacto-Tryptone Glucose Extract 
Agar colonies of the bacteria occurring in milk are larger and more repre- 
sentative than those on media previously used for milk counts. 

BACTO-PROTEOSE TRYPTONE AGAR 

is recommended for use in determining the bacterial plate count of Certified 
Milk. The formula for this medium corresponds with that suggested in 
"Methods and Standards of Certified Milk" of the American Association 
of Medical Milk Commissions. 

BACTO-VIOLET RED BILE AGAR 

is widely naed for direct plate counts of coliform bacteria. Upon plates of 
this medium accurate counts of these organisms are readily obtained. 

BACTO-BRILLIANT GREEN BILE 2 % 

BACTO-FORMATE RICINOLEATE BROTH 

are very useful liquid media for detection of coliform bacteria in milk. Use 
of these media is approved in "Standard Methods." 
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