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Saves on Milk Del ivery Because 

It 's a Better @ k ~  Container 
The GLASS container is the standard 

for economical milk delivery. It  is return- 
able. It can be sterilized easily and safely. 
It is the trustworthy container that delivers 
milk in all kinds of weather. I t  is the 
faithful milk container customers prefer. 

The only way to improve this tested 
milk delivery system is to improve the 

GLASS milk bottle. Owens-Illinois has 
done this with the DURAGLAS Handi- 
Quart, a tough, rugged milk bottle that 
gives high trippage. And remember that 
only Duraglas milk bottles have the 
Syncro-Flash* finish for greater resistance 
to impact, better capping, easier cleaning. 

'Reg, U. S. Pa#. 05. 

W H E R E  Q U A L I T Y  P R E D O M I N A T E S  

Y o u r  aclrrrliaenlrtit  i s  I I ~ ~ I I ~  rviul ill p \ v r y  SI:itv and in 5 I''crreig11 ('cru~tlriea I 
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Monr*L foe of germs on equipment, uten- and cheese curing arcas, leaving them fresh 
sils, bottles-wherever they thrive and and free froni n~ustincss. 
grow in the dairy-is Steri-Chlor,+ the 
Wyandotte germicide and deodorant. 

Steri-Chlor 111akes a water-clear solution, 
even in hard water. l n d  you can use its 
bacteria-destroying power everywhere you 
can use water, as it's safe on every surface 
-doesn't bleach. 

Steri-Chlor is easy to use. Passed through 
equipment, a readily mixed Steri-Chlor 
solution effectively sterilizes all along the 
line, from receiving vat to bottle filler. 

IS SUMMER DUST A NUISANCE? Use Wvandotte .Is a Steri-C1'lOr has Cnlriurn Chloride for dust laying 01, parking are.,. 
LTE~I- it to chase odors from *torage rooms drivmdys. 
*Rc~txlrrtd f ru~ l r -s lu8 l .  

Special Packages for Your Dairy Farmers 
W r A N D O T T E  STERI-CHLOR - Convenient j - l l ~ .  
parkages of this effective, safe germicide for 
far111 use. 
WYANDOTTE G. L. x.-The sudsy and soap- 
less cleaner for use in hard water-in 2-Ib. 
packages. 
WYANDOTTE CLEANER A N D  CLEANSER - For 
sudsless cleaning in soft or ayerase-hard 
water-in 2-lb. packages. 

WYANDOTTE CHEMICALS CORPORATION J. B. Ford Division 

WYANDOTTE, MICHIGAN . SERVICE REPRESENTATIVES I N  88 CITIES 

I P A T .  O F F .  

Tour aclvrrtisrmrnt is Iwinp road in rwry Stilt" and in 2.5 Fsrrign C'euntri,.~ 
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r H E  Army-Navy "E" Award has been 
Jawarded to the men and women of 

\ 
Kimble Glass Company, Vineland, N. J. This 
award i s  given in recognition of distinctive 
effort in the production of material essen- 
tial in the War. Beyond this i t  will serve as 
an inspiration and a standard of perform- 
ance for continued production of Kimble 
Dairy Laboratory Glassware and all the 
many Kimble items so essential on battle 
front and home front, today and tomorrow. 



JERSEYS Are Steadily Making Progress 
in Fundamentals for Improvement 

Herd Improvement Registry a 
U Register of Merit 
I 

0 

"35 ''36 "37 3 8  "39 "4 '"dl '42 23 

REPORTING T E N  YEARS O F  PRODUCTION TESTING 

More than 16,000 Jerseys no\\- on test in Herd 1mpro~-ement  

Registry and Register of Merit. 

( T h e  reason n-h\- Selective liegistration can l)e a part  

of Jerseydom's program for improving the I~reed.) '  

NE w YoRI< II;I+INEW YORK 
Your ad~ertisernmt is being read in rrer) Statr and in 25 I'orripn Coontrles 
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"Tortoise SaltUvs 1 
"Ware Salt" 

ONE OF OUR most difficult problems in selling 
Diamond Crystal Salt is the apathy of food 
technologists and salt buyers toward salt. Too 
often they say, "Oh, well, salt is salt." 

Take solubility: I n  salting butter, salt must dis- 
solve with lightning speed. If the butter fat is 
on the soft s idelacking in body-at certain 
seasons, butter salt must dissolve so quickly 
that over-working is avoided. Otherwise, the 
butter may become mottled or marbled-and 
may lose its moisture, become leaky. Yet, if the 
salt is not properly dissolved, the butter may 
be gritty. On the other hand, in salting cheese, 
slow solubility of salt is highly important. 
Otherwise, salt is lost in whey, producing under- 
salted cheese. 

To  meet these problems, we have set up definite 
solubility standards for Diamond Crystal Salt. 
Our Diamond Crystal Butter Salt, for example, 
dissolves completely in water a t  65' F. in less 
than 9.8 seconds-average rate, 9.2 seconds. 
Quality-minded food processors can depend on 
Diamond Crystal products, made to meet strict 
quality-control standards for solubility rate. 

NEED HELP? HERE IT IS! 

If salt solubility enters into your processing, 
our Technical Director will gladly recommend 
the correct grade and grain of Diamond Crystal 
Salt to  give you best results in your plant. Write 
Diamond Crystal, Dept. H-6, St. Clair, Mich. 

I T'S going to take healthy soldiers, 
healthy war workers, healthy fam- 

ilies and healthy communities to win 
this war. That's the big reason why 
today it's more important than ever 
before to maintain highest standards in  
the purity of the milk they'drink, de- 
spite the growing problems of chang- 
ing conditions and changing personnel. 

And SEAL-KAPS help to maintain 
high standards. For SEAL-KAPS not only 
tightly cover the pouring lip of the 
bottle from dairy to delivery but they 
re-cover the bottle after every use. Thus 
the milk is constantly guarded against 
the danger of contamination and pure 
milk is kept pure to the very last drop. 

AMERICAN SEAL- HAP CORPORATION 
11-05 44th Drive, Long Island City, N.Y. 

SEAL-KAP COVERS THE DANGER ZONE 

Pour advertisement is Iwinc read ill ever3 - State an11 in Z.5 J'orrign Countries 
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WORLD'S No. 1 VAT 

. . . for finest butter flavor and quality 

creameries using the Mojonnier Stainless Steel Cream Vat  acclaim it the 
most outstanding unit on the market. Here are a few reasons why: 

I t s  ability to maintain perfect temperature control i n  1 . heating, holding and cooling-a most important factor in  
the obtaining of a fine butter flavor. 

All opcrations can be performed in one unit-receiving the 2. cream, following through with the exacting steps necessary 
to the production of a quality butter, to storing the cream 
for the churn. Thus, only one stickage loss. 

Cleaning is surprisingly simple as there are no stuffing 3. boxes and the interior is free from coils-just a one-piece, 
all-weldcd and polished mirror-like stainless steel cup that  
cleans quickly and easily. 

I t s  single shell (not insulated) covcr, which eliminates all 4. of the ilazards of a heavy cover while a t  same time provid- 
ing even temperature holding. 

And eficieney-users say without cxception, "it's the 5. quickest by f a r  for  heating and cooling." 

All told, the many exclusive advantages of this Stainless Steel Vat  make i t  
well worth investigating for  your opcmtion. Write us today for  complete 
details. 

MOJONNIER BROS. CO. 4601 W. OHIO STREET CHICAGO 44. ILLINOIS 

C R E A M  ' V A T  

Your aclv~rtisrmrnt i s  beinr rracl in every State and in 2: 1:nrriga ('otnntrirs 



JOURNAL OF DAIRY SCIENCE 
VOLUME XXVII  JUI'Y, 1944 NUMBER 7 

LACTOSE AND ITS UTILIZATION: A REVIEW 

EARLE 0. WHITTIER 

RescarcA Laboratories. Btrrraz~ of Dairy Indfrnir?l, .l,qr?orll?rral Resrarch 
Administration, U n ~ t e d  States Departnt/,j~t of ~lqriczlllure 

PAGE PAGF: 

Introdnction 

INTRODUCTION 

For tholtsands of years prcrions to the seventeenth century, milk was 
considerecl as having only three components, since it was c0111mon practice 
to remove fa t  and curd, either separately or torether, thus leaving a third 
substance, whey. Whey, or serum, appears to have been nsccl in considerable 
quantities by physicians of the time of Hippocratcs and Galeu and through 
the micldle ages ~ ~ i t h o n t  realization that itc; effects TT~CPP d1ie chiefly to one 
specific component (8) .  

The first record of the isolation of the "essential salt of serum" was 
pltblishecl in 1633 by Bartolettus (3, 11,15), ~ d i o  in 1619 had written of milk 
as composed only of fat, serum and curd (2) .  Ettmiiller, in 1688 ( 5 ) ,  pub- 
lished ilnprorenlents on Bartolettus' process of eraporation and included 
the pnrification of the crude lactos'e by recrystallization. 

Ditring the eighteenth century, lactose became a commercial commodity 
(1,7, l o ) ,  its use being principally in medicine in place of the whey formerly 
used (4, 6, 8, 12, 13). The folindation of our present knowledge of lactose 
x-as laid during the nineteenth century and from this basis there has de- 
veloped over the past fifty yearc; the present structure of understanding of 
the characteristics and ~tt i l i ty of this unique sugar. 

By far  the greatest proportion of lactose is consuined as a component 
of milk. The lactose isolated from nlilli and refined is used almost entirely 
in foods for infants and invalid\ and in pllarmaceutical preparations as an 

1944, by the AarE 



excipient. Many other uses. such as in  silvering mirrors. for preserving 
latex ancl oilealie a11i1 for g i r i i ~ g  a frosty appearance to certain bottled 
liqueurs, are  listed by ~\~ritc~i-s on lactose, but these are of ilegligible commer- 
cial importalice. Whey, because it is relatively cheap and coiitaiils readily 
fermentable lactose, is asetl as a r i~ed i~~i l i  for  the procluctioii of lactic acid 
ancl riboflavin and has beeii advocated for nse in tlie prodnctioii of ctliaiiol 
and peilicillin. 

Lactose, or niilli S I I ~ ? . A I . .  has been f o ~ u l d  in tlie milBs. of all species of 
inammals, the aplwosin~ate ralige being from 2.0 to 8.5 per cent (14). Co~v's 
mill< 110r111illIy C ' O I ~ ~ ~ I ~ ~ I S  abo l~ t  4.8 per cent. No other sugar is p r e s e ~ ~ t  in ;in>- 
appreciable perce~it i~ge in ~ni lk,  and it  is probably t rue tliat t l t ~  o i ~ l y  11atllri11 
process in  1v11ich lactose is fornieil is that  of 1;lctatioii. 

For  the c . i~ lc~~la t io~l  of the lactose available annually ill ni~proressetl 
whey, the d i ~ t i ~  of tht. ?-ear 1940 may be taken as represei~tative. 111 that year 
there were produced as  a b!-product of cheese inal~ufactnrr  6 billio~i pounds 
of' sweet rv11e.v. of 1v1lic.h one billioil po~ultls Wi l s  convc.rtetl to ~ I I ~ J -  powder. 
'1111e retriaiilil~g 5 hillio~i poniids coiitai~led 225 million ponl~ds  o f  lactosc~. 
There were also 2 hillio~l pountls of xvl~ey from the ~r~;~i~nfilc.tnre of casein 
niltl sliim milk cheese. from nhicli sl~onltl be tletl~~ctetl  the 200 million pountls 
of casein whey used in the pro(luvtion of 5 m i l l i o ~ ~  p o ~ u ~ d s  of refinetl lactose. 
The 80 million pountls of Iartose origiiially preseilt in the mill< from ~ h i c h  
the remaining 1.8 billion po1111ds of whey mas derived hacl been in par t  fer- 
111entec1 to lactic acitl, 1r11ic.h rctll~c.etl its t1egrc.e of availability except for 
roinplete coiir,ersio~~ to lactic. acaitl. Ho~vever, since sweet whey co~ltaiiis 
,5 per cent of lactose rather thaii t l ~ c  co~ise rva t i~e  4.5 per cent used in these 
calcnlations, 300 million l>o1111ds of Iac3tose may be coilsiclereil to have been 
potentially available in ~ ~ i ~ p r o e e s s e d  whey ill 1910. F o r  the mar year of 
1942. the correspo~~tlillg ( ~ n i ~ ~ ~ t i t j -  of lactose in ullprocesseil ~vliey was over 
400 ~nillioil pou~ltls. 

STRUCTURE 

Beliefs regardi i~g the s t r l~ctnres  of sugars ]lave changed f i~ i r ly  f'~.eqnently 
tluriilg the past fifty years aiid it  is possible that  facts yet nlidiscovered may 
change current vie~vs of the iiiaililer of liilkage both ~vit11i11 and between 
mo~tosaccllaritles. I t  seems proper only to mention here chronologically 
the evitlence that hiis led to the strnctlu'e that is geucriklly acceptcld for lac.- 
tose a t  the prese~it  time. 

111 1812. \\-hen lactose was first hydrolyzc.d (45), it was s ~ ~ p p o s e d  tliat 
the s~tbstailcc~ prodnced was glncose only. The establishme~it of the pro- 
portions of tlie elemeilts in  lactose (44), the discovery that  Iiyilrolysis of 
lactose gives a sugar that is not gllicose (19. 39), ant1 tile iliscooery of the 
aldehyclic rednciilg action of lactose (37) i n  1855 and 1856 led to the estab- 
lishment tell years later (23) of the fact that fu30  llesose sugars, galactose 
and  glucose, are  the products of hydrolysis of lactose. 
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I n  1888, Emil Fischer hydrolyzed lactosone, obtaining glucosone and 
galactosr (20), and in the following year he hydrolyzecl lactobionic acid, 
obtaining gluconic acid and galactose (21). Since the reactions producing 
osones and monobasic acids froin aldoses take place a t  the aldehyde enci of 
the sugar molecule, i t  was conclnded that  the aldehydic portion of lactose 
is tlre glucose residue, and that the aldehyde group of galactose is not present 
as  such in lactose, hut must be the point of union of the galactose to the 
glucose residue. Hence lactose is a galactosyl glucose. This conclusion ha i  
been ~yerified by many similar experiments. 

Since one of the products of the hyclrolysis of methylated lactose is 2, 3. 
6-trimetl~yglucose (26). the point of  mio on of the glucose residue should be 
on either the 4 or 5 carbon. The correct choice depends upon whether the 
lactone ring has a 14 (furanose) or a 1-5 (pyranose) linkage. Evidence 
as to ~ ~ 1 1 i c h  of these rings is normal for  monosaccharides and, furthermore. 
as to whether the rings in polysaccllarides are necessari1~- the same as those 
of the monosaccl~aricles fo~amecl by l~ydrolysis has been confusing and evel: 
conflicting (17, 27, 28. 30, 32, 33,35, 36, 46), bnt  the pyranose structure (24) 
is generally accepted a t  present for lactose ancl for both the glncose and galac- 
tose components. That tlre glucose ~u l ion  is a t  carbon 4 has been shown by 
otllcr means as \vcll. TIThetlier lactose. ancl consecjnently the gllicose residutb 
in  lactose, has the alpha or beta configuration is easily decided, since tlic 
des i~na t ion  alpha is arbitrarily assigned to the form having the greater 
rotation in  the dextro direction. That the configuration of the galactose 
residue in lactose is of the beta forin has been shown by Fischer (22), \ ~ h o  
fonnd that a n  enzyine that hydrolyzed lavtose ~vo11ld hydrolyze a P-methyl- 
palactoside. but not a n  a-methylgalactosicle, and that an enzyme that  hydro- 
lyzed a n  a-galactoside, but not a 6-galactosicle ~~o111cl not l~ydrolyze lactose. 
The arrangement of the H and OH groups on the other asymmetric carbon 
atoms of the hexose residues is >I inattcr on which there is general agreement 
and IT-ill not be cliscussed here, except to point out that the strnctural differ- 
ence between glucose nncl galactose is in rcht ive arrangenient of the H and 
OH groups on carbon atom 4. 

The accompanying formnlas are in agreement with accepted facts. I i\ 
a formula representing in one p la~ le  the very small percentage of lactose 
believed to be present in  lactose solutions in the form of a chain, with a fanc- 
tional alclehycle group at  (.ilrboll 1 of the glucose residue. I I a  sho~vs in one 
plane the 1-5, or r)yranohe rings, of  the pretlomina~lt, lactonic form (27). 
ITh is a formnla of the H i t ~ ~ o r t h  type (30), indicating the relative positioni 
of c.omponent groups in tllree-dinie~lsioi~d spacae. Atoms plilced a b o ~ ~ .  the 
carhon atoms are to be consitlerecl as on one side of the plane of tllc ring. 
those he lo^ on tlie other. the rings themselres being in different planes. A 
recent modification (18) of tlie Haworth scheme of representation is s l i o ~ ~ n  
as IIc. I11 this sc+lleine the 0 atoms of the lactone r i n ~ s  are  placed at  thc~ top, 
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H  C O H  

I 
H O  C H  

I 
H C -  0 

I 
H  C O H  

I 
CH, OH 

2 H C O H  

I Hrl 
3 H O C H  0 

H  C O H  

6 CH, OH 

3 
H O C H  0 3 

CH,OH 6 

IIa 
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atoms a t  the right of carbon atoms are considered to be below the plane of 
the ring, those a t  the left above. I n  comparing these formulas, it  should 
be noted that the numbering system is the same in all four, and that IIa, 
IIb, and IIc differ only in the method of representation. All four formulas 
are supposed to represent a-lactose; interchange of the positions of the 
H and 013 on carbon atom 1 of the glucose residue or the corresponding 
change in the position of the lactone ring of the glucose residne converts the 
formula to that of p-lactose. 

An anhydrous modification (31) containing five moles of a-lactose to 
three moles of p-lactose has been prepared by crystallization from methanol. 
Epilactose has been prepared from lactose (25) ancl differs from it in the 
reversal of the positions of H and OH on carbon atom 2 of the glncose resi- 
due, being therefore a galactosyl mannose. Neolactose (34) cliffers from 
lactose in that the H and OH groups on both carbon atoms 2 and 3 of tlie 
glucose residue are reversed in position. I t  is, therefore, a galactosyl altrose. 
Lactulose (38) is a galactosyl fructose. 

IIc 

Gynolactose, a levorotatory galactosylglucose, and allolactose, a dextro- 
rotatory galactosylglucose, have been isolatecl in small quantities from human 
milk (41, 43). Allolactose is believed to be 6-~-d-galactosyl-d-g1~1cose (29. 
42), presumably differing in s t r u c t ~ ~ r e  from lactose only in that the galactose 
residne is linked to carbon 6 of the glucose residue rather than to carbon 4. 

PHYSICAL FORMS AND EQUILIBRIA 

Mutarotation is a phenomenon characteristic of all natural rcdncing 
sugars in water solntion and in such instances is attributable to changes in 
the proportion of alpha and beta forms. The mutarotation of lactose solu- 
tions was first noted by Erclmann in 1855 (48). Several relevant observa- 
tions Toere reported previons to 1900 (47, 49, 59, 60, 61, 03), but the most 
extensive investigations of mutarotation of lactose solutions and of equilibria 
among the forms of lactose, both in solntion and in the solid state, have been 
carried out more recently by Hudson (.i2, 58, 54). by Gillis (50. 62). and h~ 
Parisi (57). 
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The ordinary lactose of cominerce has the compositioil expressed empiri- 
cally by the formnla C12H,,011 . H,O. I t  has the specific optical rotation in 
water solution [a]& = + 89.4", a melting point of 201.6" C., and is a mono.. 
hydrate of 4-P-cl-galactosyl-a-cl-glncose. being designated Illore briefly as 
a-lactose hydrate. 

TVhen a-lactose hydrate is dissolved in water, its specific rotation c.11a11~es 
gradually from + 89.4" to + 55.5" a t  ordinary temperatures, the rate  of 
change being a fuaction of the temperature, of the c.oncentration of H and 
O H  ions in the solution and of thc concentration of certain other solutes. 

If a n  aqueous lactose solution, howerer prepareil. is concentrated ancl 
cr~stal l izat ion is caused to take place a t  a temperature be10117 93.5" C. ancl 
a t  a moderate rate, the ctrystals formed are a-lacdtose hydrate. If, ho\vcver, 
the temperature during crystallization is above 93.5" C., the crystals 
have t 1 1 ~  co~nposition C,,H,,O,,, a specific rotation in  water solutioil 
[a];" = t 35.0 ancl a melting point of 252.2" C. This forin is  4-P-(1-galac- 
tosyl-6-cl-glucose ancl is llsnally designated p-lactose anlly(lri(1e or, more 
simply, p-lactose. 

When p-lactose is dissolved in water, its specific rotatioil chai~ges 
gratlnally from + 35.0" to t 55.5". the solution nltimately becoming idelltical 
in  all  respects to one prepared fro111 a-lactoscb hydrate and water in corre- 
sponding proportions. The equilibrium rotatioil of + 55.5" is attained 
lrractically instantaneously ill lactose solutions a t  te~npe~-atnres  abol-e 70" C.. 
~ v l ~ e t h e ~  the lactose dissolrecl was alpha or beta. 

I f  a-lactose hydrate is clehydrated by heating at  a teinperat111.r belolv 
93.5" C., preferably uncler reduced pressure ant1 not helo~v 65" C.. a ~ a r i e t y  
haring the composition C,,H,,O,, is formed. I ts  melting point is 222.8" C. 
TT7hen i t  is dissolred in water. the solntion manifests tlre same rotation a ~ ~ d  
mutarotation as  one coataining the corresponding qllantity of thc hydrate, 
and therefore this compouild is designatecl a-lactose a~lhyilritle. This an- 
hydride is stable in  d r y  air, but  in  the presence of nloistnre it c.llallges to 
p-lactose anhydride a t  tc?inperatnres abore 93.5" <'.. to a-lactosc hydrate 
a t  te~nperatnres  belo~i, 92.5" C. 

A solutioil of lactose in a state of rotation;~l constancy, or eclnilibrium. 
a t  25" C. has 62.25 per cent of its lactose ill the (3 form and 37.75 per cent ill 
the a forin. The equilibrium constant is therefore 1.65 a t  this temperature. 
This ratio is unaffected by changes in  p H  ralne of the solntion. but  is altered 
by changes i11 temperature, being 1.62 at  20' C. and 1.81 at  49" C. according 
to ICendrew et al. (55). Accorclinp to Gillis (50) I< (leereases with rise in 
tealperature, being 1.65 a t  0" C. and 1.32 a t  100" C. 

Jf a n  equilibrated solntion of lactose is practicall.~- instantaneonsly de- 
prived of its water, as  may be done by a spray or drllln tlryrr. the resulting 
solicl is a n  a i l ~ o ~ p h o ~ ~ s  glass containing the P ant1 3 forms in the eqnilibrinm 
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ratio. Drying more slowly above 93.5" C. increases the ratio of (3 to a and 
can even result in practically pure 13-lactose. 

The velocity constant of approach to equilibrium in solntion, k, (for a to 
13) A k2 (for (3 to a ) ,  is strong17 affected by changes in teinperature and in the 
concentrations of compoileilts of the solution, particnlarlp H and OH ions. 
Hudson found the relative percentages of a trailsforined in one hour to be 
3.4 a t  0" C., 17.5 at 15" C.. and 51.1 at 25" C. At 70" the change is prac- 
tically instantaneous. Tl~ese rates should be reinembered when evaluating 
claims of differeilces in properties of a- ancl 13-lactoir determined by conl- 
parisons made on solutions of the two forins, particnlarly when snch solu- 
tions have stood for soine time a t  an elevated temperature. 

A11 equation has been derived b ) ~  Parisi (57) for tlie velocity coastant of 
the 13 to a change, k, = axp" i- byl'OH, in which a and b are coefficiel~ts clepelltl- 
ing on temperature and x and y are values of the rate of change as a fiinc- 
tion of OH-ion ant1 H-ion concentrations, respectively. k, is at a i n i ~ ~ i n i i ~ i ~ i  
a t  approxiinately p H  5.0 and the effects of the concentrations of H and OH 
ions are equal at approximately p H  7.0 Since the effect of OH-ion con- 
centration is nlnch greater than that of H-ion concentration. l;, increases 
inore rapidly with increase of p H  above 5.0 than n-itll decrease of p H  belo~v 
5.0. Since the ratio between k, and lr, is ~e17- nearly an absolute constant, 
an analogous equation may be written for k,. I11 applying these equations, 
it  is nscessary, in converting values of pOH to eqniralent values of pH, to 
take into account the variation of the value of R, with teinperatnre (51). 

Values of k, and lr, may be calculated froin experimentally determii~ecl 
~~ahnes  of k, + lr,, since k,/lr, is determinable froin the ratio of tlie coinponents 
of an equilibrated solution. 

An empirical equation has been forninlatecl by HPrrington (51) for cal- 
cnlating the inntarotational constant i11 terms of pH values : log (k, + k,] 
= 0.00415 ( p H  - 4.15) - 0.34. This equation is applicable only a t  25" C. 
and in the absence of cata1:-tic substances other than H am1 OH ions. 

The presence of lactate or of acetate in nornial concentrations at p H  val- 
ues of 4.0 to 5.0 increases the ralne of lr, + lr, froni 4 to 8 times. Presumably 
other -weak acids have siinilar catalytic effects. 

S e ~ e r a l  coiicl~~sioiis inay be drawn from the abore facts. I t  is not proper 
to consider the hydrate of lactose as neither a nor 13; but. since the hydrate 
and a-lactose anhydride have the same molecular rotation when freshly clis- 
solved and shon, the same nintarotational changes, they are properly classecl 
together as of the a variety, ill contrast to the (3-anhyclride, which has a dif- 
ferent molect~lar rotation. iZ saturated aqueous solutio~l of lactose a t  93.5" 
C. is saturated with respect to both the a ancl @ forms. This does not mean 
that the two forms are pres~ii t  in equal quantities; tlie equilibrium persists. 
A saturated solution at tempe~.atnres above 93.5" C. is saturated TI-it11 respect 
to (3. but not with respect to a. .\ soliition satnrated a t  teinperatnres below 
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93.5" C. and in a-6 equilibrium is saturated with respect to a, but not to 6. 
Though 6-lactose hydrate has not been prepared, i t  can be predicted that i t  
would be more highly soluble than the 6-anliydride and, in the solid form, 
would be unstable, changing to the 6-anhj-clride above 93.5" and to the 
a-hydrate below 93.5" C. The transition point for solid a-lactose hydrate 
~1 solid p-lactose anhydride is 93.5' C. A transition point for solid a-lactose 
anhydride Ft solid p-lactose anhydride cannot exist below the melting points 
of the two forms. 

Two representations lrare been offered for the equilibria in lactose soln- 
tioizs (50, 54) : 

1. a-form H,O ~1 hydrate $ H20 + 6-fo~-111 
(fast) (slow) 

a-anh:-dride (4- H 2 0 )  + a-hydrate 
2. LT JT 

6-anhydride (+ H,O) + 6-hydrate 

Objections have been raised to the first on the gronnds that it postulates 
relative speeds of equilibration that must bc considered reversecl in inagni- 
tude for the analogous equilibria for maltose, ancl that, since the hydrate is 
assumed to ha\-e a terminal group -CI-I(OII)2 and therefore to be neither 
a nor 6, it  contradicts the existence of tlie lactonic structure for the hydrate 
and the asymmetry of the terminal carbon atom. Both representations are 
open to objection in that the ass~unption is iilade that lactose exists in solu- 
tion in both the anhydrous and monohydrated forms, three forms in the first, 
four in the second, and, by implication, in no other degree of hydration. 
Freezing-point meas~~reinents hare indicated that lactose in solution may be 
hydrated with an average of 3 to 6 inolecnles of ~ ~ a t e r  per molecule of lactose, 
the precise number depending on the concentration of the solution (66). 'In 
any case, the assumption that the degree of hydration of solid forms is an 
index to the degrees of hydration of forms in solution lacks adequate support. 
On the basis of current lri~omled~e, inclusion in the representation of equi- 
librium in solutions of lactose of details involring hydration seems unjusti- 
fiable. 

SOL17RILITY AND CRYSTALLIZATION 

The solubility of lactose in water is shown in table 1, which contains ex- 
perimental and calcnlated values of Hudson (72), of Gillis (68) and of 
Leighton and Peter (74). The ra11-~e for the initial solubility of 6-lactose at 
0" C. is the result of a direct determination, that a t  100" was calculated from 
the final solubility of lactose at 100" on tlie assnmption that the equilibrium 
constant I< equals 1.50 and that the solubility of one form of lactose is nn- 
affected by the presence of tlie other forlll in the solntion. The values for 
initial solubility of a-lactose abore 25' C. \\-ere calculated on the basis of the 
same assumptions. Gillis clain15 to hare s h o ~ ~ n  that the solubility of either 
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form is unaffected by the presence of the otlier ancl, by theoretical calcula- 
tion and by experiment, to have proved that  the equilibriuin constant IZ 
decreases with rise in temperatnre. IZendrew and Noelwyn-Hughes (55),  
on the other hand, have both calculated and determinecl values of IZ that  
increase with rise in temperature. Until one can be aure as to the effect of 
temperatnre on the value of the equilibrium constant, the magnitude of 
mutual solubility effects will be uncertain. 

The values of final solnbility are the same reparilless of the form initially 
dissolved and refer to solutions in a-p equilibriulil and saturated with the 
a form if below 93.5' C., with the 13 forin if above 93.5" C. 

TABLE 1 

Solnbilities of lactose 

g .  per 100 g. 
water 

Initial solubility 
Temperature 

I B 
g.  per 100 g. 

zunter 
45.1 
..... 
. . . .  
....... 
. . . .  
. . . .  
....... 
. . . . .  
. . . .  
. . . . .  
. . . .  

. . . . .  

. . .  
. . . . .  

94.7 
. . .  
........ 
........ 
. . . . .  

Final solubility 

g. per 100 g. 
tcater 

- 

Supersolubility 

g. per 100 g. 
water 

The supersolnbility values for lactose are definite and readily repro- 
ducible. I n  general the supersolubility a t  any telnperature is equal to the 
saturation value a t  a temperature 30' C. higher. The practical significance 
of snpersolubility lies in the fact that solutions supersaturated to a degree 
not exceeding the supersolubility value will not crystallize, even if the solu- 
tion is agitated, unless lactose crystals or particles of some isomorphous sub- 
stance are introduced. Even then, a general crystallization may not occur, 
but only growth of the nuclei ensue. Herrington (70) has demonstrated 
that solutions saturated with lactose a t  approximately 50" C. may be cooled 
to 0' C. without spontaneous crystallization taking place, provided the solu- 
tions are not agitated. 
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I t  shonlcl be borne in mind that sol~ltions of lactose supersaturated to 
inore than a slight clegree may be supersaturated to both a- and p-lactose. 
From such solutions, either form inay be made to crystallize initially by 
seeding with the desired variety. If the form initially separating is the 
one more solnble a t  the teinperatnrcs of the solution, a subseyllent serdinp 
~vi th  the less soluble forin will cause the less solnble form to crystallize ancl 
the more soluble for111 to redissolre until both 5olubility aiicl a-13 eqnilibria 
are established in the solution. 

I n  the crystallizatioii of lactose at ordinary temperatures froin a solution 
seeded lvith tlie a-hydrate, t~vo  factors are iiirolved-the degree of snper- 
saturation and the rate of change of P to a tending to inaintaiii eynilibriurn. 
The rate of crystallization has been studied a t  temperatures in the range of 
- 5" C. to + 30" C. (77) and it has been found that for the first two and one- 
half hours, the rate of cr-stallization is greater at 30' C. than a t  25' C. or a t  
any lower temperature. The quantity of lactose separated is greater a t  
30" C. than a t  ally lower temperature until about seven hours hare elapsed. 
The most efficient inethod of crystallizing lactose shonlcl be to cool tlie solu- 
tion to 30" C., to seed it and stir it a t  30" for abont 3 hours, then to cool it to 
near 20' C. and to hold i t  a t  that temperature for 3 or 4 hours or until a 
convenieilt tinie to filter. There is a definite disaclrantape in crystallizing 
a t  temperatures below 20" C. 

I n  a nearly saturated sucrose solution the sol~tbility of lactose is about 
one-half what it is in pure water (75). Lactose in solution is about one- 
sixth as sweet as sucrose (67), but the solid sugar seems even less sweet be- 
cause of its coinparatirely low solubility ancl the liardness of its crystals. 
Solid lactose produces on the tongue a sensation similar to that produced by 
sancl; in fact, the so-called "sandiness" of ice cream is caused by the pres- 
ence of lactose crystals. 

Lactose is insoluble in 95 per cent ethyl alcoliol, in methyl alcohol, and in 
ethyl ether. Pyricline saturated ~vitli lactose a t  25" C. contains 2.18 per 
cent of the sugar (71). Lactose may be dissolretl in warin acetic acid, either 
dilute or glacial, fro111 which it separates nnchangecl on cooling (76). 

OTHER PHYSICO-CITEMICAL DATA 

Lactose acts as a ~ ~ e a l ~  polybasic acid. binding two moles NaOH per mole 
of sugar and possibly more. yalues for the apparent acid dissociation con- 
stants according to sereral inrestipators are : the first constant. 1.05 x 10-12, 
0.76 x lo-'" 1.20 x 10-l2 ; the second, 3.6 x 10-14, 3.0 x 10-14, 3.63 x 10-l4 ; the 
third, 1.7 x 10-l4 ; the fourth, 1.6 x 10-l4 (8.2, 93, 96). 

The coefficieat of cubical expansion of lactose is 0.00911 per degree be- 
tween 0" C. and 100' C. (87). The specific graritg of the a-hydrate is 1.5453 
(81), that of the P-anhydride 1.59. The specific gravity of lactose solutions 

i s  not a straight-line function of concentration, being affected by a contrac- 
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tion which has a maxirn~uin value of 0.593 1111. per 100 grains of solution a t  
20" C. a t  a concentratioii of 54.03 per cent. Such a solution contains 18 
moles H 2 0  per mole CI2H2?Ol1. 

The refractive indices of the tomahawl-shaped crystals of a-hydrate are 
give11 as a = 1.517, P = 1.542 ancl y = 1.550 (89), and as a = 1.517, P = 1.553 
and y = 1.555 (97). The 'efraetire indices of crystals of P-lactose are given 
as a = 1.542, P = 1.572 ancl y = 1.585 (97). The ratios of the axes of crys- 
tals of a-hydrate are g i ~ e n  as a : b : c = 1 : 0.6215 : 0.2193 (92) and as a : b : c 
= 1 : 0.3677 : 0.2143 (95). The ratios for the axes of crystals of p-lactose 
are given as a : b : c = 0.817 : 1 : 0.377 (97). The valnes mentioned are for 
crystals of the forms nsually seen. However, the crystal habit of each 
variety of lactose is influellced greatly by conditions under mhich crystal- 
lization takes place. The different types of lactose crystals are cliscnssecl 
in detail by Hunziker ancl Nissen (86) and by Herrington (83). 

The specific heat of the hydrate is 0.299, that of the (3 form 0.2895; the 
molecular heat of the solid hydrate is 107.6 cal., that of the solid P form 
99.0 cal.; the apparent heat of either form ~vllen i t  is dissolved in water is 
147 cal. (90). Other therinochemical data are given in table 2. Extensive 

T A B L E  2 

Tl~er~~aoclien~ical r7ata on lnctoa~. ,?Oo C. 

Rent  o f  

. . 
' 1 

1''orrn:l tion f 
" ' < < ' 

........................ Solution, initial 
" final ....................... 

Transition t o  p ................. 
Transition 

mixture 

cnl. per 
gram 
3945.0 
3736.8 
3761.6 
3948.0 
.............. 
......... 
- 12.0 
- 11.4 
+ 1.0 

............. 

cal. per 
gram 
4162.0 
3951.5 
3932.7 
............... 
........ 

....... 
- 2.3 
- 2.7 

Cal. per 
nlolc 

1423.0 
1351.4 
1345.5 
.......... 
535.6 
534.4 

.............. 

a-anhy- 
dride 

cal. per 
granh 
........... 

Ref .  

data on heat capacity and entropy of lactose will be found in  papers by 
Anderson and Stegeman (78) ancl Fnrtsch and Stegeman (82). 

MANUFACTURE OF LACTOSE 

General considerations. The refined lactose of commerce is a white, 
odorless powder consisting of crystals that have been pulverized sufficiently 
to pass a No. 100 screen. I t  is a t  least 99.7 per cent pure as determined by 
the polariscope ancl contains not more than 0.050 per cent ash, not more than 
0.020 per cent nitrogen and not more than 0.020 per cent fat. I t  coinplies 
with the U.S.P. lieary metals test and its solution in water is clear, colorless, 



516 EARLE O. WHITTIER 

odorless and neutral to litmus paper. More stringent standards are re- 
quired for bacteriological and other special uses. 

For  use in modifying milk or as a substrate for fermentation processes, 
lactose containing comparatively large percentages of the other components 
of whey is not ordinarily objectionable, aiid in some instances the presence 
of these substances is desirable. However, lactose containing excessive 
quantities of nitrogen compounds develops unpleasant odors if stored for 
any considerable time under ordinary conditions of humidity and tempera- 
ture, and this fact should be borne in mind when the cruder grades of lactose 
are being produced for other than immediate use. 

The whey remaining as a byproduct from the manufacture of casein by 
precipitation with hydrochloric acid is the source of nearly all the lactose 
produced in the United States. The whey from casein precipitated by 
means of sulfuric acid is objectionable because of the difficulty of removing 
slightly soluble sulfates that impart cloudiness to lactose solutions. The 
whey from casein precipitated by the lactic acid produced by bacterial fer- 
mentation of part  of the lactose in the milk is not used because of the 'rela- 
tively low percentage of lactose left in the whey. Lactose can be made suc- 
cessfully from sweet whey derived from the manufacture of cheese or rennet 
casein, the processes differing slightly from that employed  hen casein whey 
is used. 

Whey contains on the average 5 per cent lactose, a small fraction of a 
per cent of fat  and 1.6 per cent of protein plus ash. I n  casein whey there 
is usually about 0.85 per cent protein and 0.75 per cent ash, in rennet-cheese 
whey 1.10 per cent protein and 0.50 per cent ash. The difference in the 
percentages of ash is attributable mainly to the calcium phosphate which is 
present in casein whey in appreciable quantities, but in rennet whey in prac- 
tically negligible quantities. Rennet whey contains a small percentage of 
acid-precipitable protein. 

If casein whey is concentrated there is obtained a viscous, sirupy mass 
from which lactose mill not crystallize (104). If the whey is adjusted to 
neutrality from its initial p1-I value of between 4.0 and 5.0 and then con- 
centrated without filtration. crystallization is still difficult. I n  order to ob- 
tain efficient crystallization of lactose from casein whey, it is necessary to 
remove the neutralization precipitate, which consists largely of the calcium 
phosphate mentioned above, and i t  is desirable to remove the heat-coagulable 
protein. Rennet whey when adjusted to neutrality forms no neutralization 
precipitate. 

The facts given above are necessary to an understanding of some of the 
procedures emplo>ed in obtaining crude lactose from whey. 

Manufactzcre of crude  1acfo.re. Casein whey is heated in iron tanks with 
live steam to the boiling temperature (117, 121). During the heating, milk 
of lime is added gradually until the pH value of the whey is 6.2, or the titrat- 
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able acidity is about 0.05 per cent, expressed as lactic acid. Excess of lime 
should be avoided. It is not necessary to boil the whey, since the coagula- 
tion of the heat-precipitable protein will be complete a t  slightly below the 
boiling point. The batch is allowed to stand for a few minntes to allow the 
coagulum of protein and calciuin phosphate to separate from the clear liquid. 

The clear whey is drawn to a storage vat that feeds to a double-effect 
vertical evaporator, the sludge being held back for filtration later. Evapo- 
ration of the water is continued until the whey has a concentration of 20" 
Baum6, or 30 per cent lactose. Foaming during evaporation may be mini- 
mized by having the evaporating pan clean a t  the start and by adding foam- 
reducing oils. 

The thin sirup from the evaporator is filtered through cloth in a filter 
press and is followed by the sludge from the coagulation vat, the press thus 
being cleaned of adhering sirup. The wash whey may be combined with the 
filtered sirup, but preferably is run  to the storage vat for clarified whey. 

The thin sirup is next concentrated further in a single-effect vacuum pan, 
in which it is brought finally to a concentration of about 40" B6., the exact 
concentration being determined by experienced operators by observing the 
degree of crystallization, or "graining," that has taken place. Toward the 
end of the graining process, some operators add hydrochloric acid, prin- 
cipally to diminish foaming, but also to prevent darkening of the sugar and 
precipitation of salts. 

The hot mass is dropped from the pan into crystallizing vats, in which 
crystallization may be allowed to continue for several days. It is usually 
considered preferable to employ crystallizers equipped with slow-speed 
agitators and jackets in which cold water can be circulated. I n  these, the 
temperature of the crystallizing mass can be bronght in a short time to about 
30" C .and later still lower. By controlling the amount of agitation and the 
rate of cooling, i t  is possible to obtain uniform crystals of any desired size. 

When crystallization is complete, the soft, wet mass is run to a sugar 
centrifuge, where the crystals are freed from mother liquor and washed with 
cold water. The washings are run  to the vat for clarified whey and the 
mother liquor may be concentrated to obtain a second crop of crystals. Be- 
cause of increased viscosity of this second sirup due to accumulation of salts 
and other substances, it is somewhat difficult to separate the second crop of 
crystals. The second mother liquor is discarded. 

The wet, crudc lactose should either be refined promptly or dried in a 
tunnel dryer to avoid spoilage. 

The first crop should comprise about 70 per cent of the sugar present in 
the whey and contain between 85 and 90 per cent lactose. I t  will be slightly 
yellowish in color. 

If so desired, cheese whey may be used by the procedure described for 
casein whey, provided the whey is evaporated to a thin sirup of about 18' 
BB. concentration before, rather than after, liming and heating. 



If a sweet \vliey. suc.11 ah that froill tl~t. malii~ig of Swiss cheese. is ~ ~ s e d ,  
the costly operations of boiling ancl preliminary evaporation of the rv11e)- ancl 
the filtration of the thin sirup and sludge may be aroided (102. 103, 116). 
The whey is nentralized to a pH value of about 7.0. or a titratable acidity, 
expressed as lactic acitl, of 0.04 per c e ~ ~ t ,  evaporatetl tuider vacuunl to a 
concentration of 32" 136. (read at 50" C.). or 62 per cent total solids, ancl the 
lactose grained ancl erystallizt~tl. The filtrate from tlie centrifngal separa- 
tion of the sugar may be clried, preferably in a spray dryer, to produce a 
whey powder relatively low in proportion of lactose and high in soluble pro- 
tein. milk salts and riboflavin. This protluct is highly desirable for modi- 
fying milli and for pc.11rral food use. 

The procedure for obtaini~ig cl-ucle lactose may be niodifiecl ill aucl~ a way 
that a sugar suitable for some technical uses may be nlacle by only o11e crys- 
tallization (127). Such a litctose contains very little protein and forms ill 
~vater  a clear but slightly yt~llo~visl~ solntio~~ that does not foam appreciably 
on boiling. After the hot, limed whey has bee11 separated from the coap- 
ulum of protein and ca lc i~~m phosphate, it\ temperature is regulated to tlic 
range of 56" to 58" C. and one part of trypsi11 is aclded for each 10,000 parts 
of whey. The action of the enzyme is allonled to proceed for about an honr. 
the temperature being lieltl betweell 36 aucl 58" ('. At the end of tlie Ilold- 
jug period, the protein ~vill be broken do~vn into inore soluble units 1vhic11 
will not contaminate the snpar when it is crystallizeel later. A sainple of 
the treated whey sho111tl not sl~o\v precipitation \vlleii trichloro-acetic acitl is 
adclecl. The whey is evaporated to 20" B6. ancl the sirup decolorizecl, about 
one pouncl of carbon being for each 1000 po1111ds of sugar in the 
sirup. It is then filtered. evaporated to 40" I%., and the sugar graineil. 
crystallized, centrifuged, washed and dried as previousl?~ clescribed. 

Lactose has also bern made as a byproduct of a process conclnctecl pri- 
marily for the purpose of redncing the lactose content of skim milli that 
is to be used in the manufacture of ice creain (113, 126). This procedure 
is basecl on research of Leiphton and Leviton (112), which demonstratetl 
that the addition of cane sugar to sliiin mill; before conclensiiig lessens the 
viscosity of the concentratetl inillr to suc.li a degree that crystallization of 
lactose takes place reailily anil the separation of the crystals by mechanical 
inrails is easily acconiplislied. 

The procedure recommended is the followinp: 5.9 ponncls of cane sugar 
is added to each 100 pounds of skim milk. the misture is forewarmeel to 63" 
C. for 10 minutes, concentrated under vacl111111 to 70 per cent total solids, 
transferred to a crystalliziiig  at, cooled to 25' C., held over night and 
the crystallized lactose separated by means of a centrifuge or filter presq. 
About 65 per cent of tlie lactose in the sliiin ll~illi is removed by this pro- 
cedure. The crystals art. coatecl with protein ant1 require a refi~iiiig treat- 
ment. 
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process of extracting lactose froin spray-clriecl ~vliey has been devised 
by Leviton (114, 115). The dried whey slio~ild be freshly made or should 
lrave beell stored in a cool. dry place., since the sllccess of this procedure 
depends on the lactose being in the a~~ lo rpho l~s  state in the powder. The 
clried whey is stirred rapidly into 15 times its weight of 76 per cent (by 
rollune) ethanol ailtl, after three ininl~tes, tlte insol~ible protein is removed 
by filtering throupll a filter press. The filtrate is aeidified to a reaction of 
about pH 3.6 and allo~ved to crystallize over night. The lactose is removed 
by means of a centrifuge. Eighty per t.ent of the lactose in the first filtrate, 
or 75 per cent of that in the dried whey, is obtained as a white sugar of a 
high clegree of purity. If 95 per cent etl~anol is used, the yield is somevhat 
less ant1 the snpar is in the for111 of the eqnilibrium mixture. 

Several other inetliods of beparation of lactnse have been advocated, such 
as  the drying of whey, follo\~~ed by fractional extraction with water (109, 
I l l )  ; the freezing out of water fro111 \~-ltey below 0' C., followed by crystal- 
lization of the lactose a t  0' C. (106) or extractioi~ with alcohol (108) ; and 
the drying of clarified whey (125). Matly patents hare been issued on 
special niethods of clarification of whey. 

Rejiving of 1ncfo.sc~. For refining (117. 122), tlle crutle sugar is dissolved 
with the aid of live qteain in sufficient water to give a concentration of 20' 
BC. To this sirup are adclecl one-fourth polund of a filter aid and one pound 
of ilccolorizing paste per 100 ponnds of crude sugar in the batch. The de- 
aolorizing paste consists of four parts decolorizing (.arbon, one part hydro- 
cl loric acid and enougll water to nlalre the paste easy to handle. The batch 
is heated to boiling ancl sufficient hydrochloric acid ailded to produce a titrat- 
able acidity of 0.09 per celit, expressecl as lactic acid. It is desirable a t  this 
point to allo~l- the batch to stanrl over niplit in order that the decolorization 
process shall reach its maximuin effectireness. The following morning the 
solution is reheated to near the boiling point and sufficient milk of lime 
cautiously added to reduce the acidity to 0.05 per cellt, or to give a p H  value 
of bet~veen 5.4 and 5.8. An experiencetl operator can judge the proper re- 
action by the degree of flocculation. The solution is then boiled vigorously 
for a few minutes and allowed to stand nntil the flocculated mixture of car- 
bon, protein and insoluble salts has settled. I t  is then filtered, first through 
cloth in a filter press ancl again through a sheet of fine-mesh, rag paper sup- 
ported between two perforatecl copper disks. If the filtered sirup is cloudy, 
insufficient lime was used; if the filtration is slow or the solution is colored, 
too much lime was used. 

The filtered solution is acidified with hydrochloric acid to ensure that 
the salts and protein still present ~vill remain in solution. then evaporated 
to 40' BC., and the sugar grained. crystallizecl, centrifuged and washed with 
cold water as in the process for crude sugar. The mother liquor is run to 
the vats for storage of 20' BC. sirnp for crnde sugar production. The wash 
waters are wed  for dissolving crnde sugar for refining. 
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The wet lactose, after being tested to makr qure that it is of the desired 
purity, is dried in a tunnel or a rotating druin at a temperature of approxi- 
mately 80" C. From two to three hours are required. The air circulated 
to the dryer should be filtered through oil-treated glass to remove any 
dust particles that may be present. 

The dried sugar is transferred to covered hoppers from which it goes 
to a pulverizer, where it is ground until practically all will pass a No. 100 
screen. The lactose is packed in barrels having two liners, the one nest to 
the wood being of waterproof paper, the one next to the sugar being of fine, 
unbleached muslin. 

The yield of refined lactose is orclinarily expected to be not less than 50 
per cent of the sugar present in the whey, but skillful operation of the 
refining steps will increase the overall yield to 60 per cent. 

Manufacture of befa lactose. Because beta lactose is initially more 
soluble than alpha lactose, there has developed a demand for beta lactose that 
has been met by the devising of several practical processes for the conversion 
of alpha lactose partially or entirely to the beta form. 

Drying lactose solutions by the spray process produces a mixture of the 
alpha and beta forms in approximately the equilibrium ratio (105). This 
mixture is more soluble than alpha lactose initially, but less soluble than the 
mixture of the two forms in the ratio of their individual solubilities. It has 
a high rate of solution because of its fine an~orphous condition, but is hygro- 
scopic and has poor wetting properties. 

A sugar containing between 90 and 99 per cent of the beta form may 
be made by drying lactose solutions on a drum dryer. The product is some- 
what less amorphous in appearance than spray-dried lactose, is much less 
hygroscopic and has relatively good wetting properties. Bell (105) recom- 
mends drying a preheated 80 per cent solution of lactose on an atmospheric 
drum dryer with a steam presswe of 65 to 75 ponnds and a drum speed of 
5 to 7 r.p.m. Under these conclitions lactose containing over 90 per cent of 
beta sugar has been produced. The critical factors of speed and tempera- 
ture would probably have to be determined experimentally for any specific 
drying unit. Increasing the speed of drying beyond a certain rate decreases 
the proportion of beta lactose in the dried product. 

The process of Supplee and Flanigan (123) consists of drying a lactose 
solution in the form of a film on a heated surface at a temperature above 
100" C. and removing the film from the surface while it is still a paste con- 
taining a t  least 2 per cent water. The lactose crystallizes in the beta form 
and the heat remaining in the paste completes the drying. 

Sharp's earlier process (118) consisted of adding alpha lactose to a 
saturated solution maintained a t  a temperature abore 93.5" C. and removing 
an equivalent quantity of lactose in the beta form. Since a solution super- 
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saturated with lactose above 93.5' C. is more highly supersaturated with 
respect to the beta forin than to the alpha and since equilibrium between the 
two forms in solution is established w r y  rapiclly at that temperature, the 
beta form crystallizes readily and, a t  saturation (undersaturation with re- 
spect to alpha), alpha can clissolve and will reappear as crystals of beta. By 
filtration in a heated centrifuge, a sugar containing a high percentage of 
beta lactose is obtained. 

More recently, Sharp and IIand (119) harc cleveloped a proced~~re  
whereby dry alpha lactose liydratr is licatetl in a closecl container to 120'- 
130' C. In  the presence of the water vapor foriiiecl, a solntion of alpha 
lactose forms 011 the surlace of the crystals and beta lactose crystallizes 
from this solution. When the conversion i> complete, or at a desired stage 
short of completeness, the water vapor is allowed to escape. 

The method of Versclinur (110, 124) ]la\ apparently not been tried on 
a large scale, bnt is of interest becanse of thc claiin made that the beta lactow 
contains no alpha and because of the unnsual proceclore employed. Pyridine 
is added to a boiling solution of lactose in water. Pyricline and water are 
distilled off and then more pyridine is added and the distillation continued. 
Beta lactose crystallizes from tlie solution as the proportion of TI-ater present 
becomes small. The crystals are ~vashecl ~1-it1i boiling pyridine ant1 finally 
with hot ethanol ancl dried. 

HYDROLYTIC PRODUCTS 

Lactose may be hydrolyzed by lactase from tlie wall of the small intestine 
of maminals (131, 133, 134, 135, 137, 1 3 ) ,  by emnlsin from ahnoads (134), 
by lactase secreted by lactose-fermenting yeasts (128, 129, 130, 132, 142, 143) 
and by dilute solutions of strong acids (136, 138, 140, 141). Glucose and 
galactose in equal quantities are the iinrnecliate products of the hydrolysis. 
The enzymatic hydrolysis of lactose has not been clevelopcd commercially, 
largely because of the difficulty of obtaining an adequate supply of enzyme. 

The rates of hydrolpsis of the different forins of lactose have been founcl 
to be the same (141). The half-period of hydrolysis of lactose in 3 per ccnt 
solution in 0.05 inolar hydrochloric acid a t  98' C. is 125 minntes; in 18 per 
cent solntion, 94 ininutes (136). A 10 per cent solution containing only 
sufficient hydrochloric acid to give a pH value of 1.2 to 1.3 is practically 
completely hydrolyzed a t  150' C. in an hour. (138). A sirup made under 
these conditions, concentrated and neutralized has a pleasing flavor and 
no objectionable saltiness. If concenti'ations of lactose greater than 10 per 
cent are hydrolyzed by this procedure, other products, some of which have a 
bitter taste, arc produced a t  the expense of part of the hexoses. It is possible 
to remove the bitter substance by treatment with carbon. The other prod- 
ucts are desirable in that thry largely prevent crystallization of the sirup. 
The inost satisfactory sirups have been inacle by the hyclrolysis of 30 per 
cent lactose solutions. 
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PYROLPTIC PRODUCTS 

I t  is a coinillon obser~at ion that ~nillr on heating gradually becomes 
brown, and i t  is lino\vn that lactose is involreil in this color formation (145, 
157). Rainsey c t  al. (154) claiiu that carainelization 131aks no part in the 
discoloration of daii-y protlucts, but that  lactose-caseill componntls are 
formed. Ilass and I'ahner (150) interpret the change as the caramelizatioi~ 
of lactose under the inflnence of casein follo~ved by the adsorption of the 
lactocaranlel on the casein. I t  is clear tliat casein pro~notes the color forina- 
tion, that  it is accelerated in the presence of phosphates and that  boric acid 
and sodium bisulfite, by forming compoimds with lactose, hinder t 1 1 ~  devel- 
opment of color (152, 155). Lactose is the soiirce of the acid. p res~~mably  
largely formic, that  is formecl in heatetl nlilk (144. 156). 

Pyrocatechol has been f o ~ ~ n i l  in the products of l~eiltinp a lactose holntion 
to 280' C. under pressure (148). Heating lactosc i l l  a solntion of socliiiin 
hydroxide has yielded a eonsiderable quantity of lactic acid and smaller 
quantities of formic acid a l i ~ l  1>yrocatecliol (149). S~iccinic acid has been 
identified among the prodncsts of fr~sion of lactose 11 it11 potassiiun hytlroxicle 
(147). 

Lactose hydrate loses all its water of hydration be lo\^- 1.70" C. Tbe plii\\y 
mass formed is very hygroscopic, tbis c.l~aracteristic malrinp it  very diffic~~lt 
to obtain constant weigl~t in drying dairy p'odi~cdts ancl cawing caking of 
the clrietl clairy products containing anllydrous Iilctose. At 150 to 169" ('. 
lactose beco~lles yellow in color and at  175' C'. it beeol11c.s hro~vn, emits a 
rharacteristic odor and loses about 13 per cent of its original ~veiplit (151). 
This brown material contains a n h y d r o ~ ~ s  lactose. a snbstance i~~so lnb le  in 
water. water-soluble lactocarainel ant1 ~,resiin~abl\- otber substances. The 
caramel m a -  be isolated by first printling the mass in Ivan11 alcohol ailil 
removiilg the lactose by filtration.tand then evaporating the filtrate to a 
sirup, diluting with water ant1 filtering again. This filtrate is e~yaporated 
to dryness and the residue dried a t  100" C. The final protll~ct has a com- 
position corresponding to C,?H,,O,,,. A substance having the same empiri- 
cal formula has been obtained by I'irtet and Egan (153) by cleliydrating 
lactose a t  185" C. for 10 to 12 11ou1.s i ~ n d e r  rilcuulll. They believe it to bP 
Iactosan, i.e., galactosyl plucosan. I t  is insoluble in alcohol ant1 has retlncing 
properties. At  105" C. in the presence of zinc chloride it polylnerizes to 
form a compound having no retlncing properties. Hanil and Hllclson (146) 
by pprolytic distillation nntler 7-avnmm have obtained 6.5 prams eac.h of a 
d-glucosan and (1-galactosan fro111 100 gl.anls of lac+tose. 

The products obtainetl by the oxidation of lactose depend on the oxidation 
potential and con cent ratio^^ of the ositlaiit used, on the te~nperature and p H  
value of the reacting mixture and possibly on other factors. 
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Potassium permanganate oxiilizes lactose in either acid or alkaline soln- 
tion q~iant i ta t i rely to carbon clioxide and n a t w  (175, 176). Oxidation by 
nitric acid may yield n~uc ic  and saccharic acid4 qnantitatirely or, if the 
acid is snfficiently concentrated or hot, it may cause f ~ ~ r t h e r  oxidation to tar- 
taric, racemic, oxalic alld carbonic acids (165. 169). One product of the 
oxidation of lactose by chromic acid is fnrfural (160). Brolnine oxidizes 
lactose in solution to lactobionic. aciil. Ti1 tpe presence of a bnffer this is 
the only prodnct, but \vithout buffer, the hydrobroinic acid formed canses 
hydrolysis, the final prochlcts being gluconic and ~a lac ton ic  acids (162. 166. 
167). Beta lactose is m11c.11 inore rapiclly osidizetl by bronline than is alpha 
lactose (168). Iodine reacts wit11 lactose under prrssnre a t  100' C. to give 
for~~~aldelryde,  fo rn~ic  acid and a I~tul~lic substa~~c.o containing iocline (182). 
Neutral hydrated c11pric oxide oxitlizes lactose to a ~ n i s t u r e  of formic, lactic. 
and glycollic acids (164). 

Hydrogen peroxide has a negligible action 011 lactose unless ail activatil~g 
substance such as  ferrous snlfate is present, in  ~ ~ h i c h  case lactobio~lic acid 
is formed (159, 181). Ozone has no effert on lactow i n  acicl solution; in  
alkaline solntion its action is like that of a ir  (163. 181). 

The osygeil of a ir  has no tletrctable action on lactose solntions ~ulless they 
are  alkaline, in whicah case it  seems probable that salts of lactose are  iuvolrecl 
(177). In the presence of alkali ant1 surh catalysts as cerolls hydroxide, 
ferrous sulfate, sodi~im snlfite, or sunlight plns zinc oxide as sensitizer. the 
sugar is oxidized to carbon tlioside and ~ ~ a t e r  (179). Without eatal>~tic 
agents allrali induces auto-oxitlation ant1 degratlation of lactose, as  s h o \ ~ n  b -  
cahanges in  rotation (158), by the for~nat ion of acaetic ~ I I I ~  for~nic acids (161), 
and of the saecharinie acids-tetraliytlrox!-ca~,oic a c i d ~ ~ t u d i e d  esten- 
sirely by S e f  (178) anrl by ICiliani (170-174). Heating lactose 1~it11 dilnte 
snlfnric acid causes auto-oxidation to formic acditl ant1 beta-acetylpropionic 
acid (180). 

IIYDHOOEKATION PRODT-CTS 

The earliest attempt at hydrogenation of Ia~ tose  \\-as by Bouchardat 
(183) al lo  usecl sodiu~n amalgam and a lactose so l~~t ion ,  obtaining a m i x t ~ ~ r e  
of dulcitol, nlannitol (? ) ,  sodium lactate. isopropimol. ethanol and hexanol. 
Neuberg and M a r s  (187) ~ i sed  cal(~iu111 al~lalgaln in  a n  atmosphere of carboll 
clioxide, thus hindering seco11~1ar~- reactions, and obtained a crystalline 
procluct that was apparently the lactose i~lcohol, lactitol. 4-d-sorhitol-P-d- 
~alacto-pyranoside, also calletl lactobiotol an(1 lactositol. 

Lactose in aqueolis solntion ITRS treated by Ipatieff (185) ~ ~ i t h  I~ydrogen 
nntler 74 atmospheres p ress~~l -e  a t  130' C. in the presence of a catalyst of 
nickel and nickel oxide. The only prodnct identifieil was dnlcitol. Sender- 
ens (188) and Tanno (189) by substantially the saine procedure, except that 
the catalyst was nickel only, obtained a lnixtnre of lactitol, dulcitol and sor- 



524 EARLE O. WIIITTIER 

bitol. With a hydrogen pressure of only 30 atmospheres and a nickel cata- 
lyst, Rarrer and Buchi (186) obtained amorphous lactitol and found its 
specific rotation [a], = 14.8" in water. TT'olfrom et al. (190) treated a 
slightly acid lactose solution with hydrogen and reduced nickel a t  a tem- 
perature varying froin 143 to 150" C. aucl a pressure from 102 to 138 atmos- 
pheres and obtained crystalline lactitol in 80 per cent yield. Their product 
had a melting point of 146" C. and a specific rotation [a]': = + 14' in water. 
They prepared froni it a crystalline tritrityl lactitol hexaacetate, interesting 
because of its high n~olecular weight of 1323. Hales (184) has obtained lac- 
tit01 by electrolytic reduction of an acidified aqueous solution of lactose. 

Zartman ancl Acllrins (191) heated lactose, ethanol and hydrogen in tlie 
presence of a catalyst of cl~romium oxide and copper a t  a temperature of 
250' C. ancl a pressure of 300 atmospheres. llliis procedure they desipnated 
hydrogenolysis, since the product, fractionated uncler reduced pressure, 
yielded methanol, more ethanol than used in the process, water, 1, 2-pro- 
panediol and three hydroxy compounds tentatively identified as 2-(4-hy- 
droxyte t ra11yd~of~l ) -methyl  carbinol, a liesane trio1 and a hexane tetrol. 

SUBSTITUTION PRODUCTS 

Many more or less coinplex derivatives of lactose have been described in 
the chemical journals (14), but, since most of them have little practical in- 
terest, they will be il~entioiied only briefly here, the reader being referred to 
the cited papers for details of preparation or properties. 

Lactose undergoes the characteristic sugar reaction mith p h e n ~ l h g d ~ a -  
zine to give first the phenylhydrazone (204) and finally the osazone (203, 
231). Several substituted phenylhydrazones of lactose have been prepared 
(202). Several lactose nitrates haTe been reported (213), the most defi- 
nitely authenticated being tlie octonitratc (243), which has practical value 
as an explosive (199). 

dcetylation of lactose produces heptaacetyl acetyllactoside (200, 217, 
219, 238) which, treated ~vitli hydrogen bromide, gives heptaacetyl bromo- 
lactoside (200, 208). The other halogens may be introduced in a similar 
manner (195, 206, 216, 229). The reaction of heptaacetyl halogenlactosides 
with otlier sltbstanccs has beell used to synthesize otlier heptaacetyl lacto- 
sides (192. 197, 198, 207, 210, 211, 212, 215, 220. 233, 237). Deacetylation 
converts these compounds to simple lactosicles (201, 237, 210, 212, 216. 221. 
233). Reduction of heptaacetyl bromolactoside followed by deacetylation 
yields lactal (193, 209), a substance courertible to an iso and a pseudo modi- 
fication and to a hydrolactal. IIeptalnethyl lactosides (26) ancl liepta- 
propionyl propionyllactoside (222) have been prepared. 

Idactose combines directly mith amino compounds (223-228, 232, 235, 
244). I t  forms a cpanhydrin ~ ~ h i c h  mag be converted to lactose carboxylic 
acicl (205, 214, 284). Some otlier coi~lpol~nds of lactose of possible interest 
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are the benzoates (230, 240), butyrate (194), bntylmercaptan (242), phos- 
phates (241), and its combination mith sodinni (218), cysteine (236) and 
calcium carbonate (239). 

FERMENTATION PRODUCTS 

General  discussion. The products of fermentation of lactose are not 
peculiar to this sugar, since they are determined by the organism rather 
than by the substrate and all organisms that ferment lactose ferment other 
common sugars. On the other hand, many organisms that ferment other 
common sugars do not ferment lactose. Coiisequently the chief factors 
determining whether lactose shall be used as the carbohydrate for a com- 
mercial fermentation are the existence of an organism that will convert 
lactose efficiently into the desired product and the cheapness of whey relative 
to that of other available sources of fermentable carbohydrate, such as cane, 
beet or sorghum molasses or corn sugar. The presence of certain vitamin.; 
in whey gives it an  advantage in some instances. 

Of the many substances reported to have been isolated from the products 
of fermentation of whey, those p;loduced in yield sufficient to warrant con- 
sideration for commercial exploitation are ethyl ancl butyl alcohols, butyric 
(246, 250, 251), citric (260), acetic (258), propionic (259), and lactic (254) 
acids, acet~~lmethplcarbinol (252), riboflavin and penicillin. Lactic acid, 
penicillin and riboflavin are being produced in this country by fermentation 
of lactose. The production of ethyl alcohol is possible in the future, but i t  
seems unlikely that the other compounds listed will be made commercially 
by fermentation of whey. 

Riboflavin. Clostridi~rnl ace tob~ i t y l i c~rn t ,  an organism of the type nsecl 
to produce butanol and acetone from corn mash, may, by proper culturing, 
be "trained" to prodnce riboflavin efficiently from sugar substrates (248, 
255, 261). This procedure has been adapted to increasing the riboflavin 
content of whey to such an extent that the product will contain as high as 
1000 micrograms of riboflarin per gram of solids. Details of the process 
are not yet published. 

Etl'zyl alcohol. Although the production of ethyl alcohol from molasses 
is a firmly established industry and whey is, a.; a rule, a more costly source 
of fermentable carbohydrate than is molasses, the production of alcohol from 
whey in small inland communities mith possible further conversion to a whey 
or spirit vinegar (258) is not economically out of the question. Recently, 
several articles have appeared (247, 249, 256, 257, 258) and patents have 
been issned (245, 253), on the production of ethyl alcohol from whey. The 
techniques described are similar to those for the fermentation of molasses, 
except that  a lactose-fermenting yeast of high fermentative efficiency must 
be employed instead of the conimon Sacclzarontyces cerevisiae. 

Lactic acid,  nznnzrfachre.  Many organisms are able to convert sugars 
to lactic acid, but for the production of lactic acid from the lactose of whey 
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a inixecl culture of a lactobacillus and a ~nycoder~l i  is used. This is com- 
nlonly called "ga" ant1 designatecl in the i i~nerican Type Culture Collection 
as No. 9223. This c l ~ l t l ~ r e  converts lactose to lactic acid with a n  efficiency 
of orer 95 per cent, the acid being the ~'acemic inisture of the dextro ant1 
levo acids, and forins no objectionable bproclncts.  I t  grows reatlily a t  
43" C. and in a pEI range of 5.0 to 5.8, conditions that effectively disconrage 
the growth of organisl~ls that inigllt be prcsent ill whey and produce other 
proclucts, sucll as, fo r  example, butyric acid (268). 

Tlie process in  commercial use is substantially that  described below (262, 
263, 264, 267). 

The starter c n l t ~ ~ ~ e  is built n p  by two successive inoculations into increas- 
ing quantities of sterilized slii111 nlilli and a third inoculation into 500 gallons 
of pasteurized rvliey. These ci~l tures  a re  incubntc>d for 24 hours a t  43' C. 
before being used as i11ocnlu111 for the nest  larger volume of skin1 il~illr o r  
~ r h e y .  

The fermentation is vol~tll~vtecl in  a 11-ootle11 tank of a total capacity of 
6000 gallons. The tank s l~onld be providetl with a perforatetl s t w m  pipe 
for  heating the whey, a portable agitator for intermittelit use and an outlet 
of adjllstable lerel fo r  tl(~canting. 

A f t r r  the ta~l l i  is vlcti~~etl. chemically sterilized and rinsetl free of steril- 
izer, 5000 galloils of \vh(>y arc. r u n  in and heated to 43' C. The 500 gallons 
of starter are r111 i n  i111tl the ferillentation allolr-ecl to proceed for about 42 
IIOII~S,  heat being supl>liecl, if necessar~-. i l l  order to lloltl the temperature a t  
43' C. Every six E~onrs, or a t  shorter i ~ ~ t e r v a l s  if convenient, a slurry of 
slaked liiiie is addecl to neutralize part  of the acid and bring the reaction to 
the lnost farorable ])I1 range. The lime nsecl s l ~ o l ~ l d  br  practically free of 
magnesia. I t  sl~onltl be added gratlnally with the agitator running lmtil 
the reaction is a t  about 1111 6.0. At higher pI-I values there is risk o f  con- 
taininatioa, and below 5.0 the f(1rnientation is co~lsitlel-ably retarded. The 
p I I  value may be cleterminetl by 111eans of bromoc.resol green paper or indi- 
cator solutions. Tlie co~n]>l(.tion of tile fernlentation  nay be determined by 
a test for  residnal sugar ~ v i t l ~  Yehling's solntiou or judged by  the quantity 
of lime consu~i~ed.  

The fermented ~vhey  is 1lc.ntralizei1 ( p H  6.5-7.5) wit11 liiile slurry, heated 
nearly to the boiling ~ ~ o i n t  i\lld held a t  that  temperature fo r  ten miilntes or 
nntil  coagulatioii of p r o t e i ~ ~  is complete. The ~oilg~lu111 is allo~vcd to settle 
and the clear liquid ileeantcatl and to a filter press, tlie sli~tlge follo~ving. 
The llot filtrate is pu~npet l  to a ~vooclen ta111i and a sniall percentage of 
decolorizing carbon aclded. Tlle mixture is i~pitatecl and brought to a p1-I 
value of 10 by the acldition of lime slurry. agitation briny c o n t i n ~ ~ e d  nntil  
a sample reinovecl from tllc batch mill sediment rapidly. I t  is then r u n  to a 
filter press. The clear filtrate is neutralized by means of lactic acid and, 
either with or ~vi t l lol~t  anot11t.r carbon t rewt~nei~t ,  tlepellding on the quality 
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of procluct clesireil. conce~ltratecl in a vacuum 1x111 to 15'. BF. The liquid is 
puinl)eil to'crystallizers lined with stainless steel and jacketed for  circulat- 
ing cold water. The niass is cooled to 10' to 15' C., and after about 12 hours 
stailding crystallizatioil is conlplete. 

The crystalline inass is tlro1)petl to a ccn t r i f~~ge ,  the basliet sl)un until no 
niore liquor separates, tile crystals ~vas l l t~ l  lightly wit11 water ant1 spun until  
iio more filtrate is obtained. T l ~ e  i i i o t l ~ t ~  liclnor a~ l t l  ~ v a s l i i ~ ~ g s  are  evapo- 
rateel to 13.5' BF. ant1 a secontl crop of vr\-stals obtained. d third crop nlay 
be obtaineel before it is iiecessary to cliscal.tl tlie l i q u o ~  and rvashings. 

The wet cTncle calcinm lactate is clissol~ecl in  a glirss-Iilled tank i n  th r  
~ n i ~ l i i i i ~ i i ~ i  q11i11itity of r a t e r  a t  ($5' C.. trratetl with carbon antl filter aid. 
filterecl, evapol-ated to 11.5' R6.. c~~ystallizetl, centrifugctl alicl masl~ecl. This 
treatment may be repc~i~tetl. if Ilecessary. in ortler to prodlwe calciluli lactate 
of U.S.1'. gratle. The motlier litlnors ant1 ~vas l~ ings  are  added to tile crnde 
lactate liquors. 
, Calci11111 lactate sol~rtio~ls of ally degree of pllrity ma>- be converter1 to  
lactic acid or lactates of other inetals of cot-rt~spondiiig grade. Sodium 
sulfate or carboaate may be nsetl in malrinp sotlinm lactate, tlie sulfates of 
iron antl copprr in  malri~ig their lactates. d so l~~t io i i  of one of tllesc salts 
is mised wit11 a solntio~i of calcilul~ lactate ill t*cluivalent proportions, the 
insoluble calcimli carbonate or sulfate rrlnoretl by filtration and  the filtrate 
concentl.atec1 by evaporation or eraporatecl to r ly~ iess .  

F o r  r:onrersion to lactic arid. s~ilfun-ic acid in very slight excess is adcletl 
to a solrttion of calcium lactate of al~proxiniatrly 13.5' BC. in a wooden or 
ceramic-lined tanlr. Decolorizing carboll ancl the cdalculateil aniount of 
potassirnu ferrocya~iitle sufficient to previpitate heavy nietals present may 
be adtlrtl, if acid of one of the better grades is clesiretl. The i1.1solub1e cal- 
c*inm sulfate. carbon and ferrocyanides of tlie heavy nletals are  reiliovecl by 
filtratio~i through a eel-amic vacuiim filter. Tlie filtri~te, which should con- 
tain abont 25 per cent lartic acid. Inay be diluted to 22 per cent and marlretetl 
a t  this c.oncentratiot~ ole concentrated antl s~tbjc~ctecl to further purification. 

C o ~ l c t ~ ~ l t r i r t i ~ a  of lactic acid may be i~ccoilil)lished by evaporation i n  a 
stainless-steel yacuilill pan or, 111) to ovt3r 50 per cent concentratioll, by a 
process known as "bl~ilding up." This latter process consists of tlissolving 
calcium lactate in  lactic acid of 25 par cent conventration, made as tlescribed 
above, adcling snfficie~~t sulfuric acid to convert the dissolved calcinm lactate 
to lactic acid, filtering, ant1 then atldinp to the filtrate another iilcrernent of 
calein~n lactate and repeating the v c l e  until tlie clesirc~cl concentration of 
acid is obtained. 

Ilactic acid is nlarlretetl niostly 21s clarlr or ligllt, 22 or 44 per cent acid. 
as rolorless, edible 50 per cent acid, and as 85 per cent acid of U.S.P. grade. 

Lactic acid, ~ w o p e ~ t i ~ s .  Tlie co~nbination of properties that gives lactic 
acid a some~vhat nnitiue position fronl the stantlpoi~it of utility is s h a r d  only 
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by other alpha-hydroxy acids. of which glycollic acid is the only one pro- 
duced in commercial quantities. The presence df alcohol and acid groups 
in the same molecule gires lactic acid, 

H H 
H O  0 

HC . C . C = 0, ancl coiisequently its esters, unusual solvent properties. 
H H 

The proximity of the alcoholic ancl acidic 11pclroxyls on two adjacent carbon 
atoms leads to the forniation preclon~inantly of linear polplactrlic esters a s  
water is progressirely removed from lactic acid. Inner lactoncs are not 
formed under these conditions; the double ester, lactide, is formed in very 
small proportions and can be prepared only by a slow (listillation process 
involving the dehydration of the clinieric acicl. A11 solutions of lactic acid 
of concentrations greater than 20 per cent contain linear lactylic esters, 
which increase in both proportion and arerape chain length with increase in 
the gross concentration of the acid. 11s thrse linear polyesters increase in 
complexity, they become less s~~sceptible to hyclrolj-tic clepolymerization, 
more viscous and more in character (269, 270, 272, 273, 274, 276). 

Thc heating of calcium lactate forms salts of dilactic acid, which is a 
result of loss of water from the alcohol pronps of two lactyl units to form an 
ether cross-linkage (275). 

Lactic acid, m e s .  The principal uses of lactic acid are in the leather 
industry, where it is used to neutralize the lime in limed hides (285), in 
foods, such as pickles, salad dressings. carbonatecl beverages and sherbets 
(289, 290, 302, 308, 318,324) because of its clean acid taste and preservative 
action, ancl in alkyd resins (288. 295. 299. 300. 309. 321, 325) because of 
properties discussed abore. Acid calcium lactate is used in Europe in bak- 
ing powders (280, 287. 297, 298. 305, 306, 307, 315, 327). The ferrons and 
copper salts are used nutritionally. Sodium lactate solutions have been 
substituted for glycerol in textile printing and in paper-making (279) and 
various inetal lactates have found use as inordants (296, 312, 326). Many 
esters of lactic acid hare been ~natle for use as solrents and as plasticizers 
(278,282. 283, 284, 286,293, 294, 300, 301. 303, 310, 311, 317, 319, 322. 323). 
Lactic esters are useful as an acldition in lnolding cellulose ester compositions 
(277), and as starting materials for the production of the correspond in^ 
acrplates (281, 283, 291, 304, 313, 314, 320). 
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OBSERVATIOSS ON THE EFFECTS O F  AN ANTERIOR 
PITUITARY PREPARATION ADMINISTERED 

TO LACTATING DAIRY COWS" 

J. F. SYKES, I. A. GOULD, C. W. DUNCAN AND C. F. HUFFMAN 

Sections of Physiology, Dairy Dusbandry and Chemistry, Michigan Agricultural 
Experiment Station, East Lansing, Mickigan 

In  a previous pnblication Sykes, Meulenian and Hnffman (4) reported 
that both the amonnt and percentage of fa t  in the milk of dairy co\vs were 
increased with injections of a relatively crude estract of the anterior pitui- 
tary gland. The injections vrere only given for a short period of time 
(5 days) ancl no detailed analysis of the inillr was made. It was, therefore, 
thought desirable to give the injections for a longer time and to esamine 
the milk for possible changes in constituents other than fat. 

PROCEDURE 

An alkaline extract of the anterior pituitary gland was prepared accord- 
ing to the method of Best and Campbell (1) and used in this stuclp. All 
injections were given subcutaneously for periods ranging from seven to 
twenty-three days. Five hundred milligrams of the extract were given a t  
each injection. Fonr Holstein colvs in declining lactation were used in the 
initial studies, and later the extract was given to an ovariectomized lactating 
ewe and to a freemartin heifer which hacl been brought into lactation with 
hormone treatment. 

Daily milk samples ~x-ere obtained for analysis by mixing equal portions 
of morning and evening millr. The f a t  per cent and total solids mere deter- 
mined by the methods of Mojonnier and Troy (2) .  Chlorides were deter- 
mined by the metl~ocl of TTanSlylie and Sendroy (5) and lactose by the 
official A.0.A.C. method (3 ) .  

RESULTS AND DISCUSSION 

All four cows showed increases in the per cent fa t  of the milk. The 
initial increases occurred within three to five clays after the first injection. 
Cow 264 showed an initial increase during the first seven injection days from 
4.5 to 5.8 per cent fat, a decline during the next three days to 4.8 per cent 
and then showed a gradual increase during the remaining thirteen clays to 
attain a level of 10.1 per cent. Two days after injections were stopped 
this cow developed a severe anemia due to internal hemorrhage and died 
five days later. Milk prodnction bepan to decline markedly two days before 
injections were stopped and the very high terminal fat  per cent (10.1) was 
probably partly due to this fact. 

Receircd for  publication January 18, 1944. 
* Pu1)lished with the approval of the Director of the Agricultural Experiment Station 

as  Journal Article No. G73 (N.S.). 
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The milk fat  of Cow A 29 increasecl from 3.6 to 4.8 per cent on the thircl 
clay of injection and nlaintained an average of 4.5 per cent for an  adclitional 
nine clays a t  which time the fa t  per cent rapidly fell to 2.0 per cent during 
the nest four days, the uclder swelled and ropy and curdy milli was pro- 
ducetl. The injections mere stopped a t  this time. 

Cow D 9 increased from a pre-injection milk f a t  average of 3.9 per cent 
to an average of 4.3 per cent for a period of nineteen days of injections at 
~vhich time the per cent f a t  decreased over a five-day period to 3.5 per cent. 
Injections lyere stopped a t  this point. 

The nlilli fa t  of Cozo 290 increased from an average of 4.3 per cent to 
5.5 per cent on tlie fifth day of injection. At this point the udder sn~ellecl, 
ropy milli was produced and lactation was terminatccl three days later a t  
~vhich time the fa t  per cent had decreased to 4.5 per cent. 

I t  will be noted that the fat  content of the milli of three of these cows 
(A  29, D 9, and 290) decreased after an initial increase in spite of continued 
injections. The fourth cow showed an abnormally high fat  content dnring 
the last fen- injection clays. Coincident with the drop in fat  per cent. the 
udder of two cows (A 29. 290) became abnormal. 

I11 general, as long as the fa t  per cent remained within reasonably nor- 
mal limits and as long as the udders appeared normal, the changes in the 
other lllilli constitl~ents tended to parallel the changes in fa t  with the escep- 
tion of chloricles which showed either little change or a slight decrease. 
Moderate increases in solids-not-fat and lactose accoinpanicd the increase in 
fat. However, when the udders of A 29 and 290 became abnormal and when 
the fat  content of 264 had increased to about 6.0 per cent very marked 
changes occurred in the other milk constituents and marlred irregularities 
in their concentration occurred from day to clay in three of the four corns. 
The fat, solicls-not-fat and lactose decreased markedly and then tended to 
return to normal levels ~ ~ r h e n  injections were stopped. A11 the constitl~ents 
and particularly tlie lactose varied considerably from day to day, a conclition 
~\-hicli persisted for nearly a month after injection., were terminatecl. The 
chloride concentration was generally inversely proport.ioiza1 to tlie lactose 
level. D 9 did not react in this manner ancl, in fact. dicl not respond as 
well in respect to increase in fat  as clid the other cows. This cow also differed 
froin the other three in that she mas not pregnant. 

The level of production in all co~t-s remained equal to or was slightly 
above the pre-injection level during the time the initial fat  increases occurred, 
but declined rapidly ~ r h e n  the udders bccame ab11orm:rl. The changes ~v11ich 
occurred in the milli of A 29 are generally typical of the changes which 
occurred in the group as a whole. These are presented in figure 1. 

I11 addition to the above changes i t  was fonncl that all four co~vs de- 
veloped cystic ovaries. Three cors  developed multiple cysts of both ovaries 
ancl the fourth cow derelopeil cysts on the right orary. Xone of tlie three 
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pregnant cows terminated a normal pregnancy. Mummified fetuses were 
removed from two of the cows. The third cow (264) died, as mentioned 
previously, and it is not possible to state definitely whether mummification 
of the fetus had commenced although there were indications that such was 
the case. 

These latter observations suggested that the increase in  f a t  percentage 
and other changes in the mil11 of these cows was possibly due to the intense 
ovarian stimulus whicll the extract produced. Since the extract is known 
to possess gonadotropic hormone and since ovarian effects accompanied the 
changes in f a t  content of the milk, it  seemed possible that this hormone might 

FIG. 1. Changes in milk eollstitucllts following illjcctioils of an anterior pituitary 
extract. 

inclirectl- affect f a t  metabolism through ovarian stimulation. If  such were 
the case i t  would not be necrssary to postulate the existence of a separate f a t  
metabolism hormone of the pituitary gland a t  least insofar as such a hor- 
mone affects the fat  content of mill\-. 

The extract vas  therefore administered to a lactating ewe (250 mg 
daily) which had been ovariectomized two weeks previous to the first injec- 
tion and to a freemartin heifer (500 mg. daily) which hacl been brought into 
lactation by prolonged treatment with estrogens and progesterone followecl 
by prolactin. At  autopsy the ovaries of this heifer mere practically non- 
existent and showed no signs of activity whatsoever. 
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The fa t  content of the milk of these two animals increased as a result of 
the injection of the extract in a manner similar to the cows. These results 
are sho~vn in table 1. While the data are not este~lsive they suggest that 
the f a t  increase in the milk of cattle injected with this extract of the pitui- 
tary m7as not due to the ovarian stimi~lation. Unpublished results also indi- 
cate that the increase in liver f a t  which the extract produces in guinea pigs 
occurs just as readily in ovariectoinized as in normal pigs. While it is possi- 
ble that the gonadotropic hormones may have some direct effects on fa t  
metabolism not mediated through the ovaries, there is a t  present no evidence 

TABLE 1 

T h e  e f f ec t  o f  a n  anterior pituitary extract on the per cent f a t  o f  the  milk o f  an 
o~ariectomieed ewe and a freemartin heifer 

per cent 
9.5 
8.6 

10.0 
8.0 
8.7 
9.7 

10.5 
10.7 
10.5 
15.0 
11.7 
15.3 
19.5 
15.5 
12.5 
12.5 

8.5 
6.8 

... ... 

Day. 

pel. cent 
3.7 
3.9 
3.4 
3.0 

3.7 

3.7 
3.4 
3.6 
3.6 
4.4 
4.3 
3.6 
4.0 

4.4 
..... 

4.2 

Fat  content o f  mi lk  

Ovariectomizcd ewe I Freemartin hei fer  

No  injections 
I  I  

I  I  

I  I  

Inject ion 
I  I  

( I  

I  I  

I  I  

I  I  

No i n  jeetions 
" 

' I  

I  I  

I I  

( I  

I I  

I  I  

I ' 

for this and the effects on fa t  metabolism produced by the extract used in 
these experiments would seem to be due to some other hormone, possibly a 
separate fa t  metabolism hormone. 

SUMMARY AND CONCLUSIONS 

Injection of an allraline extract of the anterior pituitary gland into lac- 
tating cows prodnced an initial increase in the per cent fa t  of the milk and 
nloclerate increases in lactose and solicls-not-fat. The chloride content was 
generally inversely proportional to the lactose level. 

Continued injections produced even more marked changes. Generally, 
the fat, lactose and solids-not-fat declined to very low levels and the chloride 
increased. Marked irregularities occurred from day to day. These latter 
effects have not been obserred to occur earlier than the fifth day of injection 
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and in one animal injections given for twenty-fonr days failed to procluce 
them. S ~ ~ ~ e l l i n g  of the udder and ropy rilillr accompanied these changes. 

The extract lilcewise l~roclucecl cystic oraries in a l l  the cows to which i t  
was given and mnmmifiecl fetuses \\?ere rcmo~ecl from two of the three preg- 
nant animals used following tlie injection period. 

Preliminary work indicates that the changes in f a t  percentage of the 
milk -irere not due to the ovarian stinlulation ~ ~ h i c h  was producecl by the 
extract and it would appeaT that  these cliangcs wercl due to some horinone 
other than the gonadotropins contained in the extract. 
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T H E  INFLUENCE O F  A SySTHETIC THTROPROTEIN WHEN 
F E D  TO DAIRY COMTS OVER ,I THREE-llTEER PERIOD* 

RALPII P. REECE 

Department of Dairy lT~~sbandry, New Jtrscy Agrzcnltziral Experiment Station, 
New Brnnswick, Y r t r  Jersfy 

INTRODL'CTIOS 

Graham (5) was the first to obser7-e that the thyroid gland has a pro- 
founcl influence on the level of milk and niilk-fat secretion of cows. He (6) 
later ideatified the active principle of the thyroicl gland as thyroxine. These 
observations hare since been confirmecl by a iiuinber of investigators (7, 8, 
1, 2, 3, 14, 9, 4). 

Although the thyroxine studies adcled 1nuc11 to our knowledge of the fac- 
tors controlling the level of milk and milk-fat secretion, no practical appli- 
cation of the results was possible because of the excessive cost of thyroxine. 
Recently Reineke and Turner (13) haye made i t  more practicable by the 
formation in vitro of highly active thgroproteins. Reports on the effect of 
feeding such thyroproteins to dairy co~i7s have also appeared (12, 10, 13, 11). 

This work was begun to determine whether or not it is possible to increase 
the fa t  content of milk, without greatly anginenting milk production, by 
feeding a moderate daily dose of thyroprotein. 

EXPERIMENTAL PROCEDURE 

Five dairy cows in varying stages of declining lactation and gestation 
were selected for the experiment (table 1 ) .  Available production records 
a t  the beginning of the experiment indicated that the cows were secreting 
milk with a f a t  content below that  of their respecti~re breed averages. 

TABLE 1 

Description of cows fed a syntlzetic t71yroprotei?z for  a three-meek period 

Cow No. Breed No. of Month of Month of 1 yr?&o. I lactation I lactation I gestation 

627 Brown Swiss 
492 Ayrshire 
383 Jersey 

The experiment consisted of a two-weel; pre-experimental period, a three- 
weelr experimental period, and a tv-o-weelr post-experimental period. Ten 
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* Journal Series Paper of the New Jersey Agricultural Experiment Station, Rutgers 

University, Department of Dairy Husbandry. 

546 



546 RALPH P. REECE 

grains of a thyroproteiri (Protamone') mere fed daily in the grain ration 
during tlie three-week experinleiital period. During the entire course of 
tlie experiment daily iiiill~ meiglits ( ~ T T  ice daily milkings) were recorded ancl 
milk samples were taken on two consecutire clays each week. Individual 
lnillr saiiiples were tested for tlieir butterfat content (Babcock method) and 
soli(1s-not-fat content (by means of a lactometer). Body weights and heart 
rates (by means of a stethoscope) vere deterniiiled on two consecntive days 
each meeli. 

EXPERIMENTAL RESULTS 

Pat t es t .  The fa t  test, on the average, increased froin 3.62 to 4.11 during 
the feeding period and then cleclined to 3.76 in the second week of the post- 
experimental period. Increases in fa t  test during the course of the entire 
experiment varied from 0.34 to 1.51, the latter increase being observed in 
tlie c o ~ i ~  niost advanced in lactation. I t  is interesting to note that the with- 
draval of Protamone from tlie ration of a cow ( H 4 1 )  advanced in lactation, 
as \ire11 as cows not so far advanced in lactation, resulted in a decrease in fat  
test. The decrease in fa t  test in tlie second week of the post-experimental 
period is indeed sine? it occurs at a time mhen inillr production 
is decreasing. The results are slunniarized in table 2. 

TABLE 2 

Influence of feeding 10  grams of Pvotantone daily on the f a t  content of milk 

No. of Period days 

Pre-experi- 
mental 

Experimental 
1 l4 

Post-experi- 
mental 1 7 

&faximum 

during 
experiment 

Cow number 

H-4 1 -37  1 627 1 492 '' 
% f a t  % f a t  % f a t  % f a t  % f a t  

Weighted 
ave. 

% f a t  

Milk production. Protanlone feeding stimulated varying increases in 
milk prociuction. Based on weelrly averages, the maximum increase in milk 
production was 1.7 Ibs. per day. Increases in individual cows (meelrly aver- 
ages) varied from 0.5 to 4.7 Ibs. Two cows (H41  and 383) attained their 
highest average daily production during the first week of the feeding period 
while two other cows (H-37 and 627) did not reach their highest average 

1 The Protamone was generously supplied by the Ccrophyl Laboratories, Kansas City, 
Missouri, through the courtesy of Dr. W. R. Graham, J r .  
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daily production until the thira week of the feeding period. The cow 
(H-37) sl~omring the peatest  increase in milk production showed the least 
increase in the fa t  content of her milk and conversely the cow ( H 4 1 )  giving 
the smallest increase in inillc production showed the greatest increase in the 
fa t  content of her milk, the latter being most advanced in her lactation 
period. 

On the removal of Protainoiie from the ration there was a slight decrease 
in milk production. Nevertheless the level of milk production during the 
post-experimental period appeared to be about the same as it wonld have 
been had Protamone not been fed (table 3 ) .  

TABLE 3 

Influence of feeding 10 grams o f  Protanaone daily on milk production 

7 

Post-experi- 
mental 

Period 

Pre-experi- 
mental 

Experimental 

Maximum 
increase dur- 
ing experi- 
rncnt (wechly 
average) 

Cow number 

H-41 I H-37 1 627 1 492 1 383 
. 

days 

14 

7 
7 

lbs. milk 
per day 

15.2 

15.7 
15.3 
14.6 

13.0 
10.3 

Ave. 

lbs. milk 
per day 

29.3 

31.7 
33.1 
34.0 

31.2 
29.0 

lbs. milk 
per day 

26.1 

25.8 
27.'7 
28.4 

25.2 
23.3 

lbs. milk 
per day 

23.5 

25.6 
25.8 
24.9 

23.0 
21.1 

lbs. milk 
per day 

22.3 

25.6 
23.2 
22.9 

20.3 
16.8 

3.2 

lbs. milk 
per day 

23.3 

24.9 
25.0 
25.0 

22.5 
20.1 

1.7 

Solids-not-fat. The solids-not-fat content of the milk did not appear to 
be affected by Protainone feeding. The five cows showed an increase in the 
solids-not-fat content of their milk during the experimental period but it is 
doubtful if this increase can be attributed to the feeding of Protainone since 
only 2 of the 5 cows showed a decrease in the solids-not-fat content of their 
milk in the post-experimental period. The average figures suggest that the 
observed increase in solids-not-fat content can be attributed to the advance 
in the stage of lactation (table 4). 

Body  weight. There was a slight loss in body weight in four of the five 
cows. The cow that did not lose in body weight was the one ( H 4 1 )  most 
advanced in lactation and pregnancy. The greatest loss in body weight 
occurred in the lightest cow of the group and this wonld be expected since 
Protamone was not fed on the basis of body weight. I n  no instance, how- 
erer, can the loss in body weight be considered severe. 

There was a marked increase in body weight in the first week of the post- 
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experiiiieiital period. This gain in body \i$iglit is associatecl with a decrease 
in mill; production and in heart rate. I n  the second weel; of the post-experi- 
mental period four of the five ~ 0 1 ~ ~ s  s h o ~ ~ e d  a slight loss in body weight and 
this loss in body weight was associated an increase in heart rate. The 
cow (383) that continuecl to show a pain in body meight during the second 

TABLE 4 

Influence of feeding 10 grnnzs of  Protan~one daily on the solids-not-fat 
content of mill; 

Pre-esperi- 
mental I 1 4  

period NO. of 
days 

Cow number 

Experimental 

Post-experi- 
mental 

% S-Y-F 

9.24 

9.30 
9.40 
9.15 

9.55 
9.59 

7 
7 
7 

7 
7 

week of the post-experimental period was the one that had lost the most in 
body meight during the experimental period and the one that showed the 
greatest decrease in milk production during the post-experimental periocl. 
The body weight averages are presented in table 5. 

T A B L E  5 

Injfuenee o f  feeding 10 grams of  Protamone daily on body weight 

Heart rate. At the end of the seconcl week of the experimental period 
heart rate had increased from 74 beats per minute to 83 beats per minute. 
All of the cows showed increases in heart rate, with the increases varying 
from 8 to 14 beats per minute. The cow (492) with the lowest initial heart 

Ave. 

lbs. 

1094 

1098 
1102 
1082 

1149 
1139 

12 

Cow number 

H-37 

lbs. 
Pre-experi- 

mental 1219 

Experimental 1204 
1242 
1212 

Post-experi- 1310 
mental 1279 

Ma-rimum 
decrease 
i n  body 
weight 1 5  

627 

lbs. 

1210 

1219 
1208 
1189 

1272 
1240 

21 

492 

lbs. 

1081 

1100 
1086 
1077 

1138 
1119 

4 

- 
383 

Ibs. 

791 

777 
781 
755 

781 
816 

36 
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rate liad the greatest increase in heart  ate (14 beats per minute) while the 
cow with the highest initial heart rate (H-37) showed the least increase in 
heart rate (8 beats per minute). 

I n  the third week of the feeding period lieart rate TTas similar to that of 
the pre-experimental period. This decrease in heart rate cannot be ac- 
counted for, but it mas not caused by temperatnre changes. That the Prota- 
inone was stimulating heart rate during the thircl ~ e e l r  of the experimental 
period is attested by the fact that there mas a fnrther decrease in heart rate 
dnring the post-experimental periocl (table 6) .  

TABLE 6 
Influence o f  feeding 10 glccins o f  Prota?noiie rlail!~ on heart rate 

Pcriod 

Experimental 

Post-experi- 
mental 

Jfaximum 
increase in 
heart rate  

R a f e  per 
minute 

-- 

So.  of 
clays 

Cow numher 

H-41 

Rate  per 
nlinute 

82 

84 
90 
75 

64 
70 

8 

Rate  per 
minute 

76 

88 
77 
7 1  

58 
60 

12 

Rate  per 
ntinzcte 

68 

80 
82 
7 1  

64 
68 

14 

Ratc  per 
ni in~i te  

74 

85 
84 
76 

55 
76 

11 

Are. 

Rate  per 
ntinirte 

DISCUSSION 

It appears that the feeding of Protamone in a moderate daily dose will 
definitely increase the butterfat content of milk. This increase in butterfat 
content is not accompanied by either any great increase in milk production 
or a great loss in body weight. There are no objections to increases in milk 
production; in fact, they are most desirable, provided they can be obtained 
without encountering severe losses in body weight. Certain cows are good 
milk producers but low testers. Obriously such cows should not be fed large 
amounts of Protamone, for that would undoubtedly result in severe losses in 
body weight. If, however, moderate closes of Protamone mill increase fa t  
test, and this experiment indicates that they will, then i t  is certainly advan- 
tageous to feed Protamone. On the other hand, many cows increase in body 
weight a t  the expense of milk production, and such cows should receive 
larger doses of Protamone. 

SUMJIARY 

The feeding of 10 grams of Protamone daily for 3 weelrs to a group of 
5 dairy cows increased the butterfat content of the millr from 3.62 per cent to 
4.11 per cent. The average nlillr proclnction Tvas increased from 23.3 Ibs. to 
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25.0 lbs. per day. Losses in body weight 1 ~ ~ r r e  slight and heart rate increases 
were moderate. Solids-not-fat did not appear to be affected. 
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A CONTROLLED EXPERIMENT IN FEEDIXG TITHEAT GERM 
OIL AS A SUPPLEMENT TO THE x o n l f a L  R,ATION 
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INSEMINATION1 

G. W. SALISBURY2 

Department of Animal ITunbandry, Cornell Cniversity, Ithaca, Xezu York 

Though the importance of adequate vitamin E in the rations of rats for 
nornlal reprotluction is well Imo~vn ( 7 ) ,  no clear-cut erideuce has been 
obtained that the reproductive performance of the larger farm animals is 
affected by insufficient vitamin E. I n  1931 Vogt-Moller and Bay ( 1 8 )  re- 
ported that injections of wheat germ oil a t  the time of heat, or just before, 
mere effective in curing sterility in some cows, ~vliich ]lad failed to settle on 
repeated earlier serrices, but which otherwise appeared nonnal. Later ( 2 )  

these same investigators reported continued success with their ~u~controllecl 
treatments. In  controlled studies with a limited number of cows Asdell e t  al. 
(1) were unable to show that injections of wheat germ oil gave 1-esults differ- 
ent than those obtained with untreated controls. Gwatlrin and MacLeocl (4) 
showed that wheat germ oil therapy mas ineffective in altering the course of 
Brucella abort1l.s infection in a group of 12 cows compared with a similar 
group of controls. 

Thomas and collaborators (14, 15, 16, 1 7 )  in extensire studies with goats 
and sheep have shown that in these species, a t  least, the vitamin E require- 
ments are either very low or that a dietary supply of this vitamin is not 
needed. I11 these studies the vitamin E in the basal diet was destroyed by 
treatment with an ether solution of ferric chloride and aging. Normal 
reproduction of the goats and sheep proceecled on this ration which was so 
low in vitamin E that rats were unable to reproduce on it. 

Titus and Burro\\,s ( 1 3 )  have determined the effect on senlen production 
of 0.5 per cent of wheat germ oil in experimental rations of cockerels. They 
found that wheat germ oil decreased semen production. No similar study 
with the larger farm animals has come t~ the attention of the writer. 

Received for publication Jaliuary 21, 1944. 
1 T l ~ c  investigation was conducted in oooperatioll with the NCW York Artificial Rreed- 

ers '  Cooperative, Inc., Syracuse, N. Y., who placed their bulls and other facilities a t  the 
disposal of the author, and in cooperation with the Viobin Corporation, Monticello, Ill., 
wlio supplied thc wheat germ oil used. The cooperation of t l~ r sc  parties is sincerely ap- 
preciated. 
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ing the bio-assays of the vitamin E potency of the feeds used, to his colleagues, Professors 
J. K. Loosli, L. A. Ifaynard and F. B. Iforrison, for  aid in planning the investigation and 
in the preparation of the manusrript, to Drs. P. T. Cuppsa~id  F. Irvine Elliott, for  collect. 
ing certain portions of the data, and to Jfauriee Johnson and IIarold Rosa, for  their aid 
in conducting the experiment. 
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Hathan-a>-, Daris and Graves (j), Hathaway anct Davis (6) ,  and Palmer, 
Nelson and Gullickson (8) liave deterillincd in bio-assays v i th  rats the rita- 
min E content of a number of the feeds commonly fed to dairy cattle. Tlieir 
results indicate that most rations for clairy animals, composecl of natural, 
common feeds and satisfactory in other respects, mould contain liberal 
amounts of vitamin E for satisfactory reprodl~ction ill rats. This fact and 
the resnlts of the other investigations cited raise the question of the ralue 
of snpl>lementing a practical ration composed of natural feeds wit11 n-heat 
germ oil as a source of vitamin E to prevent sterility in dairy animals. I n  
spite of these facts, the use of wheat germ oil as a supplement to the nornlal 
rations of breeding farm livestoclr, especially males, is rlnite \videspread to 
judge from rerbal reports received from livestoclr men. 

In  view of these facts i t  was considered desirable to cletermine tlie ralne 
of snpplementing a normal ration composed of nsnal. corninoil feeds for 
dairy bnlls with  lieat at germ oil over a sufficiently long period of time to 
determine ~vliether or not the acldecl ~vheat germ oil had an effect on semen 
production and upon tlie fertility of that semen when used for artificial 
insemination. 

EXPERIXENTAL 

Twenty bulls were selected for the investigation from the 28 bnlls then 
owned by the New Yorlr Artificial Breeders' Cooperative and housed in one 
barn near Syracuse, New York. These bulls were of the Holstein-Friesian 
and Guernsey breeds and were used only in artificial breeding. The 20 bulls 
were divided into two groups as nearly equal in all respects as could be deter- 
mined. The basis of classifying the bulls into groups is given in table 1. 
This table gives the mean for each bnll, the mean of the group and the 
standard deviation of the group means for eacli criterion used in the gronp- 
i n .  The relative fertility of the bulls was established before the experiment 
started by the proportion of the cows to which each bnll was artificially brecl 
during a three months' period, which did not return to service for a t  least 
one month after being bred. The data on average semen volume and aver- 
age motility of the spermatozoa for each bull was obtained during the same 
period of time. On the other ha id ,  the spermatozoa counts (table 1) are 
for but one collection taken during the week before the experiment started, 
and are less reliable than the other measures. The weight of eacli bnll was 
estimated from heart girth measurements. 

As can be seen from the table the two groups n-ere very similar in the 
criteria used for classification. After the individual groups mere selected 

.a  flip of a coin by a disinterested party determined that Group I would 
receive the \-heat germ oil. This group of bulls mas called the wheat germ 
oil-fed group, while Group I1 was lino~vn as the control group. 

All bulls were fed the same concentrates ancl hay twice daily. Hay was 
the only roughage fed. It was composed of about 50 per cent alfalfa, 40 per 
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cent or less of tiinothy, and about 10 per cent other grasses and clover. The 
hay varied somexvhat throughout the experiment, but was largely of No. 2 
grade. When the experiment m-as first started. April 1.5, 1941, hay grown 
the 1xerions season was fed. After July 15, hay producccl dnring that 
season vas  fed, and xas  continued to the end of the experiment, April 14, 
1942. 

The concentrate mixture was the one the Cooperatirc had been feeding 
for some time. It was made np of normal feeds ordinarily available to any 
dairyman and contained the fo l lo~~ ing  proportions of ingredients: 

4G.5 Ibs. ground oats 
18.5 111s. yellow corilri~ral 
19.0 Ibn. wheat bran 
4.5 lbs. linseed meal 
4.5 Ibs. soybean oil meal 
4.5 Ibs. steamed bone nlral 
2.5 11)s. salt 

The mixture co~itained approximately 14 per cent total protein. The 
feed a l lo~~ance  of both concentrates and hay was weighed one day each veek 
throughout the experiment. On this basis, the bulls in Group I received 
an average estimated daily allowance of 20.6 pounds of hay and 7.7 poullds 
of the concentrate mixture. The control group (11) received an estimated 
average of 20.8 pouncls of the hay and 8.0 pounds of the concentrate mixture 
daily. 

Three samples each of the hay and concentrate mixture were assayed 
with rats at different times dnring the experiment for vitamin E potency 
by Dr. Karl E. Mason. Female rats, critically depleted of vitamin E at the 
time of meaning, were subsequently reared upon an E-deficient diet modified 
by substituting a variable proportion of the test samples for a corresponding 
portion of the cornstarch component. The success or failure of their first 
pregnancy was used as a basis for determining the adequacy or inadequacy 
of the modified diet. With the first and third hay sample complete fertility 
response resnlted when the hay made up but 20 per cent of the modified diet. 
For the second hay sample, 25 per cent was iieeded, and for each of the three 
samples of the concentrate mixtnre 30 per cent of the modified diet was 
necessary for complete protection. 

One ounce of solrent process wheat germ oil' daily was fed to each bull 
in Group I. The oil was poured on the concentrate mixture at each night 
feeding. The oil mas ~veighed out to each bull from one quart containers 
which x-ere kept in the ice-box until completely nsed. A fresh supply of 
the oil was receirecl at approximately one-month intervals. 

3 The Viobin Corl~oration report that tllr oil contained :~pprohi~nntely 2 Evans rat  
units of vitamin E ner gmm. 
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The first nine bulla of both gronps were started on the experiment on 
April 15. 011 Jnne 1, one bull was added to each of the esperimental 
p1.01ips. These are listed as bull.: 10E and 10C in table 1. The experinlent 
 as continued throlipli April 14th of the follolving year. Thus, nine bulls 
of each group were on the expe r in~~n t  fro111 the beginning and, if they con- 
tinued to prot111c~ semen of satisfactory quality. were espectecl to remain 
011 the rations for one year. For thr remaining b111l in each group the 
planned dnration of the e ~ p e ~ i ~ i i r n t  was for ten and one-half montlis. 

Semen was collected froin earl1 bull in the experiment approximately 
once each wcelr. Orclinarily the ln111 was sampled a t  each of these collection 
period% as many times as was nece\sary to obtain the requirecl quantities of 
semen of high enough quality to give satisfactory assurance that the expected 
nnniber of co~vs in heat could be impregnated by it. Often two ejaculations 
at a collection period mere taken and sometimes three or more were collected 
from a single bull in one day. The collection of this many ejaculates from 
a bull in one day m7as due uwally to the fact that the first collection of semen 
was so low in spermatozoa count or so low in spermatozoa motility that i t  was 
discartled. Each semen sample ~ ~ h i c h ,  by the criteria used, gave indications 
of being satisfactory for artificial insemination, was diluted with the yollr- 
citrate dilnent (10) ancl shipped to the various sections of New York State 
nliere it was used for iiiseminating col~s. The dilution rates for the semen 
used in this experiment were similar for each group of bulls and varied from 
1 part of semen to 2 parts of the diluter up to 1 part of seinen to 16 parts 
of the diluter. The semen was diluted a t  rates largely dependent upon the 
mlmber and activity of the spermatozoa in each sample. Salisbury et  al. 
(11) have sho~vn that similar rates of conception may be expected for semen 
ililnted on this basis and within the range of dilution used in this investiga- 
tion. One ml. of diluted semen was nsed for each insemination. The sper- 
matozoa counts n-ere inade ~i-it11 the liemocytometer. The methocls nsed to 
determine motility and in handling the semen before insemination were 
describecl earlier (19). 

RESULTS 

The results of the investigation are presentecl in two parts ; the first deals 
~i-it11 the breeding behavior of the balls and the characteristics of the semen 
produced by them; the second deals with the fertility of the two groups of 
bulls when the semen was nsed for artificial insemination. 

Breeding behavior of tlic bulls  a i ~ d  .renten cltnracterisfics. Table 2 pre- 
sents the mean data relative to the semen characteristics measured of each 
proup of bulls. These n~easnrements were made throughout the entire ex- 
perimental period. The time required for service mas determined only 
during the first six lnontlls of the experiment and the mean time, also, is 
s h o ~ ~ i 1  in table 2. This, so-callecl, "service time" is the number of seconds 
from the time the bull approached a fixed point about 4 feet behind the 
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"teaser" cow to the time of ejaculation. When more than one ejaculate was 
taken a t  the time of collection, the bull was removed some ten feet from the 
cow until preparatims were completed for the second collection. This time 
interval variecl from about 3 to 5 minutes. 

I n  many cases, the semen by gross observation or as a result of the micro- 
scopic examination or spermatozoa count, \\.as consiclered unfit for use in 
artificial insemination. Snch samples were discarded and are so listed in 
table 2. In  other cases it was found iinpossible for one reason or another 

TABLE 2 

Characteristics of semen produeetl by experin~e,~tnl brrlls and their breeding behavior 

Total nnmber of cjaeulates collected 

Average motility of spermatozoa i n  
cjac.ulates, per cent 

Are~.:igc number of spermatozoa in 
ej;iculate, 1,000's per mm.3 

drcl.age service time, sccoi~ds 

Total rolnmc semtsn discarded, rc. 
Ejaci11:ttes discarded, rolumc 

unlcnorvn 

1 
2 
:i 

All 

1 
2 
3 

All 

69.8 (261) 
76.6 (231) 
74.9 ( 50) 
73.0 (FOG) 

108 ( l 4 i )  
124 (120) 
i8 ( P i )  

104 (353) 
620 (123) 

( 23) 

to obtain all of tlie information desired on eacli semen ejaculation. Occa- 
siolially, t~vo s~~ccessive ejacnlates were talcen in the same artificial vagina, 
~ ~ i t l i o n t  using two different collection tubes. The average data for sncli 
combined ejaculates are incluclecl in table 2 under tlie totals and explain the 
discrepancy found ill the table for the nnmber of samples which mere nsecl 
to obtain the averape for all ejacnlates and tlie ~11111s of the number of ejacn- 
latcs used for the ayerage of the first, second and third ejaculates. Fourth 
ejaculates were so few in number that they are included in the average for 
all ejaculates only. I n  this table the data are an merage of those samples 
for which obserrations were inade and the nunlber of ejaculates on which 
each average is based is inclucled in parenthesis after the clata. There was 
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no apparent difference between the experimental groups in this regard. 
From this fact i t  is believed that the semen produced by each group of bulls 
has been well sampled and that conclusions may be drawn from this table 
concerning the effects of the experimental treatments. 

More individual ejaculates of semen were collected from the control bulls 
than was the case with the wheat germ oil-fed bulls. This mias due primarily 
to the fact that the average volume of the first ejaculates, of which an 
identical number was collected from each group of bulls, was enough smaller 
for the control bulls so that, in order to have sufficient semen for breeding, 
i t  was more often necessary to collect a second ejaculate. This result was 
not surprising for the bulls in Group I1 produced a smaller quantity of 
semen in the first ejaculates during the three months preliminary period 
before the experiment started. I n  fact the mean volume of all ejaculates 
for the experimental period varied little from the mean volume of all ejacu- 
lates obtained during the prelinlinary period. I n  addition, there was a 
greater demand for the semen of these bulls as indicated by the fact that 
they were bred to 884 more cows during the experiment than were the bulls 
of Group I. 

To test this apparent difference in semen volume statistically and to 
determine whether or not there were other differences between the experi- 
mental groups, the mean data for all ejaculates of each bnll were arranged 
by months and an analysis of variance made. I n  each case the accepted 
method of analysis when unequal numbers are found in the groups was 
used (12). For semen volume, per cent of motile spermatozoa, spermatozoa 
count and number of discarded ejaculates there were no statistically signifi- 
cant differences between the wheat germ oil-fed and the control gronps. 

With respect to the time required for service, as a measure of the sex 
clrive of the bulls, there was a highly significant difference in favor of the 
control bulls. The difference in actual time, however, was only slightly more 
than one minute and was not of great practical importance. Two bulls on 
each ration, Nos. 6E, 8E, 8C and 9C, were discarded from the experiment 
for failure to satisfactorily settle the c o ~ ~ ~ s  to ~vhich they were artificially 
bred or for refusal to use the artificial ragina. One other bnll on each of 
the rations was not used for rarions lengths of time during the experiment 
because of injuries which had nothii~g to do with the rations fed. Table 3 
gives the pertinent data on the bulls rh ich  vere removed from the experi- 
ment. The bnll 10E which TT'RS not used from July 10 to November 1, 
because of lameness, was fed the experimental ration throughout this period. 
The other bnll which was injnretl, 4C, did not recover from the badly 
bruised knee and was sold. 

From the fertility data obtained before the start of the investigation, 
bnlls 6E and BE, though slightly laxer in per cent of non-retiinls to service 
than the mean of Group I ,  were not espected to drop in fertility. After the 
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first few months on the experiment it was apparent that they were decreas- 
ing in fertility. For best field results in artificial insemination i t  would have 
been desirable to use them no further for breeding. However, it  was desired 
to continue the wheat germ oil feeding over a sufficiently long period of 
time to determine whether they could be improved in fertility. IlThen 110 

improvement resulted, after 8 months in the case of one bull and 10 nlontlls 
with the other, they were removed from the experiment. They were both 
used for breeding during this period. 

Bull 8C was the lowest in fertility of the control bulls during the prelin~i- 
nary period, though not so low that he vas  not expected to continue in ser- 
vice. This bull -\r-as used regularly for three and one-half months and so 
many of the cows to which he was artificially bred failed to settle tliat the 

TABLE 3 
Bulls rentoved from the experiment nnd reasons for removal 

Wheat germ oil-fed bulls 

Bull 
ii1im- 
Iwr 

1'crtilit:- to 
Dates used datet 

S I C I %  

Coiltrol bulls 

GE 
RE 

1 

* ( ) =ejaculates in average. 
t S = serriccs. C = conceptions. 

143 
73 

semen was not used for insemination after July 30. Semen samples were 
collected on November 25, 1941, Afarch 26 and April 4, 1942, but all ~r-ere 
of such poor quality tliat they were not used for breeding cows. Bull 9C 
settled as many co~r-s as the average bull in either group during the 6 months 
he remained in the experiment. However, lie became reluctant to use the 
artificial vagina and finally refused to mount the teaser cow. He was kept 
on hand until February, 1942, but could not be induced to attempt to momit. 
It is believed that an injury was responsible for this condition. 

Eflect of season on semen clzaracteristics. I n  table 4 are shown the aver- 
age volume, spermatozoa count and per cent of niotile spermatozoa in the 

39.3 
33.3 

4C ( 4/15/41 to 7/14/41 

I 

4/15/41 to 4/ 4/42 
4/15/41 to 10/29/41 

4/15/41 to 2/21/42 
4/15/41 to 12/11/41 
6/ 1/41 to 7/10/41 

and 
11/ 1/41 to 4/14/42 

61 
125 

tkousands 
1.332 (35)' 

038 (27) 
Low fertility 
Low fertility 
Lameness- 

rested for 
about 33 
months 

57 (17) 
67 (12) 

Bruiscd 
knec-sold 
for beef 

LOIT fertility 
Refusaltouse 

artificial 
vaglna 

I 

yo 
74 (46) 
71 (34) 

5 (14) 
1,970 (10) 

24 
6.3 

364 
219 

39.3 
52.0 
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semen collected from each group of bulls arranged by months. These data 
slio~r. a tendency for the per cent of motile spermatozoa to be so ine~~ha t  lower 
in the early spring months, ancl the concentration of spermatozoa to be low- 
est in August. No significant clifference between months was fonnd for 
service time, and for volume of semen, but for spermatozoa co~uit  and per 
cent of motile spermatozoa the differences between months mere highly sig- 
nificant (< 1.0 per cent level of probability). For  the number of ejaculates 
discarcled the difference between months mas just significant a t  tlie 5 per 
cent level of probability. These data indicate that the seasonal fluctuations 
in semen quality which occurred in central New Yorlr with the 20 bulls were 
not as great as those reported for 4 bulls in Indiana by Erb, Andrems, and 
Hilton (3 ) ,  or for 6 bulls in Maryland by Phillips et al. (9).  

Fe~.tilitg of the bulls. The method nsecl to determine the fertility of the 
bulls is presented in detail elsewhere (11). I n  brief, it  consisted of deter- 

TABLE 4 

Erect  of season on senten characteristics. Average of all ejacirlatrs for which 
information was available 

I Wllcat germ oil-fccl group ( Control group 

Motility T'oluine 

April 15-30 
BI:ty 
.Jutie 
July 
August 
September 
October 
Sovember 
December 
January 
February 
Rlareh 
April 1-14 

Coueen- 
tration 

per m ~ n . ~  

cc. 
6.3 (25) 
5.8 (33) 
6.2 (37) 
6 2 (50) 
5.6 (58) 
6.0 (48) 
5.5 (28) 
6.3 (52) 
5.9 (50) 
5.4 (48) 
6.1 (41) 
5.9 (44) 
6.4 (16) 

mining tlie proportion of the cows to which each bull bred which did not 
return to service ~vithin a period of a t  least five months after service. Such 
con~s were considered to be pregnant. This method varied from that em- 
ployed to cleterinine the relative fertility of the bulls clnring the preliminary 
period for, in this case, information regarding fertility was desired immedi- 
ately prior to the start of the experiment and it was impossible to wait until 
the five n~onths' period had elapsed. 

The wlmmarized data covering the entire experimental period is pre- 
sented in table 5. I n  tlie original data the n11mber of services aiicl concep- 
tions were s~unimarized for each bllll for each month. The percentage of the 
total services resnlting in conception were tllen ca lc~~l t~ted  ant1 aa  mi\i7eightecl 

t71ozisands 

1120 (48) 
1348 (49) 
1133 (50) 

977 (53) 
1078 (35) 
1338 (24) 
1247 (28) 
1241 (29) 
1287 (25) 
1474 (25) 
1312 (28) 
1260 (15) 

% 
G3.5 (23) 

'64.9 (51) 
72.5 (54) 
73.6 (54) 
76.9 (58) 
76.0 (45) 
73.1 (29) 
71.2 (42) 
69.8 (48) 
76.0 (43) 
67.6 (35) 
66.9 (36) 
68.7 (15) 

cc. 
5.1 (31) 
5.3 (58) 
5.2 (62) 
5.3 (69) 
5.6 (56) 
5.9 (56) 
5.6 (48) 
6.3 (39) 
5.5 (57) 
6.4 (46) 
5.8 (54) 
6.0 (59) 
6.3 (19) 
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analysis of variance of tlie percentage figures, using the accepted methods 
for analysis when ~uleqnal numbers are found in the groups (12), was made. 
I n  a previous publication (11) i t  was felt necessary to use a ~~eigl l tcd  analy- 
sis because the per cent of services resnltiizg in conception from individual 
ejaculates v-as under consideration. I n  this case the data for each month 
are a summary of screral ejaculates and the estreincly ~ ~ i t l e  range in ser- 
vices per item obserrecl in the basic data of the earlier study was not fo~uld. 

The results of the statistical ailalysis of the fertility clata sho~v a signifi- 
cant (< 5.0 per cent level of probability), tl~ongh small. difference in fer- 
tility in favor of the control bnlls over the wheat germ oil-fed group. These 
results are not interpretecl as indicating a depressing effect of rrlleat germ 
oil on the fertility of the bulls to which it mas fed. H o ~ ~ e v e r ,  110 benefit to 

TABLE 5 

Fertilit?~ of the experimental bulls 

Wheat germ oil-fed bulls . 1 Control bulls 

y 1 NO. 1 KO. con- L o n -  1 ~1111 
Services ceptions eeptions No. 

-- 

No. 
serrices 

h7o. con- 
ceptions 

126 k ($01 294 

58 
412 1 309 

% con- 
ceptions 

I 58.7 
1 45.9 

67.4 1 16.3 
S3.f; 

Total I 3681 1 1823 1 49.5 1 Total ( 4585 1 2382 1 32.2 

* Dropped from experiment after varying periods of time for low fertilit? or refusal 
to use the artificial vagina. 

fertility resulted from supplementing tlie ration composed of common, natn- 
ral feeds with the wheat germ oil. The addition of wheat perm oil to the 
ration mas ineffective in preventing a decrease in fertility in two bulls 1~11icIi 
finally hacl to be 7~ithdran-n from use in artificial insemination. 

I n  spite of the fact that an effect of season on the cluality of semen pro- 
duced by tlie bnlls was sho~vn, the fertility of the same semen did not sliolv 
correlated trencls. The statistical analysis showed no significant difference 
in fertility between months. 

SUMNARY 

Two comparable groups of 10 bulls each were selected. Both were fed 
a practical ration made up  of common, natural feecls IT-hich supplier1 plentj- 
of vitamin E for normal reproduction of rats. To determine whether or not 
additional vitamin E in the form of solvent process wheat perm ail ~ ~ o u l d  
benefit tlie reproductive performance of bnlls used estensively for artificial 
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insen~ination, each of the bulls in one group received one oluice daily of the 

~vlieat germ oil during an experimental period of one year. Over 1,250 
semen samples were collected from the 20 bulls, and over 8,200 cows were 

artificially inseminated during the esperiinent. 

A comparison of the results from the two groups warrants the following 

statements : 

Tlle feeding of one ounce daily of solvent process wheat germ oil in addi- 

tion to the normal ration did not: 

1. Increase the volume of semen produced by the bulls; 

2. Increase the spermatozoa concentration in the semen; 

3. Improve the motility of the spermatozoa; 

4. Shorten the time required for service; 

5. Decrease the number of semen ejaculates which were discarded as 

being of too poor quality for use in artificial insemination; 

6.  Improve the fertility of the bulls to which it was fed;  

7. Nor prevent two bulls from decreasing in fertility to such low levels 

as to force their withdrawal from use in artificial insemination. 

A study of the seasonal effects showed a highly significant decrease in 
percentage of motile spermatozoa during the early spring months and a 

highly significant difference, between months in spermatozoa count. The 

lowest average count mas found in August, but there was no significant 

difference in fertility of the bulls from month to month. 
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RETESTION OF MOLD FRAGMENTS BY BUTTER, BUTTERMILK 
AXD WASH WATER DURING MANUFACTURE O F  BUTTERX 

P. R. ELLIKER 

Purdue Aymc7iltztral Expcr!ment Station, JV. Lafayette, Illdiana 

I11 earlier studies on factors affecting mold content of creain and butter 
(5) it became apparent that more information was needed on retention of 
moM fragments by butter during churning and subsequent operations. The 
question of mold retention is of consiclerable importance since the validity 
of any mold fragment (mold mycelia) count on butter depends upon the 
percentage and uniformity of mold transfer from creain to butter during 
churning. If the percentage of 1110ld carried over to bntter were low, or 
more important, if the percentage carried over mere quite inconsistent from 
one churning to another, a count of nlold fragments in the bntter could not 
provide a reasonable index of the mold content of the cream. If snch were 
the case, use of the Wildinan mold lnycelia method as an  index of mold con- 
tent and quality of raw cream would be entirely unjustified. 

Results of two previous in~estigations on this problem do not agree. 
Wildman (6) reported resnlts of an experiment in which four san~ples of 
cream were churned and mold lnycelia determinations run on buttermilk 
and butter. Mold mycelia counts on the butters were 76, 40, 92 and 68 and 
on the respective buttermillrs 4, 4, 4 and 24. Naturally the resnlts could 
not be quantitative because the TTTilclman method does not attempt to mea- 
sure total mold filament in a sample. However, in one churning in which 
their yield was measured, 2 parts of butter to 3 of buttermilk were obtained. 
The butter had a mold inycelia count of 76 per cent and the buttermilk 4 per 
cent. A reconstituted sample consisting of 2 parts of the melted butter and 
3 parts of the bllttermilk showed a inold mycelia count of 60 per cent. 
Wildman concluded that churning actually concentrated the mold in the 
bntter. 

Sdams and Parfitt (1) conclnded that mold mycelia retention by butter 
of mold mycelia in cream was i11 general between 20 and 30 per bent. 
Oospora lactis strains were retained from 9 to 42 per cent with an average 
retention of 23 per cent. From the standpoint of dead mold fragment 
studies on butter, these results must necessarily be discounted because they 
are based on agar plate counts and no consideration was given to weights 
or volumes of butter, buttermilk and wash water involved. 

I n  view of its significance and the disagreement between studies thus far  
on this subject, it seemed advisable to investigate it further. 
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EXPERIMENTAL 

Investigatioiis were first carried out on laboratory churnings in quart 
mason jars. I n  order to more closely simulate the degree of agitation en- 
countered in commercial churns, 1600-ml. qnantities of sour creain coatain- 
ing varying amounts of mold were neutralized, pasteurized and then churned 
in gallon-size Dazey churns. The studies were then continued on commer- 
cial churnings. When this was done, a sample of the neutralized, pasteur- 
ized cream was collected as i t  went into the churn, and 1600 ml. of this 
sample also churned in a Dazey chum. Experimental lots of cream TTere 
churned a t  about 45" F. The temperature of these lots increased slightly 
during churning. The commercial lots were churned a t  about 48-50' F. 
About 25-30 minutes were required for the experimental churnings and 45 
for the commercial. Some exceptions occurred and will be noted. A record 
of pounds or grams of cream, butter, buttermilk and wash water was kept 
for every churning. Because the amount of mold in the wash water was so 
small, only the first lot of wash water was analyzed for each of the commer- 
cial churnings. Only one washing was made in the case of laboratory churn- 
ings. I n  every churning an attempt was made to wash with a volume of 
water equivalent to that of the cream churned. 

Estimation of total combined length of mold fragments in butter, butter- 
milk and wash water was made by the new quantitative method described 
in a previous paper (4). Some modifications in technique were necessary 
for buttermilk and wash water. Buttermilk was diluted a t  the rate of one 
gram per 19 ml. and wash water a t  the rate of 5 grams per 5 ml. hot gum 
solution. Cream was diluted in the same manner as butter. Total length 
of filament in all samples was calculated in terms of mni. per mgm., then 
total mm. of mold per gram or pound of sample calculated, and the total for 
the respective butter, buttermilk, wash water or cream in any one churning 
was determined. The percentage of the total visible mold filament contained 
in each portion of a churning was determined from the sum of that accounted 
for in butter, buttermilk and wash water. This procedure was considered 
preferable to using the cream count for the total because cream counts were 
less accurate than the others. Special methods of heating and agitating the 
cream samples are necessary to break up clumps of mold fragments. 

It should be pointed out also that the counts included only visible mold 
fragments and not the tiny segments of Oospora lactis sometimes known as 
spores. I n  some trials attempts mere macle to include the tiny segments 
by using 500 x magnification. They were significant in contributing to 
buttermilk and wash water, but not butter counts. However, the mold 
fragments that would contribute to an official mold mycelia count on butter 
were of primary interest and the studies therefore confined largely to frag- 
ments that might affect this value. Fragments 20 to 30 microns in length 
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were easily detected in butter and somewhat less readily in bnttermilli. 
They were included in the counts. The tiniest fragments or so-called spores 
of 0. lactis were about 10 microns in length. 

Results in tables 1 and 2 indicate that in both laboratory and commercial 
churnings the mold fragments are predominantly retained by the butter. 
On a mgm. basis the total filament in butter usually ran several times greater 
than in buttermilk. Wash water generally contained much less mold than 
buttermilk. When weights of the different materials (butter, buttermilk 
and wash water) in a churning were taken into consideration, the bntter in 
almost every case contained the majority of the mold that could be accounted 
for in all three materials. The total filament in butter, buttermilk and wash 
water usually approximated, roughly, the amount in the cream. 

I t  was obvious that most of the longer mold filaments remained in the 
butter. There were nlany more long filaments in the butter than in the 

Total visible mold fragments retained by  butter, buttermilk and wash water 
during laboratory churning 

Churning Sample L 
Butter 
Buttermilk 
Wash water 

Butter 
Buttermilk 
Wash water 

Total visible 
mold 

3 

nzm. per mgm. 
14.98 585 
4.15 930 
0.10 1560 

28.92 400 
5.71 1115 
0.60 1560 

Butter 
Buttermilk 
Wash mater 

Per cent of total 
visible mold 

other materials. The shortest filaments of about 10-50 microns in length 
were most numerous in the bntterinillr although inany were also observed 
in the butter. I n  some churnings where the low fa t  content or other factors 
increased the churning time and agitation consiclerably, it  was observed 
that the filaments Tvere for the iilost part shortcr and retention in the butter 
was lower. The percentage of total nlold in bntterinillr and wash water was 
greater than usual in snell eases. So .  C-2 in table 2 is an example of snelz 
a churning. 

The mold content of the creain does not seein to have affected appre- 
ciably the percentage retained in the butter, butterinillr or mash water, 
respectively. I n  table 1 the third churning contailled many tiines as much 
mold filament as the others and yet the percentage retained in the butter 
is not significantly greater than in the first two churnings. Siinilar results 
niay be noted in table 2. Controlled studies on this one phase might be 



566 P. R. ELLIKER 

desirable. The length of filanlents and amonnt of agitation during churning 
probably determine more than the mold content of the cream how nlucll 
molct mill be distributed between butter and the buttermilk in a charning. 

There is some indication that  a high fa t  cream results in more mold 
being retained in the butter than when a low fat  cream is churned. This 

TABLE 2 

Total visible mold fragments  retained b y  btctter, buttermzll; and wash water 
during commercial cl~trrning 

Churning 1 Sample 1 Total Visible Per  cent of total 1 risible mold 

A-1 

B-1 

C-I 

B-2 

C-2 

Butter 
Buttermilk 
Wash water 

Butter 
Buttermilk 
Wash water 

Butter 
Buttermilk 
Wash n-ater 

Butter 
Buttermilk 
Wash water 

Butter 
Buttermilk 
Wash water 

mnt. per ,nlgni. I 

may be related to churning time, amount of agitation required to bring about 
the reversal of phases and possibly other factors. 

Judging from results in table 3 the Dazey chum provided about the same 
degree of agitation as the commercial churns since the total mold filament 
contents of butters obtained by the two methods were equivalent in every 
case. 

TABLE 3 

Total ~ i s i b l e  mold fragments  i n  brcttcr fronj labol.ator!~ and cont?i~ercial 
chnrnings on same lots of cream 

Ch~i r~ l ing  
Wildman method 

per cent per cent 

68 
56 46 
46 56 

Kelv quantitative method 

Laboratory 1 Commercial 

A 
R-1 
R-2 
G 1  
(2-2 

An interesting contrast is brought out by table 4. Percentage retention 
of bacteria differs greatly from that of the molcl. The same slides as were 

m m .  per m g m .  m m .  per mgm.  
22.78 25.37 
12.04 13.25 
15.76 / 15.33 
15.85 15.24 
11.35 / 10.74 
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used for mold counts served also for bacterial counts. The oil immersion 
objective was used, however, for connting bacteria. The average number 
per field was multiplied by the microscopic factor to obtain the number per 
gram as for the microscol3ic count per 1111. of millr ( 2 ) .  The percentages 
retained i11 the butter, buttermillr and wash water, respectively, were thus 
determined. The bacteria stained quite intensely and were easily recog- 
nized. Starter was added to the cream before churning lots C-1 and C-2 
on which the bacterial stndy was made, and therefore sufficient bacteria were 
present to enable a fairly accurate study. That the bacterial counts vere 
accurate is indicated by the fact that the total number accouilted for in 
butter, n-ash water and buttermillr just about equaled the number in the 
cream before churning. 

TABLE 4 

Bacteria retained b?y butter,  brittermilk and wash water during commercial chr~rnzng 

Churning Sample 

Butter 
Buttermilk 
Wash water 

Butter 
Buttermilk 
Wash water 

Grams of 
sample 

Direct micro- 
scopic count of 

bacteria 

no. per gm. 
25,980,000 

1,065,180,000 
8i,466,000 

Per cent of total 
number 

The counts in every case indicated that bacterial cells tended to pass out 
into the buttermilk and also many more were removed by the wash water. 
An interesting fact in this connection was that the bacteria, which appeared 
to be a large-celled strain of Btr~ptococc.zcs cremoris, formed chains of cells 
which were in some cases longer than the filaments of mold retained by the 
butter. The chains of bacterial cells were about one-third to one-half the 
diameter (width) of the mold filaments. 

DISCUSSION 

The reason for the striking retention of mold filament by butter during 
churning is not entirely clear. Apparently the longer mold filaments are 
enmeshed or held by the fat  phase when butter is formed during churning. 
These may be broken up  to some extent during the ensuing working of sthe 
butter (3) .  I t  would seem that more of the long chains of bacterial cells 
might also be retained by the butter unless some difference in constitution. 
either physical or chemical, plays a part. Such explanatioiis as effect of 
electric charge of bacteria and fat  globules can only be speculative. 

I n  evaluating the results, some consideration should be given to breaking 
up of filaments during churning and snbserluent loss of the tiny fragments 
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in the buttermilk. This undoubtedly occurred to some degree and its extent 
could not be accurately determined by the counting methods used. Such a 
loss, if i t  could be determined, T$-ould actually lower the percentage figure 
retained for butter and increase that of the buttermilk. Studies with higher 
magnification indicated that when the shortest fragments were included, the 
retention figure for butter n-as lon-ered about 10-20 per cent and that of the 
buttermilk increased by this much. However, as mentioned earlier, these 
fragments would not contribute to the official mold mycelia count on butter 
and therefore were of less interest than the longer ones. 

The results indicated that for studies of this nature the Dazey paddle 
chum provided conditions a t  least roughly approximating commercial 
churns. Since the total mold content of experimental and commercial but- 
ters from the same cream were about equal, the degree of agitation in the 
two types of churning must have been similar. This might not be true of 
chnrnings where quart mason jars are agitated to produce the bntter. 

For  the most part  the results substantiate the early report of Wildman 
regarding retention of mold by bntter. It appears that  most of the total 
mold filament is retained by tlie butter and that a high mold content cream 
is likely to produce a high inold content butter. 

Nevertheless, such factors as fa t  content of cream, churning time and 
possibly others may be significant in affecting the carry-over of mold from 
cream to butter. The results indicate that in some churnings the variation 
in retention is enough to appreciably affect the inold inycelia count of butter. 
This is of significance in assessing the quality of butter on the basis of its 
mold mycelia count, particularly where rigid standards are enforced and 
butter consequently confiscated when it sliglltly exceeds the legal limit set 
by enforcement officials. Tn-o lots of cream of equivalent mold content 
might not yield butters with the same inold mycelia count, if factors affect- 
ing retention enter into the picture. More data based on qnantitative 
studies are needed on the significance of these factors. 

SUMMARY 

Total visible mold filament TI-as determined on butter, bnttermilk and 
 ash water of both laboratory and commercial churnings. 

Results indicated that bntter usually retained more than 50 per cent of 
the total length of mold filainent and that the ~vash ~ ~ a t e r  contained a very 
sinall percentage. The butter appeared to retain the long filaments during 
churning and most of the tiny fragments passed out into the buttermilk. 

Studies on some coinmercial clinrnings indicated that butter retained a 
very small percentage of the bacteria of tlle original cream. Most of the 
bacteria were found in the buttermilk. Tliis occurred in spite of the fact 
that many chains of the bacteria approsimatecl the mold filaments in size. 
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The total mold content of laboratory churned butter approximated that 
of commercially churned from the same respective lots of cream. 

The possible effects of other factors such as f a t  content of cream and 
degree of agitation dnring churning on retention of mold fragments by 
butter are briefly discussed. 
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UTILIZATION O F  UREA AND GROWTH O F  H E I F E R  CALVES 
WITH CORN MOLASSES OR CANE MOLASSES AS T H E  

ONLY READILY AVAILABLE CARBOHYDRATE 
I N  T H E  RATION* 

R. C. MILLS, C. C. LARDINOIS, I. W. RUPEL AND E. B. HART 

Front the Departments of Biochemistry and Dairy Husbandry, College of Agricziltlrre, 
University of Fisconsin, Madism 

I11 previously published studies on the utilization of urea by the rumi- 
nant, we presented data showing the need for a readily fermentable carbo- 
hydrate (4) in the ration, and for a low level of dietary protein (8) ,  in 
order to have effectire transforlllation of the urea nitrogen into protein. 
Corn starch was the carbohydrate studied. When urea was acldecl to the 
basal ration of timothy hay only, hyclrolysis of the nrea to NH, and dis- 
appearance of the NH, fro111 the runlen contents were very slo-tv, and six 
honrs after feeding there was no increase of the protein level of the rumen 
contents above that when the timothy hay alone was fed. When starch ancl 
nrea were fed the protein level of the rumen contents rose rapidly ancl the 
ammonia nitrogen disappeared in six honrs. 

The question still remained whether a more soluble carbohydrate, snch 
as that in molasses, would be as effective as starch in allowing utilization 
of the nrea nitrogen. If it could so function it might be possible in sngar- 
producing countries to construct econoinically suitable rations for growing 
calves or milking cows from roughage plus urea and molasses, adequately 
fortified with bone meal, salt, and vitamin A if needed. The present esperi- 
ment v a s  set u p  with this purpose in mind. Corn molasses was used rather 
than cane molasses in order to provide a inore rigorous test, since the corn 
lnolasses is practically free of nitrogen. 

EXPERIMENTAL 

For this stucly we used a 1,000-pound Holstein heifer with a ruinen 
fistula equipped with a removable rubber plug to facilitate sampling. The 
animal was fed the experimental ration twice daily, a t  8 a.11. ancl 6 P.M. 

Samples for analysis were talren from the rumen a t  intervals of 1, 3, and 
6 honrs after the morning feeding. Sampling was done twice ~veelrly, on 
Monday and Friclay, for a period sufficiently long to give constant results 
for several days. A period of three weeks after a change in ration was 
always allowed for an adjustment period before studies on the rnnlen con- 
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tents were uiidertalren. The sainples were talren by mixing the top solid 
matter adjacent to the fistula with the more liquid ingesta underneath until 
a uniform consistency mas obtained, and then withdrawing a sample of about 
a kilogram. Four hundred grams of the sample were used for a dry  matter 
determination, and 20-gram samples were used for triplicate determinations 
of urea, ammonia, and total nitrogen. The urea was determined by the 
urease method and the ammonia by magnesium oxide distillation. Urea 
nitrogen, ammonia nitrogen, and protein were calculated as per cent of the 
total dry matter present. The protein was calculated as (total nitrogen 
ininns (NH,-N plus urea-N) x 6.25). 

The daily experimental rations in the order of feeding were as follo~vs: 
Period 1-Timothy hay alone (12 pounds). The hay for this and all 

subsequent periods was cut to lengths of $ inch or less by running through 
a hammer mill. 

Period 2-Timothy hay (10 pounds) + corn molasses (4  pounds). 
Period 3-Timothy hay (10 pounds) + corn molasses (4  pounds) + urea 

(200 grams). 
Period 4-Timothy hay (10 pounds). 
Period 5-Timothy hay (10 pounds) + cominercial corn starch (2 pounds) 

- corn nlolasses (2 pounds). 
Period 6-Timothy hay (10 pounds) + starch (2 pounds) + corn molasses 

(2 pounds) + urea (200 grams). 
Period 7-Timothy hay (10 pounds) t starch (2 pounds) + corn molasses 

(2 pounds) + casein (0.4 pound). 
Period 8-Same as period 7 +urea (200 grams). 
Period 9-Timothy hay (10 pounds) +corn molasses (4 pounds) +urea 

(200 prams). 
RESULTS 

The results are summarized in table 1. The figures given are the average 
analj~ses of samplings on three or four separate days. The NH, +urea-N 
and total protein values are given as per cent of the dry weight for one, 
three and six hours after feeding. 

The chief point to be observed is that the combination of timothy hay, 
molasses, and urea (Period 3)  gave a protein level of the rnmen contents of 
9.5 to 10.0 per cent, somewhat lower than the level of 10.75-11.0 per cent 
protein obtained on feeding a similar ration in ~ ~ h i c h  starch had been substi- 
tuted for one-half of the molasses (Period 6) .  I n  addition, the ammonia 
nitrogen disappeared more slowly on the hay, molasses, and urea ration than 
it did when starch was added, remaining a t  a lerel of 0.09 per cent a t  six 
hours, as contrasted with 0.024 per cent. 

Results v i th  the other rations. which acted as controls for the above tv-o 
rations, were as expected, both the protein and NH,-N remaining a t  low 
levels. 
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The addition of casein to the hay, starch and molasses (Period 7) raised 
the protein level of the ingesta to 9 per cent, as would be expected. The 
further addition of urea (Period 8 )  then caused the protein level to rise 
to 11 per cent of the total dry  matter. The protein did not rise above this 
level, even though plenty of NH, n-as available, as shown by the fairly high 
NH,-N a t  six hours. As pre~iously shown (8) ,  the effectiveness of urea 
utilization depends upon the leyel of preformed protein in the diet; the more 
protein above a certain level fed, the less urea will be utilized in raising the 
protein of the ingesta to the maximum. 

When it was evident froin the results jnst discussed that molasses'was 
a t  least fairly effective in aiding urea utilization, i t  was decided to determine 
whether growing calves could meet their protein requirements largely from 
urea, with molasses as the carbohydrate source. Three heifer Holstein calves 

TABLE 1 

Inflztence of rations on urea z~tzlization i n  rzimen of fistula heifer 
Per cent on dry basis 

-- 

Period 

-- - 

Ration 

Timothy hay 
Timothy hay t inola.;ses 
Timothy hay +molasses + 

urea 
Timothy hay 
Timothy hay + staicll + 

molasses 
Timothy hay t starch + 

NH,-N + Urea-N I Total protein 

1 hr. I 3 11rs. I 6 hrs. I 1 hr. I 3 hrs. I 6 hrs. 

9 Timothy hay + molasses + 1 urea . . . . . . . . .  . 0.146 1 0.141 1 0.076 9.35 / 9.69 / 9.37 

7 

8 

veighing about 200 pounds each were placecl 011 a ration of the following 

Timothy hay + starch t 
m o l s s e s t a s e i n  . . . 1 0,030 1 0025  0.014 1 8.95 1 9.02 1 9.11 

Timothy hay + starch + 
molasses + casein + nrea 0.184 0.220 0.094 10.08 11.10 11.00 

coinposition : 
49 

60-70 
2.0 
2.5 
' 1.0 

The total protein equivalent i11 the ration (nitrogen x 6.25) was 11.6 per 
cent. The timothy hay (6 prr cent protein) supplied approximately 3 
pounds and the cane molasses (1.6 per cent protein) from 0.96 to 1.02 
pounds of protein per 100 pounds of ration. Seven to eight pounds of pro- 
tein equivalent were supplied by the urea. Consequently the nrea fur- 
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nished froin 60 to 63 per cent of the total nitrogen i a  the ration. The cane 
molasses contained 71.1 per cent of solids and in these growth studies was 
used instead of corn molasses. The shark liver oil was furnished a t  a lerel 
supplying 1500 International Units per clay per calf. The ration was 
thoroughly mixed except for the shark liver oil which vas  fed daily in 
capsules. The ration was a sticky, mi in~i t ing  mixture, but in spite of this 
there was no failure of ready consun~ption. I t  mas fed a t  an increased 
daily rate as determined by coinplete consumption. The calves were weighed 
weekly. Some milk was also fed for the first three weeks until the cakes 
became accnstomed to the ration. The  nol lasses vas  increased from 60 to 70 
parts after seven weeks when it became apparent that a maximum rate of 
growth mas not being attainecl, possibly because the caloric intake was 
insufficient for their needs. 

During a period of 19 m-eelrs on the above ration the calves gained a total 
of 102, 104, and 82 pounds, respectively, or 0.77, 0.78, and 0.62 pounds per 
day, or about half the normal rate of growth. The weights of the calves 
after this period were 337, 290, and 267 po~uicls, respectively. See table 2 
for summary of all of the grov-tli data. 

TABLE 2 

Showing rates of daily gain on tlre different vations 

Ration l- 
Timoth) hap + cane molasses t urea + bone meal + 

iodized salt + vltamin A 
Timothy hay + cane molasses + urea + 0.3 pounds 

case111 bone meal t iodized salt + vitamin A 
Timothy hay + cane molasses + urea t 0.3 pounds 

starch + bone meal + iodized salt t v i tam~n A 
Timothy hay + corn molasses t urea f starch t bone 

n ~ e a l +  iodized salt +vitamin A 

Gains in wt. (Ibs. daily) 

No. 2 =-I--- No. 3 

I t  seemed evident that normal growth could not be obtained with such 
a ration as timothy hay, supplemented with molasses and urea. Since the 
intake of urea was large it was probable that the proteins of the microorgan- 
isms in the rumen were furnishing the larger ,share of the amino acids 
necessary for growth. We have other data involving urea feeding ~ ~ l i i c h  
show that a total protein equivalent in the ration of 9.49 per cent (2) was 
sufficient for growth in calves a t  a rate of 1.0-1.2 pounds per day. S z ~ c h  
rations always contained a certain anlolint of nat~rrul  protein derived from 
yellow corn. Consequently we were inclined to believe that the proteins 
produced on the ration used in these later experinlents miere more likely 
deficient iu quality than in quantity of total protein. With this point in 
riem, me added 0.3 pound of casein per clay (commercial crude) to the ration 
of each calf in order to cleterniine whether the slow growth was due to a 
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protein deficiency. This adciition raisecl the total protein equivalent in the 
ration to 13.5 per cent on the basis of a daily consumption of 14 ponnds of 
the basal ration. 

Over a period of seven weeks No. 1 gained 83 pounds (daily average 1.7 
ponnds), No. 2 gained 52 pouncls (daily average 1.5 pounds), and No. 3 
gained 78 pounds (daily average 1.6 pounds). These results indicate that 
the molasses, urea, and timothy hay niixtnre was either not able through the 
proteins of microorganislns to provide protein of best quality for optimnm 
growth or to provide sufficient protein. While the total protein equivalent 
of the ration without casein was 11.6 per cent, comparing well with that of 
successful rations made of urea, starch, corn meal and timothy hay, it must 
be kept in mind that in an open system such as prevails in the rnminant's. 
tract, some of the molasses sugar may have moved out of the rumen faster 
than was the case with starch. This TTOLII~ account for the some\vliat lower 
protein in the rumen content and explain why an addition of 0.3 pound of 
casein daily increased markedly the rate of growth. 

After seven weeks on the ration containing casein the latter was with- 
d r a ~ r n  and in its place 0.3 pound of coril starch was substituted daily. 
Because of the shortage of cane molasses it was only possible to inalre growth 
observations orer a span of 4 veeks. I n  this period No. 1 gained 36 ponnds, 
equivalent to 1.3 pounds per day. No. 2 gained 40 pounds, equivalent to 
1.4 pouiids per day. No. 3 gained 41 pounds, equivalent to 1.3 ponnds per 
day. The average daily gain of the three calves in this period was 1.4 
pounds as compared with 1.6 pounds daily during the period of casein feed- 
ing, but it was a much better rate than secured on the molasses ration alone 
and compared favorably with the gains on the molasses-casein ration. Evi- 
dently the additidn of the small quantity of starch had allowed a more effi- 
cient protein manufacture to proceed-probably due to the continuous 
hydrolysis of the starch and a more continuous source of soluble sugar. 

To test further the hypothesis that with carbohydrate and urea an effec- 
tive protein mixture for normal growth could be secured, the three calves 
were changed to the following ration : 

42.25 pounds timothy hap 
32.75 pounds starch 
20 pounds corn molasses 

2 pounds bone meal 
2.5 pounds urea 
1 pound iodized salt 

Vitamin A was furnished as shark liver oil in gelatin capsules. No other 
protein source was available except that  of the timothy hay. Corn nlolasses 
mas used to improve the palatability and also to introduce a sugar contain- 
ing no nitrogen. On this ration No. 1 gained 81 pounds in 8 weeks equiva- 
lent to 1.4 pounds per day. No. 2 gaineci 82 ponncls in 8 weeks equivalent 
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to 1.5 pounds per day. No. 3 gained 114 pounds in 8 weeks equivalent to 
2.0 pounds per day. 

These are considered normal rates of gain for this species. It is evident 
that a ration carrying, in addition to the roughage, only molasses with a 
small amount of starch or the reverse can adequately function with urea as 
the main source of nitrogen. Further, when rumen conditions are optimal 
for the growth of the n~icroorganisnls the ainonnt and quality of the proteins 
produced can cause a maxinluin rate of growth of heifer calves. 

DISCUSSION 

From the results of the first phase of the feeding experiments it seemed 
possible that  not enough protein was forined in the rumen and what was 
forined may have been of poor quality. As stated above, it has been shown 
(2) that calves will grow almost norinally on rations where the only nitrogen 
sources were yellow corn, starch, timothy hay, and urea, and a t  a protein 
equivalent level of 9.49 per cent. This seemed to indicate that the protein 
formed from the urea by the lnicroorganisms in the runien was of fair 
qnality but that the corii proteins may have acted as effective supplements. 
I n  the case of lambs, IIarris ancl Mitchell (1)  reported that the addition of 
nrea to a ration unable to support appreciable growth converted the ration 
into one capable of proniotiilg a nearly normal rate of growth. I n  all of our 
~vork  on growth or milk production with calves or cows the greatest effective- 
ness of nrea was obtained only in the presence of certain grain proteins and 
starch. 

The experiments outlinecl in this paper would indicate that proteins of 
high quality and sufficient quantity can be formed in the rumen by the 
microorganisms there, provided some slon-ly hydrolyzable carbohydrate is 
provided, such as starch. A roughage plus nrea and a soluble sugar alone 
will be less effective. No doubt our early success in attaining normal growth 
of calves with a ration contailling corii meal ancl starch v7as mainly due to 
the provision of a slowly h~\.drolyzable carbohydrate such as the starch in 
the corn meal or starch itself. 

These results also raise the question as to the validity of the idea that the 
biological importance of protein is of less significance in the case of the 
ruminant (7) than with other animals. At the moment the idea prevails 
that the ingested proteins in the case of the ruminant are largely convertecl 
to niicroorganism proteins and these then serre as the priniary amino acid 
source for the animal. This idea bans the olcler conception that liquids and 
finely ground feecls largely pass directly through the esophagal groove into 
the lover digestive tract. 

The experimrnts outlinecl in this paper contribute nothing definite 
toward an answer to that problem. However in 1915 (3)  Hart  and Hum- 
phrey published data showing that for inaintenance and inilk proclnction in 
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corns the proteins of nlillr s h o ~ ~ e d  a definitely greater efficiency than those 
of corn or wheat. Positive nitrogen balances ~ e ' e  maintained with milk 
proteins for the prodnction of as high as 35 pounds of milk per clay but 
negatire balances reslllted when the proteins at the same level were deri17ecl 
from the corn or wheat grain. Such results inclieate that all ingested protein 
is not remorBed to thc protein of the microorpanism but that a t  least some 
of that in finely divicletl condition ma>- go clirectlr throng11 the rumen to the 
lower digestive regions. 

The results of the fistula experiments indicate that o11l.v partial utiliza- 
tion of urea by ruminants occurs when molasses is the chief source of readily 
fernlentable carbohydrate. Protein is fonaecl in the rmnen, but the final 
level of protein reached is not as high as when a less soluble carbohydrate 
is in the ration. This does not meail that the combination of urea and 
molasses is ineffective, but that it is not as efficient as a coinbination of urea 
and starch. The calf growth experilllent indicates the same fact. These 
results agree with those of Pearson ancl Smith (6), who found that upon the 
incubation of ruinen ingesta in vitro with urea ancl rarious carbohyclrates, 
starch \\-as most effective in causing synthesis of protein, as indicated by the 
clecrease in NPN in the  medium. Galactose and maltose were also good, 
sucrose was fair, ~irhilc dextrin, glucose, glycerol and lactic acid were rela- 
tively poor. 

I n  another paper of the same series (5),  they conclncle that in vivo experi- 
ments of the type reported here cannot be expectecl to yielcl any certain 
evidence of protein synthesis from urea until truly representative samples 
of total ingesta can be obtained ancl analyzed, and until more is known of 
the effect of urea on the passage of the various dietary constituents through 
the rumen. We agree that obtaining representative samples of the entire 
ruinen is very difficult, and that little is li110\~11 of the rate of passage of 
various constituents out of the ruinen. However, we believe that reliable 
results can and have been obtained with our technique in spite of these 
difficulties. Instead of trying to obtain saillples representative of the entire 
ruinen content, we took samples from the same spot every time, made as 
similar as possible by controlling the moisture content. By this method 
samples can be taken from day to clay that vary only slightly in percentage 
composition; triplicate determinations on the same sample checlr very 
closely. 

SUMMARY 

1. Further studies on urea utilization in a rtunen fistula heifer are 
reported. 

2. With timothg h a -  as the sole ingredient of the basal ration utilization 
of urea was low. Corn molasses provided a suitable substrate for the 
developinent of an active flora, and urea mas fairly well utilized. The 



protein of the ruinen contents (dry basis) rose from a basal level of 7.7 per 
cent to 9.28 per cent. 

3. With timothy hay, starch, corn molasses and urea as the ration the 
protein level in the rnmen conteiits rose from 7.7 per cent to 10.9 per cent. 
Apparently s o i n e ~ ~ l ~ a t  better utilization of urea was made on a starch-con- 
tailling ration than on one coiltailling mainly a more soluble sugar. 

4. I n  gro~vth experiments TI-it11 young heifer calves a ration made of 
tinlothy hay, cane molasses ancl urea fortified with common salt, bone meal, 
ancl ritamin A gave a subnorinal rate of growth (0.6 to 0.8 pound daily). 

5. When this ration was s~~pplementecl with 0.3 pound of crude casein 
daily normal growth was attained. Substitution of an equal weight of corn 
starch for the casein likewise resulted in norinal growth. 

6. For maximllln growth of calves a ration made of a roughage, molasses 
and urea nlnst be supplemented with some additional source of a more in- 
so lubl~  bnt fermentable carbohydrate or insoluble protein which can be 
drawn froin the cereal grains or concentrates, such as the oil meals. I n  our 
limited experience this supplemental material need not be more than 3-5 per 
cent of the total ration. 
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RUMEN SYNTHESIS O F  T H E  VITAMIN B COMPLEX AS 
INFLUENCED BY RATION COMPOSITION* 
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Since Bechclel e t  01. (2) reported that cattle, and possibly all other rumi- 
nants, possess the ability to synthesize the vitainin B (conlplex) i11 the 
rumen, workers have been interested i11 the problem from the following 
points of view. First, what effect do the constituents of the ration have 
upon the synthetic powers of the organisnls involved and the quantity of 
vitamin producecl; seconcl, 1~11at types of organisms are responsible for these 
syntheses. Wegner e t  al. (21) reported that co~vs are able to synthesize 
thiamine, riboflavin, nicotinic acid, pailtothenie acid, pyridoxine, and biotin ; 
ancl further, the addition of thiamine to the ration apparently increases the 
synthesis of the above nle~ribe~s of the B-complex except nicotinic acicl. They 
(22) also found that increased nitrogen as added casein in the ration did not 
increase synthesis ; in fact it  decreased i t  in the case of riboflavin. McElroy 
and Goss (10, 11,12,13,14, 15), ~vorking on the same problem, reported that 
sheep and COJTS Jyere able to synthesize riboflavin, pyridoxine, thiamine and 
pantothenic acid on vitamin-lorn rations. Julres and McElroy (15) have 
also shown that biotin n-as synthesized in the rumen. Hunt  et  al .  (4, 5) 
reported that there was a direct correlation between riboflavin synthesis and 
the carbohydrate in tlie ration, and that ground yellow corn was better than 
whole corn as a substrate in the synthesis of riboflavin. They were unable 
to detect any thiamine synthesis in their experiments as judged by the com- 
parative amounts in the ration and the rumen a t  various time intervals after 
feeding. On an exclusive alfalfa hay ration they found less riboflavin in the 
dried ingesta of the rnmen than in the hay;  suggesting either that the ribo- 
flavin was rapidly absorbed by the animal or in part  destroyed. IZieB and 
associates (7) reported that the rumen contents of steers fed alfalfa hay 
exclusively were allraline in reaction, whereas if grain and a protein snpple- 
nlent were fed wit11 alfalfa hay the rumen contents were acid in reaction. 
These results would in part  explain the low values reported above for ribo- 
flavin since it is destroyed in an  alkaline medium. The normal p H  of the 
rnmen will vary with the ration, but is usually between 6.8-7.3. McElroy 
and Goss (12) reported that adjusting the pI-I of the rumen samples to 
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4.5-5.0 with concentrated HCI before drying enhanced the riboflavin values. 
Wegner e t  al. (22) reported that adjustiilg the p H  to 4.5-5.0 did not increase 
the riboflavin values as was reported by McElroy and Goss. 

I n  this paper there is reported the effect of nitrogen added to the ration 
as urea and the extent of the vitamin B-complex synthesis in the rumen of 
the fistulated cow and calf. The aim was to determine if there was any 
correlation between added nitrogen ancl carbohydrate on the vitamin synthe- 
sis in the rumen. 

E X P E R I M E N T A L  

The anilnals were fed the following rations for a period of one month. 
Ratio?& 

1. Timothy hay (12 lbs.) 
2. Timothy hay (10 lbs.) Corn nlolasses (4 Ibs.) 
3. Same as No. 2 plus 200 grams of urea per day. 
4. Timothy hay (10 lbs.) 
5. Timothy hay (10 lbs.) Corn molasses (2 lbs.) Starch (2 lbs.) 
6. Same as No. 5 plus 200 grams of urea per clay. 
7. Timothy hay (10 lbs.) Corn niolasses (2 lbs.) Starch (2 lbs.) Casein 

(acid washed) (0.2 lbs.) 
8. Same as No. 7 plus 200 grams of urea per day. 

At  the end of each period a sample of the rnmen content was removed for 
 ita am in assay. The samples were very constant in composition on the basis 
of moisture content. The sample ancl an amount of 95 per cent eth;vl 
alcohol, equal in volume to the weight of the sample, mere placed in the cold 
room, 7' C., for one week to stop bacterial action and fermentation. The 
contents mere then placed in enamel trays ancl dried a t  37-40' C. The dried 
samples were ground in the Wiley mill and assayed for biotin (16), nicotinic 
acid (8, 18), pantothenic acid (20), riboflavin (17, 19), thiamine (3) ,  folic 
acid1 (9) ,  and pyricloxine (1) .  All of the constituents of the ration were 
assayed for the above vitamins. (See tables 1, 2 and 3.) 

RESULTS 

The addition of nitrogen, as urea, resulted in increased synthesis of 
nicotinic acid, biotin, riboflavin anci pantothenic acid in the rumen, but 
significantly only when molasses or a readily fermentable carbohydrate was 
supplied with the ration. 

The synthesis of pyridoxine could not a l ~ a g s  be correlated with the vari- 
ation in ration composition. However, in some instances a correlation was 
obtained, as for example, with rations 3 and 6. I n  these instances the addi- 
tion of urea to the ration containing a fermentable carbohydrate definitely 
increased the synthesis of pyridoxine. 

1 The folic acid values are calculated as follows: 
% activity 

4 
= y/gram 
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Tliere was no direct correlation b e t ~ ~ e e n  increased urea intake and rita- 
nlin synthesis in respect to "folic acid." 

T d R L E  1 

Cow-vitamin c o ~ t t e n t  pcr grant o f  d r y  r u m e n  material  

Ribo- Nice- Panto-  Folic Pgri-  
~ a t i o l l  ( i l l  1 i n  1 ,O tt:::? / 1 a / dos ine  

TABLE 2 

Calf-vitamin conteltt per g r a m  of d r y  rlcmen m a t e ~ i a l  

R a t i o n  

1 0.39 1 0.14 
3 0.46 49.6 10.8 0.37 
4 0.69 40.4 0.64 
3 1 0.45 40.4 0.21 2.7 

57.2 13.3 307 0.33 3.6 
11.6 56.8 17.8 240 0.5.3 2.8 

0.65 12.8 '70.8 18.0 294 0.49 2.8 

TABLE 3 

T i t a m i n  content of ratioit ingredients  pcr g r a m  of d r y  material  

I n  the case of thiamine and v i t h  a noa-synthetic type of ration we 
encountered the same effect as obsel.ved by Hnnt ~f nl. (4. 3 ) .  The value 

t in ic  I p:!r thmlic R i o t i n  grant FO1ic acid acid d o s i i ~ e  

rtcr./ wp./ m w . /  LLQ./ 
!/ran1 g r a m  grant g r a m  
23.5 62.2 .. . . . . .. . 

< 0.05 < 0.05 < 10.0 < 0.1 < 0.1 
<0.05 <0.05 <15.0 <0 .1  <0 .1  
<0.05 <0.05 <12.0 <0 .1  < 0 . 1  
< 0.05 < 0.05 < 20.0 < 0.05 < 0.05 

Material  

- 

T i m o t h y h n q .  ............... 
Co1'11 molasses ............. 
Corn starch .................... 
U r e a  ................................. 
Casc~in-acid washed 

T h i a -  
m i n e  

pg./ 
g r a m  

1.8 < 0.1 
< 0 . 1  
< O . l  
< 0.1 

R i l ~ o -  
flnvi~i 

I L ~ . /  
g r a m  

5.5 < 0.05 
<0.05 
<0.0.5 < 0.05 



obtained indicate t h a t  there m a s  littl(, ,  i f  any, synthesis of this essen t ia l  

v i t a m i n .  It was r e p o r t e d  by Kennersley ct  al. (6) that thiamine is osiclizecl 

in alcoholic  s o l u t i o n  i f  a l l o ~ v e d  t o  s t an t1  f o r  several m o n t h s .  T o  test tlii4 

point f o u r  sainples of  ruinen c o n t e n t s  \yere dried directly, omittinz the 
alcoholic storage, and the same v a l n e s  a s  s h o w n  a b o r e  were obtainecl, indi- 
cating no d e s t r u c t i o n  by storage in a lco l~o l .  

T i m o t h y  hay is the o n l y  constitnent of  the ration that containecl  any 
a p p r e c i a b l e  a m o u n t  of the a b o v e  v i t a m i n s  ( t a b l e  3) .  

SUMMARY 

T h e  addition of urea as a s o u r c e  of nitrogen def in i t e ly  i n c r e a s e d  the 
s y n t h e s i s  of r iboflavin,  n i c o t i n i c  acid, b i o t i n  and pantothenic a c i d  in  the 
bovine rumen when a readily available c a r b o h y d r a t e  m a s  present. PJ-ri- 

doxine and "fol ic  acid" conld not be too  closely c o r r e l a t e d  with r a t i o n  coin- 

pos i t ion .  In  the absence of a readily f e r i n e n t a b l e  carbohydrate and p r o b a -  

bly a l o w  p o p u l a t i o n  of  mic roorgan i sn l s  t h e  synthesis of the members of  t h e  

B complex is not at a maximum. 
The data indicate that thiamine m a y  n o t  be sq-nthesized in the 'tuuen. 

H o w e v e r ,  it seems more than p r o b a b l e  t h a t  it is syn thes ized ,  but a b s o r b e d  

or d ~ s t r o y e d  at a rate greater than its syn thes i s .  
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CAROTENE LOSSES IN FRESHLY CUT PLANT TISSUES" 
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The carotene in hays and silages is the most iinportant source of vita- 
min A for clairy cows. The amount of carotene in hays is largely dependent 
upon the curing process. Hays may contain relatively sinall amounts of 
carotene even though they were made from fresh, green plant illaterials with 
high initial carotene contents. I n  studying this loss of carotene during the 
hay-curing process Hange (8) obtained evidence for tlie presence of a caro- 
tene-destroying enzyme in alfalfa. That there may be clifferences i11 enzyme 
activity in different plants is indicatecl by the morlr of Bolin (3)  who fonncl 
that when fresh plant inaterial was stored a t  five degrees F. for ten months, 
the loss of carotene in alfalfa was 62.7 per cent while there was little or no 
loss in bromegrass, lneaclow fescue, orchard grass, and ICentuclry blue grass. 
During the summer of 1941 the authors found that bluegrass, even though 
dry ancl brown in color due to lack of rainfall, coiltainecl a surprisingly large 
amount of carotene. This suggested the possibility that bluegrass might be 
low in the carotelle-destroying enzl-me. I n  studies with grasses and berseem, 
Seshan ancl Slien (12) concluded that neither mold or bacterial action 
affected carotene losses and apparently doubted that enzylnes have any great 
effect upon carotene losses in these plants. With these facts as a basis, it  
seemed ilcsirable to study the losses of carotene in various plant inaterials 
under conditions which were favorable to enzyme activity and uncler other 
conditions tvhicli inllibited eilzpnle actions. 

EXPERIMENTAL 

The relatire enzynie activity of various plant inaterials was cleterininetl 
by tlie loss of carotene during an incubation period a t  a favorable teinpera- 
ture. The difference in loss of carotene between two samples, the enzymes 
having been inactivated by heat in one ancl not in the other, inay be at- 
tributed directly to the effect of the enzymes. Some samples were incubated 
in an atmosphere of nitrogen. Any decreases in carotene losses of anto- 
claved sainples incubated in an atmosphere of nitrogen are probably clue to 
inhibition of nncatalyzed oxidation. Any decreasets in carotene losses of 
samples not autoclaved but incubatecl in an atmosphere of nitrogen should 
be due to inhibition of uncatalyzed oxidation and also to inhibition of 
catalyzed oxidation if tlie enzyme is aerobic. 

The plant materials, which hacl been secured fresh froin the fielcl, mere 
iminecliatelp chopped into quarter to half-inch lengths and misecl. In  the 
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first series of esl>eriments weighed sanlples \w-e placed into a series of 
stoppered test tubes and treated as f o l l o ~ ~ s :  

1. Fresh material, no treatment. 
2. Incubated 24 llours a t  37" C. in a hot air oT7en. 
3. Autoclared fi\,e ii1inntes in steal11 at 115' C., followed by incltbation 

for 24 hoilrs a t  37" C. 
4. Incubated 24 hours at 37" C. in an atinosphere of nitrogen. 
5. Autoclal-ed fi\-c minutes a t  115" C., followed by incubation for 24 

11onl.s a t  37" C. in an atmosphere of nitrogen. 
6. Autoclared five minutes a t  115" C. 
7. Dried in racuum oven at 100" C. for 24 hours. 

The carotene content of these samples was cleterlziined b -  a modification 
of Moore's method (9) .  After the carotene hacl been transferrecl from the 
alcohol-petroleunz ether solution into l)etroleum ether, the solution was 
saponified by shaking in a separatory funnel for about one illinnte with 
25 ml. of 25 per cent potassi~un hydroxide in methyl alcohol. This was fol- 
lowed by \vashing with water until free of alkali and alcohol, drying with 
anhydrous sodiuln sulfate, ancl passing the petroleum ether carotei~e solution 
t,lirough a ilicalcinm phosphate coltuinn as described by Moore. 

The results of these experiments are shown in table 1. I t  nras found that 
the loss of carotene upon incubation of the fresh inaterial was greatest in 
alfalfa and red clover and lowest in oat, bluegrass, ancl bromegrass. How- 
ever, in the samples which were autoclared before incubation a hip11 per- 
centage of the carotene was retained in all cases. The differences ill losses 
between the ~ I T O  treatinents indicated that the chief losses during treat- 
ment 2 mere clue to the enzyme activity in the plants, while the rariation in 
losses indicates considerable variation in enzyme activity of the different 
plant materials studied. 

Inactivation of enzymes by autoclaving or vacuum drying did not greatly 
affect the carotene content. This s h o ~ ~ s  that the carotene in plant lnaterials 
is fairly stable to these heat treatments. 

Samples incubated in an atmosphere of nitrogen retained a high percent- 
age of their carotene. This indicates that the enzyme is probably aerobic 
and nlay be the same as the one describecl by Haas and Bolin (7) and studied 
b -  several other workers (1, 2, 5, 6, 10, 13, 18). Further eridence of this 
relationship was folund when aqueous extracts of alfalfa, red clorcr nncl blue- 
grass were tested for carotene-destroying enzymes by the method of Reiser 
and Fraps (10). It was observed that the destnlction of carotc3ne in these 
solutions was si~nilar to that observed in the plants. This indicates that the 
carotene-destroyi~ig systems in the different plants are similar. 

Autoclarecl sainples lost some carotcne upon incubation ~vhicll indicates 
that non-enzymic oxidation occnrrecl. This may explain why solne of the 
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samples incubatetl under nitrogen were higher in carotene than those incn- 
bated in air following autoclaving. 

In order to eliininate any effect that the process of autoclaving might 
hare upon carotene losses, a series of experilnents was conducted in ~vliicli 
samples were both incubated and antoclaved. One sample of the lnaterial 
was autoclarecl and then incubated, ancl the other was incubated ancl then 
autoclaved. Thus each sample received the same treatment some time in tlie 
procedure and coiisequently any differences in the carotene contents niay be 
ascribed solely to the effect of the enzyme. The results of these experinlents 
are shown in table 2. I t  again becomes evident that there is consiclerable 
variation in the enzyme activity of plants. 

TABLE 2 

Microgrants of cnrotene per gram of plant n~nterial (dry basis) af ter  incubation with attc7 
without enzyme innctivntion 

Date 
1943 1 Treatment Per  cent 

Material carotene 
destroyed 

Remarks 

7-z 1 corn-leal-rs . . . . . . . . . . . . . .  
7-32 1 Lndino clover-leaves ...... 
8-6 1st r ea r  sweet clover ...... 
8-6 Iiorean lrspedeza-stem 

and leaves .................... 
8-9 Soybean-leaves .............. 
8-9 Bluegrass ................................ 
8-13. Timothy ............................ 

Icorean lrspedcza-stem 
alld l e a ~ e s  . . . . . . . . . . . .  

................ 

IIcight-3' 
Secolld growth 
Height-1' 

H e i g h t l "  
Bloom stage 
Clippillgs 
Firs t  vear 

stage 

Height-6" 
Pod stage 

* AI-Autoclaved 5 minutes a t  115O C. f o l l o ~ ~ e d  bv ineul~nting 24 hours a t  37" C. 
IA-Incubated and then autoclaved. 

These esperiments verify the earlier observations of Hange (8), ~vho con- 
cluded that enz-me action was responsible for a considerable portion of the 
large initial loss of carotene in alfalfa ~ ~ - h i c l ~  follon-s tlie cutting of the plant. 

The data presented indicate that certain plant materials, because of their 
low enzyme actirity, should lend themsclres more readily than others in 
grass niixtnres for the production of hays and silages of high carotene con- 
tent. Undoubtedly there is consiclerable enzymatic destruction of carotene 
during the wilting of some plant materials before ensiling and therefore 
reduction of the interval of time between cutting and ensiling shonlcl result 
in silage of higher carotene content. Russel ef al. (11) founcl that in the 
field-curing of liar the carotene losses \yere greatest ilinnecliately follo~ving 
cutting ancl the rate of losses was closely correlated with conclitions fayorable 
to enzyme action. Dehydration of the plant material is one of the factors 
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slo\viny the enzyme action. Camburn ef al. (4) found greater percentage 
loss of carotene in sun-cured than artificially dried hays during storage. 
This indicates that the enzymes are active in dry storecl materials. If this 
is trne, the advantage of inactivating the enzyme or haring material with low 
enzyme content is apparent. 

Further investigations should be made to study factors which affect the 
enzymatic activities of plant materials to obtain information that ~vould be 
helpfnl in conserving the carotene in hay, silage and certain dehydration 
prodncts. 

Studies have been nlade to determine the losses of carotene in freshly cut 
plant materials nncler conditions ~ ~ h i c h  were favorable to enz:-me activity 
and under other conditions which inhibited enzyme action. 

Evidence is presented which indicates that the destruction of carotene, 
due to enzymatic activity, is greater in alfalfa, red clover, and sweet clover 
than in the oat plant, ICentncky bluegrass and bromegrass. Other plants 
such as corn, soybeans, and lespedeza seem to have an intermediate enzyme 
activity. The enzyme appears to be aerobic in character. 

Although the carotene losses in 1%-ilted plant materials are related to 
enzjnle activity, some non-enzymic destruction also occurs. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEW 

223. Biochemistry of the Fatty Acids-And Their Compounds, the 
Lipids. TV. R. BLOOR, Prof. of Biochemistry and Pharmacology, 
Univ. of Rochester, Rochester, N. Y. Reinhold Pnblishing Co., 
New York, 1944. 

The author has made a distinct contribution to the biochenlical field in 
this monograph because he has brought together in one volume the present 
information concerning the fat ty acids and their related compounds. The 
organization of the material is well carried out. Chapter I. Chemistry: 
Descriptive and Analytical, covers Classification of Lipids, Physico-Chemi- 
cal Conceptions of the Lipids, and Macro and Micro Methods under Alethods 
of Examination of Tissue Lipids. Chapter 11. Digestion aiid Absorption, 
comprises Nntritiollal Availability of Fats, Lipid-splitting Enzymes, F a t  
Digestion, Absorption of Fats, and Digestion and Absorption of Other 
Lipids. Chapter 111. Lipids of the Blood, contains such items as Normal 
Basal Levels of Blood Lipids, Changes in the Post-absorptive Level Produced 
by Food, Variations in Blood Lipids in Normal Lipids, Effect of Abnormal 
Conditions on the Blood Lipids, Infections, Mental Disease, Organic Dis- 
eases, and Effect of the Lipids of the Blood on its Properties. Chapter IV. 
The Lipids in Tissue, lists Data on Tissue Lipids, Tissue Lipids in Abnormal 
Conditions, Nature and Fuiiction of Tiswe Lipids, Lipids of Plants, and 
Lipid of Microorganisms. Cliapter V. Lipid Metabolism, is devoted to meta- 
bolic ancl catabolic features, such as Physiological Synthesis of the Lipids, 
Interiuecliary 31etabolism ancl the Role of the Liver, Catabolisin of the Fats, 
Fat Metabolism in the Developing Embryo, and the Vitainins in Lipid 
Metabolism. The last chapter, Chapter VI. The Lipids of Secretions and 
Excretions, takes up  uncler Food for the Einbryo and Yonng Organism, The 
Placenta, &Silk and Eggs. I11 addition Lymph and Chyle, Cerebrospirial 
Fluid and Bile are considered, and finally Escretioiis. Each chapter is fol- 
lowed by an extensive bibliograph~ varying in length froin about three to 
seven and one-half pages. L.M.D. 

BACTERIOLOGY 

224. The Burri Slant Technique in the Food Industries. C. I<. JOIINS, 
Dept. of Agr., Ottawa. Food in Canada, 4, No. 3 :  17. 1944. 

A test first described by Burri in 1928 can be often used to exanline dairy 
proclucts ancl other foods, in place of no re  expensive and complicated 
methods. The inedium recominended is tryptone glucose sliin~ milk agar 

A105 
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with brom-cresol l>nrple added. The use of all additional 0.5% agar is sng- 
gested and an oval rather than a rouiicl tube inay be preferable. The size of 
the inoculating loop may be varied to accoiilniodate the number of organisms. 

O.R.I. 

225. Few Bacteria in Canadian Eggs. C. I<. JOHNS, Dept. of Agr., Ottawa. 
Food in Canacla, 4, No. 4: 16. 1944. 

This author had previously reported oil the n~iin~bers of bacter~t~  found in 
storage eggs. The present study was done on fresh eggs and inclicate5 that 
low counts are coniii~only fo~uicl. Of 219 eggs examined, 77% hat1 counts 
of less than 100 organisms per gram. O.R.I. 

226. The Antimony Trichloride Method for the Determination of Vita- 
min A. G. H. BESITA~I, McGill Unir., Montreal. Canad. Jonr. 
Res., B. 22, No. 2 : 21. 1944. 

A critical descrjption of the antimony trichloride nlethod for the deterlni- 
na t io j~  of vitanlin A is presented. Low ~ralues for vitainin A result from: 

(1) Incomplete extraction from the alcoholic soap solution by using 
petroleunz ether instead of ethyl ether. 

(2) Incoiiiplete separation of the layers during extraction aud xvasl~ing. 
(3) Iilconlplete filtration through ailhydrous soiliuin sulfate. 
If strict attention is paid to details of l)rocednre, the nletliocl gives con- 

sistent results. Uncertainty in regard to the exact factor for converting 
the E values to international nnits inalres it iinpossible a t  this t i~ne  to state 
accurately the absolute values. It is pointecl out that this in no way detracts 
from the usefulness of the cheinical test. O.R.I. 

CONCENTRATED AKD DRY IlILIC; BY-PRODUCTS 

227. Concentrated Dairy Products. J. L. PERLMAS ASD A. H. ROBERTSON, 
Dept. of Agr. and MBts., Albany, N. Y. 17th Ann. Rpt. S. P. State 
Assoc. Mill< Sanit., p. 43, 1943. 

The use of ileutralizers to conceal inferior quality products in concen- 
trated dairy products is an old practice that is deplorable. Neutralizers are 
used alone and in colnbination with sirups, stabilizers, flavors, etc. Special 
consideration is given to frozen desserts. XXethods of detecting neutralizers 
are not simple and one of the best kno~vn is the Hillig inethod based upon the 
alkalinity of the ash. Data are presented on frozen desserts to ~110~1- that 
this method detects as little as 0.057~ sodium bicarbonate in milk and 0.1% 
in heavy cream. A.C.D. 
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228. Bovine Brucellosis. ANONPAIOUS. Univ. of Ill., Co1. of Agr. Cir. 
573. 4 pages. March, 1944. 

This leaflet lists ilineteen "dont7s" to be observed in developing and 
maintaining a milking herd free from Brucellosis (Bang's disease). 

J.G.A. 

229. Vitamin-D Deficiency in Dairy Cows. G. C. WALLIS. S. DaB. Agr. 
Expt. Sta. Bul. 372. 16 pages. March, 1944. 

Symptoms, causes. and treatment are outlined in some detail. 
How much vitamin-D deficiency there is in dairy cattle is not known. 

Cows on pasture dnriiig the sunliner ordinarily build up  vitamin-D reserves 
due to exposure to the direct rays of the sun. When they are then fed dur- 
ing the ~vinter  011 sun-cnred roughages 11igIi in vitamin D, they probably 
receive lllore than 12,000 to 15,000 International Units of vitainin D daily. 
These amounts are about enough, aceorcling to studies by the author. How- 
ever, even then milk production, calving records, and general health might 
be improved during the minter by sollie additional vitamin D. 

On the other hand, there are tuldoubtedly many times when roughages 
 lo^^ in vitamin D are fed. Then \vl~en spring comes, cases of mild vitamin-D 
deficiency and ion-erecl general liealtll and producing ability may occur. 

Further information is needed to determine the vitamin-D content of 
various rougllages and the degree of vitainin-D deficiency that may exist in 
dairy colvs in winter. Until this information is available, a farmer will do 
well to be sure that hi5 cattle get generous amounts of sun-cured hay and that 
they are exposeci to suinsliine often, particularly during the summer. 

J.G.A. 

230. A Bromthymol Blue Field Test for Bovine Mastitis. FRANCIS J. 
HALLINAS, N. Y. State Dept. Health, Albany. 17th Ann. Rpt. 
N. Y. State Assoc. Milk Saiiit., p. 121, 1943. 

The usual procedure for detecting mastitis by the b r o m t ~ m o l  blue 
inetliod is subject to certain errors that can be corrected. The author pre- 
sents a simple procedure for field test using reproducible permanent stand- 
ards prepared froill Jfuiisell color papers. A.C.D. 

231. Augmenting War-time Milk Production by Converting Cows Con- 
demned for Mastitis to Useful Three Teaters. F. W. GRAVES. 
N. Y. State Dept. of Health. Albany. 17th Ann. Rpt. N. Y. State 
Assoc. Millr Sanit., p. 11, 1943. 

Uilder war-time conditions inuch milk is lost unnecessarily by condem- 
natioil of three-teated cows. If such colvs can be saved, there mill be a better 



opportunity to cull unprofitable cows. The Federal Meat Inspection Service 
does not condemn tlie entire carcass because one area is infected; the saine 
policy can hold true for milk inspection. 

If a qnarter is infected, i t  slionld be dried up. If i t  dries up  well it  may 
never milk again. There is also the chance that it may give good milk when 
the cow freshens. If completcly dry the three-teater is a safe cow. If the 
infected quarter discharges inillr i t  shonlcl be treated by a veterinarian to 
dry  it permanently. This is done by passing the fumes of 4 ounces of ether 
directly into the infected quarter and after one month removing such 
material as can be withdrawn by millring. The qnarter ~ilill be permanently 
dry. A.C.D. 

FEl4;DS ASD F'EEDISG 

232. Single Grains and Grain Mixtures as Supplements to Alfalfa Hay 
and Silage for Milk Production. J. R. DAWSON, A. L. TATT,  
C. W. MCINTYRE, R. E. LEIGHTOX, AND R. R. GRAVES. U. S. Dept. 
Agr. Cir. 696. 11 pages. Feb., 1944. 

At each of tliree field experiment stations, two groups of four colr-s each 
were fed unlimited quantities of alfalfa hay ancl silage throughout their 
lactation periods of 365 days. I n  addition to this basic ration of roughage. 
one group of comrs was fed a single grain-gronnd barley, ground corn, or 
ground kafir-at the rate of approximately 1 pound to each 6 pounds of milk 
they produced. The other group was fed a grain mixture, a t  approxiil~ately 
the same rate, whicli consisted of four to six different grains, grain b:--prod- 
ucts, and high-protein concentrates. 

The cows receiving the single-grain ration had somewhat better breeding 
records during the experiment, gaiaed more ~ e i g l ~ t ,  ancl prodi~ced 957; as 
much butterfat as the cows on the mixed-grain rations. I-Iowever, the results 
were not consistent and the difference in production tliereforc is probably 
not significant. 

This experiment does not iilclicate the relative value of a single-graiil 
ration and a niised-grain ration when the roughages are so restricted that 
a large proportion of 'the nutrients Innst be furnished by the grain part of 
tlie rat,ion. I t  does sl~ow tliat where coxw 11a.i-e an opportunity to consmnc 
as mucli good hay and silage as they lilt?, it malres little difference whether 
the additional nutrients they require arc obtained from a single grain or a 
inixture of several grains and grain by-products. 

At  current market prices the cost of tlie feed required to produce a pom~d  
of butterfat ayeraged sligl~tly less for the single-grain rations than for tlie 
nlisecl-grain rations. J.G.A. 

233. Carotene Requirements for the Maintenance of a Normal Spinal 
Fluid Pressure in Dairy Calves. L. A. MOORE, &'I. H. BERRY, AND 
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J. F. SYKES, Dairy Dept., U n i ~ .  Alaryland, College Parlr, and Dept. 
of Physiol., Mich. State Col., East Lansing, Jonr. Nntr., :?6, No. 
6 : 649-658. Dec., 1943. 

T ~ r o  groups of calves (Holstein and Ayrsllire) were ubecl to study the 
amount of carotene required to maintain a normal spinal fluid pressure. 
One group was located a t  East Lansing, Michigan, and the other a t  College 
Parlr, Maryland. Alfalfa meal was used as a source of the carotene snpple- 
ment. Ol~l~thalinoscopic observations were made periodically. Blood plasma 
vitamin A and ascorbic acid values were also determined. 

An intalre of 66 micrograms per lriloprain of body weight during the 
winter months is about the minimum requirement for carotene for Holstein 
and Ayrshire calves when spinal fluid pressure is used as a criterion. Be- 
cause of individual characteristics, plasma vitamin 11 01- carotene values will 
not distinguish between variations of carotcne intakes of 62 to 75 micro- 
grams per ltilograin of body v-eight. C.F.H. 

234. The Use of Urea in Making Silage from Sweet Sorghum. A. E. 
CULLISON, Miss. Agr. Expt. Sta., State Collegr, bliss. Jour. Anim. 
Sci., 3, No. 1 : 59-62. Feb., 1944. 

Silage made from freshly cut sweet sorgllnin treated with about 10 
pounds of urea per ton was coniparecl with a lot nntreated. The addition 
of urea speeded lip the rate of fermentation, saved carotene and produced 
a silage with greater titratable acidity. 

I n  a feeding trial with beef cows the urea-treated silage proved more 
palatable than the nntreated. The cows that received the nrea-treated silage 
maintained their weight while the untreated lot lost 47 pounds over a 78-day 
period. The urea-treated lot of co~vs were much better in appearance. 

C.F.H. 

235. The Effect of Fat upon the Digestion of Nutrients by Dairy Cows. 
H. L. L u c ~ s  AND J. Ii .  LOOSLI, Cornell Univ., Ithaca, New York. 
Jour. Anim. Sci., 3, No. 1: 3-11. Feb., 1944. 

Two series of digestion trials using I-Iolstein cows were conducted with 
rations of varying f a t  contents. I n  series one, there mas no difference in the 
apparent digestibility of rations containing 1.6 and 2.6% ether extract. 

I n  series two, using soybean products as the sole concentrates, rations 
containing 1.0 and 7.0% of ether extract were studied. The crude fiber and 
nitrogen-free extract of rations containing soybeans and solvent extractea 
soybean oil meal plus corn or soybean oil were less digestible than where the  
rations contained solvent-extracted soybean oil meal. The ether extract of 
rations containing soybean oil meal pins oil or fat ty acids was more cligesti- 
ble than the ether extract of ration containing soybeans. 
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The ration containing soybeans cansed a iliarlrcd increase in fa t  percent- 
age with practically no change in milk protlnction. On the otller liand, the 
rations containing either oil or fatty ac.icls ciinsetl a pronounced decrease in 
milk flow, with little change in filt percentage. C.F.H. 

FOOD VALUE O F  DAIRY PRODUCTS 

236. Further Studies on the Comparative Value of Butterfat, Vegetable 
Oils, and Oleomargarines. R. I<. BOUTWELL. 11. P. GEYER, C. A. 
ELVEHJEIII, AND E. B. HART, Dept. of Biocheui., Univ. of Wis., 
Madison. Jour. Nutr., 26, No. 6 : 601-609. Dec., 1943. 

When lactose was the sole carbohydrate in the diet, rats showed superior 
growth with butterfat or lard as compared to corn oil, coconut oil, cottonseed 
oil, soybean oil, peanut oil, olive oil and liydrogenated cottonseed oil. Il'hen 
a mixture of carbohydrates conlposed of sucrose, starch, dextrose, dextrin 
and lactose was in the diet, the arerage growth of the animals fed vegetable 
oils mas equal to that of the animals fed butterfat or lard. 

Properly fortified oleomargariile fats gave g r o ~ ~ t h  equal to butterfat 
over a period of 6 weeks with the above mixture of carbohydrates. Butterfat 
was superior to fortified oleomargarine when lactose was the sole carbohy- 
drate in the diet. C.F.H. 

237. Studies of the Comparative Nutritive Value of Fats. I. Growth 
Rate and Efficiency of Conversion of Various Diets to Tissue. 
13. J .  DEUEL, JR., E. MOVITT, L. F. HALLMAN, AND F. MATTSOPI', 
Biochem. Dept., Univ. Southern Calif., I ~ o s  hngeles. Jour. Nutr., 
27, No. 1: 107-121. Jan., 1944. 

I n  three series of tests using male and felnale rats for periods of 6 to 12 
weeks, the follo~viiig fats were con~pared: a butterfat or whole butter, corn 
oil, cottonseed oil, or margarine fat  or a IT-hole margarine, olive oil, peanut 
oil or soybean.oi1. The basal diets used consisted of mineralized skimmed 
milk powder, with vitamins A, D ancl E. I n  one series whole butter and 
margarine were flavored by the addition to the fats of 4 parts per million of 
diacetyl. 

I11 general the rats preferred a butter diet to one containing the vegetable 
fats. There was no difference, however, in the growth of weanling rats over 
tl 12-week period when they were fed mineralized slrimmillr po~rder, vitamin 
supplements and butter as compared with corn, cottonseed, olive, peanut or 
soybean oils or margarine. Also, the efficiencies of conversion of these vari- 
ous fats to body tissue were identical. The authors concluded that these 
results refute the idea that butterfat possesses certain saturated fatty acids 
not present in othe: fats, which are essential for growth. C.F.H. 
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238. Frosted Foods and the Ice Cream Industry. R. M. LAMBETH, Orand 
Rapids Cabinet Co. Ice Cream Field, 43, No. 4 :  34, 54, 56. 1944. 

The author states that the first year follo~ving the war 150,000 ice cream 
cabinets will be built. He further predicts that there will be a buyer for all 
the cabinets produced for five years follo~ving the war. This prediction is 
made on the basis that a hoine freezer or storage cabinet is practical, eco- 
nomical and a convenient way to preserve foods. 

It is stated that the past year has seen a large increase in demand for ice 
cream cabinets for the storage of frozen foods-many have been bought for 
the purpose of putting up "victory" garden products. 

It is predicted that eventually "frozen foods will dominate the food 
field,'' and that the greater availability of cold storage cabinets will influence 
the future methods of distribution of ice cream. 

I t  is claimed that there are 7,500 loclrer plants in the United States with 
3,250,000 individual lockers which serve 3,000,000 families. 

When restrictions on deliveries and equipment are removed the author 
expects there will be a marked increase in frozen food activity, including 
home delivery of such foods. He claims the dairy industry and especially 
the ice cream industry, has a distinct advantage in this field. W.C.C. 

239. The Melt Test. B. I .  MASUROVSKY, Res. Ed. Ice Cream Trade Jour., 
40, No. 4 :  48. April, 1944. 

A melt test, useful for determining characteristics of ice cream stabilizers 
is described and illustrated by photographs. I n  the test illustrated, 0.35% 
alginate was compared with 0.15% soluble soya lecithin. The latter pro- 
duced a slower melting ice cream as indicated by less drainage and longer 
maintenance of shape. F.J.D. 

240. Injecting Pectinized Syrups, Ices or 'Sherbets into Ice Cream. R. E. 
HAMILTON, Cleveland Ice Cream Co., Cleveland, Ohio. Ice Cream 
Trade Jour., 40, No. 4 :  30. April, 1944. 

A mechanical injecting device is described for automatically incorpo- 
rating various flavoring syrups, usually containing fruit  or chocolate, into 
ice cream as i t  comes froin a continuous freezer and moves toward the 
packaging point. A similar device is described for the injecting of previ- 
ously frozen ices or sherbets into ice cream. The author uses a continuous 
freezer for pumping the material to be rippled, but notes that there is a 
pump on the market which should be capable of doing the job satisfactorily. 

F.J.D. 

241. Quality in Sherbets. SAMUEL SABEL. Ice Cream Trade Jour.. 40, 
No. 4: 29. April, 1944. 



The author issues a varning to ice cream inanufacturers against a very 
common practice he has izotecl in all sections of the country dnring a recent 
business tour of the nation. The practice is that of concoctii~g so-called 
sherbets fro111 whatever materials are available when milk solids quota are 
exhausted merely to provide dealers ~vi th  something to sell. I n  the author's 
opinion, this is a great mistake and one which not only reacts against future 
sherbet sales but will cause loss of confidence in the manufacturer ~vhich will 
carry over into the post-war period. He finds the more far-sighted manu- 
facturers ceasing manufacture until the next period when i t  is not possible 
to manufacture to a t  least minimum standards. F.J.D. 

242. Dried Whole Egg Powder. VIII. An Improved Fluorescence 
Method and Some Factors Affecting the Measurement. J. A. 
PEARCE, M. IT. THISTLE, AND MARGARET REID, Natl. Res. Labs., 
Ottawa. Canad. Jour. Res., D. 21, KO. 11: 341. 1943. 

This laboratory had previously reported a method for assessing egg 
powder quality by determining the fluorescence of a potassium chloride 
extract of the defatted powder. (See Jour. Dairy Sci. Abs., A220, 1943.) 
I n  order to save time and reagents the test has been modified as follows: 
2.5 gm. of egg powder is defatted with three 25-ml. portions of chloroform; 
after drying a t  room temperature for about 1 hour, 1 gm. of the defatted 
powder is shaken for 30 minutes with 100 inl. of 10% sodium chloride solu- 
tion, filtered, and the fluorescence of 15 ml. of the filtrate determined in the 
photofluorometer. 

Increasing the temperature of the extraction raised the fluorescence 
values but p H  changes between 4.6 and 8.9 cansed no significant effect on 
results. O.R.I. 

243. Dried Whole Egg Powder. IX. Effect of Drying Conditions on 
Quality. A. H. WOODCOCK AND MARGARET REID, Natl. Res. Labs., 
Ottawa. Canad. Jour. Res., D. 21, No. 12: 389. 1943. 

Liquid whole egg was spray-dried in a small laboratory drier a t  various 
rates of flow of liquid egg and at  different inlet and exhaust air tempera- 
tures. Quality of the powder as assessed by chemical methods, palatability 
and baking tests, was progressively improved as the exhaust air tempera- 
tures were lowered. Inlet air temperatures above 225' P. had a deleterious 
effect. Lowering the drying temperature, however, had an adverse effect 
on the rate of production. O.R.I. 

244. Dried Whole Egg Powder. X. The Effect of Added Substances on 
the Keeping Quality. JESSE A. PEARCE, A. H. WOODCOCK, AND 

N. E. GIBBONS, Natl. Res. Labs., Ottawa. Canad. Jour. Res., P.  22, 
No. 2 : 34. 1944. 
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Dried whole egg po~vders, treated with a number of s~tbstances prior to 
drying, were stored a t  te~nperatnres from 75' F. to 118' F. Deterioration 
in quality was assessed by flnorescence measnrements, supported in some 
instances by palatability tests. 

Fuorescence development in powders containing sodiunl chloride in com- 
bination wit11 either citric or lactic acid was more rapid than in the control 
powder. The effect was less niarlred when any of these substances was used 
alone. The addition of 15% sucrose mas more effective in inhibiting flnores- 
cence development a t  75' F. than at 99' F. but had no effect a t  118' F .  The 
addition of 0.2% sodiuin bicarbonate, an amount that did not affect the flavor 
of the powcler, retarded deterioration as inclicated by fluorescence and 
palatability tests. Other allialine salts stuciied (socli~un acetate, benzoate, 
citrate, salicylate and tartrate) hacl no effect. O.R.I. 

245. Ices and Sherbets. R. J. RAMSEY, Ramsey Labs., Cleveland, Ohio. 
Ice Cream Field, 43, No. 3 :  8, 66. Marcl~, 1944. 

The author gives an ice ancl a sherbet recipe and lists brief comments on 
some of the important problems related to the mannfact~l'e of ices and 
sherbets. 

IIe states that 50 to 60% overrun is satisfactory for sherbets whereas 
20 to 35% orerrun should be maintained for ices. 

He makes the following mar-time recommendations regarding ices and 
sherbets : 

1. Make a t  least 80% of the package ice cream as half ice cream and half 
sherbet or as sherbet ripple. 

2. Sell as much bulk sherbet as possible. 
3. Malie a t  least 50% of the bulk gallonage as sherbet combinations- 

2.5 to 30% sherbet and 70 to 757% ice cream. W.C.C. 

246. Wild Onion and Garlic. L. V. SHERWOOD. Univ. of Ill. Agr. Expt. 
Sta. Cir. 572. 8 pages. March, 1944. 

Directions on how to recognize arid control these noxious weeds. Cultural . 
control is most effective; oil sprays can be used but the cost is high. 

J.G.A. 

247. Recent Developments in Milk Control. C. I<. JOEINS, Dept. of Aqr., 
Ottawa. Canad. Jour. Pub. Health, 35, No. 1 : 33. 1944. 

The efficient use of the laboratory niay assist greatly the farm inspection 
staff and reduce travelling by the use of simplified tests for milk quality. 
These include the seclilnent test, dye reduction tests, and the direct micro- 
scope clump count. Tlie resazurin test is a particularly good aid in detect- 
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ing milk from unhealthy udders. For the control of pasteurized mill: the 
phospliatase and coliforin tests are now conling into general use and are 
tending to supplant the agar plate method. O.R.I. 

248. Women in the Milk Industry. T. J. HAI~AIELL, The Borclen Co., New 
York, N. Y. 17th Ann. Rpt. N. Y. State Assoc. Milk Sanit., p. 129, 
1943. 

Experience with women in plants was gained in the first TITorltl War. 
Union approval and cooperation was secured. When the same worlr was 
done the same pay was giren as to men. An endeavor was made to secure 
1i.omen whose husbands were in the armed forces. More time was needed to 
break in the women workers as they were new to s l ic l l~~~ork.  The \vomen are 
appreciative and do good wol-k. A.C.D. 

249. Construction of Weighing Vats a Major Factor in Accurate Butter- 
fat Sampling. ELVIN R. ALBEE, Dept. of Health, Albany, N. Y. 
17th Ann. Rpt. N. Y. State Assoc. Mill: Sanit., p. 125. 1943. 

A study of milk weigli vats showed several that were not conductive to 
securing good mixing of the milk by dumping. A long narrow weigh vat 
gave samples that varied 0.4% in bntterfat but the condition was helper1 by 
baffle plates. I n  another plant with rectangular two-compartment weigh 
cans the mixing was not good but the poorest mixing was in a weigh can with 
a strainer outlet near the bottom of the weigh can. I n  both these cases the 
mixing was good when the strainers were removed. The rariations in test 
were both for and against the dealer. A.C.D. 

250. Milk Prospects for 1944. FRED H. SEXAUER, Dairymen's League 
Coop. Assoc., New Yorl:, N. Y. 17th Ann. Rpt. N. Y. State Assor. 
Milk Sanit., p. 103, 1943. 

This statement before the New York State Joint Legislative Coinmittee 
deals with prices, feed supplies, numbers of cattle, and milk consumption 
with special reference to the New Pork area. A11 factors indicate a reduced 
i~lillr suppl-  in 1944 and the final prospects will be affected greatly by the 
program of the Federal Goreinment. A.C.D. 

251. Cleaning and Sterilizing High-Temperature Short-Time Pasteur- 
izers. LEWIS SI-IERE, The Diversey Corp., Chicago, Ill. 17th Ann. 
Rpt. N. Y. State Assoc. Milk Sanit., p. 91, 1943. 

I t  has been shown that the type of material to be removed from high- 
teillperature pasteurizers is not the same as that found in vat pasteurizers. 
I n  vat pasteurizers the material is held together and to the equipment by 
casein; hence it can be removed by or dinar^ alkaline mashing powders that 
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dissolve casein. In high-temperature pasteurizers tlie casein has combinecl 
with the mineral salts ancl cannot be so easily removed. 

The best procedure for cleaning high-temperature pasteurizers is to cool 
the ey~~ipment  by pumping through cold water until clear, then circulating 
an acid-base milkstoile relnover a t  135'-150' F. for to 1 hour, flushing out . 
with warm water for 10 to 15 minutes, then circ~lat ing an  alkaline cleansing 
solution a t  135'-145' F. for to 1 hour, and finally rinsing with cold water. 
Dismantle and brush with alkaline cleanser, if necessary. Just  before using, 
rinse with \i7arin 11-ater, assemble, and sterilize. Chlorine solution is pre- 
ferred for sterilizing but hot water is excellent if temperature is properly 
maintained throughout the equipment. A.C.D. 

252. Trends in the Administration of the Supervision of Country Milk 
Supplies. G. W. MOLYNEUX, Dept. of Health, White Plains, N. Y. 
17th Ann. Rpt. N. Y. State Assoc. Millr Saait., p. 7, 1943. 

Recent developments have brought the public health inspection of ~ni lk  
into the economics of price regulation ancl the restriction of trade by regn- 
lation of the scope of producing areas. These two u n ~ a r r a n t e d  activities 
together with dnplications of inspections by cities could best be handled by 
placing all inspection of milk for both country and city under one central 
state milk inspection apency. A.C.D. 

253. Mutual Aid Between Pasteurizing Plants. C. 8. LEETE, N. Y. State 
Dept. Health, Albany. 17th Ann. Rpt. N. Y. State Assoc. Milk 
Sanit., p. 85, 1943. 

As a war measure the New York State War Council as a central agency 
to prevent duplication and onlissions set n p  an  Office of Emergency Milk 
Supplies to arrange for the provision of milk to the pliblic in case of a mili- 
tary disaster. The plan was based upon local and roluntary cooperation of 
milk distributors serving a giren local area. The idea was that local coopera- 
tion woulcl solve tlie emergency. 

Although there lia~re been 110 military disasters the plan has met emer- 
gencies satisfactorily. I11 one c ~ t y  a large milk plant burned about midnight. 
Milk was diverted to other plants, for one day other plants suppliecl cnsto- 
mers of the burned plant, but thereafter the millr of the burned plant was 
processed by the other plants and delivered by the plant that had inet with 
disaster. A.C.D. 

254. A Northeastern States Code for Milk for Pasteurization. WALTER 
D. TIEDEMAN, N. Y. State Dept. of Health, Albany, N. Y. 17th 
Ann. Rpt. N. Y. Assoc. Milk Sanit., p. 63. 1943. 

Mucli progress has been made in inilk safety and quality by health 
officials and others. H o ~ e r e ~ ,  the tendenc:- in recaent years has been to 



exceed the needs for a safe milk of good flavor, appearance, and keeping 
quality. There is need to unify regulations, and with this thought in mind 
health officials of eastern United States met and drew up  '(Northeast States 
Emergency Sanitation Stanclards for Raw Milk for Pasteurization." A 
copy of the regulations is presented. A.C.D. 

255. Milk Plant Equipment in War-Time. 0. K. BURROWS, Cherry-Bur- 
re11 Corp., Chicago, Ill. 17th Ann. Rpt. N. Y. State Assoc. Milk 
Sanit., p. 51, 1943. 

I n  1942 manufacturers of dairy equipment went into war work ancl for 
the last two years replacements have been about 15% of normal. Not until 
1944 has authorization been given to increase the mannfacture of some dairy 
equipment. I11 addition to metal scarcity, there is the direct competition of 
war niachines for parts such as nine motors of dairy size used on each Flying 
Fortress. There will be no immediate startling new equipment when the 
war is over. There may be some new metals ancl plastics and a broader 
experience gained in IT-ar xork. A.C.D. 

256. Dairy Cleansers and War Requirements. H. W. LEHMKUHL, Milk 
Plant Specialties, Rocl~ester, N. Y. 17th Ann. Rpt. of N. Y. State 
Assoc. Milk Sanit., p. 37, 1943. 

I t  is pointed out that cleansers have been greatly improved in the last 
few years, that the war-time shortage may become acute, requiring less 
concentrated solutions and more brushing to obtain clean equipment. 

A.C.D. 

257. Labor in War-time for Dairy Farms and Milk Plants. A. D. GENTLE, 
Manpower Service, Albany, N. Y. 17th Ann. Rpt. of N. Y. State 
Assoc. Milk Sanit., p. 33, 1943. 

This article discusses the nlanpower situation as it applies to dairy work. 
Soine details of the Selective Service regulations are given. A.C.D. 

258. The Effect of War-time Shortages upon Maintaining Sanitation on 
Dairy Farms and in Milk Plants. PAUL CORASH, N. Y. City Dept. 
of Health. 17th Ann. Rpt. N. Y. State Assoc. Milk Sanit., p. 23, 

. 1943. 

The war-time shortages in ~llilli plants and on dairy farrns are discussed 
~ ~ n c l e r  three headings : manpower, supplies and equipment. A.C.D. 

259. War Time Increases Our Responsibilities. MILTON R. FISHER, 
D.V.M., Cliief, Nillr Control Dept. of Public Welfare, Health Div., 
St. Louis, Mo. Jonr. &fill< Technol., 6, No. 6 : 362. Nov.-Dec., 
1943. 
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Soii~e of the fartors tliscusseil ~vhich tend to increase inspection responsi- 
bilities are as f o l l o ~ ~ s  : 

Sudd1.11 increase in pop111ation in clefense areas. 
Increase in cleinancl for milk. 
Lack of ne\\- eqnipinent to hi~~ltlle millr. Old eclnipment operated above 

capacity in solne plants. 
Greater nec3tl for sanitation. 
Need to bv varcf'111 i~ l~ou t  malriny c.onc.cssion that nonld jeoparclize the 

dairy inclnst~*y, the consliiners as well as the iuillr sanitarians. L.I-I.B. 

260. Measurement of Detergency: Photometer for Determination of 
Films on Transparent Surfaces. Determination of Rate of Hard 
Water Film Formation in Washing of Glass Objects. JOHN L. 
TVILSON AND ELWYN E. MENDENHALL. Ecoiioinics Laboratory, Inc., 
St. P a d .  Nlinn. Jonr. Indns. and Engin. Chem., Analyt. Ed.. 16, 
No. 4 : 251, 253. April, 1944. 

The calciuin and magnesinni salts present in l ~ a r d  water react with inany 
tletergents to forin insoluble coinpounds. I n  processes such as coi~~niercial 
dishwashiny, soine of the precipitate formetl attaches itself to the objects 
being n-ashed and bnilcls up  an unsightly film. ii simple inexpensive pho- 
to~neter has been desiglied for the q~iantitative determination of this "harcl 
water" fihn. Data are presented to slio~x- the reprotlncibility of results 
obtaineel by the suggested metliod and t,l~e ease and accuracy 1rit11 which 
differences between detergents m a -  be determined. B.H.W. 

261. Analysis of Soap-Synthetic Detergent Mixtures in Bar Form. 
DONALD BERKO~VITZ AND RUBIN BERNSTEIN. Detergent Section, Test 
Lab. U. S. Nary Yarcl, Philaclelpl~ia, Pa. Jour. Indns. ancl Engin. 
Chem., Analyt. Ed., 16, No. 4 :  233. April, 1944. 

,I proceclure for the analysis of coiliniercial soap-synthetic detergent 
mixtures is proposed n-liich has given sufficiently accurate ancl reproducible 
results. The inethocl is based on the separation of active ingredients from 
inorganic salts by ineans of ethyl alcohol, ancl the subsequent deterniinatioii 
of soap, fatty matter, and socli11111 chloride in the alcollol-soluble portion. 
Synthetic detergent is calculated as the difference between total alcohol- 
soluble inatter and the sun1 of soap, fatty inatter and alcohol-soluble sodium 
chloride. B.H.W. 

262. Stephen Moulton Babcock. H. H. SOAIAIER, Gniv. of TiTis., &Ladison, 
Wis. 17th Ana. R,pt. K. T. State Assoc. Millr Sanit., p. 77, 1943. 

This brief biography of Dr. 12abrocli is especially clear and tl~oronyh and 
ought to be reacl in its entirety. A.C.D. 



In  discussing vanillin, it is just as well to  introduce Ice cream. And so, skilful manipulation in the 
this aromatic compound formally-with its 28- processing of Mixevan, "marries" the  required 
letter name. T o  address the subject chemically is additional vanillin to  the vanilla beans. 
the best approach. I t  is an immediate reminder ~t has been found over many years that vanillin 
tha t  vanillin can be obtained from other sources as in many  of ~ ~ t ~ ~ ~ ' ~  products-such as 
well as from the vanilla bean. asparagus, asafoetida, dahlia tubers and sugar 

I t  is also a reminder tha t  this flavoring constit- beets. However to obtain it in commercial quanti- 
uent of the vanilla bean, because of its importance, ties a prime source was found in eugenol from the 
was the first t o  be identified and named way back oils of cloves, cinnamon leaf, bay, and allspice. 
in 1858 by the chemist Gobley. Despite the fact tha t  vanillin, from whatever 

I t  is no exaggeration to  say tha t  vanillin is the source, is chemically and physically the same, 
principle aromatic compound of the vanilla bean. earh product carries over with it minute traces of 
On the other hand, it is no disparagement to  say aromatics from its source material. And so, where 
that  vanillin alone cannot produce a well-rounded the finest possible vanilla flavoring is desired, even 
vanilla flavor. Actually, the best vanilla bean is not the source of the added vanillin is studied with 
necessarily the one with the  most vanillin. A bean care. From years of such study the makers of 
with 2% vanillin might be worth more than a Mixevan determined tha t  the vanillin derived 
bean with 4% vanillin. On the other hand the from the eugenol of tropical spices offers the finest 
poorest quality bean can contain the least vanillin. characteristics. 

Perhaps these seemingly contradictory state- In  the Spice Islands and Zanzibar and Java and 
ments unscramble themselves by bringing up a Pemba and Guiana the tender, bright red flower 
remote parallel. For instance, take the part salt buds are picked by hand from the clove trees. 
plays in dried beef. Most people would undoubtedly After these buds are carefully sun-dried, their oil 
say tha t  the saltiness is the most prominent taste. is distilled. From the eugenol in this spice oil the 
Without the salt the meat would taste flat. But, added vanillin for Mixevan is derived. 
because of this, no one would say tha t  salt is a And so when you smack your lips over the de- 
substitute for dried beef. ' lic~ous mellow-mildness of a plate of properly 

That's the way with vanillin-it is highly im- flavored vanilla ice cream you know tha t  team- 
portant, but not all-important. work of Nature and Man made it so. 

I n  the production of the finest vanilla flavoring, 
two raw materials are necessary-vanilla beans 
and vanillin from other sources. The  vanilla bean 
in itself does not contain sufficient vanillin, in re- 
lation to  its other flavoring constituents, to  produce pub,irhrd in 'hr inllrrrl of ~ ~ " f i f l u r d  pro- 

grrrrior i n  ihcjood indudfir*, 
a perfectly balanced vanilla flavor in the finished 

nohn Mixroan othrr p 0 ~ d ' ~ " l  Oani"a 
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i n  dextrose supply quick food energy. 

Consumers know that dextrose on 
the label lnemzs gen~l ine  food energy 
i n  tire product. 

Tune i n  

STAGE DOOR CANTEEN 

Every Friday 10:30 to  11:OO P. M., 
E.w.T., Columbia Network, Coast- 

to-Coast 

CORN PRODUCTS SALES COMPANY 
17 Battery Place, New York 4, N. Y. 

. 

C E R E L O S R  i s  D E X T R O S E  
Ponr advrrtisrmrnt is being read in 

THE AMAZING NEW DISCOVERY 

SAVES RUBBER! 
Dirty, fat-soaked rubber wears out quickly . . . 
cannot be replaced without denying our fighting 
men things they need. Dirty rubber makes a per- 
fect breeding place for milk-spoiling bacteria . . . 
:ind results in  more waste. To preserve rubber 
. . . to protect milk quality . . . inflations and 
tubing should be cleancd the easy way with Di- 
rcrsey Rub-R-Kleen. This remarkable new product 
dissolves quickly in water . . . does not lose its 
strength on standing . . . cleans thoroughly. No 
need to make up a stock solution. Excellent for  
washing out vacuum lines. For further informa- 
tion write to The Divcrsey Corporation, 53 W. 
Jackson Blvd., Chicago 4, 111. 

r\.ery State and in 25 Foreie;n Countries 
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/ P r e p a r a t i o n s  
Cheese Rennet and Color 

Annatto Butter Color 
Certified Butter Color 

Ice Cream Color 
Lactic Ferment Culture 

Bulgarian Culture 
-*- 

Cheese Bandages, Circles 
Press Cloths 

Odorless Dairy Fly Spray 
Testing Solutions 

Rennet Tests 

FLAV-O-LAC 
F L A K E S  

THE CULTURE 

of definitely better 
flavor & aroma-pro- 

ducing qualities. 

The standard with 
foremost operators, 

agricultural schools & 
colleges. 

FLAV-O-LAC FLAKES 
( s h o w n )  p r o d u c e  a 
q u a r t  of t h e  f i n e s t  
s t a r t e r  o n  a s i n g l e  
p ropaga t ion .  S i n g l e  
bottles $2.00. 

S P E C I A L  FLAV-O-LAC FLAKES "40" 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.00 

Free Culture Manual of Fermented Milk Prod- 
ucts on request. 

I Pioneers i n  ~ ~ e c t r o : c h e m i c a l ,  Chemical and  
Flue$-o-photometric Determination8 of vita mi^ 
A, BI, Ua, Xicotinic Acid, Pantothenic Acid, Be, 
C & E in Dairy and Rood Products. (Vitamin 
D emcluded) inquiries invited. 

THE 

DAlR1 UIBORATORIIS 
ESrd L Locust Sta., Phila., Pa. 

UHANL'HE8 
Baltimore \~aahrngton I ?: ?:f:atalog in l h i r y  Iucinstrien Catalog. 

"THE GAULIN TWO STAGE HOMOGE- 
NIZER AND HIGH PRESSURE PUMPS 
have met the Dairy Industries needs for a 
durable, heavy duty and economical machine, 
since 1909. Homogenizers and Pumps are 
still available with proper priority ratings, as 
well as repair and replacement parts. Both 
machines are strictly sanitary and are ap- 
proved by all leading health boards. The 
Homogenizers are built in sizes from 75 gal- 
lons to 2000 gallons per hour, and the High 
Pressure Pumps are custom built to suit in- 
dividual needs. The Gaulin is the ideal, all- 
purpose machine for fluid milk, ice cream, 

doscriptiv- evaporated milk, condensed milk and spray- 
writeforit. drying milk or eggs." 

THE MANTON-GAULIN MFG. CO., INC. 
7 C H A R L T O N  STREET EVERETT, MASS. ,  U.S.A. 

Ponr  advertisement i s  being read i n  every State and  in  25 Foreign Countries 
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I I 
Your advertisement is being read i r  

Faster . . . Easier Way 
To Remove Mi l kstone ! 
Where time is limited or manpower short, 
removal of bacteria-harboring milkstone de- 
posits can be accomplished more thoroughly 
and easily if you use specially designed 

Oakite 
Milkstone Remover 

(YHO('I~:SS I'KOTKCTED HY U. H. PATENT) 

Plants everywhere will tell you it so 
thoroughly softens and loosens milkstone de- 
posits that only a light brushing and rinse are 
necessary to make equipment milkstone-free. 
Tedious, time-consuming manual scouring is 
eliminated. 

Write TODAY for interesting 12-page book- 
let on milkstone removal. FREE, of course! 

OAKITE PRODUCTS, INC., 
Ilairy Research Division, 

160 THAMES STREET, NEW YORK 6, N. Y. 
Technical Service Representatives Located in All 
Princioal Cities of the United States and Canada 

-ue 
RENNET and COLOR 

For best results in the cheese 

in strength, pure and uniform. 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN 

I every Stnte and in 25 Foreign Countries 
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numbers reproduced 
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Vol. I1 ....... 5.00 Vol. XIV . . . . . 5.00 
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Your advrrtisement is  l r e i i i ~ .  read in  rwry Stnte and in 25 Forricn Countries 



/ THIS ECONOMICAL WAY/ ] 

of milk solids and fats. 

Spray cleaning with the new Hudson High- 
Pressure Dairy Sprayer is winning high praise 
everywhere. The effectiveness of this process 
is clearly demonstrated in producing clean 
equipment with big savings in clean-up time. 
It cuts cost of heating wash water more than 

The Hudson Dairy Sprayer makes these de- 
sirable results possible by providing a new e 5 -  
cient method for applying uniform strength, 
full potency cleaning solutions in the form of a 
.'.ye penetrating mist. , This mist gets into hard- 
to-re---h places penetrating and covering in a 
lnannei bhat takes full advantage of the chemi- 
cal and physical properties, of the new and im- 
proved cleaners now available. The cleaning 
solution in the sprayer stays clean and a t  full 
strength during the entire operation. 

This modern clean-up unit consists of a 4-gal- 
lon tank, specially reinforced to withstand high 
pressures and hard service: an easy-to-operate 
pump with patented plunger: 5 feet of 3/g" 
molded high pressure hose . . . and an efficient 

T H E  (!RB:':AI)IARY P A C K A ( i E  JIr'G., C'OXPANY 
1'243 \\-. Washington Hlvd,., C1iiaag.u 5 ,  Illinois 

Branches: Atlanta - Boston - Buffalo - Chicago - 
Dallas - Denver - Kansas City - Los Angeles - Min- 
neapolis - New York - Omaha - Philadelphia - Port- 
land, Oregon - Salt Lake City - San Francisco - Seattle 

>'our rtd\-rrtiartnrnt i s  Itrlag rencl i t )  #.very Sl l l lv  i l l l t l  i l l  2; l . ' ~ r ( . i ~ l l  I ' ( l l l l l t r i t ~ ~  



Culture Media for Examination of  
MILK and DAIRY PRODUCTS 

for Plate Counts 
I 

Uacto-Tryptone Glucose Extract Agar is recommended for routine 
plate counts of bacteria in milk. This medium conforms to 
all requirements of "Standard Methods for the Examination 
of Dairy Products" of the American Public Health Association, 
except that it does not contain skim milk. 

Bacto-Proteose Tryptone Agar is recommended for determinations 
of the total bacterial plate count of certified milk. This 
medium is prepared according to the specifications of 
"Methods and Standards for Certified Milk" of the American 
Association of Medical Milk Commissions. 

for Detection o f  Coliform Bacteria 
Bacto-Violet Red Bile Agar is widely used for direct plate counts 

of coliform bacteria. Upon plates of this medium accurate 
counts of these organisms are readily obtained. 

Bacto Brilliant Green Bile 2% and 
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." 

for Detection o f  Molds 
Bacto-Potato Dextrose Agar is an excellent medium for detection 

and enumeration of molds and yeasts in butter and other 
dairy products. The formula of this medium corresponds 
exactly with that specified in "Standard Methods." 

Bacto-Malt Agar is also widely used for determinations of the 
mold and yeast count of dairy products and for control of the 

. sanitary conditions of manufacture. 

for Cultivation of  Lactobacilli 
Bacto-Tomato Juice Agar and 
Bacto-Trypsin Digest Agar support luxuriant and characteristic 

growth of Luctobac.tlltts uciclopl~iltrs, and are well adapted for 
use in establishing the number of viable organisms in 
acidophilus products. These media are also widely used for 
estimation of the degree of implantation by L. ucidopltilzcs. 

Specify "DIFCO" 
THE TRADE NAME O F  THE PIONEERS 

In the Ileaearch and Development of Eacto-Peptone and Dehydrated Culture lledia. 

Yulrr a ~ l % ~ ~ r I i * e t n v l ~ l  i* I,t.iln~ rr;ul i t ,  r b v r y  Xlnlc rlncl i n  ?.i 1,'orriyrt I 'tb~tntriv* 
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