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ASSAY O F  COIvS1 URINE FOR. PREGNANEIIIOL '.' 

n. L. IIILI,,' TY. E. PETERSES, .IXD S. 11. VOITES 

1)irixiotr of 1)nir.q R ~ r x b n t r r l r ! ~  
I'tricf,r:qity of Jliirtrrsoln, Sf .  Pat11 

The presence of pregila~iediol in borilie urine has been reported (3,  5, 7). 
Ve~l~li i lg and Erolrlie (12)  isolated a \rater-soluble pregnanediol complex from 
the urine of women and were able to correlate its presence with all active corpus 
luteuni. That progesterone is a precursor of preg~ianediol was denionstrated 
experimentally by JIuller ((i), who recovered 11.5 mg. preg~la~iecliol from the 
urine of a hysterectomized \roman who had I-eceired 30.0 mg. progesterone. 
Heard et nl. (2) \\-ere able to recover pregnanediol in the urine of rabbits as a 
result of administering progesteroile to them before and after hysterectomy. 

Marker ( 3 )  obtained 25.0 mg. pregnanediol per gallon of pregnant cows' 
urine by hydrolyzing the butanol extract by steam distillatio~l ill the pres- 
ence of strong alkali. Other reports, from Marker ( 4 )  and Jfarker e t  al. (5 ) ,  
state that bull wine contained 100.0 mg. pregnanediol per gallon and that 
steers' urine contained none. Striclrler et al.  (9) used the method of Venning 
and were not able to find sodium pregna~lediol gl~,curonidate in urine from 
bulls or steers. O'JIoore (7) reported a concelltration of pregnanediol in 
boritie urine ranging from 3.2 to '7.2 mg. per liter, whereas Steve~lso~l (8)  found 
that pregnanediol is either absent from the urine of pregnant cows or is excreted 
in quantities too small to be detected by the usual procedures. 

I t  was the purpose of this study to ascertaiii the amounts of pregnanediol 
excreted ill the urine of cattle and whether or not its presence could be used as 
an  index of the activity of the corpus luteum. 

NATERIA1,S AND METHODS 

Urine samples were collected from co\rs in the third, fourth, fifth, sixth, 
seventh, and eighth month of gestation and examined for pregllallediol accorcl- 
ing to the procedure published by Astwood and Jones (1). They found that  this 
method gave good results on hnman urine when the concentration of pregnanediol 

Received for publication July 31, 1053. 

' Scientific Journal Series Paper No. 3023 hlinnesota Agricultural Erperin~ent Station. 

'Data presented in this paper are from a tl~esis subn~itted by the senior author to the 
graduate faculty of the University of Minnesota in partial fulf i l ln~e~~t of the requirements for 
the Ph.D. degree. 

'Present address: Department of Dairy Husbandry, Purclue University, Lafayette, Indiana. 
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\\-as more than 3.0 mg. per liter. AII assay for sodiuni prrp~ia~letliol glucurolii- 
date was made ac.rordiiig to Ve~i~i ing  (1 1). This metliotl is c.onsidered unreliable 
when there is less than 5.0 Inp. per sample, but it call be usetl as a clualitative 
test for preselice or absence. Since the chemical properties of bovine urine 
differ froin hnmau nrille, recovery trials with pregnailediol ancl sodium prep- 
iianecliol glucuronidate were coiiducteil to test the validity of using these 
methotls. These procaedlires were also testcbtl witti liliiiia~i pregllallcy urine. 
Further, the adaption of the Ast\\-ood ant1 Jones proc.eclrire for colorinietric 
deterniinatio~l of pregaaliediol by Talbot c t  01. (10) was r~setl. ant1 itbsorptioll 
spect1.a were ~liatle with a Rec.Bma~l Model R sprc.trophoto~li~t(~r. 

Using the absc.iicr of a cltararteristic \vliitisll crystalli~tr niatcrial 011 \\.ltic.h 
to deteriiii~le a iiielti~ig ],oilit as ~tegatire for prrp~ia~ltvliol, thc. cow 111.i1lc.s cs- 
alninecl according to the .ist~vood alld Jo11c.s proceclnrc ill this strrtly \vtbrtl all 
iiegative. When the method was used on a 1.0-1. sanlplc. of 11nm;111 1wepnallc.y 
urine. 18.3 mp. material ~vittl a i i iel t i~~g point of 224-23' C'. was obtained. 

The. efficiency of the niclthotl for re(-ovrri~tp prep~~alletliol atitled to cao\v ~ l r i~ t t ,  
was testrtl by addillg 15.0 n ~ p .  preplia~letliol at tliffere~it stag(1s of thr l)ro~e(llrrc' 

Vol. Pr~ag- l'rcg- 
of 11:111c~iIiol I-:I 11ctIio1 J f r l t i ~ ~ p :  

sn~~~pl tn  :~eltlrcl r ~r~orc~rt.;l ~ )o in t  " I<VIII:I rk + 

(7111.) (Yf/.) (ill{/.) f "  c) 
500 (wntrr'l 15.0 12.9 2 2 - 2 3  \ V i t l ~ o ~ ~ t  II('1 I~ytlrolysis 
5110 ( ~ ~ r i l ~ i * )  15.0 10.2 2.72-235 \\'itllout IIi'I I~ytlrolysis 
500 ( I I ~ ~ I I ~ .  I 16.0 9.6 5 - 2 3  P r r g ~ ~ a ~ ~ r r l i o l  atlelrcl prior 

to H('I I~ytlrolysis 
500 (urine. 1 15.0 111.7 5 - 2 2 1  P r i ~ g ~ ~ : ~ ~ ~ e t l i o I  atldrtl prior 

to H('I I~yclrolysis 
500 (11ri11c. ) 15.0 111.1 2 2 2 3  PrCgl~a~lrcliol atltlrd prior 

to HC1 I~ydrolysis 
500 (uril~c.) 1.5.11 13.2 I - 2  Prrgt la~~cdiol  after ITCl 

I~ytlrolysiw 

500 (urillc- I ('olltrol 0.8 \T:~sy resitluc only 

'Pure  pregnanediol melts a t  about 235" C. 

TABLE 2 
The r.rcrction of prrgnnitediol in ~ ~ r c g n o n t  row rrrinc~ 

Vol. of St:l ye. of P r c - g ~ ~ ~ ~ ~ ~ c t l i o l  
saaq)li- g i~s t :~ t io l~  recovered I3c.a1:1 rks 

-- 
(nil.) ( ~ ~ t o . )  (111s.) 
3,000 4.0 SOI~P Waxy rcuic111e only 

2,511 5.0 Sane \Irnxy resitluc~ only 
1,orlo (;.(I Solkc \V:lxy rcaitlur oaly 
2,500 i.0 S o n c  \C':lxy rexitluc. or~ly 

850 8.5 Sollt. \C':txy rrsirlur o11ly 
250 8.5 Sol lr  \\.axy resic111e vllly 
2 3 )  o!-:~rir(.to~~~izi~tl Sone  \C':~xy resiclr~r ollly 
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to aliquots of a 3,000-nil. sample. The results of the recovery trial are given in 
Table 1, and the resnlts obtained on cow urine are given in Table 2. 

Cows' pregnancy urines also gare negative results for excretion of preg- 
nanediol as the water-soluble coinplex, soclium pregnanediol glucnroniclate. The 
residues obtained were only waxy or oily appearing substances. The method 
recovered 33.9 mg. from 1.0 1. of h~unan pregnancy urine. The results of recovery 
trials on co15- urine to which sodium pregnanediol glucuroiiidate was aclded are 
given in Table 3, ancl a ~~~~~~~~y of the tests oil pregnant con- urines is given in 
Table 4. 

TABLE 3 
Tke recorer!) of sodival ~~rc.gttanrdiol glrtr~tro~ridate nrldetl to eotr trrin~ 

Vol. of Sotliuul pregnanediol \Vt. of residue Melting 
sample glur~~ronidate added reeorerecl point " Renr:~ rks 

(sll.) (ltt9.) 
2,500 46.6 
2,500 Control 
1,ooo 20.0 
1.000 ('ontrol 

(" C.) 
242 

IVasy resitlrle only 

' Pure sodium ]~regt~anetliol glururoniclate n~eltv at 268-71" C. 

TABLE 4 
Tlrc exerrtion of aodirtir~ prrgnntrrdiol glrrrtrroiridatr iw pregnant row itrinrs 

(?)I?.) (9110,) (1119.) 
3,000 4.5 Sone  Waxy residue only 
2,600 5.0 Xone Wasy residue only 
4,000 5.5 Sone  Waxy residuc. only 
4,0011 6.0 Sone  If7axy residue only 
2,,(100 7.0 None Wnsy residue only 

When the niethod of Talbot et al. (10) for the colorimetric determination of 
pregnanediol was used on cow urines, results indicating a concentration of 5.2 mg. 
pregnanediol per liter of urine were obtainecl regardless of whether the urine was 
collected from a pregnant cow or an orariectomized subject. However, absorp- 
tion spectra made on the residues estracted from these bovine urines do not 
agree with the absorption spectrum of purified pregnanediol. The absorption 
spectra obtained are shown in Figure 1. 

The application to cow urine of methods suitable for determining the presence 
of pregnanediol in human urine clicl not reveal pregnaiiediol to be present in 
cows' pregnancy urines. I t  is desirable, however, to be mindful that the chemical 
composition and characteristics of cow urine and human urine differ greatly. 
Therefore, the methods developed for use on human urine may not be entirely 
effective when used on cow urine. I t  mas observed that the initial extraction re- 
moved rather large amounts of material from the con- urine. but the parification 
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FIG. 1. Absorptioli spectra of residues estl:ictrd from \.arious orilies eompnred to preg- 
nanediol. 

proceclure clid iiot produce the characteristic whitish colored crystals. Since 
recovery rates were 59.462.2% when known quantities were added to cow urine 
a t  a concentration of 20-30 mg. per liter and compare rather favorably with 
61.5-80.0% recovery rates which Astwood ancl Joiles ( I )  report for their method, 
i t  does not seem likely that the negative results were obtained solely because any 
pregnanediol present was being adsorbed to the waxy material and lost in the 
purification procedure. No difficulty was encountered in applying the methods 
to human pregnancy urine, and the opinion is held that the methods should 
have detected pregnanediol in cow urine if it were present in weighable quantities. 

The colorimetric determination for pregnanediol on cow urine gave results 
that would indicate the presence of small amounts of pregnanediol in bovine 
urine. The concentration of 5.2 mg. per liter is in good agreement with the 
concentration between 3.2 and 7.2 mg. per liter reported by 0' Moore (7). How- 
ever, inspection of Figure l reveals that the color developed apparently was not 
not due to pregnanediol but more likely was the result produced by a mixture 
of steroidal compounds. It is also of interest that the concentration of these 



compounds in the urine of a spayed cow clicl not differ greatly from the concen- 
tration found in the urine of a pregnant cow. 

The results obtained in this study tend to concnr with the findings of 
Stevenson (8), who conclucled that pregnanediol is either absent from pregnant 
cow urine or present in quantities too small to be measured by these procedures. 
Hence, i t  is apparent that the conversion of progesterone to pregnanediol and 
excretion via the urine is not the important patlirvay of progesterone metabolisiu 
by the bovine. 

SUNM.\RY AND CONCLUSIOKS 

Cows' pregnancy urines were assayed for pregnanediol, using the gravimetric 
methods for recovering this substance froin I~nman nrine. No pregnanediol \\-as 
recovered. If present, the quantities were too s~nall to be ineasured by these 
procedures. 
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T H E  INFLUENCE O F  DIETARY CALCIUM AND PIIOSPHORUS ON 

T H E  ISCIDENCE O F  JIILIC FEI-ER I S  DAIRY CATTLE 

J. 31. BODA asn H .  H .  COLE 

Uirinioir of Airie~al Hrrxbaiidv!l 

Citirrrsit!l of Califoritin, 1)ari.e 

Tliis paper is concerned with tlie influence of varions anioru~ts ant1 ratios of 
dietary calcium awl l>liosphorus oil the postpartum blood c.alciuni and ~)liosphorus 
levels of colvs and wit11 the development of a inethotl for preve~itilig a anrtabolic 
disease of dairy rattle, parturient paresis or  niilk f t ~ e r .  This ~ii~tlincl is based 
on three general assulnptio~ls: first. tliat milk fever resrilts from a liypocalceniia 
iiiclaced by tlie rapid loss of calcinm from the hlood to the niilk at  tlie onset of 
lactation; second. tliat this hypocalcemia ~vil l  not occnr if the ~>arathyroid plalids 
secrete a suficient amoluit of parathyroid hormone to mobilize calein~ii froni the 
hkeletal reserves, and, third, tliat a low-calciunl I~igIi-~liosplior~4 diet fed fnr 
wme time before parturition will tent1 to lower blood c.alciruii, tllr~s cansing a 
compensatory hypertrophy of the parathyroids such that at  partrlrition sufficient 
hormone ~s-ill be secreted to nlaiiitain a nor1na1 serrIn1 calci~iln level. irrespective 
of the calcium drain tliroligh lactation. 

That milk ferer is clue to parathyroid insnfficieucy was first proposed, with- 
out esperilnelital evidence, by Dryerre alicl Greig (8). They reasoned that  the 
tliwase probably resulted froni the rapid loss of calcium froin the bloocl stream 
to the main mar^- glancls and postulated that the predisposing cause of milk fever 
~iiight be parathyroid clysfunctioii on the basis of tlie follo~ving facts: The disease 
i* intimately associatecl with the onset of lactation; it occurs liiost frequently in 
high producing cows ; colostrnm contains large amo~uits  of calcilul~ relative to the 
total circulating blood calcium; and tetany is often one of the early symptoms. 
-1s yet it has not been shown definitely tliat tlie parathyroicls are iiirolved in 
luilk fever, but the majority of evidence i~idicates that this is true. I t  has been 
sliotr-11 repeatedly that hypocalcemia is clefinitel>- associatecl with milk fever. 
Little and Wright (27), the first to report low serum calcium levels in cows with 
~iiilk fever, observecl tliat tlie severity of the symptoms \\.as roughl>- proportional 
to tlie fall in serum calcium. Tliis finding has been confirnied by a number of 
investigators (9. 11,16,36). Greig (17) deinonstrated that the serum calcium 
levels of cows treated for milk ferer by the method of udder inflation rise rapidly 
to normal and continue to above iiormal levels after recover- ancl that milk fever 
can be successfnlly treated by the intravenous injection of calcium gluconate. 
Seekles (34) injected sodium osalate into cattle, obtaining hypocalcemia and 
symptoms similar to those of illilk fever. Recent esperiments by Siedermeier 
c t  al. (32) have demonstratecl the importance of lactation in the drop of serum 

Received for publirntioa Scptelnlter 17, 1933. 
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calcinm at  parturition. They found that the consistent decline of serum calciun~ 
n-hieh occurs in vo~vs immediately after c a l v i ~ ~ p  can be partiallj- prevented by 
mastectomy. 

I n  acldi t io~~ to the severe drop of serum calcium in milk fever, a marked 
decrease of sernni inorganic phosl>llor~is ( I S ,  20. 43) and an  increase in serum 
maplesiun~ levels occur (1 .i, 20). The I~ypernlagnesemia. in particular the lo\vered 
calciunl-nlapnesiul11 ratio, has been proposed as the cause of the coma which 
invariably wconlpa~~ies acute attacks of n~i lk  fever (20). 

The essential role of the parathyroiil gland in regulating the metabolism of 
calcium ar~tl pliospl~orus has been recognized s i ~ ~ c e  the origiual investigation of 
C'ollip (6). Parathyroid hormone tends to maintain blood calcium at normal 
levels either by tllc direct tlissolution of bone (24 ,39)  or illdirectly by controlli~lg 
the renal esc.retio~l of phospl~atr ( I ) .  The secrc t io~~ of parathyroid hormone in  
turn is d e t e r n ~ i ~ ~ e d  by the levels of czirculating blood calei~un (3.3). When the 
bloo~l calci~~lll falls. the parathyroids are stimulatetl; lvl~en it rises, they are 
clepreswd. Tllns factors whic.11 tend to increase I)lootl calciunl levels will in- 
directly inlribit the parathyroitls, ~vl~ereas  those w11ic.h tend to lower blood calcium 
stimulate the parathyroids. 

The relative amounts of dietary calcium and phospliorus i~~f lne~ lce  markedly 
the size and, presrunably, the activity of the parathyroids. 3Iariiie (29) dem- 
onstrated that a lo\v calcilinl diet \voulil cause parathyroid I~ypertrophy ancl 
hyperplasia ill the fowl. Lure (28) confinned this finding in rats. Since this 
early work, a large number of investigators hare stndierl the influenre of various 
dietary calciuln and phosphorus levels on the mtir i ty of the parathyroids. 
Ranmann and Sprinson ( 2 )  prodnced hypertrophy of the parathyroicls in rabbits 
by feeding a lo\\--calcium high-phohphorus diet. They reported an  enlargeme~lt 
of the paratllyroiils of two to three t i~nes normal and an apparent increase in the 
circulating parathyroid hormone levels. Ham e t  nl .  (18)  observed increaqecl para- 
thyroid size in rats fed a low-ralci~un high-phosphorus diet but not in rats fed a 
high-calcium low-phosphorus diet. I)e Robertis (7) submitted evidence that  the 
parathyroids of rats fed a low-caleinm diet exhibited increased cytological activ- 
ity. Sinrlair (3:;) fouild that a dietary calcium-phosphorus ratio of 1 : 3 increased 
gland size and that both hypertrophy and hyperplasia were i~irolvecl. Stoerk and 
Carries (38) forind a direct proportionality betlveen'the logarithm of dietary 
calcinm-pl~ospl~oriis ratio and the serum calcilim concentration over a wide range 
of dietary calcii~nl and phosphorus ancl a close inverse relation between the 
logarithm of the tlietary calcinm-phosphorus ratio and the volume of the para- 
thyroid glands of rats. Liegeois and Deriraus (2:;) demonstrated hyperpara- 
thyroidism iu slvine fed dietary calcium-phosphorus ratios of 1 :  5 to 1: 7.3. 
Although changes in calcium requiren~ents apparei~tly do affect parathyroid 
function in ruminants, stndies on the illfluer~ce of dietary calcium and phos- 
phorus lerels on parathyroid size anil activity in these species have not been 
reported. Campbell and Turner (if) have sho~vn that the parathyroid glands of 
lactating goats are about 15% heavier than those of nonlactating controls. 
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EXPERIMENTAL JIETIIODS 

The aiiimals used in this study were from a relatively high producing herd 
of purebred Jersey cattle in which there is a rather high incidence of ~ni lk  ferer. 
Only cows which previously had calved a t  least three tinles were employecl. The 
cows were randomly divided into four groups over a period of about 2 years ancl 
were fed diets containing various amoui~ts of calcium and phosphorus for vary- 
ing periods before parturition. Immediately after calving, they were fed tlie 
normal herd ration used during lactation. The cows were individually fed in 
stanchions during the experimental period. Since roughages are high ill calcium 
in comparison with the cereal grains, i t  was necessary to restrict the amouilt of 
such feeds the cows received in order to limit the total calcium intake. This, in 
turn, limited the amount of concentrate which could be fed, for if the roughage: 
concentrate ratio became too small, the animals bloated and x~-onld not eat. 

The ration each group received was as follows: Group I ,  iluniberiiig 14 co~vs, 
receired alfalfa hay ad libitum during the entire dry period of 2 to 3 mo~ltlis. 
The calcium : phosphorus ratio of alfalfa hay was approximately 6 : 1 (Table 1 ) .  
Group 11, 16 corns, receired each day a low-calcium high-phosphorus diet con- 
sisti~ig of 5 Ib. of oat hay and 5 Ib. of ground barley, to which \\-as added mono- 
sodium phosphate at the rate of 1.3 Ib. per 100 Ib. barley. This ration was fed 
once a day in the morning. The daily intake of calcium and phosphorns amounted 
to 0.0135 and 0.0447 lb., respectively, the calcinm :phosphorus ratio being 1 :3.3. 
This ration was fed for periods ranging from 9 to 73 days before parturition 
(Table 1 ) .  Group 111, 20 cows, received ~vhat  is usually considered a balanced 

TABLE 1 

Cotes fed alfalfa hay during the dry  period 
(Ca:P ratio, approxisiately 6 : 1 )  

5 
L T 2- Serum Ca and P 

J w = Y  
C) 

3 
$< , f l  (nig/100 nil) 3 

m m Y ' - L - '  : * L  
Cow $ E p - :: .- - - % G O  
NO. w - 2  - .= = 8.0 X 1st day 

5 i .- 2-u 
c 5 % :  g z f  post par tun^ 

0 - 5 3  ? t J s  - - % h.2 <2 C ~ 1 ,  2 m ; . ~  Ca P 
Vd 

288 11 7-18-51 - 4.5" .i40 8.43 2.70 
298 11 10-20-51 - 412 237 

...... 330 10 9-24-.i1 - 36.5 
379 10 11-28-31 +" ti04 773 
386 10 10-17-31 - 449 472 
397 9 10-18-51 - 192 43.5 
413 9 8-24-51 - ,539 095 

...... 418 9 9- 1-51 + 330 
429 9 7-25-51 - 331 368 
519 8 6-13-51 - 3 .i .i 392' 11.37 4.51 ...... ...... 556 8 7- 4-51 -I- 616 5.59 
598 8 7- 9-31 + 324 498 4.33 0.90 
607 8 8-25-51 + 312 336 
704 6 10-26-51 - 468 493 

Mean 4.51 441 
8 f 4 3  f 145 

' Corrected to 305-day record. 
+ = Symptom8 of milk ferer. 
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TABLE 2 
Corrs fed a low-calciawt lriglt-plrospkorzu ratio11 before parturftion 

(Cn:P mito, 1 : 3.3) 

.- - C - Z. Se~.um calcium and phosphorus 
& u. 

1 r . 0  = z e  
0- (ntg/100 ml )  

b " 5 ' .  .& 
.;& - -- - - 2  E ;  = E C  a C C  1st day 4th day u 2-- 2.0 5.22 g.22 S ?  - - .- a z g  z.+- ?;a postpartum postpartum 

s q g p  EY, - %;? pp - 
So. b E L  2.: Egg %?s  - L Ca P Ca P 

213 12 .i-29--71 28 - 364 280' 9.%2 4.64 10.32 5.83 
233 13 11 1.31 78 - - I  .I  4 8.77 ...... 11.02 ...... .,-- 
3W l o  .i-24-,71 23 - 448 410 9.16 4.86 7.84 3.12 
365 10 12-23-51 43 - 493 609 9.10 6.88 9.20 5.43 
3 10 7 4 - 7 1  47 - 412 416 7.81 2.72 9.78 3.62 

...... 3V2 12 2-17-53 22 - 468 9.70 3.13 9.48 4.73 
416 !I 12-19-31 37 - 321 333 12.13 ...... 10.37 4.81 
491 1 U  3 19-33 19 - 474 ...... ............ ............ 
.593 8 I - i l  73 - 290b 399 9.98 3.04 10.46 3.82 
601 9 1- 3-32 52 - 422 464 ............ ............ 
643 ...... 7 7-20-31 33 - 34 1 .i00 9.3.7 4.59 11.67 
6.50 7 9-30-51 9 - 4.74 46.; 9 5 0  5.38 10.28 5.00 
660 7 7- 9-51 9 - 440 420 9.48 3.69 10.36 3.42 

............ 6iR 7 6-17-31 47 - 638 413 7.86 7.06 
7.71 6 7- 8-51 68 - 439 388 11.11 5.71 10.96 3.82 
738 7 2-22-83 27 - 385 ...... 9.53 4.17 10.55 3.42 

Mean 438 427 9.53 4.99 10.18 4.51 
S f 78 f 79 f 1.12 f 1.26 f 1.01 f 0.98 

' Corrected to  305-day record. 
' Mastitis. 

ration as regards calcium and phosphorus. The daily ration consisted of 4 lb. of 
oat hay and 10 Ib. of ground barley. To the latter, spent bone black was added 
at the rate of 2 Ib. per 100 lb. barley. Half of this ration was fed in the morning, 
the other half in the late afternoon. The daily calcium and phosphorus intakes 
were 0.0744 and 0.0746 lb., respectively ; the calcium :phosphorus ratio was 1 :l. 
The cows received this experimental diet for periods of 5 to 45 days before par- 
turition (Table 3). Group IV, 19 cows, received a high-calcium low-phosphorus 
diet consisting of 4 lb. of oat hay, 10 lb. of ground barley, and 6.25 lb. calcium 
carbonate per 100 lb. barley. The calcium carbonate was added in order to bring 
the calcium-phosphorus ratio of this ration to approximately the same value as 
that of alfalfa hay. The daily calcium intake was 0.264 lb.; the phosphorus 
intake, 0.0446 lb. ; the calcium-phosphorus ratio of the diet was 5.9 :l. Half of 
the ration was fed in the morning, the other half in the afternoon. The animals 
in this group received this ration 20 to 40 days prepartum (Table 4). ,411 of the 
animals used in the experiment were fed alfalfa hay ad libitum and were pastured 
on permanent pasture during the interval between the start of the dry period 
and the time they were placed on the experimental rations. 

In order to obtain information regarding the changes in blood calcium and 
phosphorus following parturition in the cows on the various diets and to diagnose 
definitely milk fever when outward symptoms occurred, blood samples were 
collected from most of the animals from the jugular vein by venous puncture on 
the first and fourth days after parturition. The blood was allowed to clot and 
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TABLE 3 
Cotcs fed a Aigk-calcitit~a high-pkospkorrtn ra t ios  before pat?coitiotc 

( C a : P  ratio,  1:1) 

.- - - 'EY r ,  Serum ealeii in~ alicl pliosphorus 
(1trg/lOO ttrl) 

P C'a P - 
213 14 
230 14 
282 12 
302 12 
355 11 
367 11 
362 11 
380 11 
413 10 
512 9 
1 9 
660 8 
678 8 
679 8 
-0- I-.) 7 
751 7 
756 6 
850 5 

7700 6 
FOP 6 

' Corrected t o  305-clay reeorcl. 
" Mastitis. 
+ =: Syn~gtoiiis  o f  111ilk fever.  

undergo syneresis. The serum was then clecanted and shipped by parrel post. 
Sometimes sereral days elapsed between collection and tlie time the analyses were 
made. This led in some cases to considerable hemolysis, and in s11cl1 instances 
serum inorganic pliosphorus \\?as not determined. Aiialysis of serum calcium was 
made by the n~ethod of Clark and Collip ( 5 )  and analysis for serum inorganic 
phosphorus by the method of Fiske and Subbarow (13). 

Three-hundred-fire-clay prodnction records on twice dailj- n~ i lk i l~g  mere ob- 
tained for the experin~ental cows tuider the program of the Dairy Ilerd Improve- 
n i e ~ ~ t  Assoeiatio~l for the years immecliately preceding and f o l l o ~ ~ i i ~ g  tlie esperi- 
mental period ill order to determine \vhether or not the esperime~~tal  ration had 
any influence on lactation. If lactation had not been completeil at the tiine the 
data were collected, tlie production records were estimated to 30.5 days, using the 
correction factors given by Turner (40). 

RESULTS 

Table 1 presei~ts the results obtained froin the cows rece i~ing alfalfa hay 
during the entire dry  period. Five of the 14 aiiinials exhibited clinical symptoms 
of milk fever shortly after parturition. Only a few blood samples were collectecl 
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TABLE 4 
Colrv frrl n Liglr-mlrirral low-pkosplror~rx ratio11 before pnrttrritio~b 

( C a : P  ratio, 5.9: 1 )  

.- - - - L-. - % 

.=, Serum ealciual and phospl~oros 
Y c  ., 

2 z.2 3 O - S  
(111g/100 nt2) 

2 s w c  q ;  23 zgy  - 
'= . c e  = O  z c >  2 = >  

U -  5 2 -  a $  . 5.5; 1st d a y  4th day  t ?  - - - .- 2 %  2 SZ" ss" postpartom postpartum 
Cow a - - ws : . 2." So.  4 L .- - c . L  r/: = x " S  rn 1' ca P 

fro111 the ani~nals of this gronp, not enongll to slio\\- any trends in serum calciu~n 
and phosphorns. There was no (1ifferenc.e in the average amount of milk produced 
for tlie years immediately preceding and follolving the esperimental period. 

The data obtaineil from the co~vs receiving the lo~r--calcium high-phosphorus 
diet before parturition appear in Table '2. Sone of the 16 animals in this gronp 
developed milk ferer. There was a slight fall in serum calcium and a rise in 
serum inorganic pl~osphorus at parturition; the ralnes returned to normal by 
the fourth (lay postpartnm. These changes in calcium and phosphorus are in 
line wit11 those reported in the literature for normal cows. that is, cows which do 
not ilevelop ~ni lk  f e ~ ~ r  (3). C ' O I I I ~ ~ P ~ S O I I  of p rod~ i~ t ion  records made before and 
aftrr  the esperiiuental period slio\\- that tlie grepartnm ration, although deficient 
in protein ant1 total digestible illitrielits compared with the Jforrison Feeding 
Standards 131). had no appreciable infliieiice on the subsecluent lactation. I n  
cxlcnlating the ~ncans  and standard deviation of the means, the production rec- 
ords of the co~vs with severe mastitis were exclnded in this table, as  in following 
ones, becanse of the marked influence of this disease on lactation. 

Table 3 presents data obtained froin the cows fecl the high-calciam higli- 
phospl~orus ration before parturition. Three of the 20 cattle in this group de- 
veloped clinical symptoms of milk ferer (Cows 660. 678. and 751). However, 
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two of these animals (Cows 660 and 751) received the esperinieiital ration for 
a short time, and since they mere fed alfalfa ha)- for the niajority of the dry 

period, they probably should be considered comparable \vith the animals in 
Table 1. Analysis of the serum collected from these two cows on the day of par- 
turition showed that a rather serere hypocalcemia hacl occurred, confirming the 
original diagnosis of milk fever. fn addition to the three cows which exhibited 
clinical manifestations of milk fever, three others of this group (Cows 362, 725, 
and 756) were hypocalcemic on the day of parturition, but outward symptoms of 
lnilk fever were not evident. Possibly the lowered blood calcium was only tran- 
sitory, not of sl~fficient duration to cause the typical syndrome associated with 
milk fever. Determination of the means and standard deviations of the serum 
calcium and phosphorus levels of this group for the first and fourth days post- 
partum, excluding the cows which exhibited outward symptoms of milk fever, 
led to calcium values which are approximately 1 nig. % and 0.5 mp. % lower than 
similar values for the cows in Table 2. However, the variation between individ- 
nals is too great for the differences to be statistically significant. There is no ap- 
preciable difference in the average serum phosphorus levels between the first and 
fourth days postpartum. There is also no difference in this respect between the 
co~vs in this group and those which received the low-calcium high-phosphorus 
cliet before parturition. Comparison of the average lactation records preceding 
and following the experimental period indicates a decrease in production, al- 
though the difference between means is not significant. It is doubtful that this 
drop in production was due to the experimental ration, since the majority of the 
co\vs in this group were on experiment less than 1 month. A more plausible 
explanation is the fact that most of the production records for the year following 
the experimental period were not complete when the data were collected. These 
incomplete records were corrected to 305 days, using correction factors (40 ) ,  
whose derivation appears to be based on animals with less lactation persistence 
than those used in this experiment. 

Table 4 presents data obtained from the cows fed a relatively high-calcium 
low-phosphorus ration. Five of the 19 cows in this group developed milk fever. 
Analysis of the blood collected on the day of parturition from four of these five 
cows (Cows 352, 397, 407, and 604) demonstrated that they were hypocalcemic. 
The serum calcium level of the fifth cow was normal on the day of parturition 
(Cow 708). This apparent discrepancy can be explanied by the fact that this 
particular animal did not develop clinical symptoms of milk fever until several 
days postpartum, some time after the blood sample was collected. Determination 
of the means of the calcium levels of serum collected on the first and fourth days 
of parturition led to values similar to those obtained from the cows of Group 111. 
Here again, however, the difference between the means is not statistically sig- 
nificant. There was no difference between the production records for the years 
preceding and those following the experimental period. Records made during 
the latter period were all incomplete and, except for lactations covering less than 
3 months, were converted to a 305-day basis, using the correction factors already 
referred to. 
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Several of the cons fed the low-calcium high-pliospl~orus diet before parturi- 
tion (Table 2) also receired either the high-calcium high-phosphorus ration or 
the high-calcium low-pliosphorus ration dllring the subsequent dry  period. The 
data obtained from these eight cows for the two successive years are conipiled in 
Table 5. Four of the eight cows which did not develop milk fever when fed a 
low-calcium diet were affected with the disease when they received a high-calci~un 
diet before parturition. Three of the corns (Cows 213. 678. and 751) were on 
experiment only a short time the second year. Since they received alfalfa hay 
with a calcium-phosphorus ratio approximating 6 : l  for ~iiost of the dry  period, 
they probably can be considered comparable with those receiving the diet con- 
taining 5.9 :1 calcium-phosphorus ratio. The mean serum calcium levels were 
approximately 1 mg. and 0.5 mg. % lower on the first and fourth days post- 
partum, respectively, when the cows receired a high-calcium. as  compared with 
a low-calcium, ration. From this it appears that a low-calcium diet tends to 
prevent a fall in serum calcium a t  parturition and beginning lactation. 

A summary of the results obtained for the cows fed the various rations is 
presented in Table 6. The data indicate that the low-calcium high-phosphorus 
diet has effectively prevented milk fever and that the incidence of this disease 

TABLE .5 
Cows fed a lozr-ealcirr?~t ration during onr dry period awl a krglr-calcin~a ration 

the sltbscqnrnt dry period 

Sertlln calciu~ll and phosphorus 
f n1g/100 ml)  2 7  

2 2  
g gs 
C, l v t  day 4th day . pustpsrtum postpartum 
%=a 

- 27.5 
- 422 
- 290" 
- 3li4 
- 448 
- 440 
- ti38 
- 439 

Mean 439 
a f l 0 9  
- 4.74 
+' 464 - 399 
- zxn= 
- 410 
+ 419 

678 7-14-52 5 1 : l  + 41.i 6 ............ ............ 
751 8-13-52 S 1 : l  + 3SY 400' 6.34 11.63 ............ 

Mean 404 3.58 8.57 3 9.60 4.94 
s f .i3 f 63 21 .07  2O.BY f 1.11 f 1..57 

' Corrected to 305-day lactation. 
Mastitis. + = Symptoms of 111ilk fever. 
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TABLE 6 
S z t n ~ n ~ a r y  cf rrxtrlts 

Serum ealeium and phosphorus 

Incidence _ (iitg/100 nt l )  

Exptl. of 1st day postpartum 4th day postpartum 
ration milk fever 

Group No. (':L: I' rafio ('70) Ca P ('a P 

increases a s  the calcinm-phosphorus ratio of diet increases. Statistical eraluatioli 
of the clata demonstrates the following: There was no difference in the incidence 
of milk ferer between C;ro~ip I, fed alfalfa hay with a 6: l  calciom-pliosphorus 
ratio, anil Group IV, fed a ration with a ratio of .5.9:1. The clifferelice and 
standard error of the difference between the two groups in this respect were 
0.10 2 0.16. This \vould inclicate that the calciunl-phospliortis ratio of tlie diet, 
ant1 not the tliRerenees between alfalfa hay and a ratio11 of oat hay and barley, 
is tlie i~iiportant factor in milk ferer prereiitioli. Since the i~lcitlence of milk 
ferer and the dietary caleiam-phosphorus ratios of these two diets were esseiitially 
the sanie. the two groups were combinecl for statistical comparison with the 
aliimals reeeiviiig the lorn-calcinn~ high-phosphorns ration (Group 11). The pro- 
portion of a~iimals which dereloped symptoms of milk ferer ill the combined total 
is 10/:3:3, or 30%. The !IOC/c co~ifidence interval for this estimated proportion is 
0.18-O.4A. T'si~~g this lower limit, that is 0.18, it follo\vs that the probability of 
16 colvs not de re lop i~~g  milk ferer (as occurred in Group I1 ) is 0.04. Thus, o ~ ~ l y  
four tiines in 100 will this occur by chance alone. and under the co~~dit ions of this 
experinlent it appears that. feeding a low-c.alciii111 high-pliosplior~is diet before 
parturition is all effrc.tivr means of 131-ereiiti~ig milk fever. 

The resnlts of this experiment iiitlicate that a low-calcirin~ high-phosphorns 
ration fed for approximately 1 nloilth before parturitioii will prere~i t  milk fever 
in clairy cattle. Although no direct eridence is available, the suggestion is made 
that prerention resnlts from a compensatory hypertrophy of tlie parathyroid 
glands due to the low-calcium diet, such that a t  parturition and the initiation of 
lactatio~i the iilcreasetl ralcilim ilraiii is compensated for by the illcreased mobili- 
zation of calcium froin the skeletal reserves. That this may be the c8ase is indicated 
froin results obtainetl by Campbell and Tnrner (j), who deinol~strated para- 
thyroid hypertrophy in rabbits fed a ration consisting of blne grass hay and 
corn, but not in rabbits fed alfalfa hay, rorn, and oats. These rations are some- 
what comparable wit11 those fecl to the cows in Groups TI aiid I of this experiment. 

Several other procednres hare been suggested in the literature for the pre- 
vention of milk ferer. Gonld (15) and Mattick and Little (30) claim to have 
reduced the incidence of milk ferer by feeding high-calcium diets. IIowerer, the 
results of these inrestigations are inconclusive, and the ralne of high-calcium 
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diets in milk fever prevention has not been clemonstrated. Since high-calcium 
diets should depress ratlier than stimulate the parathyroids. such a procedure is 
ill direct opposition to the theory that the disease is a condition resulting from 
parathyroid ilysfanetion. 

Turner (41) suggested that prepartum milking might reduce the incidence 
of milk fever by grailually introducing lactation, thus giving the calcium mobiliz- 
ing factors a chance to become functional and meet the demands of lactation. 
Smith and Blosser (37) and later Eaton et al. (10) investigated the influence of 
prepartum milking on the incidence of milk fever and the clianges in serum 
calcium and pliosphorus accompanying parturition. Smith ancl Blosser (37) 
found no rednetion in the incidence of milk fever between tlie co~vs milked pre- 
partum and the controls. This fact appears to be in conflict with the supposition 
that a mild calcium stress, as imposed by low-calcium diets or  prepartum milking, 
might stimulate the parathyroids and prevent milk fever. Ilo~verer, the cows 
milked before parturition which developed milk ferer produced an average of 
only 8.1 Ih. of milk per day on the day preceding parturition. This represents a 
calcium loss through lactation of approximately 4.5 g. per day. Although no 
information concerning the daily calcium intake is presented, in all probability 
it exceeded the calcium loss to the milk by a considerable aniomit. In  this case 
then, prepartum milking probably did not actually present a stimulation to 
calcium mobilization. I t  would be interesting to see if prepartum milking soper- 
imposed on a lorn-calcium dietary regime ~vould prerent milk f e ~ e r .  

Little and RIattick (26) suggestecl tliat r i ta~nin  II might be beneficial in the 
prevention of milk ferer. Campbell and Tllriier (I) made a rather tl~orough in- 
vestigation of the relation of vitainin D to calcium inetabolisin ant1 parathyroid 
function. They demonstratecl wit11 rats tliat a low-calciuin low-vitamin D cliet 
caused parathyroid enlargement; tlie adclitioii of ritatiiiii D (D, or D,) partially 
prevented iiirrease in gland size. Wlie~i rats were fed a Iii?rl~-calcium low-vitamin 
II cliet, paratliyroicl enlargement occurrecl, ancl tlie addition of vitamin D to the 
ration returnetl the parathyroids to normal. They also demonstratecl that esces- 
sire closes of A.T. 10 (Hytakeral) led to parathyroid depression ill rats. In 
experiments \vitli lactating goats, they founcl that feeding a total of 32 million 
I.C. of vitamia II in the form of A.T. 10 over a period of 4 clays led to increased 
blood calcium and pliosphorus. On the basis of tllese results, they suggested the 
follo~ving: T'itamiii D is a factor ~vhich enables calcium ~netabolisin to proceed 
~iormally with a minimum of parathyroid actirity. R1ie11 vitamin D is unarail- 
able, the calcium of the blood can remain normal only by increasecl parathyroid 
function. When vitamin D is supplied, calcium absorptiotl and utilization is so 
improved that parathyroid activity can be miniiiial. They suggested the use of 
vitamin D to buffer the parathyroid plaiicl from tlie sudden demand for greatly 
increaser1 activity following the initiation of lactation as a measure for preventing 
milk fever and cautioned against the use of excessire aniouiits of A.T. 10, which 
might depresq parathyroid actirity. 

Hibbs and coworkers (19,70,21,22.23) have inrestigatecl tlie use of vitamin 
II in the prevention of milk ferer over a period of several years. They found that 
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feeding one million I.U. of vitamin D (irradiated ergosterol) daily to cows for 
4 weeks prepartum and 1 week postpartum did not reduce the incidence of milk 
fever and had no infliience on serum calcium, phosphorus. or  nlagnesium levels. 
Because they suspected. in view of the findings of Campbell and Turner (4), that 
the use of vitamin D a t  these relatively low levels for prolonged periods might be 
inhibiting the parathyroids, they shortened the prepartnm feeding period to 5-7 
days and fed 5, 10. and 30 million I.U. of vitamin D daily.- They reported that a t  
the higher levels of vitamin D the inciclence of milk fever was significantly 
reduced and that the nsual drop of serum calcium at  partnrition was prevented. 

Recently, IVarcl. Blosser, and Adams (42) have reported that a severe negative 
calcilim balance occurs before partnrition in cows which snbsequently develop 
milk fever. They snggestecl that milk fever may be preceded either by a period 
of lowered calciuin absorption or by a period of excessive calcium excretion 
through the intestines and that this may esplain the value of vitamin feecling 
in milk fever prerention. 

Sisty-niile apccl Jersey co\vs were clirided into four proaps and fed diets 
containing variolis calcium-phosphorus ratios for varying periods of time before 
parturition. The iiicitlence of milk fever was determined. 

The results indicate that a low-calcium high-phosphorus diet (calcium-phos- 
phorus ratio of 1 :8.3) fed during the last month of the dry period effectively 
prevents milk fever. There appeared to be a direct correlation between the 
calcir~m-phospl~oriis ratio of the prepartum diet and the ineideiice of milk fever. 
Thus. 30% of the aniinals receiving a dietary calcinm-pliosphort~s ratio of 6 :1, 
15% of the colvs fed a dietary calcium-phosphorus ratio of 1 :1, and none of those 
fed a 1 3 .3  dietary ealeium-phosphorus ratio exhibited clinical symptoms of 
milk ferer. 

The postpartal serum calcium levels of the cows receivillg the low-calcium 
high-phosphorus diet tended to be higher than those receiving the high-calcium 
diets, although the results are not statistically significant. 

The various rations fed appeared to hare no appreciable influence on the 
subsequent lactation. 

The suggestion is made that the low-calcium high-phosphorus diet exerts its 
milk fever preventire action by inducing a compensatory hypertrophy of the 
parathyroid glancls. thus tending to avert the drop of serum ralcium accompany- 
ing parturition and early lactation. 
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USE O F  SPECIAL I'ROCESSEII SOYItEAN FLOUR AN11 WHEY 
SOIAI'HLES IN MILK R.EPLACEJIENT FOm1IlLAS 

FOR I)ATRT CATAVES ' 

J .  F. S T E I S ,  C. R.  KSODT,:' .\so E. R.  ROSS" 

I)rj~nrf I I I ~ ~ I I  t of /)airy R trxbantlr!~ 
Pr 111rx!~lrn1rin .4!1ric.rrlt trrcll E.rjtrri~rcrttt Sfntinit 

Stat~r Collrgr. 

Many calves hare bee11 raisctl s~ic.cessfully oil ~iiilk replacc~lii(~~it foriiitllas 
( I ,  2, 3, 1, 8). 111 recent years tlie slipply of soine of the ii~gredieilts ~lsed in 
these formulas has finctuatecl greatly. The clerelopmeiit of for~liulas based on 
more ecoliornic.al aiid generally available iiigredieilts appears desirable. Shoptaw 
(ti) reported that the use of soybean flow as a silbstitlite for c40w's illilk for 
dairy calves resnlted in poor growth. sConring, aiicl poor physical appearai1c.e. 

The further developnient of soybean flour for the feeding of lili~lla~i infants, 
as well as its availability ant1 eo~iiparatirely low cost, indicated that use of this 
material ill ~iiilk replace~ilerit foriiinlas for dairy calves should be studiecl. The 
results of feecling trials relative to the valne of a soybean flo11r (so lve~~t  extrac*tetl) 
ill calf 111ilk replaceii~eiit fonnulas are presented in this report. 

The proc.ednre follo\veil was itlcntic.al for tlie three trials prese~ltcltl. Thirty- 
six iiiale IIolstei11 calves were obtai~ied for each trial froiii I 'e~~~isylvania state 
institutional herds. The calves \Yere assig~ied individual solid-~valled pelis on 
a rai~ilomizecl basis to avoid positional effects. Steam heat, tlieriiiostatic~ally 
eontrolletl. was used to keep the temperature a t  a minimum of 65" F. 

The test aiiimals were divided illto six groups of six calves each, which were 
siniilar in body weight a t  4 clays of age. The>- were placed oil trial on thc 6th 
day aiitl reinai~led oil trial tlirongli the 49th day of age. The iiiilk replacenle~it 
forniulas fed in the three trials are presented in Table I .  The forintilas were 
all pronail after mixing, using a haiiiiiier inill equipped with a 1/32-in. screen. 
All forni~ilas \vere s~ispeiicled in water at 100" F. in open pails ant1 fetl according 
to the followii~g schedule twice daily: birth-.5th clay, dam's ~ililk or  4 Ib. 111ilk; 
6th-10th day, 0.3 Ib. replaceine~lt, 2 Ib. water, 2 Ib. ~n i lk ;  11th-18th clay, 0.5 lb. 
replace~iieiit, 5 lb. water; l!)th-28th (lay, 0.6 Ib. replaceme~it. 5 Ib. water; 29th- 
36th clay, 0.7 Ib. replaceme~~t, 6 Ib. water; :3'itli-49th day. 0.8 Ib. rcplac.c~nleiit, 
7 Ib. water. 

Rrc.circ11 for ] ) l~l~l ie;~t io~l  Si*ptrn~l)cbr IS, l!#.',R. 

' T : I ~ ~ I I  fro111 11:lta prrscl~trd ill :I tllrsis to thr gr:~clu:~te f:lcnlty of T11c P ' I I I I S ~ ~ V ; I I I ~ : I  S t i~ tc  
Vaivrrsity l ~ y  J. F. Stein ill partial f r i l f i l l~ l~c~~t  of tllr rrcluircnrel~ts for tllr degree of M;rstrr 
of Scir~lcr. Alttllorizrd as  p:ll)t.r S o .  181!3 ill the .Jonr~lnl Srrirs of the P r ~ ~ ~ r s y l m ~ ~ i : ~  F.xl)erilncnt 
Station. 
' Prearnt :~dclrrss: C.rllrl.:~l Mills, Illc., Iktroit, Jlic.11. 

" Presc211t a~ lc l r~ss :  C'1:trk's Sulrltuit, Pa. 
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All calves were fed a fair quality timothy-clover hay acl libitnm, with a calf 
starter fed ad libitum to a maximum of 5 lb. daily. The starter \!-as composed 
of 416 lb. yellow corn meal, 300 lb. wheat bran. 400 lb. crimped whole oats, 100 lb. 
linseed oil meal, 300 lb. soybean oil meal (44% protein-solvent process), 150 lb. 
dehydrated alfalfa meal, 100 lb. cane molasses, 100 lb. nonfat dry milk solicls, 
100 lb. distillers' dried corn solubles, 10 lb. dicalcium phosphate, 10 lb. ground 
limestone, 10 lb. iodized salt, and 4 lb. vitamin A and I), meal (1,814,544 and 
226,800 U.S.P. units per pound, respectively). 

All calves were weighed on the same day of the week, at the same time of 
day, and by the same person. Hay and starter consumption, the condition of 
the feces, vigor, and general appearanee of each calf were recorded daily. 

EXI'F.RIMENTAL RESULTS 

Trial I .  A summary of the data relative to growth rates obtained in Trial I is 
presented in Table 3. These data were analyzed statistically according to the 
methods of Snedecor (7). A significant diference in mean daily body weight 
gains was found between groups. All groups were significantly better than 
Group VI, in which complete substitution was made for nonfat dry milk solids, 
dried whey, blood meal, and distillers' dried corn solubles present in the control 
formula by the addition of whey solubles, dried brewers' yeast, DL-methionine, 
and soybean flour. 

Removal of distillers' dried corn solubles from the control formula, when 

TABLR 2 
Grocc'tA rates o f  calres in Trial8 I ,  11, a?trl 111 (expresrrrl 

a8 gains in body weight and hright of withrrr) 

Mean daily body Mean daily gain in 
weigl~t gain wit11c.r~ height 

0-2R d a y  0-41) days 0-28 days 0-49 days 

( Ih . )  (1b.I (in.) (in.) 
C;roups Trial I 

I 1.33 1.43 0.05 0.06 
I I 1.13 1.52 0.06 0.fl6 

I 1 1  1 .()!I 12X 0.04 0.Ofi 
1 V  1.44 1.54 0.04 O.O(i 

V 1.31 1.43 0.04 0.05 
V I O.fi3 0.76 0.04 0.O.i 

Trial I1 
I 1.45 1.42 0.07 0.0ti 

11 1 .I14 1.5 0.06 0.06 
111 0.X1 Il.9!1 11.0fi 0.05 
I V 0.76 0.79 0.04 0.04 
V 0.52 0.64 (1.05 0.04 

P I  0.tiO Cl.i5 0.04 0.04 

Trial 111 
I 0.99 1.24 0.~14 O.(lfi 

11 1 .n5 1.30 n.04 0.05 
111 1 2 8  1.29 0.07 11.06 
I V  1.07 1.23 0.06 0.06 
v n.:)i 1 .OX n.06 0.06 

V I 0.80 1.19 0.04 0.03 
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accompanied by additions of soybeaii flour aiid dried brewers' yeast (Group 11), 
gave body weight gaiiis comparable to those of Group IT,  ill which 21.9% of 
the iioiifat tlry niilk solids aiid all of the dried whey, blood nieal, aiid tlistilleirs' 
clriecl eorii solubles in the coiitrol formula were replaced by soybeaii flour, dried 
brewers' yeast, DL-inethioiiine, and whey solubles (Table 1). Both Groups I1 and 
IV gained more rapidly in body weight tliaii Group 111 (P  < 0.05), in which 
blood meal aiid distillers' dried corn solubles were reiiiored and replaced by 
atlditioiis of clried brewers' yeast and soybean flour. ..i~iiiiials ill Group V re- 
ceired a foriil~ila ill which the dried nliey, blood meal. distillers' dried rorii 
solubles, and 43.3v of the ilorlfat dry  illilk soli(1s were replaeecl by dried brewers' 
yeast, whey solnbles, DL-inethioliiiie aiid soybeail flour. No statistically sigliificaiit 
tlifireiices were foui~d betweeii the colitrol (Group 1) a~i t l  Groups IT, IV, anil 
\' in body weight gains. Groups I, 11, 111, IV, aiitl V gainetl ill body weight a t  
the rate of 14.0, 2'2.0, 1.9, 23.6, aiitl 14.03, respectirely, above the Ragsclale (5) 
standards. wit11 Group VI below these sta~idards (39.67; ). 

Analysis of the body weight gaiiis by the inilividlial test aiiimals iiidicates a 
more consistent rate of gain for the aiiimals ill Groups I1 and IFr than for the 
other groups studied. The rate of growth as measured by height of witheirs 
iiidicatetl 110 statistieally sigilificaiit differelires ill this respect betweell tlie groups 
studied. 

l'riril I I .  Statistical aiialyses of the data of Trial I1 indicated iio sigiiificant 
ditfereiice ill body weight gains between the coiitrols (Group I )  aiid Group I1 
wlieli blood meal, distillers' dried corn solubles, aiid 42.8'/: of tlie iioiifat dry 
milk solids were replaced by additioiis of dried brewers' ?-east aiid soybeaii 
flour. Both Groups I and I1 gained inore rapidly ill body weight tliaii tlie other 
groups studied (P < 0.01). The replaceme~it fed Group TIT differed from that 
of Group I1 oiily ill that 0.25'/:, DL-~netliioiiiiie was ailded a t  tlie expense of 
iioilfat dry milk soliils, with Group 11 showiiig a greater nieaii gain ill body 
weight as co~npared to the ~~- i i~eth io i l i i ie  suppleiiieiited gro~ip. The iioiifat dry  
milk solids, dried \\.hey, blooil nieal and distillers' dried corn solubles were 
replaced by clried brewers' yeast, DL-n~ethioiiiiie, aiicl additioiial dextrose in 
the formula fed to Group V animals, whereas those ill Gronp VI received addi- 
tional sugar ill tlie form of lactose. There was 110 sigilificaiit tlittereiice bet~-een 
these latter groups ill body weight gains. 

Trial I I I .  On the basis of the results of Trials T and 11, a factor or factors 
present ill \vliqv sol~ibles appeared to be of value ill iiiilk replacement fonnnlas 
coiitaining soybean flour for dairy calves. Trial 111 \\-as desigiied to study 
the value of \vlley soliibles and DJ.-methioiiine levels wit11 fomiulas as presented 
ill Table 1. 

Statistical analyses of growth data presented in Table 2 rerealecl no signifi- 
cant difference ill gains in body weight betweeii groups of calres fed the various 
formulas in Trial 111. Groups I1 and 111, which receirecl 107 aiid 5'h whey 
solubles in their inilk replacement formulas, respectively, had ineaii gaiiis in 
body weight greater tliail that of tlie Group I calves, as well as tlie calves in 
Gror~p VT reeeiriiig 10\4 dried whey. The lower lerel of iioiifat dry  niilk solids 
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fed to Gronp IT niay have been responsible, ill part. for the tle'reastnd growtli 
rate of this group. Tnclividnal calves in Groups 11 and 111 were inore consistrnt 
i11 rate of body weight gains than calves in Group \'I. 111 coinparilig formulas with 
and without DL-methio~iine, no sig~iifiea~it.cliflere~ice \\.as fo~~iicl between Groups 
I11 and I\' during the 48 days trial. One ralf in Group I\' averaged only 0.86 lb. 
daily gain in body weight and is responsiblr for the sliglitly less nlean group 
gain than that fount1 in Group 111. Ko clifferenre existed ill rate of growth as 

TABLE 3 

Cons~rnlption of starter, ling a11t7 eflrir~trg of (mi118 i)t Trinls I, II, a~rd III  

Stnrter per 11). 
Totztl starter Total Itay l)ocly weight 
~ o i ~ s u n ~ p t i o ~ ~  r o ~ ~ s l ~ n ~ p t i o l ~  gn i 11 

0-2s clays il-4!l c1:lys 0-28 clays 0-49 days 0-49 dnys 

Groups 

(1b.j flb.1 

Trial I 
50.2 35 
538 34 
481 23 
581 40 
546 26 
41 7 21 

Trial 11 
42!) 79 
455 iio 
444 36 
425 75 
372 42 
333 79 

Trial 111 
456 19 
480 38 
554 32 
490 39 
4fin 35 
40!1 30 

243 
1 81 
131 
l t i l  
133 
I!)% 

n~easuretl by height of \\-ithers, nor \\.as there any significant clifference found 
in starter ancl hay consumptioa, as presented in Table 3. A poorer quality mixecl 
hay was fed in this trial ancl probably is responsible for a lower intake that1 in 
Trials I and 11. 

N 1  calres readily consumetl their replacements. The replsc.ements with the 
higher levels of soybean flour gave inore desirable-appearing preparations in 
respect to color and degree of suspension of material. Scouring was extremely 
low in all groups in this trial, with no relation of incidence to any particular 
group. The aiiinials in Groups IT, 111, and I T  maintained a snioother finish 
throughout the trial than those in the other groups studied. On the basis of 
the results obtained, it appears that \\.hey solubles inay be of benefit in the 
nutrition of the young dairy calf micler the conditions of this trial. The data 
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also suggest that the addition of 0.05 and 0.25% ~ ~ - n ~ e t l ~ i o i i i ~ ~ e  had little or 
no signifirance in stin~ulating gro\vtIi rate when usetl in the replacements 
stuilietl. 

DISCITSSION 

The objertive of the experimental work presented in this report was to 
develop econoiiiical forn~ulas from readily available ingredients \vliich would 
produce acceptable growth in dairy calves. A special processed soybean flour 
and whey solubles \!-ere used to replace blood meal, distillers' dried corn solubles, 
tlriecl whey and part of the nonfat dry milk solids used i11 milk replacen~ent 
formulas tleveloped previously (1). In Trial I of these studies, it was found 
that clried whey, blood meal, distillers' dried corn solubles, and a n~axinlun~ 
1-ednction of 43% of the nonfat dry milk solids could be accon~plished by addi- 
tions of dried brewers' yeast, DL-metliionine, and whey solubles with soybean 
flour. A higher level (6674,) of soybean flour at  the expense of all nonfat dry 
milk solids was found unsatisfactory in terms of growth and appearance of 
calves. 

In supplementing formulas high in soybean flour wit11 additions of lof%. 
dextrose, or 874 lactose and 2% dextrose, no improvemeilt was found in growth 
rates of the calves. Because of cost and possible nutritional requirements, 
the value of DL-metl~ionine in replacement formulas was studied in Trials I1 and 
111. Supplementation with these a~nino acids at  the 0.05 and 0.25%. level gave 
no improvement in growth rates. 

Results obtained in Trials 1 and I1 indicate that whey solubles may be of 
particular value in the nutrition of the young dairy calf. Calves receiving whey 
solubles appeared to gain more rapidly during the first 4 to 5 weeks period 
and had a more uniforni growth response within groups. level of 5 7  whey 
solubles increased appetite, as calves receiving this ingredient consumed more 
starter than their corresponding controls. 

SUMMARY 

Soybean flour when fed with dried brewers' yeast and whey solubles 
can replace dried whey, distillers' dried corn solubles, blood meal, and up 
to a maximum of 43% of the nonfat dry milk solids in the milk replace- 
ment formulas fed to calves. Increases in soybean flour levels at  the expense 
of nonfat dry milk solids of over a 43% substitutibn depressed appetite and 
retarded growth and resulted in poor physical appearance of the calves. The 
addition of dextrose or lactose to high level soybean flour replacement forlnulas 
dicl not improve growth rates of calves fed such formulas. Whey solubles stimu- 
lated appetite anti produced more uniformity of gains than did dried whey. 
At levels of 0.25 and 0.05% ~~-methioliiae failed to stimulate gro\vth of calves 
fetl formulas stnclied in these trials. 

ACIiXOIVL EDGYENTA 

T11e nntl~orrr \\.isl~ to nekl~owleclge the fil~nllci:~l wnplwrt of Tllr Rortlrn ('on1p:tn.v : ~ n d  
I.e~lrrlr I,nl~orntories i n  ronclucting thcne expcrin~e~~te.  
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T H E  UNSATURATED FATTY ACIDS O F  JIILK FAT 
I. METHYL ESTER FRACTIONATIOK AND ISOLATION 

O F  ICIONOETHENOID CONSTITUESTS 

L. M. SMITH AND E. L. JACK 

Il(parfntrttt of Dairy Inrlrmtry, Unirrrxity of California, 1)nri.v 

Kno\rledge of the component nilsaturated fat ty acids of milk fa t  is relatively 
meager. With the exception of oleic acid, which is a major constituent, the mono- 
ethenoid and polyethenoid fatty acids occur in comparatively small amonnts in 
milk f a t  (IO,14). Severtheless, because of their reactivity, they may be of con- 
siderable importance in the synthesis, nutritional value, physical and chemical 
properties, and deterioration of this complex fat. The present study was initi- 
ated to obtain further iiiformatioll concerning the isolation, identification, and 
config~~ration of the ~~risaturated fat ty acids of milk fat. This paper describes 
erperinlents on the fractionation of methyl ester mixtures and the isolation of 
monoethenoicl fatty acids as  their methyl esters. 

Jack and Iienderson (10) reviewed the literature on ester fractionation an- 
alysis of milk fat. Snalytical data for methyl ester fractions (6,7,9,10) con- 
firm the presence of unsaturated fatty acids of lower molecular weight than oleic. 
Bosworth and Bro~vn (2) isolated decenoic acid and methyl tetradecenoate from 
milk fat by broininatioii and subsequent fractional distillation of fractions con- 
taining saturated and unsaturated esters of the same molecular weight. Brown 
and Orians (4) resolved the C12, C,,, and C,, methyl ester fractions of human 
milk fat by low teinperatnre crystallization, but the application of this technique 
to similar methyl ester fractions prepared from milk fat of the PO\\- has not been 
reported. 

The coi~veiitional method of preparing milk fat  methyl esters for distillation 
requires the use of strong alkali, strong acid, and steam distillation ( 8 , l O ) .  Sub- 
sequent fractional (listillation of the esters exposes the higher molecular weight 
fractions in the still pot to heating for several hours. Such treatments may 
change the polyunsaturated constituents originally present in the milk f a t  (15). 
Markley (12) has discussed the advantages of alkali-catalyzed methanolysis of 
fats over the conventional method of saponification and reesterification for the 
preparation of methyl esters because of the milder reaction condifions involved. 

Fractionation of mixtures of fatty acids or their derivatives by the formation 
of crystalline complexes with urea has been studied by Schlenk and Holman 

Received for publication Septmmher 21, 1!)53. 

'The data in this paper are taken from a thesis presented by the senior author in par- 
tial fulfillment of the requirements for the degree of Doctor of Philosophy, University of 
California. 

For the purposes of t~revity, polyethenoid is used to include all fatty acids having more 
than one double hond. 
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(17) and others (16.20). The method separates straight-chain from branched 
or cyclic compounds, ancl the niore saturated froin the more irnsaturated fraction 
in mixtures of polar coiiipouiicls. Since the teclirliqne does not inrolre reaction 
with double boiicls, there should be no isomeric clianges in the unsaturated 
eonstitiients. 

The low temperature fractional crystallization technique of Bro\vli (3) has 
been widely employed to separate mixtures of fatty acids or esters into saturated 
and unsatnrated fractions. The process is comparatively simple aiict rapid and 
should not resi~lt in changes of cl~eniical structure. 

APPARATVS A S D  JIETIIODS 

The laboratory fractionation vol 111nn asseiilbly :: tlescribed by Todd (21) was 
employed for the fractional distillation of methyl esters. The interchangeable 
12-mm. and 20-min. coluiniis were packed with 0.11.i-in. single-turn glass helices. 
Figure 1 shows tile modified reflux regtilator and sa~iiple receiver which was de- 
signed to minimize admixture of successive fractio~ts and to facilitate sample 
removal. A Glas-Col iiiantle coiltrolled by a Powerstat \\.as used to heat the still 
pot and the charge was stirred by means of a JIag-JIis magnetic stirrer. 

Skelly Solve A (lwntaiie) was pnrifiecl by percolation through a column of 
silica gel (22). 

The methyl esters prepared by niethatiolysis were obtained by tlie method of 
Kurz (11) except that pentane \\-as substituted for ethyl ether as solreiit. 

AIethyl esters were crystallized froin solreiits at -11' C'. and filtered in a 
-21° C.-refrigerated cabinet. For telnpei.atures below -21' ('. a constant tem- 
perature bath similar ill principle to that described by Forenian and Brown ( 5 )  
was employed. Tlie lieat transfer n~ecliiiin \\.as ethanol cooled by solid carbon 
dioxide. Figure 2 sl~olvs the apparatus used in the \vorkinq coiiipartme~it of the 
bath for filtration of crystallized esters. 

Solvents were reinored by distillation under reduced pressure follo\ved by 
holding for 21 honrs in a racuuin desiccator at rooin te~nperature. 

Iodine values (Ilanus) and saponificatioii equiralents were deteriniiied by 
standard procedures ( I ) .  Refractire indices of methyl esters were obserred a t  
25 I+ 0.05" C'. wit11 a Bausch and I~oinb "Abbe-.i6" refractometer. 

Whenever possible. the saiiiples were protected from liplit and oxygen during 
the experiments ant1 were stored at -21" ('. under nitrogen. 

ESPERI1\.IENTAI. A S D  DlSC'l-SSION 

A. YETIIYL ESTER FIIAC'TIONATIOS 

Fractional di.stillatiott. A milk fat producecl in May, 1951, by a cow in the 
herd of the Uiiirersity of ('aliforiiia a t  Davis was analyzed by the ester-frac- 
tionation procedure (10). ('ompositioi~s of the different. fractions obtained from 
the esterified "solicl" and "liqnid" acids were calculated froni the analytical 

'Precise Fmrtion:ctiocc Asseail~ly, nl:~nof:tcturrd l ~ y  t l ~ r  Todd Scientific C'o., Springfield, Pa. 
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FIG. 1. Modified redus regulator and sample receiver for Todd fractionation assembly. 
A-reflux regulator, B--graduated sample receiver, &%way stopeoek, D-3-way. oblique 
bore stopeoek open at top. E-to MeLeod Gauge and top of distillation column, F-to vacuum, 
G-to distillation head, H-"finger" to direct distillate into center of sample receiver, J- 
24/40 S/T joint. 

data ( 8 , l O ) .  The concentrations (weight per cent) of the unsaturated fatty 
acids were as follows : decenoic, 0.19 ; dodecenoic, 0.27 ; tetradecenoic, 1.52 ; hexa- 
decenoic, 3.12 ; octadecenoic, 33.14 ; linoleic plus other unsaturated acids, 4.03. 
These data are in agreement with results published by others (8, p. 115). 

Slthough fractional distillation(of the methyl esters of "liquid" acids pro- 
vided a means of obtaining fractions from C,, t o  C,,, i t  did not permit the sep- 
aration of pure monoethenoid fractions in the presence of the saturated esters. 

Ertractive crystalli~ation with area. Progressively increasing amounts of 
urea-saturated methanol were added to six lots of methyl esters prepared from 
milk fat. The mixtures were dissolved by warming and then were held a t  22' C. 
for 24 hours. The complexes were separated by filtration, washed twice with 
peatane, and decomposed by warming to 50' C. with 0.5 N hydrochloric acid. 
The freed esters were taken up in pentane and the aqueous phase removed by 
means of a separator?. funnel. Pentane extracts were dried with anhydrous so- 
dium sulfate and the solvent removed. The filtrates also were treated with 0.5 N 
hydrochloric acid and the esters recovered by a similar procedure. All complex 
fractions were colorless at  25' C. whereas the filtrates ranged in color from light 
yellow to orange red. 

Table 1 shows that increasing amounts of both saturated and unsaturated 
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FIG. 2. Apparatus for filtering methyl eclter fractions in constant temperature refrigerated 
bath. A-1-liter flask, B-6" funnel, C-rubber stopper, &filter paper, E--precipitate, F- 
filtrate, G-glass tube, H-tygon tube to collection flask, J-alcohol level in working tank. 

methyl esters were isolated in the urea complexes as the proportion of urea to 
original esters increased. The comparatively high iodine numbers of the complex 
fractions indicated that separation of saturated from unsaturated esters was 
incomplete under the above conditions. Large quantities of urea were required 
to precipitate the bulk of the saturated methyl esters. For these reasons, the 
urea adduct technique was not applied to the mixed methyl esters of milk fa t  for 
the separation of saturated from unsaturated components. 

In a second experiment, pentane was used as solvent for "liquid" esters and 
the reaction time was 45 minutes instead of 24 hours. The "liquid" esters were 
those remaining in the filtrate after separation of a saturated fraction crystal- 
lized from pentane at  -21' C. 

Table 2 shows that the resultant filtrate esters progressively increased in 

TABLE 1 

Extractive erglstallizatio~~ of metlrul esters with 11rm 

Esters BleOH Urea Filtrate Complex 
fraction fraction 

t s . )  (ml.) (9 . )  (9.) (g.) (I.P.)' 
5.0 2.5 4 3.7 0.9 7.24 
5.0 .i0 N 3.0 1.6 7.44 
6.0 75 12 2.7 2.1 9.94 
.i.0 100 I(; 2.3 2.7 11.36 
5.0 130 24 1.6 . 3.2 17.24 
.i.O 200 4s 1.3 3.3 22.46 

- 
I.V. as used in this paper means Iodine Value (Hanus). 
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TABLE 2 

Influence of ltrra concentration on fractionation of "liq~tid" ~~tetlryl estrrs' 

Esters Pentane Urea hIeOH Esters recovered in filtrate 

a -21" C. m d l ~ y l  ester filtrate. Iodine Value 45.8. 

iodiiie value. These results may be explained by the methyl oleate and saturated 
esters forming urea adducts more readily than the polyethenoid and lower molec- 
ular weight mo~ioethenoid esters. The technique can be considered as a possible 
method for the concentration of polyethenoid esters from niixtures with methyl 
oleate (16).  

Low tentpemfrrre crystallization of satlrrated esters. Three lots of methyl 
esters prepared from milk fat  by methanolysis were subjected to low tempera- 
ture crystallizatioii in absolute ether, absolute methanol, aiid pentane respec- 
tirely. Iodine values \\-ere determined on each of the three resultant precipitates. 
Table 3 shows that peiitane gave the most complete separation of saturated es- 
ters. Furthermore, this solvent was easiest to remove from the fractions. Pos- 
sibly because of hydrogen bonding, an extremely high proporti011 of metlia~iol 
to methyl esters \\-as necessary to obtain a precipitate which could be filtered. 

On the basis of preliminary results, crystallization from peiltane was used in 
subsequent experiments for removing the bulk of the stearate aiid palillitate 
from the mixed methyl esters of milk fat  before distillation, and for separating 
saturated compoiieiits from distilled fractio~is contai~iing n~onoethenoid esters. 

H. ISOIIATION OF JIONOETHENOID METIISL ESTER FRACTl0h.S 

Preparation o f  the fa t .  The milk fa t  was obtaiiiecl in March, 1932, from an 
Aycshire herd pastured on legumes and annuals near Ilaris, California. The 
milk was separated a t  3 2 O  C., and the cream was cooled and subsequently 
churned a t  16" C'. in a laboratory crock churn. Following t\ro.mashes with dis- 
tilled water, the butter granules were melted at  .50° C. aiid the foam removed 
from the surface of the liquid. The fat was filtered a t  45-50' C. in small lots to 
obtain a clear, dry product. 

TABLE 3 

Influence of clifferelit solvents O N  precipitatiov of .xatttraterl iiictlryl rstrr fractions 
bv crgstallizatioa nt -21" C. for 4 liortrx . . 

Fat Crystallization Ppt. Total 
sol\-ent Filtrate esters Ppt. 



Prepavatio~z of n ~ t h y l  esters. To 200 g. milk fat  in 800 ml. pentane were 
added 700 ml. neutralized absolute methanol and 11 nll. 1.0 S potassium hydrox- 
ide in methanol. The mixture was gently swirled and allolved to stand a t  22" C'. 
for 48 hours. The solution was then divided into two equal volumes, each of 
which was washed once with 250 ml. 0.06 .V hydrochloric acid and three times 
with 0.02 ,V hydrochloric acid. Then the two lots of esters were each increased to 
a volume of 1,200 ml. with pentane, dried for 4 hours with anhydrous sodium 
sulfate, and filtered. JIethyl esters were prepared as abore from three 400-g. 
portions of milk fat designated A, B, and C'. 

Low tenzperatlcre cry.sfallizatio~t of satrrrcrtcd esters. Each of the three lots of 
methyl esters was fractionated by crystallization from pentane as  shown for 
Lot A in Scheme 1. 011 the basis of iodine values, the -21" C'. and -28" C'. 
pl-ccipitates consisted mainly of saturated methyl esters, whereas the unsaturated 
esters remained in the -28" C. filtrate. 

Dis t i l la t io~~  of -28" C.  filtrates. The -28" ('. filtrates were divided into 
fractions by distillation a t  pressures below 0.1 mm. mercur?- \vithont the use of 

Me esters 
I.V. 34.30 

1 in 2.400 ml. solvent I 
I 

Held at -21' C.  
24 hr. 

I 

I 
Filtrate 

I 
IIeld at '-210 C.  

24 hr. 

Combined -21' C.  

5 hr. 
I 

Final -21" C. Ppt.  

I 
Filtrate 

I 
lIeld at -28' C .  

5 hr. 

SCHEME 1 
Frmtionation o f  Lot A n ~ k e d  ntethyl esters by  lorc 1~111prrat1&re eryntnllizniion from penlene 
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a fractionating column. The very low pressure drop ill the apparatus facilitated 
rapid distillation a t  comparatively low still pot temperatures. Although this 
operation did not accomplish efficient fractionation, i t  avoided excessive heating 
of the polyethenoid esters in the still pot. Distillation of each filtrate mas termi- 
nated when the refractive index of the distillate exceeded 1.4460 so that nearly 
all the C,, and higher molecular weight esters remained in the still pot (13). 
Temperatures of the still pot and vapor clid not exceed 124" and 122' C., re- 
spectively, in these distillations. 

The C,, .,, n ~ e t l ~ y l  esters were cornbilled and iilvestigated as reported else- 
wliei-e (18). 

Fractional disfillcrtio~r of C,.,, esters. The C',.,,; methyl esters of Lots A, E, 
and C were fractionally distilled in an electrically heated, packed column. On 
coinpleting each distillation, the refractive indes of each "cut" was determined. 
Table 4 presents typical column-operating data. The presence of ~lnsaturated 
esters of similar carbon chain lengths but with slightly lower boiling points than 
the homologous saturated series made clean-cut separatioii difficult. 

Distillation cuts with refractive indices withi11 -0.0006 and f0.0010 of re- 
ported values for methyl caprate, laurate, myristate, palmitate, and oleate (13) 
were combined. IIoldup and pot residue fractioi~s were not includecl. Refractive 
index, saponification equivalent, and iodiile value were determined for eacli of 
the combined samples. 

TABLE 4 

Frartionation o f  Lot R-2 CI- , .  i ~ ~ r t h y l  ~ x t r r . ~  

Fraction Vapor 
temperature 

("C.1 
1 29 - 30 
2 42 - 49 
3 43.5- 4ti..i 
4 47 - 51.5 
J 80 - 51.5 
6 51.5- 52.5 
7 52.5- 53 
8 87 - 68.5 
9 68.5- 73 

10 74 - 73.8 
11 7.5 - 77 
12 77 - 71; 
13 76 - 72 
14 72 - 80 
15 79 - 85.5 
16 84.5- 91.5 
17 92 - 9 1  
18 85.4 
I $1 84.6- 81.5 
20 82- 90 
2 1  90 - 99 
22 100 -103 
23 105 -10.7.5 
24 105 -107 
28 (Holdup) 
26 (Residue) 

-- 

' Initial charge 81.6 g. 



The C,, sample appeared to be reasonably pure methyl oleate, but the C,, to 
(',, fractions coiitaiiieci both saturated and unsaturated components aiid were 
flirther purified as described belou-. Tlie iodine number of the combined cuts of 
molecular weight less than methyl caprate \\-as 0.00 ( T I ; :  = 1.4144). This agrees 
with the observation of others (9) that the fat ty acids of niilk fat  with shorter 
carbon chains tlian tell do not coiitaiii double bonds. 

Ftrrther purificatiot~ of nwnoetheaoid fractions. Tlie C,,. C,,, (',,. aiid C,,, 
methyl ester fractions were subjected to low temperature crystallization froni 
pentane in an attempt to remove the saturated component from each sample. 
Scheme 2 slio\rs the fractionation of the C,, esters and illustrates the procedures 
used. 

Table 5 compareh a~ialytical data for the mo~ioetl~enoid inethyl ester fractions 
wit11 the calculatecl theoretical valiies. Saponificatioii eqniralents slio\r that the 
samples had predominantly C,,, C',,;, C,,, (',,. and C,, carbon chains respectively. 
Saturated and unsaturated esters of the same chain length were separated \vitli 
decreasing efficiency as the chain length decreased. Tlie purity of the samples 
with respect to ~noiioetherioid componeiit could have been increased by further 
low temperature crystallizations from polar solrents, especially if the esters were 
ronrerted to their respective fat ty acids. For  the purposes of this i~irestigation, 

(S.E. 245.9, 1.V. 8.66) 

ueld at '-31' C. 
' . 5 hr. 

I 

Initial -81" C. Ppt. 
olus 350 ml. solvent 

Held at -31" C. I 
Final -31" C. -1 

Held at '-600 C. 
12 hr. 

I 
I 

1 
Filtrate Initial -60' C. Ppt. 

plus 600 ml. solvent 

6 hr. 
I 

Final -60O C. 
filtrates, 7.40 g. 
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TABLE 5 

Anal.tltical rlata for CIS to CIO ntoaoctkenoid s ~ r t h y l  ester fractions 

Carl~on 
chain lengtlt 

CIS 
C,6 
G4 
C,? 
C,. 

Saponification equivalent Iodine value nz - Per cent 
Tl~eoretieal Found Tlleoretie~l Found ' 

1.4.506 296.5 294.7 8.5.62 87.10 101.7 
1.4446 268.4 274.3 94.37 .iB.XO 60.3 
1.4389 240.4 247.7 10.5.60 38.30 36.3 
1.431.7 312.3 216.5 119.55 1.5.68 13.1 
1.42!)7 184.3 188.1 137.7.5 17..iN 12.8 

'Calculated as monoethenoid from Iodine Value. 

however, it  was deemed preferable to avoid subjecting the samples to further 
manipulation. 

Studies on the configuratio~l of the above fractions, as  determined by infra- 
red spectrophotometry, are reported i a  a subsequent paper (19). 

SUMMARY 

The concentrations of the unsaturated fat ty acids of a typical California milk 
fat  were calculated from methyl ester distillation data obtained by conventional 
methods. 

Methyl esters of milk f a t  were prepared conveniently by a ~nethanolysis pro- 
cedure employing mild reaction conditions and pentane a s  solvent. This solvent 
was more satisfactory than ethyl ether or  methanol in low temperature fraction- 
ation of methyl ester mixtures. Low temperature crystallization from pentane 
was more convenient and efficient than extractive crystallization with urea for 
the separation of saturated and unsaturated methyl esters. 

The methyl esters of the monoethenoid fat ty acids of milk fat  from deceiioic 
to octadecenoic were isolated by vacuum distillation and partially purified by 
low temperature crystallization techniques. 
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THE UNSATURATED FATTY ACIDS OF MILK FAT 
11. CONJUGATED AND NONCONJUGATED COSSTITUENTS 

L. M. SMITH AXD E. L. JACK 
Drpartnteat of Dairy Indzrstry, Univewity of California, Dcrcia 

The occurrence in milk fat  of certain polyethenoid fatty acids and their con- 
figuration are still controversial. XbfcDowell (10) recently compared the concen- 
trations of conjugated and nonconjugated constituents in milk fat as reported in 
the literature. Although SchafTer and Holm (12) found practically no conjugated 
dienoic and trienoic systems, other investigators (10,ll)  reported their presence. 
The amounts of conjugated and nonconjugated dienoic acids aiid of iioncon- 
jugated trienoic acid varied with type of feed. In  contrast to the report of White 
and Brown (19), Hilclitch (7) and Shorlgnd (14) concluded that the noiicon- 
jugated dienoic acid was not linoleic but was probably an isomer. Shorland also 
presented evidence that the nonconjugated octadecatrienoic acid of New Zealand 
milk fat was linolenic acid. Although IfcDowell found no trace of conjugated 
tetraenoic acid, Shorland and Johannesson (15) and Morris et  d. (11) detected 
its presence. Bosworth and Sisson (2) isolated arachidonic acid from milk fa t  by 
chemical means. Nattsson (9) found "arachidonic .acidYy to be extremely spo- 
radic, whereas McDowell reported small but fairly consistent quantities of non- 
conjugated tetraenoic acids. Shorland and Johannesson slio~vecl the presence of 
noiiconjugated tetraenoic and pentaenoic systems in concentrates of C2, unsat- 
urated acids of milk fat. 

Limitations of the methods used for the analysis of polyiinsaturated fatty 
acids may partly explain the disagreement in the literature. Bailey (1) discussed 
the difficulties involved in the identification of octadecadienoic aiid octadecatri- 
enoic acids by the formation and separation of their insoluble bromine addition 
compounds. Spectrophotometric techniques for cletermination of nonconjugated 
acids are highly empirical (3) and do not provide information regarding chain 
length, positions of double bonds, and geometrical isomerism of polyethenoid 
constituents. 

The present paper gives the results of a study of polyethenoid fatty acids of 
California milk fats. Since these components occurred in minor proportions, 
they were coilcentrated by combinations of low temperature crystallization, 
peferential urea complex formation, and vacuum distillati011 procedures before 
an attempt was made to investigate their chain lengths and configurations. 

APPARATUS AND METHODS 

Milk fats were prepared as described previously (16). 
Ultraviolet absorption measurements were made with a Beckman quartz spec- 

trophotometer, model DU, equipped with hydrogen lamp. The fused silica 

Received for publication September 21, 19e53. 
'The data in this paper are taken from a thesis presented by the senior author in par- 

tial fulfillment of tho requirements for the degree of Doctor of Philosophy, University of 
California. 
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absorption cells were 48 mm. high and had 10-mm. light paths and ground glass 
stoppers. 

The fats were isoillerized in a solution of 11' potassium hydroxicle in 
glycerol (4). 

Skelly Solve A (pentane) and 2-2-4-trimethylpentane (isooctane) were puri- 
fied by percolation through a colum~i of silica gel (18).  Isooctane was used as 
solvent for conjugated constituents, and methanol for determinations of non- 
conjugated acids in isomerized products. Whenever possible, the dilutions mere 
adjusted so that the observed absorbances were between 0.1 and 0.8. 

Absorptivity a (estinction coefficient k) is defined as 

where A is the absorbance and T the transmittance of a solution relative to that 
of the solvent ill ail equal cell, b is the inside length in centimeters of the cell 
used, and c is the concentration of the solution in grams per liter (8). 

The spectropliotometric procedure of Brice et &. ( 4 ) ,  including background 
corrections, was followed for the dete~ini~iation of polyethenoid constituents re- 
ported in section R. Their restandardized method (3) was employed in section C. 

Apparatus and materials used in low temperature crystallization, urea com- 
ples. and vacuum fractional distillation techniques have been described preri- 
011sly (16).  

EXPERIMENTAL AND DISCUSSION 

A. .PBSORPTIVITT OF MILK FAT BEFORE AND AFTER AI,KAI,I ISOMERIZATION 

Figure 1 sliolvs typical ultraviolet absorption curves for milk fats before and 
after alkali isomerization. The absorption peak a t  233 mp in the nonalkali 
isonierizecl spectra is attributable to dienoic conjugation. Jlinor peaks a t  300 
and 315 mp are evident in the absorption curves of the isomerized fats. Maxima 
at 233, 268, 300, and 313 mp in the case of the isomerized fats denote the presence 
of lionconjugated dienoic, trienoic, and tetraenoic constituents. Spectral positions 
of the nonconjugated absorption maxima are in agreement with data character- 
istic of alkali isomerized methyl esters of linoleic, linolenic, and arachidonic acids 
( 5 ) .  I t  has not been definitely shown, however, that the observed maxima for 
milk fat can be attributed solely to the presence of these acids and not partly to 
their isomers (14). The results are in agreement with those of Jiattsson over the 
spectral range 210-280 mp which he reported. 

n. VARIABILITY OF POLYETHENOID CONSTITTESTS 

Determinatio~is of polyethenoid constituents in representative California milk 
fats produced at different seasons are summarized in Table 1. The data are too 
limited to justify co~iclusions regarding seasonal variability. 

Conjugat~d acids. The content of conjugated dienoic acids varied less than 
in Swedish and New Zealand milk fats as reported by JIattssoll and BIcDowell, 
respectively, but the average value apreeil with the data of Morris et  nl .  
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FIG. I .  Ultraviolet al)sorl)tio~~ sptvtra of tl~rce ll~ilk fats. A ,  R, and U-before alkali 
isomerizatioa; AI,  RI ,  and UI-after r~lknli isomerizntion. 

a ~ i d  JIcI)o\rell. The small valiles for eo~~jligated trienoic constituents \\-ere 
relatively constant ancl mere of the same order as those reported by Morris e t  01. 
and JlcDo\rell. The trace amounts of conjugated tetraer~oic systems were in 
agreement with the results of hiorris ct al. and Shorland and Johannesson. 

Nonconjicgated ncids. The amounts of no~lconjugated dienoic acids fluctuated 
less thail the values fo lu~d by hlattsson. They were some~vhat higher than 
;\IcDowell's data but co~isistently lower than those of Schaffer and Holm. 
('oncentrations of nonconjugatecl trieiloic acids varied less than results reported 
by Jlattssoa, but were in line with those of Schaffer and Holm, and McDo~vell. 
Results for iionconjugated tetraenoie acids agree with the values of MeDowell 
but disagree with the minute quantities fouiicl by hTattsson. 

Possibly the observed differences in concentrations of both eonjugaterl and 
~ionronjugated constituents may be largely attributed to ~a r i a t ions  in pastnre 
contlitions as suggested by others ( 9 , l O .  I $ ) .  
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J'ariability of polyetlrenoid eonrtit~tents of 911ilk fat " 

Per cent 
- - 

Sample deseri~)tion Conjognted h'oaconjug:~ted 

Diene Triene Tetrnene Diene Triene Tetrnene 

June 1951. U. C. creamery 
July 1951. U. C. creanierp 
July 1951. U. C. creamery 
Nor. 1951. U. C. crenniery 
Mar. 1952. Herd B 
Aug. 1952. U. C. licrd 
Aog. 1952. Herd A 

AT. 

All speetropliotollietric determinations in this paper are reported as percentage of :reid in 
sample. 

C. CONCENTRATION OF POLYETHENOID CONSTITUENTS 

Lot C milk fat, its niixed nietliyl esters, and tlie (:,.,,; and C(lr.2U niethyl ester 
fractions prepared as described previously (16) ,  were exanlined in the 215-3Y2 mp 
spectral range. Figures 2 and 3 show absorptivity curres of tlie fractions before 
ancl after alkali isomerization. 

The absorptioil maxima of the niised niethyl esters were slightly higher than 
those of the original milk fa t  because glycerol and part of tlie lower esters were 
removed during niethyl ester preparation. The polyethenoid constitnents were 
concentrated mainly in the C,,.,, fraction. 

Extractive crystalliration wi th urea. Approximately 63 p. of the cornbilled 
C,, l,methyl esters in 1,000 ml. peiitaiie were added to 384 g. methanol containing 
1.56 ,a. urea. The slurry was stirred and held 1'1 hours at room temperature. 
After the liquid phase had been deca~~ ted ,  the crystalline complexes were washeil 
three times with 250 ml. pentane and transferred to a Buchner funnel with 
100 ml. pentane. The urea adducts were dried with gentle suction and decoin- 
posed by 500 nil. 0.1 ,V hydrochloric acid. The freed esters were \vashecl twice 
with 250 ml. water, dried with anhydrous sodium sulfate, and recovered from the 
solvent. The filtrate was divided into two parts and each washed twice with 
230 ml. 0.1 N hydrochloric acid and once ~vitli the same amount of water. Solvent 
was removed from the recombined. dried esters. Thirty-six ,a. methyl esters were 
recovered from the complex fraction and 28 g. from tlie filtrate. 

Cr?~stallizatio~a f~.onz pentane nt  -60' C'. A second 6.5 g. of the coinbiiiecl (',,.,, 
nietliyl esters. dissolved in 1,000 ml. peiitaiie, were held at -60" C'. for fire hours. 
The resulting precipitate mas recrystallized from ,500 nil. pentalie under the same 
conditions. Twelre g. methyl esters mere recorered from the precipitate and 5'1 g. 
from the filtrate. 

Table 2 compares conceiltrations of polyethenoid constituents in the fractions 
obtained by the two fractionation techniques. More of the polyunsaturated com- 
ponents were found in the esters recorered from tlie urea complex fraction than 
in tlie -60" C. precipitate fraction. Tinder the experimental conditio~ls, low 
temperature crystallization was more efficient and conrenient than extractive 
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WAVELENQTH. MILLIMICRONS 
FIG.  '7. Ultraviolet absorption spectra of Lot C milk f a t  and methyl ester fractions before 

isomerization. 1-milk fa t ,  2-mixed methyl esters, 3--C7,.2. methyl ester fraction, 4-Cl-3. 
methyl ester fraction. 

crystallization with urea for the concelltration of polyethenoid methyl esters. 
Relatively more of the conjugated than the nonconjugated components formed 
urea complexes. This is i a  agreement with the observation of Schlenk and Holman 
(13) t.ha.t conjugated isomers give higher yields of urea adducts than do non- 
con jligated compounds. 

TABLE 2 
Coneratratiotts of polgetlrrnoul constiturnts i n  fractions prepared front C,.-- wethy1 rsterx b ! ~  

low temperature cr!/stallization with pentane and  bg extractive crjlstnllization with nren 

Per  cent 

8:1mple description Conjugated Sonconjugated 

Diene Triene Tetraene Dienr Triene Tetraene 

CIS-% -60' C. Filtrate 3.16 0.04 0.000 .i.89 3.41 2."4 
PI,-, -60" C. Ppt. 0.50 0.01 0.001 0.68 0.66 0.1!l 

Ratio 6.3:1 4 : l  . . . . . . . . 8 . 1  5.2 :1 11.8:l 
C,.-., Urea Filtrate Fraction 3.87 0.04 0.000 !l.20 4.50 4.06 
P,a-l. Urea Complex Fraction 1.55 0.04 0.002 1.46 0.97 0.18 

Ratio 1 1:l . . . . . . . . 6.3 :l 4.6 1 52.5 :1 
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FIG. 3. Ultrariolet absorption spectra of Lot C milk fat and methyl ester fractions after 
alkali isomerization. 1-milk fat, 2-mixed methyl esters, 3-Cls-~ methyl ester fraction, 
4--C4-1. methyl ester fraetion. 

The absorptivities a t  348 mp of the -60" C. filtrate and noncomplex-forming 
filtrate fractions after alkali isomerization were 0.26 and 0.37, respectively. These 
data provide evidence for the presence of a nonconjugated pentaene constituent 
in milk fat, and are in agreement with the report of Shorland and Johannesson. 
However, absorption in the 375 mp region, attributed to the presence of hexaenoic 
constituents, was very slight with no absorption maximum. 

Fractional distillation. of C,,.,, -60" C'. jiltrate ntetlzyl esters. The C,,.,, 
-60" C. filtrate methyl ester fraction was distilled in vacuum, and a series of 
cnts approximately 2-5 ml. each was obtained. Saponification equivalent and 
pol?-ethenoid constituents were determined for the original charge, holdup, pot 
residue, and most of the cuts. Table 3 summarizes the data. 

The results illustrate the difficulty of separating by distillation complex mix- 
tures of the methyl esters of monoethenoid and polyethenoid fatty acids having 
18 or more carbon atoms in their chains. However, appreciable fractionation was 
achieved. The conjugated dienoic and trienoic constituents were more concen- 
trated in the later fractions. Nonconjugated dienoic and trienoic components 
distilled over more uniformly, although the former had some tendency to concen- 
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TABLE 3 

Fractionation of Cia-an -60' C. 8ltratr nletkyl esters 

l-al,or Swonifi- Per cent 
the. '-oI- T ~ ~ ~ ~ ~ ~ ~ .  cation -- Conjugated 
tion unlr Soneonjugnted 

ntllre equivn- - 
lent 1)icne Tricne Tetraene Diene Tricne Tctrnene 

8 3.4 111 299.0 0.22 0.009 0.000 6.63 4.34 0.03 
9 3.8 110 

10 3.0 1 1 0 - 1 1 4  297.4 0.38 0.004 0.000 4 4:" 0.00 
11 2.0 114 297.9 0.GO 0.004 0.090 4.97 4.06 0.00 
12. 10.0 298.0 6.98 0.019 0.000 3.48 4.47 1.00 
13b 1.0 1 . 1 4  0.079 0.001 1.04 2.13 4.00 

Residue 6.3 352.5 10.90 0.299 0.002 4 . 1 ~  0.00 12.80 

Holdup from top part of column. 
%oldup from bottom part of eolunln. 

trate in the earlier cuts. The data co~ifirni the results of Jlattsson, who reported 
that the methyl ester of a conjugated C,, acid became concentrated in later dis- 
tillation fractions, whereas the nonconjugatecl dienoic ester distilled more 
uniformly. 

The isomerized samples were also examined in the 348 111p anel 353 mp regions, 
where absorption characteristic of pentaenoic and hexaenoic conjugation is 
found (15). JIinor absorptivity peaks were obserred a t  348 mp in fractions 
1% and 13, anel tlie pot residue (with absorptirities of 0.16, 0.26, ancl 0.96, 
respectively). The pot residue also had a very slight peak (absorptivity 0.13) a t  
375 mp. The results provide further evidence for the presence of nonconjugated 
pentaenoic acids in milk fat, although co~lditions for isomerization of their methyl 
esters were not optimum (6). 

Saponificatioi~ equivalents for fractions 2 to 12 mere relatirely constant, al- 
though these fractions contained varying concentrations of conjugated and 11011- 

conjugated dienoic components. The data indicate that tlie conjugatecl and 
nonconjugated dienoic acids of milk f a t  are predominantly 18 carbons in chain 
length. Although tlie pot residue was clear and liquid a t  room temperature, less 
confidence can be placed in the saponification equil-alent and spectrophotometric 
data for this fraction because of the heat treatment to which it was subjected. 
However, the results suggest that the nonconjugated tetraenoic and peiitaeiioic 
components of milk fat  have carbon chain lengths of 20 or longer. 

In the present paper, the constituents of milk fat which exhibit ultraviolet 
absorption maxima characteristic of dienoic and trienoic conjugated systems have 
been assumed tentatively to be conjugated dienoic and trienoic acids. However, 
more highly unsaturated acids with two or three of their clouble bonds in con- 
jugation could show the same maxima at 233 mp and 968 mp. 
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Infrared spectrophotometric studies of three methyl ester fractions contai~i- 
ing polyethenoid co~istituents are reporter1 elsewhere (17). 

Ultraviolet absorptioii curves for milk fats before and after alkali isomeriza- 
tion showed the presence of conjugated and nonoonjugated polyethenoid con- 
stituents. The amounts of these polyunsaturated fatty acids in representative 
California milk fats were estimated by spectrophotometr>- and compared with 
other published data. 

Methyl esters of the polyethenoid fatty acids were conce~itratecl by combina- 
tiqiis of vacuum distillation, preferential urea complex formation, and low 
temperature crystallizatioii procedures. The latter technique mas superior to 
tlie urea complex method for the concentration of polyethenoid esters by removal 
of saturated and moiioetheiioid compo~ients. Although individual conjugated and 
nonconjugated polyunsaturatet1raterl constitueuts were not isolated in a pure state 
from a mixture of C,,.,, methyl esters by fractional distillatioii in vacuum, appre- 
ciable fractionation was achieved. The results showed that tlie niilk fat  contailled 
small amounts of conjugated and iioiicoi~jupatecl dienoic, trienoic. a ~ i d  tetraenoic 
fatty acids with carbon chain lengths of 18 or longer. Spectropliotometric evi- 
dence also indicatetl the presence of a no~iconjupated pentaenoic constituent. 

This study was supported in port by funds prorided by the Californi:~ Dairy Industry 
A d r i s o ~  Board. The senior author reeei\-ecl :I Sational Researell Conncil of Canada Special 
Scholarship during 19.70-.il and 1951-52 and finaneial assistanre from the University of 
Alherta during the summer of 19-53. Grateful acknowledgment is made to these institutions. 
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The monoc1tlie11oid fatty acids of ani~nal  fats are largely, but not exclus~vely, 
of cis configuration. Rertra~ii (2) first reported the isolation of raccenic acid 
from beef tallolv, sl~eep fat, and milk fat  and co~iclndecl that i t  was a A". "- 
octadecenoic acitl of trans confignration. Other inrestigators (3, 6) have con- 
finned the presence of raccenic acid in niilk fat, and Kao and 1)anbert (13) hare 
presented additional evidence confir~iiing the trans configuration of this acid. 
S~vern et  01. (21)  isolated elaiclic avid (trans-/\" ln-octadere~ioic acid) from oleo 
oil prepared from beef fat. Althongh Hilditch ancl Loiigenecker (8) reported that 
milk fat containecl C,,,, C,,, C, , ,  ant1 C,,, nioiioetl~enoicl fatty acids with double 
bonds in the A*. '"-position, the geoinetrical confipuration of thest. achls has not 
been determined. 

Very little is kno\vn C O I I C P ~ I I ~ I I ~  i so~ner is~~i  of the (',, ancl longer chain poly- 
etlienoid fatty acids of milk fat. Spectrophotometric eridence (1.9) indicates 
the presence of both conjugated and ~ ~ o ~ ~ c o n j n g a t e d  polynnsat~iratel acids, 
but the positions of double bonds or spatial arrangen~ents a t  t11rse bonds ]la\-e 
notbeen established. Hilditcli (I") ant1 others (If. 22) hare suggested the presence 
of different geometric isomers of linoleir acaid (cis-A!' "'-pis-A"- I:+-octaileca- 
dienoic acid) in lnilk fat. 

By comparison of the infrarc~tl absorl>tion s~)e(~trograni of a11 nnknolvn com- 
pound with those of known conipot~ncls, it is often pos.iihle to itlentify the un- 
known or to obtain significant information about its cl~emical structure (I). 
O'Connor e t  01. (12) reriewt*tl infraretl spectroplioto~~ietry in relation to fatty 
acid chemistry. Shrere et al. (l(i) determined the infrared absorption spectra 
for a number of pure long-chain satnratetl a ~ ~ d  ~ i ~ o ~ ~ o u ~ ~ s a t n r a t e c l  fatty acids, 
111ethyl esters, triglycericles, and alcohols. Within each class, trans compounils 
were distinguislietl readily fro111 cis andlor satnrated eonipo~~nds. Terminally 
unsaturated strurtnres were distinguished reaclily from the internally unsat- 
urated and/or the satnrated types.. Shrere et  01. (1:;) developed an infrared spec- 
trophotometric method, based on iliferences in absorption a t  10.36a, for the deter- 
niination of trans-octadecenoic aeids, esters, ant1 alcoliols in mixtures. Jackson e t  
01. (10) found that niethyl octatlecatlienoic esters wit11 isolated trans, conjugated 
trans-trans, or conjngated cis-trans double bo~itls were c.haracterized by different 
bands in the spertral region from 9.8 to 11.OP. 

The occurrel1c.e of cis-trans isomerization dnring Iiytlrogenation ( 5 )  or autoxi- 

Receiretl for ~ ~ ~ ~ l ~ l i c : i t i o ~ ~  Scptc.~~~lwr 21, l !~S: i .  

' Tlte (1a1t:t ~ I I  this p:tper :Ire t:1ke11 front :I thesis 11rtve11te11 ley tllt, se11ior :tt~t!~ur ~ I I  ]1:1rti:11 
f~llfillrneltt of tllc. r t * r ~ t ~ i r e ~ ~ ~ e ~ ~ t s  for tlw 4lt.grrt. of Doctor of Pl~ilo.;t~l~l~?. 1-II~VI-rrity of ( ' :~lifor~ti:~. 



dation of methyl oleate (20) has been established. Feuge et al. (5) found that 
the formation of trans forms did not occur in the absence of hydrogenation, even 
where the nickel catalyst was added to methyl oleate and the mixture heated 
to 200' C. for four hours and agitated by bubbling purified nitrogen through it. 
Swern et al. (20) concluded that hydroperoxides were the major early products 
of autoxidatioii of methyl oleate and that the trans configaration predominated 
in the hydroperoxicles. 

In the present investigation, the infrared absorption spectra of methyl ester 
fractions mere studied in an attempt to resolve the structure of certain unsat- 
uratecl fatty acids wcurring in milk fat. 

ESPERIYEK WL 

.\Pl'ARATUS AND METHODS 

Preparation ancl subsequent examination of methyl ester fractious containing 
n~onoetlienoid and polyethenoid constitlients have been reportecl (18, 19). The 
fractions ivere not expoveil to reagents which catalyze the conversion of cis to 
trails isomel.s f 11 ). hilt they were iliiaroidabl- subjeetecl to heating during 
distillation. 

The infrared tibsolption curves ill tlie spectral range hctwcen 2p and 168 
were recorcled 011 a Raircl Associates Model R double-bean1 spectrophotometer 
equipped wit11 soclium~ chloride prism. The cleterliiinations were made on nlethyl 
ester fractions dissolved in carbon clisulfide in the concentration of 30 g. .per 
liter using absorption r.ells 0.9 mm. in thickiiess. 

A. JIONOETHESOID 31ETHPL ESTER PR.\CTIOSS 

Illfrayed spectral absorption curres of the C,,, C,,,, C,,. C, , .  anil C,, nioaoethe- 
-rams were com- noid methyl ester fractions are shown in Figure 1. The spectro, 

pared with the spectra of purified methyl esters as deterlniaed by Shreve et a2. 
(16). Absorptioi~ bands related to kno\vn specific structural features of the 
molecules were readily identified. In  general, the locations of the bands in 
the spectrograins were independent of chain length. IIolvever, the relative in- 
tensity of the ~~nassigned absorption peak near 9p appeared to decrease pro- 
gressively with increasing chain length, while absorption at 13.8p increased. 
The bands discussed below are-usually attributed to the specific features men- 
tioned (16). 

Spectral similarities. 
1. The strong bane1 near 3.4p is attributed to C-I1 stretchiig vibrations. 
2. The strong bane1 near 5.75p is attributed to C=O stretching vibrations. 
3. The band near i.3p is attributed to symnietrical cleformation vibrations of 

the methyl group. 
4. The strong triplet absorption at about 8.0, 8.3, ancl 8.5p is characteristic 
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Fm. 1. Infrared nbsorptioa spectrogr:~ms of C',., C,,., C , , ,  C,., a1181 Clan nlonoethenoid rnetllrl 
enter fractions: 30 g./litcr in carboll disulfidr; cell tl~iekrlesa. 11.9 mnl. (Speetml regions 
fro111 4.3 to 4 . 9 ~  nntl 6.:: to 7 . 1 ~  arc. ol~rc~lrrd 11y solre~lt nl~*nrptio~~ 11:1nds.) 

of the spectra of methyl esters of loilg cliaiii acids. One or more of these bands is 
believed to be related to vibrations involrinp the (7-0 linkayes ill tlie ester gronp 

5. The band near 13.8,~ has been observed in spectra of a large number of 
hyclrocarbons contailling an mibraucliecl chain of four or nlore carbon atoms. 
It  is usually attributed to tlie met hyleiir rocking vibratioii. 111 cis unconjugated 
co~npounds, out-of-plane bending vibrations of tlie hydrogens attached to the 
double bond carbons probably contribute to tlie total absorption observed in 
this region. 

Spectval differences. 
1. The spectrograni for the C,, monoetlielloid ~netliyl ester fraction shows a 

strong band near l lp ,  which is absent in tlie other spectra. This band is one of 
a pair of bands which is knolva to be associated wit11 bending motions of the 
hydrogens attached to a terliiinal double bond. The seeond band, which should 
be found a t  lop, is slightly weaker; in this illstance it appears olil?. as an increase 
in the intensity of absorption indicated by a small sl~oulcler on tlie side of the 
9.Sp band. At the present time, it is not possible to estimate quantitatively 
from the curve the amount of tenniiially unsat~~ratecl coin~olient in the sample. 



The predence of these absorption peaks proritles strong evidence that tlic 
unsaturated boncl of clecenoic acid of niilk fat  occurs bet\veen the ninth and 
tenth carbons. Obvio~isly, geometrical isoinerisiil does not occur in the case of 
a terminal double bond. There is 110 band a t  10.35r indicative of internal trans 
double bonds. 

2. Spectrograms for the C,,, C,,,, C,,, ant1 C,, fractions exhibit an absorption 
band of varying intensity near 10.35r. This band is attribnteil to out-of-plane 
vibrations of tlie two liyclrogen atoms attacliecl to an isolated trans double bond. 
Nothing can be inferret1 fro111 the spectrograins regarding the location of this 
bond in the carbon chain. 

The method of calclilation for the estinlation of trans c~oiuponents differed 
fro111 that of Shrevr et  (11. (I:;) brcause the este1.s were of diferent chain lengths 
and an adequati~ calibration was not feasible. Tlie absorbanc*e of the trails com- 
ponent only \\.as ralculatecl in each case fro111 tlie peak transmittance with 
respect to an esti~natrtl backgrounil. As illdi~ated by the c1ottc.d line in Figure 1, 
this backgroiu~tl represents the assn~netl transniittance ill the absence of any 
trans constit~ir~lt. (:alc~llation a t  70.35p on this backgi~o~ind ('lirve gives an 
absorptivity w1iic.h is very close to thc r a l ~ ~ e  giren for pure luethyl oleate by 
Shreve ~t nl. (1: : ) .  Tlir absorptivity n (extinction coefficient k )  is given by the 
follo~viiig e~111ation l!)) : 

~~yhel*(a A is the absol*banet~ ant1 7' the trinis~nittant~e of a soliltioli relative to that 
of the solvent ill an eijiial cell, while 1) is the inside length in centinleters of 
the c.cll nsetl, ant1 c i.i the eonc*entratio~~ of the so l~~t ion  ill granis per liter of 

TABLE 1 
Corrrrrrfrcltio~~x of Irarxiso~~rrrx in ~1101rorl11oroitl rrrrlR.~/l t , x t t . r .  frcrrfio~rx 

Prr F V I I ~  

solution. Shrcvc e t  (11. reportecl a value of 0.041. The calculated concentration 
of trans isomer correctetl to nlolar basis in each nlonoethenoid fraction is pre- 
sented in Table 1. 

Although the results obtained from a calculation of this type are not very 
accurate, the data prcwide strong evidence for the presence of appreciable 
amounts of trans co~nponents in the C, ,, C,,,. C,,, and C,, iiionoethenoid fat ty 
acids of milk fat. 
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E'ig~irtb 2 s11o1vs illfrart~cl a b s o ~ ~ p t i o ~ ~  1.11rves for C',, ,,, 111t1thyl c~st(~rs of Lot C-1, 
allel frac.tiolls 2 H I I C ~  I:j f1*o111 tllv frae~tio~~al distillatioli of C I ,  ,,, -60' C. filtl-at(: 

I .  I 
5 7 9 I1 13 I5 

WAVELENGTH. MICRONS 

FII;. 2. Ii~fr:~rril  : ~ l ~ s o r l , t i o ~ ~  sl)retrogr:lnis of nlctl~yl c.st1.r fr:lctiol~s e( l l~t: t i~i i l~g ~tolye~tl1~1111i11 
e .o~~~ti t l lc ' l~ts:  ::(I g./litcar it1 C : I ~ ~ I O I I  ~liwolfid'; cell tl~icknms, 0.:) 111111. A - lot ('-1 ('l.-la fr:lctioll; 
N, (' - fr:ic.tiolls 2 :111tl 13, rcsl,cvtircly, fro111 dixtillntioll of -(illo ('. filtr;~tr rstrrs. (Sl)c-e.- 
tr:tl r~sgiot~s fro111 4.3 to 4.!lr :111tl li.2 to 7 . 1 ~  arc. o11sr11rc.d 11y solrel~t :~l~sorl) t io i~  I,:liiiln.) 

clsters. T11c. sl)c~rtrogral~~s \vcbre c.oniparc*tl \\-it11 1"igul.e 1 allel the I . I I ~ V I ~ S  give.~~ 1)y 
S111.evc~ rt (11. I l l ; )  ancl larksol1 e t  nl .  

Ahsorptio~~ balltls siniilar to those fou~~cl  ill the nlo~~oc.tl~r~~oicl ~~i(s t l~yl  ester 
frac.tiolls ilre presetlt ill thv spcactrograliis llear 3.1, 5.75, 7.8. 8.0, 8.3, 8.5, allel 
1Y.Hp. Tl~c~y are attribntetl to the sallie fiuletiollal gro~ll)s as those c.itc*tl for 
thl' 1110110l~tIle11oicl spectrogralll~. 

1. Thc~ i l~tc~~lsi ty of ilbso~.ptioll at 10.8.ip, c.llal.acteristir of isolatc*tl tl.alls 
clouhlc~ bolltls, varied ill the. s1,ertra of the three fractions. C'ollce~~tratiol~s of 
trans isoll~c~~.s ill the C, ,  ,,, 1111~thyl esters alltl ill clistillatio~~ fraction 2 Ivr1.c. 
c.alc111atc~tl to he approsi~iiately 15 a1111 9% respectirely, 1vh1.11 hac.karoulld 
refel-ellee points at 10.YSp in t l ~ c  spectrogra~~is were estilliatecl. The spectra 
(lo not reveal \vhethcr the trans coml,oliel~t ( s )  are isonieric. forms of ~liethyl 
olcate or of one of the polyethe~loicl esters presel~t. 

2. The spec.trogran1 for fraction 13 has a rery strong band at  10.35p. In 
addition, strong peaks appear at  10.15 ant1 10.55a. The prescl~lce of tliesc* bal~cls 
makes it tlific.nlt to estinlate the backgroiulcl ~.eferelire poillt, even if it is as- 
sumed they (lo )lot aff~wt thc 10.35p peak. Therefol.~, the reliability of the 



calculated value of 25y1 isolated trans component in fraction 13 is open to 
question. 

The C,, ,, methyl ester fraction and distillation fractions 2 and 13 contained 
2.43, 0.36, and 16.14% conjugated dienoic systems respectively (19). The per- 
centage of components with isolated trans double bonds in the three samples was 
estimated to be 15, 9, and 25 respectively. Therefore, the absorptivity at 10.36p 
mas probably not related to the C,, conjugated dienoic acid. Possibly the differ- 
ences in absorptivity at  this wavelength were caused by tlie different distribution 
of nonconjugated constituents containing isolatecl trans double bonds. 

A doublet at 10.18 and 10.54~ was attributed by Jaclrsoii et al. to cis-trans 
conjugated linoleate. whereas a single band at 10.12~ was related to trans-trans 
conjugated linoleate. On the basis of these results, the peaks at 10.15 and 
10.51ir in the spectrogram of fraction 13 provide goocl evidence for the presence 
of cis-trans conjugated isomers. These cis-trans ison1el.s were undoubteilly 111 

tlie 15.14% conjugated dienoic constitnent(s). By coiiiparison with the cnn-es 
given by Jackson ct  al. (Figure 2), the relative intensities of the two peaks 
suggest that the conjngated dienoic esters are largely cis-trans, but the clata 
do not exclude tlie possibility that a ininor amount of trans-trans isoiners may 
be present. These data do not provide illforination regarding tlie order of 
the cis and trans double bonds in the carbon chain. 

In the absence of spectral data for pure geometrical and positional isoiners 
of methyl linolenate and arachiclonate, interpretation of infrared spectra of 
methyl ester fractions containing these constitnents innst be considered tentative. 

Absorption near 2.&, attributed to hydroperoxidic liyilroxyl and other types 
of liydroxyl groups ( I / " ) ,  is slight in the spectrograins presented in Figures 1 and 
2. IIydroperoxicles hare been shown to be the major early products of oxiclation 
of methyl oleate (1. ,?0) and to have the trans config~iration predominantly (20).  
111 the present study, the percentage transmitta~ice at 2.8 to 2 . 9 ~  re~naiiied 
relatively constant for all samples, although they had been exposed to different 
temperatures clnriiip preparation ancl \\-ere founil to contain varying percentages 
of trans components. These data may be interpreted as evidence that forniation 
of trans isonie~*s as a result of oxidation doring preparation of the sa~iiples 
was negligible. 

Infrarecl absorption spectra were recorcled for C',,. C',,, C,,. C,,, and C,, 
monoethenoicl methyl ester fractions of milk fat and for three C,, ,, fractions, 
each containing different distributions of polyethenoid coiistituents. The spec- 
trograms were coinpared with the available spertral data for pure saturated 
ant1 unsaturated esters of long chain fatty acids. Tl~e presence of only ~iiiiior 
absorption at  2.8 to 2 . 9 ~  in all curves was interpreted as evidence that sample 
preparation occasioned no appreciable oxidation wit11 c*onrnrrent hydroperoxiclic 
liytlroxyl formation and geometric isomerism. 

The C,, to C,? nioiioethenoid fractions she\\-etl an absorption band near 
10.35~, which is attributed to tlie presence of trans isoniers. ,\pprosimate con- 
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crntratio~~s of trans c o ~ ~ ~ p o ~ i t l t ~ t s  ra~lgrtl fro111 14 to 27:; of the. nionoc-thc~~oid 
methyl este~w. A11 absorl,tioll peak charactrristic of a t r ~ ~ i ~ i l ~ a l  tlouble bol~cl ill 
the C,, fraction proritlrtl strong evi(1e11c.e that the ~iusatnratrtl bo11(1 of clrcetioic 
aeitl oecui*s betweell the i1i11t11 and tenth carbons. 

Absorptiou bands at 10.3Sp were observed in the C18.?,, f ract io~~s con ta i~~i~ ig  
polyethenoid methyl esters, but it was not clear whether the trans compoiiei~t(s) 
were isoil~eric f o r ~ i ~ s  of one or more of the nonconjugated polyethenoitl esters 
or of the n~ethyl oleate prese~~t .  111 one of the Cl,.2, fractions, which cor~tai~ied 
approximately 15'L co~ijngated ilie~ioie col~stituent, the infrared spectrmn 
showed the co~~f igura t io~~  of tlic coajugatrd clouble bonds to be pri~icipally 
cis-trans. 
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THE ASTIBACTER1,iL A(:TION OF PENICIIiLIN, STREPTOMYCIN, 
AS11 SULFASIL.IJIII)E ,iGAlSST III.:,IVT STSl'ENSIONS 01.' 

VIRRTO FETTX ,iI)11131) TO SEJ lES EXTENDER ' 

Although the cliiiical coiiiplex now knoxvii as bovine vibriosis was reported 
by JIacFadyean and Stockman (10)  in 1913 and from 1917 to 1923 was the 
subject of intensive studies by Smith and coworkers (21-26), the disease for 
many years was regarded as of minor importance in the general problem of 
reprodnctive diseases of cattle. The gradual elimination of brucellosis confirins 
our belief of long standing that factors other than Hrtrcella nborttcs are often 
responsible for a consiclerable degree of interference with the iior~nal repro- 
ductive processes. The work of Plastridge (11.12. I:;, I fi) and European work(>c., 
revived interest in the disease and stimulated the initiation of intense stndy in 
this and other countries. 

Until recently, observable abortion was generally regarded as the only sig- 
nificant symptom. We now know that delayed conception and sterility are 
common manifestations of the infection. Some investigators, such as Stegeiiga 
and Terpstra (27-29) in Holland, report that Vibrio fettcs is the primary etio- 
logical agent in outbreaks of "enzootic sterility." Clinical observations made 
in our laboratory confirm the fact that the disease is very  vides spread. Unpub- 
lished experimental data by Hughes and McEntee (7) indicate that infertility is 
the principal manifestation of the disease. Observable abortion may be infreq~ient 
or absent. 

In 1943, Plastridge and \Villiams ( 14) suggested that the bull might be an 
important factor in the preservation and dissemination of the disease. In 1949, 
Herrick (ti), and in 1950, Webster and Thorp (31) called attention to and empha- 
sized the venereal nature of the disease and the fact that it may be readily 
transmitted by coitus. With the establishinent of the male as the pri~icipal 
disseminator of the disease and the lack of a simple aiicl accurate I I I O ~ I I S  t~ 
detect infected animals, the qnestion of how to prevent spread of the tliseasr 
heco~nes a matter of great importance. This is true especially lvhen the selilell 
froin kiio\vn infected bulls or from potentially infected bulls is used to artificially 
inseminate cattle over a aide area. \Ire  nus st k n o ~  \\-hether ~lo~li~ifected cattle 
can beco~ne iiifec.te(1 ill this manner and, if so, what lllearls call be take11 to 
prevent the occurrence. Plastridge ancl his coworkers (IT), Terpstra slid Eisiua 
( 3 0 ) .  ancl Ilnghes ancl JlcEntee ( i )  have infeetecl rirgi11 heifers by artifirial 

l~cve iv~~t l  for pol)lic;~tiol~ Bel)tc~~~ll~cr 21, 1!)53. 

' Tl~ i s  l)ro.jc'~.t \+AS ~ i ~ ~ ~ p ~ r t e t l  ill part I)? a grant fro111 The New York Stnte'Artitiein.1 Broocl- 
rrs C ( O O J ~ C I ~ A ~ ~ V C ,  TIIC., Ttllnca, S. Y. 
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inseniination using infected extenclecl semen. I t  is apparent, therefore, that 
artificial insemination, particularly when the semen is deposited in the uterus, 
nlay be an important factor in the spread of the disease. Rasbech (19) admits 
that in Denmark the use of semen from infected bulls has resulted in widespread 
tlissemination of the disease. 

It  is an established fact (I) that the addition of antibiotics to cstendecl 
semen of some low fertility bulls results in a sigiiificant increase in the rate of 
c~oiiceptions. Probably this effect is largely due to the inhibitory or lethal 
effect on bacteria present. A matter of great importance is whether these or 
other antibiotics are able to kill V. fetlcs without har~nfnl effects on the sperm 
cells ( 5 )  and thereby effectively render semen, when properly used for artificial 
insemination, incapable of disseniinating the disease. Preliniinary obsen-ations 
by Roberts e t  al. (20) and Easterbrooks et (11. ( 1 .  2. -7) indicate that the com- 
monly nsed acldition of 500 units penicillin and 500 -y of strepto~nyciu per milli- 
liter of semen extender will inactire 1'. f e t ~ t s .  Opinions differ as to which 
of the two antibiotics is more effective against the organism. Jennings (8 )  states 
that V .  f e t u s  is not sensitive to coucentrations of penicillin up to 100 units per 
milliliter when gro~vn on blood agar. Prier (18) reports that 0.6 to 39.0 units, 
depending on the strain of V. f e t i r z  used, will inhibit the growth in thiol broth. 
No definite time exposure of the organism to the antibiotic is stated for either of 
these experiments, nor are the organisms removed from contact with the anti- 
biotics at the end of the exposure periods. This also holds true for the strepto- 
mycin trials of Prier, in which he finds that 0.3 to 78.0 -y of the antibiotic will 
inhibit the growth of V .  f c t t u .  If the organism is ne~-er completely remo\-e-ed 
from contact with the antibiotic, it is i~npossible to determine whether the action 
is bactericidal or merely bacteriostatic. 

Plastridge and associates (13) state that 500 units of penicillin hare 110 

adverse effect on the organisms, but death occurs \vithin 14 hours in the presence 
of 500 1 of streptomycin at  37' C. Ho~vever, the addition of ,500 y of streptomycin 
per milliliter to diluted semen did not destroy V .  f e t ~ r s  at 3' C. The authors 
also indicated that T'. f e t l u ,  if present, in diluted bull seluen treated with .500 y 
per milliliter of streptomycin would be rendered incapable of protlucing infection, 
at  the time of or follolving insemination, because of the stability and increased 
activity of the streptomycin at body temperatnre. The raliclity of this latter 
statement is open to question, since it is based on supposition rather than fact. 
Lawson and MacKinnon (9) in England used 1,000 units of penicillin aucl 1,000 
y of streptomycin per milliliter. They concluded that neither antibiotic. as 
nsed in their studies, was capable of inactivating IT. f c t l r s  in semen. IIoaerer. 
they added the antibiotics to the semen "shortly before insemination." It  is 
highly probable that exposure of the organism to the antibiotic was of too short 
tlnration to permit a bactericidal action to occur. 

The work here presented was initiated in an attempt to study the viability 
of 1'. f e t u s  when added to the conlmonlr used citrate buffered yolk selnen extender 
c~ontaining the antibacterial agents, penicillin, streptomycii~, and sulfanila~nide, 
singly and in co~nbitiation, in varying coac~ntrations. for raryiiig periods of time, 
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aiid uiicler differei~t teinpc>l.at~lre eoiitlitloi~s. The streptoinycii~ nsrd was 1)i- 
hydro-Streptomycin J1e1.ck (pl.c~seiit as the snlfate). The pc~nicillin was I'eiii- 
cillin G Sotlium Merck. 

.Se~rte,i e.rtcr/d~,-.  In all thesc~ rxpc~riniel~ts, t l i ~  vehicl(> for t11~ antibactcl*ial 
agents to which the Ir. fetrts organisills \\-ere to be exposed was citrate-bufft~rc(1 
egg yolk. This consists of equal parts of sterile 2.9% aqueons sodium eitrate 
dihydrate solution and sterile egg yolk. 

Extevtder-antibacterial agent ntizigtres. Eighteen matched centrifuge tubes 
were stoppered with cotton and sterilized by autoelaving. To each sterile centri- 
fuge tube was added 0.5 1111. of sterile 2.9% aqueous sodium citrate dihydrate 
containing double the amount of antibacterial agent per lnilliliter that was 
desired for the final dilution to be used in tlie particular plyse of the experi~~iciit. 
To each tube, 0.5 1111. of sterile egg yolk was added aseptically. Tliis gave tlie 
correct final concentratioii of antibacterial agent per milliliter of extender. By 
varying the amounts of the antibacterial agents per milliliter of citrate solutioii, 
different concentrations used in the experiment mere obtainecl. These ~ilixturcs 
were stored overnight a t  5' C., inoculated with the standardized quantity of 
V. fettrs organisms the next morning, and handled thereafter as indicated in the 
description of the various experiments. The 18 tubes here described were cul- 
tured at  the end of 18 different exposure periods. This experiment was replicated 
ten or fifteen times for each concentratio11 of antibacterial agent, and for each 
temperature exposure. 

I'ibrio fetzis inoctil~int. -1 strain of V. fettrs which had been recovered from 
an aborted bovine fetus, aiid which grew well 011 Difco tliiol medium, was used. 
The organism was inoculated into tubes of semi-solid thiol (0.4% agar) and 
incubated at  37O C. for 4 days in jars containing 15-2070 carbon dioxide. Slanted 
Roux flasks containing solid thiol (1.9% agar) were then heavily inoculated, 
each one with the entire growth from one of the above prepared tubes. About 
75 sterile glass beads of 6 mm. diameter were then added to the surface of the 
medium. The beads are useful for spreading the inoculum over the agar surface 
and later for loosening the growth from the medium while harvesting the bacteria. 
Enough carbon dioxide to displace 15'7 of the air in each flask was forced 
through the cotton stopper. The flask was then sealed with a small shret of 
pliofilm. After 4 days of incubation at 35' C. the beads were rolled arouild the 
surface of the agar by rotating the flask. Tliis made an even distribution of 
the inoculum over the surface. The following clay the bacteria were harvested 
by adding 2.5 mi. of sterile physiological saline solution to the flask and loosellilig 
the growth by again rotating the beads oyer the agar surface. The bacterial 
suspension was then adjusted to a density of approximately 500 on the Klett- , 

Summerson photoelectric calorimeter. This suspension was the11 added to the 
tubes of test extender in the amount of 0.2 ml. per tiibe. 

Tests for viable cells. The extender-antibacterial agellt nlixtures were cnl- 
tured for viable cells at intervals of 4 or 8 hours up to a lnaxiilllllll of 72 hours. 



WIiett c11lturt.s were 111ade o.i.clr the entire exposlire titlie. t11c.y \vercS niatle af ter  
0, 1. 2. 4, 8, 16, 20, 24, 28, 32, 40, 44, 48, 52, 56, 64. GH. awl  52 Iioac.;. 111 the 
illstance of the co~l~bi~iecl  atitiharterial agents, cn1tnre.i ~ e r 1 ~  ~iiacle only a t  24 
Iiours a l ~ t l  s~~bsec~iielltly. 

111 ally experi~neiit ill \vhicli colltrol of time of espos1u.e to a11 alitiba~~tf~rii . l l  
a g t ~ t  is a11 irttegral par t  of the work, tlie bactcaria 111ust br  cotnplc~tely re~llovetl 
fro111 any ~ o i ~ t a ~ t  with the active a g ~ ~ i t  a t  the t i~l le  of c . r~l t i i r i~~g.  111 the early 
part of thtlse stiitlies, pc~nicilliilase a l ~ t l  cystei~ie were I I S ~ Y ~  satisfactorily to 
iiiac.tiratc. pth~iicilli~l a t  the desired time. 1'al.a-amino-beiizoic' acid prorc.d c~clnally 
chtfec.tivc against s~ilfaiiila~nitle. Several agents ~ v c r e  testtld it1 a n  e f o r t  to  
clfrctivc1ly iie~~tralixc* streptotiiyci~~. Notie pl.ovrtl t o  btx satisfactory. The ha(.- 
teria \vclr.e tl~t'li separated fro111 the ailtihactt~rial a g c ~ ~ t t  by tlt(2 11rt~ of ltigh 
speed cel~trifrtpatiot~. All tlie streptomycin expet.i~nc~~its a ~ i d  a repcxtitio~i of thohe 
1isi11g pc~~ici l l i i i  ailtl s ~ l l f a ~ ~ i l a t ~ ~ i d ~  iltilize(l tliis te(*lltii(l~it*. Sill(>(> flit, resl~lth 
of tlicb two mrthotls to  relilovtl the bacteria froiii the acatiol~ of t h r  atltihacaterial 
ngc*~~ts, pc.~iic.illi~l a t ~ t l  sulfanilamiclr. a re  si~iiilar., oltly thtb data  it1 \vliic*l~ c'cntri- 
f t ~ g a t i o ~ ~  is 11sed will be reported i~erc~ .  

W h r t ~  the antibacterial agent a ~ l d  ~ ' ibr ios  I I H ~  11iv.11 ill (.o~itat*t tlie tlc~sired 
periotl of tillle, the follomiilg ~iirtliotls werr 11set1 to  rrtrlove the bac.tcria i ~ ~ i ( l  
tcst their viability. The tube ro~ltaitiitlp the 111ixtru.t~ of bacteria atitl anti- 
11ac.tc.t-ial agent was sliaket~ well ant1 the cottoll p111g was replac.etl with a stt.rile 
1.11bbcr stoppn.. The tube was the11 ce~itrifugetl in all s t ~ g l r  cetitrifngt. for  20 
111it1utc.s a t  about 2,045 G's. The snpernataiit fliiitl was the11 snctiot~r.tl o f  into 
a t rap  flask, lisilig steril(3 l'astrur pipettes a ~ l d  a \ ~ i i t e r  sr~ctioti p11iii1). Two ml. 
of stwilt. aqitrous physiologiral saline solution were addetl. ant1 tlie material \va\ 
rc~snspe~~( l t~d  a ~ i d  rere~~tr i f l lged.  The snperiiataiit fl11ic1 was again rrt~iovetl ailtl 
0.5 iiil. of sterile physiological s a l i ~ ~ e  s o l ~ ~ t i o t l  atlded. The setlitiir~it was rc\l~s- 
~,cndccl by shaki l~g,  arltl a 4-mm. l o o p f ~ ~ l  of this material was i~iorr~latecl illto tlacli 
of forw tnbes of srtili-solid thiol mc~tlirini. Iiicubatio~i a t  3 i 0  C. it1 jars c.ontai~ii~ig 
15-?Of/;' (+iirboi~ diosidr follo~vecl. Tlio c.111t1ires \vrlre observecl daily for  a ptariotl 
of 14 days. 

('011tt.01.v. For  eac'li tube of a~ltibac*terial-vibrio iiiistrlre. three c~11itr~11\ \\ere 
s ~ t  111) s i i i~l~l ta~ieo~tsl j -  R I I ~  hai~tlletl idelltirally. No~lc. of the c.olitrols \vrrtB trt.attltl 
wit11 al~tibarterial ap.~i ts .  The three co~itrols colisistt~d of egg yolk a ~ t t l  citrate. 
(.itrat(> solntioi~ o i~ ly ,  ant1 physiological saliiic. only. Tlte r ~ ~ s l , e l ~ s i o ~ ~ s  of 1'. fc' t~ts 
were atlded to ear11 control tube a t  tlir sanie time a11i1 i l l  tlte S i i l i i C  IiIii11IICr a% 
i t 1  thc. " t ~ s t "  ti~ht-s a ~ i t l  the11 stored ant1 (a~iltl~red iclentirallj-. 

,Irtiotr of ~)c,ricillitr aclailtsl ViBvio fcft ts  (Table 1 ) .  -1s stated ~,revioo\Iy. 
c.ac.11 separate exl)eritl~etit was replicated tell tinies a n d  solup il~statireh fifteen 
ti~iies. l 'el~icilli~l \va\ present ill each tube iit a c.o~ic.eiitratioti of 500 1111it\ per 
tnillilitrr. Co~itrols ~ v i t h o ~ i t  the a~itibioticr were uretl. 111 the tubes kept a t  
5O ('. for tht. e1iti1.r ~ ~ e r i o t l  of obser\.atio~~, there tio lethal efeecat on the 
I~i~i.t(brii~. 111 tlie ( ~ x p f ~ r i i ~ i e ~ i t \  1isi1ig itirlihatio~i a t  3 i 0  ('. for 1 or  2 11o11r\ follo~vctl 
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TABLE 1 
Effrctn of 11~aieiIlir ow I'ibrio frtitn 

Per rent of rial~le t u b s  rontnining 500 units penirillin" n.11~1 espoaecl 

Hr. of 1 11r. at 37" C. 2 hr. at 37" C. 
exposurr 5" C. 5" C. tl~errafter 5" C. tl~rrrnftrr 37" C. 

" With no penirillin nll tnbrs up to 'if! 11r. were viable. 

by refrigeration n~itl also in the rsperi~nent when the tltbes \rere incnbatetl 
for the entire period of observatio~~. the orpanisn~s were nonviable in some of the 
tubes. These Irere iurariably in tl~ose exposetl to the antibiotic 8 honrs or 
less. In  practicall- all the tnbes the O I ~ ~ I I ~ S I I I S  were 'itill alive ant1 tlie growth 
comparecl favorably with that obserred in the eontro1.i. 111 the tubes exposed 
16 hours or more the organism was still riablc~ in all replic.ates. 

Action of strlfa~rilantitle agaiast  l'ibrio fettrs. The organis~i~ was riable in 
all tubes after exposure to 0 . 8 ' ~  sulfanilamitle at all esposilrr times up to and 
including 72 hours. This was true of all ten replit-ates. Ten~peratnre treatment 
consisted of storage a t  5" C. for the entire periotl of 1 or 2 l~ol~lw of incnbation 
followed by refrigeration, or storage at 3 i 0  C. for the entire observation periotl. 
I n  no instance under the c*ontlitions enun~eratetl ditl the agent I~a re  any ad- 
verse effect on viability. 

Actiolt of streptnniyci~z crgaitrst I'ibr-io fettrn (l'ahle 2 ) .  I n  these experi- 
n~ents, streptomycin in a concentration of 300 y per milliliter \\-as used. All 
tests were conilncted nnder the four temperature treatments as previously 
enumerated, ant1 at least ten replicates of each \rere done. When refrigerateti 
over the entire observation time, the organisn~s remainecl viable. The ag.r~it 
had no observable adverse effect. After 1 or 2 hours of initial incllbation follo\~ed 
by refrigeration, so~ile of the replicates for almost every exposure time were 
nonviable. Howerer, the majority remainecl riable. 1irhen incnbated for the 
entire observation period, sollie of the short exposure tinle cultures were non- 
viable. Practically all incubated replicates were alive after 16 honrs. 

When the cultures mere kept at refrigeration or incubation temperatures 
for the entire period, the results were about the sanie for 1,000 y per milliliter 
of streptomycin as for 500 y. When a I-honr initial inenbation was nsed, the 
organisms 11~e1.e dead in some tubes fro111 the exposure times up to 8 hours. 
All replicates exposed 8 to 24 hours container1 viable orgaaisms. Of those ex- 
posed up to 48 hours. a number of scattered tubes \rere "alive." At 48 hou1.s and 
thereafter, the orga~iisnis were dead in most of the replicates. Two hours of 
incubation had Ims adverse effect on viability of the organisms than 1 hour 
incubation. All replicates were viable lip to 32 honrs. nrith the exceptio~l of a 
few tubes held for tlie shorter exposure times. Most organisms were alive 11p to 
64 hours; a fe\~- were still alive at 72 hoiirs. 
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TABLE 2 
Effrcts of streptoi~~ycin oil Vibrio fetus 

Per cent of viable tubes eontainina streptomycin' when exposed - . .  

Hr. of 1 hr. at 37' C. 2 hr. at  37" C. 
exposure 5" C. 5" C. thereafter 5" C. thereafter 37" C. 

- 

501) y/tnl. of streptontycia 

0 90 60 
4 100 SO 
8 100 90. 

16 100 100 
94 100 85 
30 100 95 
40 100 100 
48 100 95 
56 I no 80 
64 100 60 
79 I no 65 

1,000 y/~al. of strepto~~igciit 

0 100 TO 
4 loo no 
S 100 100 

16 90 100 
04 1 00 100 
3'2 1 on TO 
40 i n o  60 
48 !(O 30 
56 100 30 
64 l(l0 40 
7" I00 0 

3,000 y/ml. of streptotngcin 

0 80 80 
4 80 0 
S no 1 

16 70 0 
94 60 0 
32 30 0 
40 30 0 
48 40 0 
56 00 0 
64 10  0 
72 20 0 

' With no streptomycin a11 tubes up to 72 br. were viable. 

When the aiitibiotic was used in a coiicentratioll of 2,000 y per milliliter 
the anti-bacterial action was considerably more pronounced except in the 
tubes kept at  incubator temperature for the entire exposure tiine. At incuba- 
tion temperature the results were coinparable to those observed when the 
lesser concentratioils of antibiotic were used, but \\.hell exposed only at  refriger- 
ator temperature the effect of this greater concentratioii became noticeable. 
Most of the replicates were viable up to 24 hours. After that time all of the 
organisms in many of the tubes \\<ere Iiilled by the streptomycin. However, 
some tubes at  each time up to 72 hours showed viability. 

Initial incubatiou of 1 hour gave the most nnifonnly satisfactory results. 
All cultures mere killed escept those gireii ~nerely a token (nerer over 15 miiiittes) 



exposure to the antibiotic and one ~veakly viable rel)lic.ate at S hours. Uiider 
these ten1peratnl.e conditions, 2.000 y per n~illiliter apgra1.s -to yield effective 
bactericidal action. Esposnrr for an initial incubation period of 2 hours is 
less effective. .~lthoiigli nlost of the replicates ~vc~re ~ ~ o ~ ~ v i a b l e ,  some were ~ i a b l e  
up to 24 hours, and again at 64 ill~el 7.) 11ot11.s:  fro^^^ 2 S  tt1ro11g11 56 ~IOIIPS all 
were nonviable. 

Action of cot)tbittc~d u~ttihnctc~~.icrl (~gc'trls o ~ t  I'ibrio fotrrs (Table 3).  Ex- 
tender containing 500 nnits of ~)enicillin, 0.35; of sulfanila~uide, and 500 y 

of streptomycin \vas also stilclicd uncler tlie sanlt. (*011diti011s as in the previous 
experinlents using the si~lglc. antibacterial agents. except that thr stutly of 

TABLE 3 
Effrcts of prnicillirr, .vtrrpto~r~!lci~r, s~tlfn~lilnrrf~rl~ O N  ribrio fetlts 

Per eelit of vial~le tnlwn eontnini~~g 300 7 ,  ml. of streptomycin. 500 
~~nitr/ml.  of prr~irillia, 0.3% snlfnnilnn~ide' when exposed 

HI. of 1 11r. nt 37' C. !? IIT. at  37" C. 
exposure 5" C. 5" C. thereafter 5" C. thereafter 

"With no antibnrterinl :tpents all tuhc.~ up to i!? Ilr. mere riahle. 

esposnre entirely a t  iiicnbator ten~peratitre was olnitted. The rrsnlts of rsposure 
of tlie organism to this ~ ~ ~ i x t u l . e  I Y ~ I Y '  apl)roxiniatel~- thr i;anle as tllosr obtained 
\vhen 500 y per ~nilliliter of s t r ep ton~yr i~~  alone was 11.rc1. 

Of the three antibac~terial i~gel~ts.  1,enicillirl. sl~lfanilatnide. RIICI st~*eptomycin. 
used under the conditions in these experin~nlts. streptoniyc*in appeared to 
be the only one to possess any observable bactericidal action against 1-ibrio fetus. 

The streptomycin was most c~tfc,c.tive ~vllen the estet~cler-a~ttibiotic-bacterial 
mixture mas incuhaterl 1 honr ant1 tllen rrfrigerated for the 1'elll~illd~r of the 
observation period. Tlle rrason for thr gt.c'ate1r etfectivrt~c.~~ of strepton~ycin 
against the organism whrn heltl at int*nbator tentperaturr for 1 honr in contrast 
to prolongecl incubation is probably that during the firi;t 11ollr the orpanisn~ 
\!-as in its lag phase ancl, therefore, more susceptible to ~infavorablc inflitenres. 
After 1 hour incubation some bacteria tend to acqnire a resistancr to a11tibiotic.s. 
A conlbination of tlie three agents, penicillin, strepton~ycin. and snlfanila~nide, 
was no more effective than streptomycin alone. 

A concentration of 2,000 y per ~nilliliter of strepton~yrin appeared to be 
the minimum that would kill T7ibrio fettts under tllr c-ontlitions Itere tlrscribetl. 
I t  is true that the nnmher of orpzll~islns used was 1n11c.11 grrattlr that1 \roliltl 



be encountered under natural conditions. Erperiinents are n o w  niider way 
to test the action of s t r e p t o i n y c i i i  and penicillin in r a r y i ~ l p  c . o ~ ~ c e n t r a t i o i l s  

against a graduated ~~un iba r  of organisms. 
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TIIE ANTIBAiC'TER.I~iL ACTION 01' PEIVICILLIK LiXD STR,EPTOJIYCIS 
AGAIXST \*IRRIO FETUS ISCT,UUING COSCEI\;TRL~TIOIVS 

FOT'SD IN  NATUR.ALIIY INE'RCTEII SEJIEN ' 

A.  EUGENIA OIfTHET .\sn 11. I,. GII .YAS 

Dppartqnent of Patkolog!l and Hnrtc~riolog!~ 
X I  tr Fork State 1-etrri~tnr!~ College, Zlknm, Srrr rorl, 

The clinical c.onil)les now known as bovine vibriosis was for many ?-ears 
regarded as a relatirely nnimportant disease of rrprocluction ~iianifested solely 
by infrequent premature death anil ex~111sioi1 of the fetus. We now recognite 
the venereal nature of the disease ant1 its role as a iiiajor factor in the pro- 
diiction of delayed conception anil infertility. In  a previous paper ((i) the 
anthors discussed the nature of the disease in some detail and atte~npted to 
eraluate the contribi~tions of other \voi*kers in this field of study. 

Bdler et 01. (1) recently confirnietl the obserratio~is of Plastridge ant1 asso- 
ciates (8). Terpstra and Eisma (9 ) .  and Hughes and ISIcEntee ( 4 )  that rirgin 
heifers could be infected through the nse of artificial iiise~iiinatio~i u s i ~ ~ g  semen 
f ro~n  known iiifecteil bulls which was not treated with antibiotics. 

Exact data on the effectiveness of antibiotics \r11en added to infected seiiien 
to destroy Vibrio fetlls mere lacking. Plastridge and Easterbrooks (7) stated that 
500 units of penicillin had no adverse effect oil the orgallism and that death 
occurred within 24 hours in the presence of 500 y of streptomycin at 37O C., but 
not a t  5 O  C. The authors found i t  difficult to agree with their snbsequeiit state- 
ment that V. fettl.~. when present in the diluted semen treated with streptoinycin. 
would be "renderecl incapable of producing infection, at  the time of, or follo~ving 
insemination, owing to the increased activity of the streptomycin a t  body tenipera- 
ture." I n  order to be effective, all vibrios should be dead before the semen is 
used for insemination. Lawson and AIacKinnon's work (:?), with the anti- 
biotics added "shortly before insemination." employed ail exposure tinie that 
was insufficient to permit accurate eraliiatio~i of the effectiveness of the auti- 
biotics. 

For data to be of pi.actical value, the authors 'feel that the semen, \rlietlier 
infected naturally or artificially, should be handled according to the iiiethodn 
conimonly used in artificial insemination organizations. I n  another article ( 6 ) .  
the authors reported that a concentration of 2,000 y per milliliter of streptomycin 
appeared to be the minimum that ~rould kill 1.'. f r t t ~ s  using such methods. How- 
ever, i t  must be e~iipliasized that the co~icentrations of l'. frtlrs organisms used 
were consiclerably greater than ~vonld be encountered in the semen of naturally 
infected bulls. I11 order to simulate normal conditions and ~inmbers of organis~iis 
as closely as possible. the project hrre reported \ras initiated. 

Xceeived for p111)lic:rtion Septemhrr 21, 19.5::. 

' This project \\.:tr sul~l~orted ill p:~rt I I ~  :I grant from t l ~ r  St-w Tork St:~tr .4rtifiri:ll Krertl- 
crs' Cooprmtivc, In(. .. Ttl~am, N e w  Tork. 
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Dnriiig the course of the experiments reported, teii strains of vibrio were 
studiecl. Six coiiceiitratioiis of each strain were prepared by serial dilution 
and exposed for three different leiigtlis of time to four levels of peiiicilliil 
alone, to four levels of streptomycin alone, ancl to 500 nilits of penicillin in con- 
juiictioii with four levels of streptomycia. Because of tlie iinnibc.r of cultures 
involved, six conceiitrations of one strain of vibrio, for three lengtlis of exposnre, 
and four levels of one autibiotic were studied siniultaiieously. Repeated experi- 
nieiits mere conducted, to stucly the teii c1iffei.ent strains, ant1 the two antibiotics 
singly and in combination. 

Senten exte~ider .  I n  all trials, the vehicle to which tlie antibiotics aiid vibrios 
were aclded was citrate-bugered egg yolk. This consists of eqnal parts of a 
sterile 2.9% sodium citrate dihydrate soliltioii and sterile egg yolk. 

Extender-a?rtibaclerid nge?rt niirt~rres. These mixtures were prepared early 
each morning, wariued to 37' C., aiicl iiioculated immediately. The procedure 
for their preparation. as described in a prerions article ( 0 )  by the authors, was 
employed except that the tubes in the present stndies contained 2 1111. of extender- 
antibacterial agent mixture. 

The four concentrations of a given antibiotic to be simultaneously prepared 
and studied consisted of on(? set each of 0, 500, 1,000, and 2.000 uiiits or miero- 
grams per milliliter. The set with 0 colicelitration of antibiotic served as con- 
trols for studying the effects of the three other concentrations, since they were 
conducted simultaneously. The streptomycin used was 1)iliydi.o-Streptomyciri 
Alerck (present as the sulfate). The penicillin was Penicilliii G Sodiuni Merck. 

I'ibrio fetus inocrrlitnl. Ten strains of ribrio were studiecl. Six of these 
were freshly isolated from the semen of infected bulls ant1 were known as 
VJi 756, VM 770, VAT 793, VIM 805, VJ3 811, ancl VM 1154. Their growth and mor- 
phological characteristics were identical to the strains of V. fetus recovered from 
abortcld fetnses. Since ~latlirally infected blills transmit ribriosis to feniales at 
the time of service, and since the disease complex may be incluretl in the cow 
inseininated with semen to which these bill1 strains have been atlded, whether 
freshly isolated from semen or reconstituted following lyopliilization, i t  is 
probably valid to conclude that these were true strains of 1'. fetrrs. Four were 
fetal strains from the abomasum of an aborted bovine fetus wliich either were 
recently isolated or reconstituted from strains that had been lyophilized shortly 
after recovery. These were therefore definitely identifiable as 1'. fetus. These 
were known as strains 14,804, 15,124, CU 177, and 17,006. .I11 the strains liacl 
been transferred on artificial meclia as few times as possible after tlie origillal 
isolation. The organism was cultured on flasks and harvested as described ill 
the previous report (ti) under Znoczrlrrnr. An exception \\.as that with slow 
growing strains 3 days were allowed after distributing the origillal inocululll 
over the surface, before harvesting. The raw bacterial suspe~isioli from the 
flask was then centrifuged a t  about 2,045 G's for 15 minutes, the supernatant 
fluid dra~vn off aseptically, aiid the bacterial cells resuspeiidecl ill fresh sterile 
physiological saline solutioii. This produced a suspension too dense to give an 



accurate reading on the Klett-Snmmerson photoelectric density meter, but this 
suspension was adjusted so tliat a 1 in 10 dillition pare a density of 125 on 
the meter \\-it11 a green filter. l1l1e basic dense suspension 1\31 be referred to 
hereafter as suspension No. 1 ancl the 1 in 10 dilution \\-hie11 gare a reading of 
125 on the meter will be referred to as suspension No. 2. Snspension No. 2, in 
turn, was diluted serially tenfold three inore tinies and the total series numbered 
1 through 5, respectively. From these fire suspensions tlie six tubes of antibar- 
terial agent-extender mixtures were inoculated. These tubes \rere numbered 2 
through 7. To trtbe No. 7 was added O.O!!nl. of snspensiou No. 5 ;  to tube No. 6. 
0.02 ml. of suspellsion No. 4 ;  to tube No. 5. 0.02 1111. of sospensioii Xo. 3:  to trlbe 
KO. 4. 0.02 ml. of s11spension No. 2 ;  to tube Ko. 3. 0.0'1 inl. of snspensiou KO. 1 : 
~ l l d  to tube No. 2, 0.2 1111. of suspension No. 1. Eac.11 of tliest~ six inoc.ult~nis \ras 
replicated 12 times to stndy simulta~ieonsly three exposure periotls and foltr 
lerrls of antibiotic. 

By tlie nse of the above pl*oc.etlnrch thr tube ~~o inbe r s  corresl)ontl~vl to the 
suspension ~~umbei.s and the tubes like~rise coiitai~ied serial d i lo t io~~s  of 1 1111. 

in 10 ml. Therefore. the bacterial counts and de~isity reatlings niatle ~ I I  the 
suspe~isions coultl be applied to their correspondingly ~inmberetl tubes. This 
was necessary since neither bacterial comits nor density reacli~igs c.oultl I)? 
made on the tube contents because of the presence of opaclue egg yolk. 

A11 estiinate was iiiade of the nmnber of orga~iisiiis per iiiilliliter I-eprc*se~itetl 
by the density readings. The Breed nietliod was wed cAseept tliat ~netllylene 
blue \\-as replareil with Gram's rrystal violet. Only snspeiision No. 4 ill tltr 
series, with a tlensity of 1.2, could be co~uited. To c.lleclr tlie ralidity of this 
count, special suspensions with Klett-Sriinmerson de~isities of 1, 2, 3. 4, 5,  6. 7. h. 
9. and 10 were prepared and counteil. Froin these counts the theoretical ~~~r i l l be r s  
of organisms in each of tlie other snspensions were c.alenlatecl. These (*aI~~rlatioll\ 
are shown in Table 1. 

TABLE 1 
ksli~tratrd n~ilnber of or,qaais?~rs ailrl K l r t t - S I I I I I ~ I ~ ~ X O , ~  rl(,~rsit# 

rradings of  s~tspe*niottn of Fibrio frtrls rmplo!/rd 
-- 

Tube Sospe~~sion Klett-Summerson S o .  o f  o r g n ~ ~ i n ~ ~ ~ a  
No. No. density renclit~g per ml. 

1 too dr~lse to rend 200-225 x 10' 
2 125 200-225 X 10' 
3 12.5 "0-0'25 X 10" 
4 1.2 22-24 X 10" 
5 < 0 22-24 x lo5 
4 clil. 100 times < 22-24 x 10' 
5 clil. 100 times < (1 28-24 x 10': 

The authors hare also attempted to count tlie iininber of 1'. fcf 11.v orpanisn~s 
present in naturally infected semen. This \\-as cloiie by iliaking thin smears of 
semen and counting the organiwlis and sperili ~ l l s  in a given area. Knowiiig 
the total nnmber of sperm cells per n~illiliter of a given saniple of semen, tlie 
number of ribrios per niilliliter could be calrnlatetl. The liipl~est count was 



11,318,600 vibrios per niilliliter. The co1111t ill many samples was a r o ~ u ~ t l  4.000.000 
organisn~s. No organisms coultl bc. observed in some samples that provet1 positive 
on cultnrc.. The Ilighest count was about one-half that in the espcrilnt~llta1 tllht. 
No. 4, 01% abont fire times the 1111mber fount1 in tnbe Ko. 5. The ~inntber of 
olpanisrrls observed ant1 coul~ted must be regarded as only approsiniating the 
actual 1111mber p r e s e ~ ~ t  in a given saniple, but the observatiolis ditl allow some 
conclusio~~s to be tl~.a\vn as to the efficaey of the antibiotirs against the ~ ~ u m h t ~ r s  
of organis~ns fon ncl ill natnrally in fectetl semen. 

Tettrl)o.nt rrrc trentnrciit of cstc~rrler-I-ibrio nr istirl.e. The t11bt.s \vclrta plac.et1 
in a water bath at 3Tc C. and, as rlosely as possible. the cooling ~netl~ocl for 
semen 11sc~t1 ill artificial i~~semination clescribetl by Voote ancl Brattoll ( 2 )  was 
employcvl. After the temperature rclac.l~etl S C  C!.. the tnbrs c.ontinnc~tl to 1118 storetl 
at that t e n ~ p e r a t ~ ~ r e  for t h ~  tluration of t l ~ r  esposllre time. 

Tests f o r  r.inblr cells. The inoe~~ la t e~ l  exte~~der-al~tibiotir ~nis tn l~es  \vertA 
c.ultnretl for viable (.ells at the entl of 1 I~onr, 6 hours. and 24 11011rs. OII(B gra~lj)  
of six serially clilntc~tl tubes from each set of tubes used for eac-h ro~l(~e~lt~.at ion 
of antibiatir was cnltnred at the elltl of earl1 of tl~ese inter\-aIs a(*(*or(ling to t l ~ v  
technicluc~ previot~sly describecl (6). escarpt that after the material 11acl bee11 re- 
s~~spe~~tl( . t l ,  reeeiitrifr~getl, alul the s~~pc~rna tan t  fluid dra~vn off' a YCOII(I tinie, no 
fr~rtlie~. physiological s a l i n ~  was atlclt.tl. The prclcipitate was tliritlt~tl into t\vo 
parts by ~neans of an inoculating loop, ancl each half was plac.etl ill a separate 
tube of semi-solicl thiol medinm. Thc. inoculrt~n was stirred into the ~netlinin 
to a depth of 2-.i 111111. il~volving 11ot over one (111artcr of the S I I ~ ~ A C ' C I  area. a\ 
tlesc.ribec1 by I-111ghes ant1 Gil~iian (.';) for sen~en and III~IPIIS c ~ ~ l t ~ ~ r e .  Invl~batioli 
was a t  3'7' C. ill jars c.outai~~ing 15-2Oj: earboll tliositle. The i~ loc~~la te t l  tubes 
wercA obsc~~.vetl daily for a periotl of 14 (lays. 

Xntlrrcrlly infectcrl estrilderl .srltrc.I) sn)~rl)les. Selnel~ fro111 natr~rally infcvtetl 
bulls was usetl for this series of tests. Iioth raw selnell ant1 estel~decl seine11 
were cnltnred. The raw semen cultnres servetl as controls to tlemol~strate the 
presence of the organisln in t l i ~  se~nell before being estendetl. SCIIICII was ex- 
teudetl with the standard c i t r a t e - b 1 r 1  egg yolk extel~der containi~lg 500 units 
of penicillil~. 500 y of streptonlyt.in, ant1 0.3',4 snlfanila~nitle per ~nilliliter. The 
semen was extenclecl to the nor~nal limits of no less than 10 X 1O" spe~-III per 
~nillilit(~l* and c.ooletl to 5" C. by tllr same procedure as is ( ~ ~ ~ I I I I ~ I I ~ .  1)ractice(l 
for artificial insemination (2). The samples were cultured at 1 and 6 l~ottrs by 
the SAlllP ~ ~ O C ' C ( ~ I I ~ ( ~ S  described 1111t1er Tests for i.inble rells. 

The eontrol tnbes 1-ontai l~i~~g 0 units 01' n l i t - r o g r ~ ~ ~ ~ s  of ~~litibioti(.s \\.ere 
viable a t  all t i~nes in all trtbes. The ~.esults are bast~tl 011 tluplic.atc1 stl~clies of 
each strain. 

Actioa of pe~ricillitr nycri~rst l'ibria fetrrs (P ig~ l re  1 ) .  At t l r ~  ellcl of 1 I~ollr 
exposure to 500 t~ni ts  of penicillill, most strains were viable ill the* ro~leel~trat io~ls 
in tubes No. 1 to 5. inclusive. 111 the higlier dilations (tubes So. 6 ant1 5 )  t l ~ r  
bactericaidal ac8tion was c~omplete. There was, llo\vever. consitlerahlr s t r i ~ i l ~  tliff'tbr- 
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ence. Two strains (\'I1 805 and CU 177) were apparently uilaflected, whereas 
VI\I 1154, showing great penicillin sensitivity, was viable only in tubes No. 2 and 
3. From this it can be seen that one hour exposure to peaicillin is generally 
ineffective except in the highest dilutions of the organisin. 

After 6 hours of exposure to 500 units of penicillin, most strains were inhibited 
somewhat by penicillin but remained viable in the dilutions contained in tubes 
No. 2 through 4. One strain (CU 177) was again viable in all tubes, and VM 1154 
was reduced to viability only in tube No. 2, containing the greatest number of 
organisms. 

After 24 hours of exposure to 500 units of penicillin, all strains were affected 
Inore noticeably. The viability end point was generally reached in either tube 
No. 3 or tube No. 4. However, the difference in strain resistance caused a spread 
from VAI 1154, nonviable in all tubes, to Vi\l 805, viable in tube No. 5. 

The organisms were more sensitive to 1,000 units of penicillin per milliliter. 
After 1 hour exposure, all strains showed some degree of sensitivity. Strains 
V11 805 and CU 177 were viable in the tubes up to and including No. 6. Again, 
the least resistant strain was VM 1154, but it was no less resistant to 1,000 than 
to 500 units per milliliter. All other strains were viable through tube No. 4. 

Sfter 6 hours of exposure to 1,000 units of penicillin per milliliter, the 
results were approximately the same as for 1 hour exposure at  this concen- 
tration. The only exceptions to this were VM 770 and strain 17,006, which 
required the bacterial population density present in tube No. 3 in order to 
maintain viability. 

,4t the end of 24 hours of exposure to 3,000 units of penicillin, only the two 
tubes (No. 2 and 3) containing the greatest density population of organisms 
were able to maintain viability for most of the strains. VJI 1154 was nonviable 
in all tubes, V3I 80.5 and CU 177 required the numbers of organisms in tube 



No. 5 ancl tube So. 4, respectively, to maintain riahility. VJI 811 was viahle only 
in tnbe No. 2. 

I'ibrio fetrts showed even greater sensitivity to 2,000 tulits of penicillin per 
milliliter than to 1,000 tinits per milliliter. slid 1 110111. ~YI)OSIII'F was a ~ l e ~ l l ~ a t e  to 
render most strains noilriable in all dilutions beyond the first two tubes (So. I! 
and 3 ) .  Several (VM 793, VM 811, and 15,124) were so severely affrcttbcl as to 
be nonciable in all concentrations. Again, VJI 805 and CV 177 \\-ere the   no st 
resistant, remaininp viable in dilntions as great as those fonnd in tnhes So. 6 ant1 
5,  respectively. 

After 6 honrs, only the heaviest concentration (tube So. 2 )  conlcl 111aintai11 
viability for many strains, and about half of the strains \vt1rr ~ionviable. JYitlt 
longer esposnres to greater quantities of penicilli~l the bacterieitlal action \\-as 
more pronounced. Because of variation in strain sensitivity. two resistant 
organisms apain were present. VRT 805 reqniretl only a dt~nsity popnlation as 
present in tnbe No: 4, and CU 177 rec(nired old?- that in tnbr So.  5 to remaill 
viable. 

At 24 honrs. the more drastic effect of 2,000 nnits of penicillin becza~ne very 
evident, and seven of the ten strains were ~ioiiviable. Only VJI 805, ('T; 177. 
and 17,006 were viable in any of the tubes. The liiost ~.esistant was VJI 805. 
which was alive in tube No. 4. The other two were alive on l -  in tube Xo. 2. 

Action of streptonl?jcin ugailzst T'ibrio fetus (Figure 2 ) .  The same tell 
strains of 1'. fetrrs used in the penicillin trials \rrl.e nsecl in the stt.eptomycit~ 
sensitivity tests. S t i - ~ ~ p t o ~ i ~ y c i ~ ~ .  si11c.e it is   no st artire apainst Gram-negative 
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bacteria. was ~ ~ t n r h  1110re effe(*tive against vibrios than was pr~~ic . i l l i~~.  The 11tY'rc.t 
was more ~Bapitl ant1 1.e11dert.11 no~~viahle ~ i i ~ ~ v l i  grcater II I I I I I~)CI 'S  of o1.ga1tis1114 
than did penic.illin. 



After 1 hour exposure to 500 y of streptoniycin, only oiir highly resistant 
strain (14,804) was viable in all tnbes. All strains were inore severely afected 
than they \\-ere when exposed to penicillin for 1 hour. The other strains viable 
a t  the end of this exposure period were VJI 811 in all the clilutioas up to and 
including tube No. 6 ;  VJI 756 u p  to and inclnciiiig tube No. 4: 15,124 in tubes 
No. 2 aiicl 3 ;  and VhI 805 and VM 1154 in tube No. 2. 

After 6 hours, all straiiis but two were nonviable even in tlir lieaviest coiicen- 
trations used ill this experiment. The resistant strains, 14,804 and VbI 756, 
were viable in dilutions as high as tubes No. 4 and 3, respectively. 

S f t e r  24 honrs, strains 14,804 and VhZ 756 were still highly rrsistant, being 
viable in tubes No. 2 and 3. All other strains \\.ere nonviable e\rt3~i in the lieaviest 
coiicentratioils used ill the experiment. 

At a concentration of 1,000 y per milliliter, the ability of streptoinycin to 
reader nonviable larger quantities of organisms in shorter times was evident. 
Only three strains (11,804, VBZ 805, and Viti 1154) were viable in any dilution 
after 1 hour, aiicl after 6 hours only the highly resistant 14,804, alive in tubes 
No. 2 and 3, \\-as viable. After 24 hours, all strains were nonviable in all tubes. 

As reported in a previons commnnicatio~~ ( f i ) ,  2,000 y of streptoinyciii was 
highly bactericidal to the organism even when present ill great nninbers. The 
results were similar in the trials here reported. The only viable organisms were 
14,804 and I'M 1154, exposed 1 hour. They were viable np  to and ilicluding 
tubes No. 4 and 2, respectively. Beyond exposure of 1 hour iio recoveries of 
viable organisms mere iiiatle on any strain exposed to this concentration of 

Action of .st~.epto~rr!jcir~ ~ ) l r is  perricillirc crgainst Vibrio f c t r t s  (Figure 3) .  
Streptomycin in concentrations of 500, 1,000, and 2,000 y per iiiilliliter were nsed 
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(lark line OII ally give11 bar rrprrsel~ts the most sensitive strain. The tlonl~le lines exl>rcas tile 
mode. 



in combiaatio~t wit11 500 units of penicilli~i per ~nilliliter to test tht- se~isitirity 
of the same ten strains of V. fettts. 

All strains \\.err nonviable ill all concentrations of the alitibiotics ill all 
tubes when the exposure time \\.as longer than 1 hour. 011ly two strains were 
founcl viable in any dilntion and these only a t  tlie 1 hour exposure period. At a 
concentration of 500 y of streptomyci~~ plns 500 units of pe~~ic i l l i~ l ,  PI1 80.5 
was still viable ill tube No. 2 and VPIl 811, siirprisingly, in tubes up to and 
inclndil~g tube No. 6. With 1,000 y of streptomyc*in ant1 500  ini its of peuicilliu, 
I'M 805 ~vas  again viable a t  1 hour exposure in tube No. 2. 

Actioll of pe~t ic i l l in ,  streptonl!lciir, and .szrlfottilanlide against  I'ibrio fetus 
ot.ga~tislrts as fo~rltd in estenderl ,  ~trtttrrnll?y infectcd sentrtt. As previously stated, 
samples of semen froni naturally itif(vtec1 bulls, ant1 from which 1'. fetlra had 
been cultured, were extentled with the commoaly used citrate-bufferetl egg yolk 
co~itainiltg 500 y of streptomycin, 500 units of pe~iicillil~, tlncl 0.3'/: sulfa~~ilaniitlt~ 
per milliliter. Two huntlred ant1 one such kno~vn infected samples were cnlt~irecl 
a t  tlie en11 of 1 honr and again at tlie end of 6 11o1u.s of exposure to the anti- 
bacterial agents in the extender. '\t 110 time was 1'. fctrts reroveretl fro111 ally 
of these samples. 

SUMMARY :\XI) COSCIAUSIO~\IS 

Both penici l l i~~ alld strel)tol~iyt.i~l t~xliibit bat6tericidal at*tioll agaillst I'. fetirs 
organisn~s ulicler the conditions usetl in these experinie~~ts. Strepto~uyci~i  was 
was by far  the nlore etrectise of the two. -1 niuell greater del~sity popi11ati011 of 
organislns per ~nilliliter is rcvlnirrtl to ~ i i a i ~ ~ t a i ~ i  riability in tlith prese~~(*e of strep- 
tomycin than wit11 ])e~iicilli~l. 

A conibinatioii of the two autibiotic.~, using 500 units of pelticilli~l ant1 500 y 

of strel,toniycil~ per milliliter in scwetl extender, Billet1 all 1'. fctrrs organisiiih 
in concentrations up to 225 >: 10' orgal~is~iis per ii~illiliter \vl~rn esposetl 6 lior~rs 
nnder the tenlperature co~ id i t i o~~s  ~ ~ s e t l  ill these esperiments. Since this was 
man>- Inore orgat~isnis that1 were fountl ill ~ ~ a t n r a l l y  infectetl scJmeli, this co~u- 
binatiot~ seems capable of relid~rilig ~ I I I ~ ~ C I I O I I S  all IT. fe t t t s  orga11is111s that 111ig11t 
be present ill natnrally il~fected se~ut~n.  

At 110 tinte \yere the authors able to recortBr 1'. fc~ttts fro111 t~at r~ra l ly  i11fectt.tl 
se~iien extmdetl wit11 citrate-buffered rgg yolk cot~taining 500 units of l>e~~icilliti. 
500 y of strepton~yc.in, ant1 0.33 s ~ i l f ~ n i l a ~ n i d e  per niilliliter a11t1 11a11~lletl hy 
the eoninloll procedures employetl by artificial breetli~ig orga~lizatio~~s.  

REFEHESCES 

( 1 )  AI)I.EK, H. ('., AI.I(EKTSEN, B. E.. K.\sHE(.~I, S. O., .\XI) SZ.\HO, I.. I ) i : ~ p r ~ u s t i ~ ~ t ~ r i ~ ~ g  of 
Cibrio f~. tus-l~~ft~ktio~~r~~ Hos 'Syrr Ted Srlritt~~forsog. .Vorrl. JVr.t. .lfr.rl., 4: 41i.'. 

1952. 



424 -4. EUGENIA ORTHEY -4SD 13. L. GILJf.4N 

(2) FOOTE, R. H., .\SD BK~TTON, R. W. The Fertility of Bovine Semre ('oulrtl wit11 : I I I I ~  with- 
out the Ad~lition of Citrate-Sulfanilamide-Polk Extencler. J. Dcrir!l Sci., 32: X511. 
1949. 

(3) HCGHES, D. E., .4SD GILXAN, H. L. -4 Satisfactory &fetbod for tllc Clllturc of Vil)rio 
Fetos. Cornell Tet . ,  43: 463. 1953. 

(4) HUGHES, D. E., ASD JICENTEP., 9. Unpublisl~ed data, 1952. 
(5) LAWSON, J. R., I S D  M.~CKINNON, D. J. NO. 5. Vibrio Fetus 1nfec.tion in Cattle. 1-r.1. 

Record, 59: 369. 1953. 
(6) ORTREY, A. E., -4SD GILJIAN, H. L. The Antibacterial Action of Penicillin, Strepton~yein 

and Sulfanilamicle Against Heavy Silspensiona of Vibrio Fetus Added to Senlcn 
Extender. J. Dairy Sci., 37: ..... . 1954. 

(7) PL.~STKIDGE, W. N., AND EASTERBROOKS, H. L. Effect of Antibiotics in Diluted Bull San1c.11 
on Vibrio Fetus. -4111. J. Vet .  Researc76, 13: 145. 1952. 

(8) PLASTRIDGE, W. S., WILLIAMS, L. F., CHERNAK, C., AND EASTERBROOKS, H. L. The F:ffcct 
of Vibriosis on Breeding Efficiency in Cattle. .7. Am. Vet.  .Mrc7. AP~oc., 118: 367. 1951. 

(9) TERPSTRA, J. I., - 4 s ~  EISJIA, W. A. Vibrio Fetus Infection in Cattle and Enzootic Sterility. 
Tijdse7rr. Diergeaeesk.. 76: 433. 1951. 



JIETABO1,ISJI O F  ROVINE SRJIES. I. VPT.\KE O F  GLI'('OSE-C'4 

RT BOVINE SPERJIATO%C)A ' 

R. J. F1,IPSE 
Dniry Cnttlr A r c ~ d i ~ r g  Rtnctrrch C c ~ ~ t r r  

7 1 c  Porirnylvnaia Stntr r ~ t i r ~ r n i t ! ~ .  S t c r t c ,  Collr~ge 

AZcCarthy and associates ( 12 )  snggestecl in 1927 that spermatozoa utilizetl 
the sugar containecl within them as a substrate for glycolysis. Although ply- 
colysis in semen has been investigated by inany ~vorkers. it xras not until 1!)46 
that the sugar present in semen was identified as fructose (9). This discovery 
came after more than t ~ r e l ~ t y  years of inrestigatioils by many workers (2, 4 ,  6 ,  
7, 8, 10, 11, 13, If.  1::. I l i ) ,  who have sought to tlctcwnine the nature and im- 
portance of the glycolytic process to spermatozoa. 

Most of the reported studies have clealt wit11 spt.rn~atozoa 01' wit11 ~rholtb 
semen; holyever, tile importance of se~ninal plas~na also has bctw recognizetl 
(13, 18). Winchester and McTCenzie (18) clemonstratecl that ere11 after 5 minutes 
a t  100' C., extracellnlar respiration by selninal plasma of the boar was not 
eliminated. Plaut antl Lardy (13) have reportecl that s~nall  an~onnts of seminal 
plasma increase the glycolysis of maltose by spermatozoa. 

Studies of the entlogenons respiration of spern~atozoa have been rcvie~vecl 
by Anderson (I) ,  hut prior to the rrt-ent report from this Ii~boratory ( 5 )  no 
distinct evidence had been presentetl to inilicate ~rlletller the srtbstrate inrolretl 
enters the sperm cell proper or (1isappeal.s as a res~ilt of cstra-cellular processes. 
I n  order to further investigate this probleln, the nre of tri~c~el. tlnantities of 
glncose-C" has been continued to dcte~*lnine the extent to \rllir.l~ this componntl 
is talren up by ejaculatetl bovine spermatozoa. 

Semen ~vas obtained by means of the artificial v a g i ~ ~ a  fro111 I Io ls te i~~ ancl 
Guernsey bulls and p~.adually coolvd until used in the laboratom, usnally IF. 
to 3 hours after collection. Only the selnen samples having an initial n~otilitj- 
of a t  least 50r4 and a co~lcentration of at least 10' spermatozoa per milliliter ~ve~.e 
used. The semen rollectetl from two to four bulls \vas pooletl antl ililnted with 
calcium-free Ringer-phosphate solution (p1I 7.4) to a final concentration of 
O..i X 10"permatozoa per milliliter for each trial. 

-\fter the designated inenbation period, samples \\-ere inactivated by tllc 
atldition of formalin (except for the first two trials describctl untler Rcsirlts) . 
Spermatozoa mere recovered by c.rntrifr~gatioll and resuspentlt~tl in Ringer-pl~os- 
phate. The washing procedure was repeated tu~t i l  no f~i r ther  r~clnction in ~ . a ( l i ~ -  
artivity occurl.tbcl in the \vashecl spermatozoa. I'snally thrrc ~vasllings were 

1:eecivcvl for l)ul~lic:ctiul~ Srpten~her 22, 1ll.X. 

' P11~~1isl1~~~1 wit11 t11e :1]1prot-:11 of the Pc~~c~is.vIv:~~cia .%gric~~It~cr:cl Espt~ri~~~e~ct St:~tiolc :t- 
.To~crnal Article S o .  1x22. 
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adequate. After the final centrifugation, spermatozoa were stispendetl in 1 1111. 
of Ringer-phosphate, and 0.5 ml. of the suspei~sioi~ was transferred with a 
micropipette to a 11/8-in. alliiniuun~ plaiichet. A disk of lens-cleaning tissue was 
placed on top of the siispension to assure unifonn spreading (3). and the saiiiple 
was dried iiniler an  infrared lamp. Radioacativity of the dried preparation \\.as 
assayed in a \\indowless flow gas G.M. counter in conjunction with a decade 
scaling unit. 21s a general rule, lo!' spermatozoa were plated for assay; ill the 
few i~ista~lces where this was not possible the radioactivity was corrrcted for 
spermatozoan nunibers. 

A simple exploratory trial was con(l~ictecl to tleteriiii~~e the feasibility of 
using labeled coinpounds tu study speriiiatozoan n~etabolisiii. P'resli, poolecl 
semen with all arerage initial motility of 60'k and a concentratio11 of 1.48 x 1 0  
spermatozoa per nlilliliter was diluted with Ringer-phosphate bnfler. The saiilple 
was placed in a 50-in]. Erlenmeyer flask a11d tempered in a water bath at 37O C. 
Uniformly labeled glucose-C1* previously dissolreil in Ringer-phosphate \\.as 
added, 6.16 pe. being added to the 25-1111. sample. After iiieiibation iiitervals of 
10, 60, and 120 iiiiiintes, 8-1111. aliquots \!-ere removed froii the flask and pre- 
pared for assay as described above. 

The results of this trial are s h o \ \ ~  in Figure 1. The raclioactivity assoriatecl 
with the spermatozoa ~~~~~~eased with increase in incubation time, the relatio~iship 
heing approximately linear. Whether this was actual iiptake or simply a matter 

Time (min.) 
FIG. 1 .  Tile t,ff'ert of il~eoI~:ctil~g fol. V : I ~ ~ O I I S  p~'ri011s of till~e 011 t l ~ t .  ~ ~ ) ) t : ~ k t '  of ~III(.os:~-("'  

11y sperl~~atozon. 

of surface aclsorptio~i was iiot cleterinined; 110 co~itrol sainple of tleatl or 
inac*tiratetl spermatozoa was includecl ill the trial. 

Illnctit.ntioir of spci.nintozoo. From this exploratory trial it was apparent 
that a quick. efficient iiietliocl of inactirating spermatozoa was recluirclcl. Such 



a methocl was ~~c~c*tlc~cl first to ~)ro\.icle 11irtabolic.ally inactive sper~uatozoa for llsc. 
as colltrols and, sero~~tlly, to stop the 111~fabolic activity of the spermatozoa at 
the specified elid point of the trial. The latter was par t ic~~lar ly  i~iiportant in 
studies i~lvolvi~ig brief i~~c.nbatiol~ perioils, for co~isiderable ti~ile was requirecl 
for harvesting the spt~r~iiatozoa a ~ i ~ l  preparit~g the s a ~ ~ i p l e  for the assay of 
radioactivity. Sereral ~iiethotls of i ~ i a c t i r a t i ~ ~ g  spermatozoa were test t~l ,  ant1 
results of a typical trial are show11 in Table I. Etha~iol gare variable results, ill 
some trials st iniulat i~~g ant1 in other trials ilihibiti~ig the uptake of radioactivity. 
I leat i~ig apparently causc.tl some loss of 1.ac1ioac.tirity fro111 the incubated sample. 
Distilled water reac.tecl too slo\vly to be useful in stopping a i*eactio~~. Roth 

TAI31,E 1 
Effect of rnriorrs ~rir.tlrotls of inncti~.nt iott of xl~rrr~tcltozon oa tlrr rrptc~lr of mrlionrtirit?~ 

Railionetirity when trcatcil 

After 30 mill. 
'rrc:~ t111c11t Rc~forr i ~ ~ r ~ ~ l ) : t t i o ~ ~  inellhation 

Etl~aaol, O.:! 1111. 
Heat, 1,oilillg water I3:1tl1 

for 1' 11ii11. 
Formnliti, 0.2 1111. 
Distillecl water, 10 1111. 
6 S Sulfuric :lritl. 0.1' 1111. 

' Counts per tiiii~utr per 10" sper~nntozo:~. 

for~i~al in  a ~ ~ d  5 N sulfuric acid gave ~ a t i ~ f a c t o r y  resi~lts; formalii~ \\-as acloptt~l 
for subseque~~t use beca~~se  it prodncetl lower levels of ratlioac-tirity ill the- 
co~itrols than did sulfuric acid. 

Eflect of ~cinshilzg sper.ntatozoa 011 trptake of C1*. The method used in tlie 
preparation of the sperm cells obviously is all important factor ill \~-orki~ig with 
the requirements of sperniatozoa. Although it is desirable to remove all traces of 
s e m i ~ ~ a l  plasma in order to aroitl possible interference by this material, too 
vigorous preparatory treatme~lt 11i11st be avoided if damage to the spermrltozoit 
is to be averted. 

Trials were co~itluc.ted ill which the uptake of labeled glurostl by spermatozoa 
ill diluted semm was compared to tlie uptake by sper~ilatoxoa washed once, 
twice, or three times with physiological saline. Spe~.niatozoa were resuspendetl 
in eaeh mashing by gentle p u m p i ~ ~ g  action with a glass syringe. A sectio~i of 
polyethylene tubing replacaed the usual ~iietal ~ ~ e e d l e  oil the s y r i ~ ~ g e .  Each sus- 
pe~isio~i was filially clilnteil to 0.5 X 10" spermatozoa per 111i1lilitc.r ill Ringer- 
phosphate. Fonr ml. of each dili~ted suspe~ i s io~~  was temperetl ill a water bath 
a t  35" C. Two-tenths nil. of Ri~iger-phoslthate e o ~ ~ t a i ~ ~ i ~ i g  0.85 ye. of glucose-C" 
was adtletl to each sample, a ~ ~ d  the tubes were i ~ ~ c ~ ~ b a t e t l  for 1 hour at 37' C .  
Sa~uples were prepared for assay as cleqcribetl abore. The 11iea11 c.orrected radio- 
activity associatecl with sper~iiatozoa ill eaeh t r e a t ~ i i e ~ ~ t  is s11o\\-11 in Table 2. 
Radioactivitj- inr~.cxasecl after hoth the first ant1 second \vasliings but decli~~etl 
slightly after the thirtl mashing. 



TAP,T.F: 2 
Effect of rtmhirr(r nprr~rratozoa prior to i?rrrtbatioa with gltrronr-C" (nt.rrogr of foirr trials) 

Radioaotivitv after ilicul~:~tion for 

Tre:~tn~c'l~t 0 min. (control) GO niin. 

(r.p.911.) " (c.P.?!~.) 

No washing 
One washing 
Two waflhings 
Three wnsl~inps 

' Counts per minute per 10' spermstozon. 

Eflect of le,rgtlt o f  iitczrbafiol~ irpolr riptake of C ' t  Spem~atozoa were obtai~ied 
from the poolecl ejaculates of two bulls, ~vashed twice with saline and suspended 
in Ringer-phosphate. Pour-ml. aliqnots were pipetted to 13 x 125 mm. test 
tubes, 0.2 ml. for~nalin mas added to each control tube. and all tubes were placed 
in the 37' C. water bath. After temperature equilibration. 0.2 ml. of Ringer- 
phosphate containing 0.72 pe. of glneose-C14 was added to each tube. .\fter 
incubation for 60 and 120 minntes, the reaction was stopped by adtlitio~l of 
formalin. Spermatozoa were harrestc~d. ~vasllecl. dried, ant1 assayed for radio- 
activity as described above. The ratlioactirity of 60-minnte samples averaged 
42; that of 120-minute samples areraged 73 more connts per ~ninllte than the 
radioactivity of the comparable control. The 120-~ninute controls showed no 
increase in radioactirity over controls incubated for 60 ~ n i ~ ~ u t e s .  

Uptake  o f  glrrcosc-C" vnrler n?tnerobic co~tditiorrs. Tu-ice-wasl~ed spermatozoa 
\\.ere snspenrletl in Ringer-phosphate ant1 flushed \\-it11 nitropen for 10 minlrtes 
prior to the start of the trial. The 1.cs11lts of three trials cont111rtetl \\.it11 slwr- 
matozoa from semen above average in quality (mean concentration 1.59 X 10" 
spermatozoa pc~.  milliliter, mean initial motility 597 ) are  r resented in Table 3. 
Althongh a direct comparison wit11 aerobic conditions \\-as not ~nade  in tlaell 
ease, it  appears that the ma l t i~n~ l~n  ~ ~ p t a k e  occnrs earlier undel. anaerobic* than 

T.\RT,F: 3 
Rac7ioactit.it!y of ?c.nshcd sprr?nntozon nf lrr inertbation rratlrr rritroqen nt 37' G., nitlr 

? X 10' npernrntozoa it! 4 ,111. of Ringrr-plron~~k~tr nolrrtio~~ 

Length of incul~ntion (erin.) 

Trial I! (control) 60 120 040 

Av. 

' Counts per ~ninutc per 10' spernintozo:l. 

n~lcler aerobic conclitiolls. I'ohsibly this is simply a reflectioll of morc rapid 
glycolysis nndrr nitrogen, wit11 the liberation of C ' I 4  c-ontaining metabolites 
from the cell. 



The trials rcq,ortclel I~c*~.c*in \ \ e * ~ . e .  of all c.sploratory nature wit11 the object 
of establishing \1-11etlic~r or not sprrniatozoa can utilize esogcno~~s  sources of 
energy; no effort was ~nat l t~  to r e ~ ~ o v e i ~  ine~tabolites or to assay radioactivity 
possibly associatecl wit11 t l ~ r ~ n .  The data inclivate rather conclusively that  spernla- 
tozoa do utilize esogellons glnc+ose, as c+o~~sitlerable ratlioactirity was fount1 in 
excess of the low ratlioac.tirity of i11ac.tivatre1 spermatozoa. Thc radioactirity 
of formalin-treatetl s~)rrnlatoaoa after c>sposllre to glucocsr-C1"or as long as 4 
hours was some~vl~at va~~iable  bet1vec.11 trials but apparently (lid not increase 
after the first few minutes of exposure. 

The cause of the rednc*c~cI nptake of gl~lc.o~c~-(?' by sper~natozoa in the presence 
of seminal plasma is subjt~tat to ~1)e(+111atio11. 110st of the se~nilial plasma was 
removed with the first ~vashi~ig. and this is rc~flrc~ted in the ~ ~ p t a k e  of radioacti~ity 
by spermatozoa. The cliffc~~enrrs in 1iptakc1 after one, t11-o. anel three washings 
were not great, probably as a i.esl~lt of tht. c*onnteracting rRrc*ts of reinoval of 
seminal plasma ant1 iilc~rc~asrtl injnry to spc~.n~atoeoa with eac.li surceediug wash- 
ing. The op t in~un~  I I I I I I I ~ C ~  of washings is dependent npon the tecliniques 
employed, for s i~ rh  fartors as the speetl ant1 time of rentrifnging have obvious 
effects upon sper~natozoa~~ viability. The effect of washing observed in these 
trials is in agrrenlent ~ v i t l ~  the report of Wltitca ( 1 7 ) .  Thr cfftlrt of selninal 
plasma conlcl br dnr to tllr l;rese~lt.e of some s~ibstanc~e rontainecl ill it wl~ic.l~ 
( a )  is used in preference to the glucose-C". ( b )  inhibits nptakr of glncosc-C", 01. 

fc) stimnlates glycolysis and the release of radioactive ~netabolite~s. The rc~po~.t 
of Yantienhoren ef 01. ( I t ; )  \voultl appear to invalidate the. first esp lanat io~~.  
inasmuch as fructose is naturally present in seminal plasma, ant1 these \vorke~.s 
found that glucose is usecl in preference to fructose. Work by Plaut and Lartly 
(13) supports the third proposed explanation. They reported that s~nal l  amounts 
of seminal plasma increased the ability of spernlatozoa to glycolyze alaltose. 
If senlillal plasma similarly stinlulates the glycolysis of gll~cose. the ljberation of 
C1* through metabolites woulcl account for the apparent retlnrtioll in uptake of 
glucose-("* in the 1)resence of seminal plaqn~n. 

The uptake of glucose by bovine spern~atozoa was studiecl 1)y using unifornlly 
labcalrd glucose-C" as a tracer. Spermatozoa \yere inactivatecl for nse as controls 
or to stop a reaction by addition of for~nalin to the suspension. Tlle presencae 
of senlinal plasma cansetl an apparent retluction in the nptalte of glncose-C" 
by spermatozoa. Tv*o preexperimental \vashings preventetl this effect; addi- 
tional washings tended to be detrimental to the spermatozoa. TTptake of radio- 
activity by washed spe~nlatozoa was five to eight times gr.eater than the 
uptake (atlsorption) by fomalin-i~lactirate(l spermatozoa when snspcnsioi~s 
of spenuatozoa were incubated with gllicose-C" at  37" C'. nndcr air or nitroge11. 
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EUTYR.\TEI) L S R D  I N  TIIH , \ I )  LIHITI'JI F E E 1 ) I S G  OF "FILTIED 
MILK" FOR I'EAL PR.ODI'CTTOS 

J O H S  11. IIOPPEII,  K. E. G A R D S E H ,  .\sn P.. C'OSSOR J O I I S S O S  

ninis io?~ of .41tir11n! Sx t r i t i o~ t  
u~rd the 7)c.parfrrtrnt o f  nniry  Sciorct 

Trai?,rr.qit!/ of Zllinoin, rrbnrln 

The nsiial inethod of feeding veal calves is tliat of supplementing the 
n~i lk  diet with grain and ha)-. Ifowever, Wirse r t  nl .  (9). in clereloping synthetic 
nlilk rations for the dairy calf, fetl these diets ail l ih i tun~  wit11 no other sap-  
plement ant1 obt,~ined satisfactory gains. Gardnt.~. e t  nl.  ( 1 )  fonnd that  i n  feecling 
whole nlilk ad  libit~lin with 110 hay or grain offerclcl they could secure e ~ ( ~ e l I e ~ l t  
daily gains. 

Wiese e t  nl.  observed t l ~ a t  when soybean oil was usecl as  a soiirce of fat,  the 
calres grew poorly, scoured, and appeared iintlirifty, ~vIie~ ' (~as t l ~ e  anitnals that  
received the rations prepared ~vitli  lard sho~vc~tl gootl gains ill ~veiglit, ilitl 
not scour, and appearetl ~lornlal  and healthy. Krall*.; ct nl.  (g) used a milk 
fat  substitute-skimlnilk eo~nbinat io~i  along with grain and hay i n  the feeding 
of young dairy calves. They reported a n  average total gain of -1-2 lb. in  body 
weight when calves were slaughteretl a t  50 days of age. a s  co~npared to 56 lb. 
gain for  whole milk in  the same period. Gullic.kson r t  (11. ( 2 )  have slio\~-n tliat 
vegetable oils are  unsatisfactory as  a subst i t~i t r  for  hlitterfat i n  the feeding 
of young d a i r -  calves, and .Jacobson ct  01. f.7) sl~o~vei l  that  tllese could be greatly 
improred by hydrogenation. H o ~ v e r c ~ .  a l t l~o~igl l  lard seenied to he a satisfactory 
fa t  in  our syntl~rtic* milk stiitlies. the JIinnesota esl,eriiiient inilicates that  lard. 
while well nsed. was not ecllial to  ~iiilk fat. ant1 it see~ued that the short ellaill 
fa t ty  acids of butter iniglit be inlportant i l l  tlie ~ ~ l l t r i t i o n  of tlie dairy calf. 

Consitlerable ~ o r l i  has bc~eti (lone with antibiotics as  gro~vtli  s t i~nnlants  in  
calves. Tloosli ot (11.  ( 5 )  found that the rate of tlaily gain for Holstein calves 
fecl all antibiotica supplement for a 56-(lay ~)c'riocl 1vilc; 1.16 lb. as  con~paretl to  
0.9.5 lb. for  the control ca1vc.s. Jlnrley cf (11. ( i ) .  in coinl,aring the effect of 
aureomycin in different diets fetl to ealves from 4 to 60 days of age, report 
that the aureoniycin-fed ca1vc.s in eaeli group were superior in weight gains luitl 
i n  physicbal appearanre to the c.ontrols. Hllsoff ant1 Davis (8 )  studietl the effect 
of aureomyciti on growth of yoiuig t.alves ~veaned froin inilk a t  a11 early age and 
fed for  1.2  eelis is. They foluitl that .Jersry calves reet.iving au~.eoiilycin feeding 
supplement ant1 those receiviiig crystalline au~.eoniyc.in showed a gain of ap- 
proximate1~- 25'A over tlie .Jersey coiitrol ealves. ~vlie~.eas the IIolstein anreomycin 
groups showetl a gain of app~.oxi~nately l.jf,; over the ITolstein e o ~ ~ t r o l  group. 

The p ~ r p o s e s  of this experinient were to ~ o i n p a r e  tlie gains obtainable wit11 
dairy calres on at1 libitmil f ~ e t l i n g  of a lartl-containing fillet1 milk wit11 those 

h'crc~irt~rl for p~~lllicntioll Srptc-l~~l~cbr 20. 1!).72. 
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obtainable 011 a bl~tyratecl lard-containing filled liiilk ( a  lard colitai~iing the 
same butyrated e o ~ ~ ~ p o s i t i o ~ i  as  does niilk f a t ) ,  sad to test the growth stimulating 
effect of aureon~yria  nnder these r e r y  rapid growth eo~lditior~s. 

ESI'ERIYENT.\L I'ROCEDI'RE 

111 this trial. two clifferelit f a t s  were usecl: lard slid butyratc~tl lartl.' These 
fats  \\.ere emulsified ' and mixed with both fll~icl sk i~ i i~n i lk  alicl reVot~stitutecl 
dried iiol~fat 111ilk solids to  provi(1e a 4'1, fat  (lii((l~id basis) filled milk, wliieh 
was warmed before feetlilig. No tlitferenccas were found bet\vec~ii fluid and re- 
constituted skin~nlilk. Bull calves from the fire major clairy brrcxcls were ltxft 
wit11 their da l i~s  for  3 tlays f o l l o w i ~ ~ g  birth, af ter  which they wrre placed ill 
iliclivitlt~al stalls betldeti with wood s h a v i ~ ~ g s .  The calves acAre frtl three tiliies 
tlaily with a 11ipp1e pail, the ~iiilk bc~illg give11 ill ilic.reasi~lg a ~ i l o u ~ i t s  for  the 
first 2 \\-eelis, af ter  1v11ir.h they rrceivrtl all the ~i i i lk  they woi~lcl caollsliliie. Any  
111ilk r ~ f l l s ~ c l  was \veigllecl bavk af ter  each feetlilig. All c*alvt.s \vcBrcB c.olltinucc1 
011 c s p e r i m e ~ ~ t  lllltil 56 (lays of age a11c1 the11 sla11ghtereil. 

Trace 11li11c~ralizet1 salt \\-as available a t  all tililes, slid, ill atltlitiol~. a 111il1t~aI 
solutioli was ~iiixcd with the ~iiilli. This 111i11c~ral sol~ltioli supl)lic~tl 226.0 111g. 
of ferric. c.itrate. 11.7 ~iig.  of JIliSO,, alitl 2.84 111g. of CuSO, l)cJr liter of milk. 
Eac.11 ralf rec.c>ivetl 100,000 K.S.1'. 111iits of vitaniili A weekly by capsule alltl 
.50,000 U.S.1'. 1111ith of \ ' i t a ~ l ~ i ~ i  1) a t  the begi~~ll i l ig  of the trial. H I I C ~  .i0.000 1111its 
a t  4 \vet~lzs of age, also by capsule. 

Half of tlrr valve\ 011 both fillet1 111illis rec.rivc~tl 3 111g. of a~~rtwniycin 11)-c1r.o- 
c.hloritle per. 11o111ltl of ~iiilli. 

The ealrcls werr \veiglietl 011 two sncvectli~ig tlays a t  birth ancl a t  the e ~ i t l  
of the f r r t l i ~ ~ g  trial. allti \veekly tIirot1g110iit the feetlillg periocl. 

l'he growth tlata R I Y  re1)ortc~cl ill Table I. Fro111 this tablc. it call be seen 
that the ealves frtl bl~tyrated lard n i a t l ~  tlaily gains si~iiilar to those reportcltl 
by Gardaer r t  nl. ( I )  for  c.alves ~vliirli rec.eivc~tl ~ v l ~ o l e  111ilk ad l i b i t i ~ ~ ~ i i .  As fivr 
cliferent dairy breecls \velme inrolvetl ill this stlltly, the body gains a re  also 
reportecl as  percv~~~tagr.; of JLorrisoli's sta~itlarcls (6) ill order to  vol~~pensate  fo r  
breed ditfere~lces. IVhell expressed ill thiq niatllier. the clitfere~~ec>s in  effect 
of type of fa t  011 body gaili a re  eve11 niore strikilig. This \vould indicate that  
the butyrated lard call be as  efficirlitly utilizrtl by the calf as ~iiilli fat.  

111 co~~fir~i iat iol i  of the earlier \I-ork of Gullickso~l et  01. (3 ) .  ancl of Wiese 
et 01. (9). lard itself ~ v a s  well used by the clairy calf as  a fa t  source. Eve11 
under these contlitio~ls of r e r y  high intake. s e o u r i ~ ~ g .  although so~llewhat Illore 
p r e r a l r ~ ~ t  than 011 \\-hole 111ilk 01' the bl~tyratecl lard. was not a serio~is problelll. 
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I'er cent of 
So. of 4r.  Ar. A\-. BIorriso~~ 

Ration calves initial wt. fi11:11 wt. tlaily g:tin standards' 

(lb.) (la.) (la.) 

IVhole n~ilk" 32 86 198 1.98 244 
1,:lrcl 22 SX 004 1.90 201 
Bntyratecl 1:lrcl 12 $1 i 918 2.16 241 

' Three e;~lrc~n were removed fro111 the 1)utymtetl lard trials, two wit11 respiratory infections 
and one wit11 n:~rel ill. One r:~lf was ren~orcd fro111 the Inr~l rniulsioa group l)er:~nse of :i 

respiratory infertion. 
" See Gar1111er rt al. (1). 
' Ilolntei~~ nor111:1la \\,ere 11set1 for I;ro\rl~ Swiss. 

There wel.cl enough Holsteill calres on c~ae11 of tllr t r r a t ~ ~ l e ~ l t s  to  ellable a 

statistical a~lalysis  of the data  for  this one breed to be carried out. This analysis 

is presentetl in Tables 2 ant1 3. 
TABLE 2 

Co?)rparisotr of gain8 of Ilolxtris ralrrs rrceiriag bttt!~ratrrl larrl and fc~ltola *lilt 

So. of Mmn Mean C'orrc.rte11 P. mlue of 
Ration ealrcx initi;~l wt. fin:~l \rt. final wt." Differellee diffrrcnrr 

(1b.) flb. J 110.) (1b.J 
IVl~ole milk" 8 99.9 211.3 211.3 
Rutyrated lard 8 102.0 226.0 224.11 12.7 -0.09 

" See Gardner et al. (1). 
bDifferences in mean final wcsigllt were :itljllstetl to the s:tnlr IIIC:III initiill wcigl~t by tlie 

covariance methoil. 

When c.o~l lpt~riso~~s arc1 l l l ~ t l ~  i l l  this 111a111i(~r. the1 p i l l s  111adc~ by ~ a l v e s  

receiving the butyratetl lartl \\.ere a t  least eclnal to  t l~ose 111atle by ca11.e~ recaeiving 

whole milk (P  < 0.1). W h e ~ i  a t .o~l~parisol~ of bntyratetl lartl ant1 lard is 
made b>- the, sallle ~liethocl, the g a i ~ ~ s  111acle on tht. hutyratetl lard a re  sig- 
~~i f ican t ly  s11pc.rior (P  < 0.03). Fro111 tllesr rc~sults it appears that  this butyratetl 

TAB1.E 3 
Cottrpnrino~r of gciisn of Rolntf*itr cnltrcn ~.rrcit-itrg lard etrr~rlxiort u~rrl brrt!lratc.d lard 

So. of Mr:n~ Mean Correctell P. value of 
Ration I initial wt. fin:ll wt. final n-t. ' Difference cliffere11c.e - 

(lb.) f1b.l flb.) (1b.l 

1,arrI e~nulnio~~ IS !l$l.i 309.7 210 
Rutyrated 1:lrcl S 102.0 L'L'(i.0 221 14 -0.03 

' See note ", Tal~lr 3. 

lard-filled milk va11 satisfactorily rrplace wholr ~ ~ l i l k  i l l  tile f e e d i ~ ~ g  of dairy 

calres. S i ~ ~ c e  this was trrle ill these real calf c~s l )e r i~ l~e~l t s .  ill 1vhicl1 all the 

burden of gro~vtli  was put 011 the "~llilk" ration. it \voi11(1 see111 to be ecloally 

satisfactory as all early feet1 for  ealrc~s I V ~ I ( J I ~  they a re  vo~lvert i~lg fro111 a ~ l l i l l ~  

diet to  dry feetl. 



Fro111 Table 4 i t  call be see11 that there was 110 appreciable differcance observed 
between the aureomycin aud the coi~trol calres. This is in coiltrast to the work 
cited above. A possible esplanat io~~ for the lack of a stimulation in this trial 
could be the health and general coilditioil of the calres, which were strong and 
vigorous throughont the test. I t  ~vould appear that liilder siiililar coilditions and 
a t  the rate of gain reported here, little additional stiinulation call he expected 
fronl the use of ail antibiotic. 

TABLE 4 
Sanlrlar!~ of gains of colvcs receicitla airrco~n?lcin 

No. of 
ralres 

Per cent of 
-4v. 3forriso11 

tlaily gain standards 

111 esperiilieiits iiirolvi~ig 84 tlirer-clay-oltl ~ilale caalves froill tliv five major 
daily breeds, it was follilcl that at1 libitum feeding of ail eiiiulsified filled milk 
co~i ta i i~ i~ig  butyrated lard gave arerage daily gains of 2.16 Ib. 0~1~1. an 8-week 
experiiile~ital period. These gains, which averaged 241f,4 of llo~*risoii standards, 
were equal to thosc~ obtained on whole milk niltl were significaiitly better thail 
the gains obtaiiled 011 a fillecl illilk co~ltaiiii~ig lartl. 011 the basis of this work, 
it appears that the short c+liaiil fatty acitls are importaiit for the calf a ~ i d  that 
such a butyratrcl larcl-fillecl ~liilli ran satisfac*torily i ~ ~ p l a ~ e  1vho1(> illilk nl the 
feediiig of tlairy calves. 
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Dirisiol~, Anlcriean Cya~lan~itlr C o ~ ~ ~ p n n y ,  Pcarl Hirer, S. Y. 
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I)r+pr~rl~rtr.~~t of /)air!/ I l~~ .ubn~~t lr !~  
U ~ ~ i r r r x i t g  of Min~~t,.~ot(t,  St. P~IIII  

('heese slilne nlay be tlescribed as an orange-yellow, ~n~~ci laginous  ac.c~rlinnlatiol~ 
of ~nicroorga~iisnls and tlipestetl cllrd whicll tlevelops over the o11tc.r surfact. of 
certain types of cheese. The value of the slilne in the ril)t~itilig of Eltl(1 ~ I I C C S C  118s 
not been eornpletcly established. There is no cluestion that the ripening of Blue 
c.hrcsc is due largely to the action of the mold, I ' r~ t ic i l l i i t~ r~  roqtrrfol.ti. Hec.ently. 
Morris ef 01. I ! / )  indirated that ulitler their ripening conclitious. ~tor~ually slinlecl 
vhec~se tle~eloped a filler flavor and body thau ~ursli~netl etteesta. IYhetller this 
was clue to a t1irec.t action of the sl i~ne or to other factors was not tletern~inetl. 

The slime tlevelopiug on Blue caheese has been clesc.ribetl briefly as c.onsisting 
of yeasts, micrococci, and rod-shaped bacteria (3 ,  7. 8, I I). However, no tletailetl 
clesc.ription has been reported of the types of orpanislns fon~~c l  in the sliine of 
Bl11c1 cheese. Numerous reports havc~ bec.11 notc1tl 1.egartli11g the type of slinlr 
1vtlic.11 tlevelops on Li~llbllrger ( I ,  7, 11;. IN)  and Bricak-type rlieese (ti. I ( ; ) .  Pre- 
linliilary wslilts indicated that the type of slinle tlevt~lopiilg nnder 0111' 1oc.aI 
cwntlitions of cnring Blue* ancl Rrick rheese ditl not r.onfor~n to earlier tlesc.riptiolls. 

I n  ordel* to establish the possible role of the slinlc~ dllritig t'ipening, a tletailetl 
lalo\vledge of the organisn~s ~nalriug up the slinle was consitl(.retl nec.es.iary. C'on- 
serlnently, this il~restigation was 1111dertalien to tlesc.ribe in sonlr detail variolls 
nlic.robiologic+aI ailcl clle~nical eharac.teristirs of 131ne c.herse slinlt~. 

Six lots of 1:lne cheese were ~nacle fro111 raw ~nilli by tll(> nlt~tI~o(I 11st1d at the 
1)airy H~isbandl-y I)epartn~tltit of the Tlnivrrsity of .\Iil~nrsota. The rhceses 
Irere then ripened ill a santlstone care at teluperatnres bet\vc~e~l 46 antl 49' F. 
To c~stablish the effect of the methocl of inannfacture and the ef ic t  of tliflereut 
rnrinp eontlitions on sliine tlevelopme~lt, other 'heeses \vercJ nlailufac.trlred in a 
c.oniinerc~ia1 plant (I'lant A J , using the lo~va State proc.t.ss, in u-ltich honlogel~izetl 
raw ~nilk was 11tilizecI. The latter c.hersrs were. tllt~n c.lirtvl it1 sandstonc~ raves at 
ten~peratures of 55 to 58' P. 

Slime sanlples for bactrriologic.al antl chenliral analysis \verta obtainc.cl a t  
it~tcrvals of 'i to 10 days thronghollt the sliming period. The sli~ne was renloretl 
fro111 an entire flat surface of a caheese anel froin a part of the c.nrved side. 

Esti~nates of thr total number of yeasts and barteria were ~nacle nsiiig stantlard 

I:(-c.vi\.c-~l for ~trtl~lic:ttic:~~ Srl)tc~tttl~c-r ::I), I!).?::. 

I . .  hvtt~tttific. . JOII~II : I~  Stvics, P:tl)c%r : Z l I l O ,  11itt11t- sot:^ Agrivtt1t11r:tI Espc-ritt~vttt St:ttio11. 

''I'IIv 11:1kt it1 t l~ i s  ]1a11t~ :trv t:tkt,~t front :I tlt(bsis l~rc~st>~ttt*(l 1t.v tltv stbttior :~tttltor iit 1):lrti:iI 
fttllillt~trttt of tllt, r~qtt irt~~ttwtt~ for ~ I I C  t1rgrc.t. cf 1t:lstc.r of Srir~~(.c*, I't~irvrsity of .\Iittt~csot:~. 

:' Prvs(~lit :~tl(lrc.ss: Kr:lft Footls ( ' ~ ~ I I ~ B : I I I ~ ,  (::tlt.tl:r, Illi~tois. 



plate> volutts. The. basal ~lic~tli~nll (l'(+E) c.ollsistc.tl of O.St/r tl.yl)tor~r, 0 . 1 ' ~  g111- 
vase, 0.3:; 1)c~rf chstl.at.t, ant1 1..5'4 agal.. 'l'hc* p l l  was atljustcacl to  5.0 \\?it11 NaOI1 
lwiol. to stc~rilizatio~l a t  1.5 11). ~ ) r c ~ s s ~ ~ r e  for  15 111inlitt.s. I'relinlillary plati~lps 
intlicatetl that s l ~ l ~ p l r n l c ~ n t i ~ l g  this ~i ledi~lnl  \vitll to~na to  juice alltl ytni i~t  (L~tl ' i~t ' t  
tlitl not significantly incarease t h r  coullts obtaillecl 011 c-heese slime. 

011t. n iet l i~~ni  (TGId:-.',?rl) c*ontaillecl .','I; skini~nilk ill addition to tht. abovc. 
hasal ~ n e ( l i ~ ~ l n .  ant1 the sec.ontl (TGE-SJISS) was a t l j~~s te t l  so that  it contairtcvl 
t ~ o ~ i c ~ c ~ l l t r ~ t i o t ~ s  of 5'/: sliil~~nlilk and sf/: socli~lnl c~hloride. The skin~nlilk ant1 
c.o1lc*c~l1tratrt1 salint~ (I.','/: ) \vclre al~toc.laretl scbparately ancl atltl(.tl asc~ptic*ally 
to the autoelavetl basal ~netlimu. 

The bl.otll nletlia usc~l  for  salt a1111 pEI tolerance tests \vertl sinlilar to the. 
abovc~ basal 111etlil11n exceept that O..i'/r yeast extract was atltletl ant1 tht. agar 
\\-as onlittc~tl. For  1111 tolel.anre, various values a t  0.5 pH unit i~~tc'rvals bctwc~cw 
pH 2.0 ant1 10.0 were obtainetl hy adjusting the broth with N / l  NaOII and 
.V. 1 II('1. I'inal p11 vallles \verch tlt~terlninetl af ter  autoc.laving. Salt tol(vii~~c*o 
tt.sts IVI~I-I. nlatle ill broths c.olltailling NaCl in c.onc.cntratio~ls atljl~stetl a t  2..5'/: 
invl.c~lnents fro111 5 to 20'/:. Iltcltbations were c.arrietl o l ~ t  a t  20° C. for  10 tlilys. 

I'rotrolytic. c-ounts were macle on both the above agar  nledia. Lipolytit. t.orlllts 
\vel.c2 tlett.rluint~tl on nile bllle slllfate-butterfat (NI3S f a t )  agar  a(~~ort1i11g to tllc 
~nethotl of K I I R ~ S ~  as tlescribtd by Stark and Svheih (1.7). The total yeast cwl~nt 
~ v a s  tlrtc~rnii~letl wit11 unacidified nialt agar  (1)ifro) a t  p H  4.8. 

Thr  slinl11 was preparrtl for plating by weighillg 1 g. of \veil-nlist~tl slinlr 
into a tlillltion blank c.outailling 9!) 1111. of sterile distilled water and one* tahlespooli 
of gIa*is heatls ( ?/x in. tlia.). This hlank was agitated vigorously a t  roo111 te~nl)cl.it- 
t111.t' 1111til the slinle was thorol~ghly broken u p  ant1 \veil clispel.sc~d. F l l r t l l c ~  tlil11- 
tions \vcJrr ~nacle in t h r  c.onventiona1 luaunels. 

Ilit.nbation was for a ~~er ioc l  of i clays a t  20 k 1" C. unless otller~vist- statc~el 
ill the rc~slllts. This ti~ne-teniprrat~lrt .  conlhinatioll ga re  reslllts similar to those. 
ohtainecl ill 12-14 clays a t  10" C. 

Slitles ~ ~ s e t l  for nlirrosc.opic. esatnination were preparetl fro111 the 10 ' alltl 10 
tlil~ltions by the stallclar.cl Rreecl tec~h~licll~e. These slitles I ~ P I V  stainetl hy the. 
Illlrlier ~noclifit.atioli of the Gralll stain (12 ) .  

Organisnls pretlomillating ill the slime a t  rarious tinies \vclre isolatt~tl ant1 
~wrifietl hy strPaking. ('are was always taken to isolate orgallisnls on a ~ n t v l i ~ ~ n l  
similar to that on \vhicll the t.olal~y originally tlevelopecl. Acltlitional purcB c-l~lturc* 
stutlic~s follo\vetl. for the 111ost part.  ~nethotls as  tlest.ribed in the .lfrrrrtrnl o f  .Ilcthmrls 
for 1'rrt.e Crr1ttrr.r Sf~rrl?y of Knctarin (12). The c.llltl~res were icle~ltifietl at*c.ortlinp 
to  Hr>t.yc,!y'.s .lfrtttrrrrl of Drta~.rrririntir.~ Rnctrr~ioloy!y ( 2 ) .  

111 the c.llenlic.al analyses, the salt conrentl.atioll was tleterlllillt~tl hy the 111c1thotl 
of Wilster at (11. (1.5). 111oistn1.e by the offic.ia1 ~iletllotl ( 1 ) .  and 1111 with a. 1:c~c.k- 
nlall. JIoclel 112. p l1  meter. 

.Waow.scol)ic r~srrrrtirrrrfi~~tt of tRa xlir~rc~. 1)lu-illg the first i to 10 (lays ill the. 
eu~.ing (save a t  46 to  49O I"., tllr~.e was very litt lr  g~.owth 011 the surface of tho 
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cheese. At the end of this time, a white slime began to appear, aiid scattered 
mold growth ~vas  soon observed on the surface. After the first scraping a t  39 days 
of age, the cheese became covered with an  orange-yellow, sticky slime. After 
the second scraping a t  78 days, the orange-yellow mucilaginous slime reappeared 
and persisted ~ m t i l  the final scraping. (Taking a sample for analysis is not to 
be confused with the scraping which is a coinmercially practiced reil~oval of 
the heavy accmnulation of slime a t  regular intervals during the ripening period.) 

A similar sequence of development occurred on cheese ripened a t  55 to 58O F., 
although the time intervals between scrapii~grr were considerablp shortened, the 
first scraping having been made a t  21 days and the second a t  49 days. A more 
profuse mold growth was evident on the surface of the cheese ripened a t  the 
liigher temperatures. 

Microscopic eranzillation. Microscopic examination of slime developing a t  
4G to 49' F., showed the slime to be composed predominantly of yeasts until abont 
67 days of curing had elapsed. Large numbers of cocci and some rod forms were 
present after 46 claps. Cocci predominated from this time until rot1 forms gained 
ascendancy after about 84 days of ripening. 

No detailed lnicrowcopic analysis was made of the slime forlned a t  55 to 58" F. 
Bacteriological a l~alys is  of the slinlc. Plate coullts obtained froni the slinle 

of six lots of Minnesota Blue cheese a t  intervals (Inring the ripeniug period 
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de~iioiistratc~tl tliat the sliiiie developed in a siiiiilar iiiaiiiier on eac.11 lot. A typical 
esaiiiple of this ilevelopnient as showii by the plate count is preseiitecl in Figurc 1. 

The flora developing oil the JIinnesota cheese cliiring the first few wrcks 
jvas predominantly yeasts. After the first scraping, bacteria began to appear 
011 tlie plates poured fro111 high clillitions. ,111 orange inicrocot*clis predolriillatcd 
at the elid of this period, but before the seco~lcl scaraping a Ieiiion-yellolv rod-type 
orgallis~ii appeared in relatively large 111i111bei-s. After the secol~tl serapir~,n, this 
latter organism was the predoiiiinailt bacterium in the slime. A ~vliite micrococcus 
also was present during these latter t ~ v o  periods in relativelq- large nunibers. 
During the latter period, slightly pink translucent micrococcus colonies appearctl 
in increasing numbers. 

The total count obtail~ed 011 the TGE-5115s agar was higher than that 011 thc 
TGE-,511 agar. This, seemingly, was iiierely a preference for ail enviroiinie~it con- 
taiiii~lg salt, since no obligate lialophiles were isolated. 

The yeast counts (luring the first part of the sliiiiing periotl ware  c~oiisistc~ntly 
between 160 X lo* and 200 X 10' per gram of slime. After 60 days in the (.iivc', 
however, the numbers of yeasts present in the sliiiie began to clrei.ease ant1 tlitl 
so throughout the reinainder of the curing period. I t  should be observed that 
the counts obtained on nile blue sulfate-butterfat agar paralleled the yeast colunts. 

The total counts on TGE-531 agar inc*reased from a miiiiiiiniii of 230 x 10' 
to a maxiinurn of 280 X 10" per grain of slinie. 011 TGE-3115s agar the total 
counts increased froin 230 X 10' to a ~naxiii~nni of 350 x 10"er gram of slimc. 
Proteolytic counts obtained on TGE-511 anrl TGE-5RZ5S agar were caused by 
only one type of organism, a lenioii-yellow roil-shaped bacterium. This organisin 
iiiade u p  about 10% of the flora a t  60 days; by 77 days it made up 75 to 82'& 
of tlie bacterial flora in the slime. Accurate proteolytic comits could not bc 
made on the TGE-5M5S agar as the salt apparently exerted an initial inhibitory 
effect on proteolytic activity; but when proteolysis did appear, zones would 
diffuse so rapidly over a plate tliat it  was impossible to deteriiiine accurately tlie 
~iiinibers of proteolytic colonies. 

The ilevelop~nei~t of the sliine on cheese iiianlifactured at Plant -1 as ineasurctl 
by the plate count is presented in Figure 2. 

The types of organisms developing in the sliiiie a t  55 to 58' I*'. \vtbre c l i f ~ ~ r ~ ~ t t  
fl.oi11 those appearing in the slime of the JIiiinesota cheese. Initially, the slii~lt~ 
eoiisistecl pretlo~iiinaiitly of yeasts which decreased in numbers as r i p e n i ~ i ~  pro- 
ceeiletl. The bacterial flora coi~~is ted  of several types of micrococci, as well as 
rotls, the latter seeming to predominate. 

The popillation of the sliine reached a niasi~iinni rapidly a t  tlie liiglier r i l ) ~ q ~ i ~ i ~  
teinperatures, the maxiiniini popiilations being reached after 35 (lays ill tl113 
( w e .  The total counts obtai~iecl on the TGE-5115s agar were higher than tllosc. 
on TGE-531 agar throughout the cave-ripening period. The cloiilit tleerc.asc*tl 
on TGE-531 agar after this point, hut that obtained on TGE-5Sfi8 agar rei~1ai11(~(1 
fairly cwnsta~it. IIere, again, the count seemed to be influenced by the orga~iiw~is 
wliicli merely preferred a salt environment, rather than by obligate halopliiles. 
S o  tlefiliitely proteolytic colonies appeared on the plates. althoiigli so~ne protluc.ctl 
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cluestionablt~ zones. These were cailsetl by a roil-ty~)(~ organisnl. later itle~itifiecl 
as Krrctcvitcwr l i j~r t t s .  Lipolytic counts were not ~i iade oil this series. 

To tleterniine whether the differe~ices observed between slinies tlevelol,illg 
on the two types of cheese were due to the temperature of the c.uring care or 
;I tlifferellce in the chemical colnpositioli of the clieese or ill the typtl of flora 
present in eacah locality, split lots of cheese nia~iufacturecl b?. both the JIili~lesota 
ilnd tlie 1015-11 State processcAs were uniformly seeded with slinie organisills ant1 
~)lac,etl in each of the two caves previo~~sly describecl. 

Microbiological analyses of the slinies clerelopi~ig oli tlie t\vo types of cliemes 
~.ipc.niltg ill both caves inclicated that two principal factors, ~ialurly, tenlperatiire 
of ripening and method of manufacture, had a very niarked inflnence on the 
typr of orgaliisii~s present in the slime. The lower ril)eiiing te~iiperattlre pro- 
tluretl a slinle that was slightly higher in total numbers of ~iiicroorgallisnis 011 

both types of t-heese. 111 both cares the NIin~~esota cheese (leveloped a slinlc. with 
11 higher cou~lt  than the rheese fro111 Plant -\. F~~rtl ieniiore,  a differel1c.e c.oultl 
I)(* ohserretl in tlle type of slime growing on each type of c.11eesr ill the sanlrb 
t.avtL. eve11 thoiigh thr cheese surfaces had been qeetlrd wit11 siniilar orga~iisnis. 

.\ grc~atrr perc.twtage of rotls was obsrrretl on the cheese niacle by thc~ l o ~ v i ~  
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State ~)ro t~(~ss  tlia11 was obs~rvetl 011 tlie AIillnesota c.hrese wllc111 both wvrr ril)t.~~t~tl 
at Iliglit~r te~npc~ratures. Tilt. AIinnrsota c.hetlse hat1 a greater rari t~ty of orga~lis~ils 
ill the s l i ~ i ~ e  \\.hen ripenc~tl at the l~ightbr tt~111penltru.c~ than when ripellt1tl a t  low 
temprrat~lre. At low tenlperat~lre, the cheese fro111 Plant A hat1 n1ol.e typcls of 
orga~lis~ils present throughout the ripening periocl than tlitl the Milillt~sotil 
t.lierse. Initially, the 3li1iliesota c.l~c~est~ hatl a variety of typcAs of o rga~~ i s~ i i s  ill 
tlie sli~iic~. but by the elitl of the sliming periotl the patterli was a11iio~t I I ~ I ~ I I I ~ I ~  

for the lo\\- temperature ripelling. 
I'trre ctrlttrrr sftrrly of slintc o~~grrtrisnts. Three Ilnndred sixty-eight culturrs 

\\.ere isolated from the slinie of the niin~lesota c-heese throughout the sliming 
period. Broln these, 148 were selertecl for fnrther study on the basis of their 
Gram-reaction, colony charac*teristit.s, and morphology. An attempt mas niatlt* to 
se1ec.t culture types in proportion to t l i e i ~  nluiie~-ical prominence in the slinic. at 
rariorls stages of ripening. This c.ollertiou of 1-H c.l~ltnres \\.as fonntl to tliriclt. it- 
*elf into fire gt~l~t~l.al groups on a basis of morphology-c.hro~~iop~iesis, action ill  lit- 
nlus milk, fermentation of tlextrose arid lactose, liclnefaetion of gelatin, anti ntiliza- 
tion of NII,II,PO,. Recanse these r e s ~ ~ l t s  intlicatetl that only a relatively few typcls 
of ol.ganisms \\.ere isolatetl, only 33 cultures were srleeted raliclon~ly fro111 tlit~st- 
fire groups for fnrther stucly. 

,111 additional eight organisms were ilirludetl in atlditioli to these 38 organislnh 
in tlie final study. These inclutletl fire kllown caultures of R. linrn.s4 ant1 tlirrc. 
rod-type cultures resembling B. linarts isolatetl from the slime of I'laat A cl~c.t~sc~. 

Eleren of the 41 cultures stl~died \\.ere classified as Bacteritrnt arytkrogotes.  
This organism was a lemon-yellow, Grani-positire, nonmotile rod. The biochemical 
characteristics were as follo\~s: I&S was produced. nitrites protlnced fro111 
~~ i t r a t e s ,  and the utilization of alilnioninn~ phosphate was variable. Lactostl, 
nlannitol, glycerol, sucrose. maltose, and galactose \\.ere not fermented ; ho~vrver, 
after 30 days inrubation, acid was prodllcetl from glucose and starch was hy- 
drolyzed to dextrins. The action on litxnl~s niilk resulted in acid proteolysis, no 
coagulation, and a final pI-I of 6.6 to 6.8 after 30 clays incubation. Litmus milk 
\\.as occasio~ially recluced with the serlllii being a yellowish white and the sedinient 
in the tubes a yellowish-red color. Jn the nonreduc*ed litmns milk a deep rrtl- 
pnrple eolor tlerelopetl with a retltlish precipitate. Gelatin litluefac*tion \\,as 
stratiform ant1 quite pronounc.eti after 15 to 20 clays. Growth response st~rtlic~s 
a t  3.5. 20, and 10' C., showetl niaxiniull~ gl.o~vth to be attained at 20" C.. follo~vc~tl 
c.losrly by pl-owth a t  10' C'. Ilo\vever. at 3.5' C. no growth occnrrrtl. 

These orgaliis~ns exhihitetl a marked pleo~iiorpliism when gro\~-1-11 in the pros- 
ence of salt. In the abselice of salt the. cells often resembled diploc.occi or v t ~ y  
sl1ol.t rotls with slightly r111arpt.tl encls. When rl~ltnrctl in a 5'4 salt broth. l o ~ g  
rot1 fornls rratlily tlerelopetl. 

Tlirt*c~ .4lio~ocmcc1r.v .st). werc. follncl in tht. JIinnesota c.liet~sr sli~iie. ( )f tlick 
11 cultures. 12 belollget1 to two spt~t.ies 1vhic.h hatl siniilar characteristics, tlifferillg 
ollly in ~~ignlc~ntatioll. Ot1(1 sptv.ies dt~vc~loprtl an orange pignitwt ant1 the otllt*~. 



(leveloped a white pigment. The latter closely resembled Yicrucocois cavtdidws. 
These two species did not produce H2S, nitrites froin nitrates, utilize ammonium 

/ phosphate. or liquefy gelatin. Acid was produced froin glucose, lactose, mannitol. 
glycerol, a ~ ~ d  sncrose. The litmus milk reaction varied in that initially an alkalii~e 
or neutral reaction occl~rred wit11 a snbsecluent tlevelopine~it of acid. These 
species possessecl no marked proteolytic or lipolytic activity according to the 
n~etl~otls 11sed. Bfaximuin growth occurred a t  20' C. follo\ved closely by growth 
; ~ t  10" C.. and only slight growth occurred a t  35O C'. The three cultures belonging 
to the third illicrococctrs sl). were Gram-positive to Gram-variable noucapsnlated. 
~~oiiinotile organisn~s. They (lid not produce II,S. recluee nitrates to ~~ i t r i t e s ,  
utilize aniino~~inm phosphate, liquefy gelatia, or  possess any protrolytic or lipo- 
lytic. activity. hcitl was ]lot protlnced from glncose. lactose, niannitol, glycerol. 
and sllc*rosc3. An alkaliiie reaction \\?as proiluced in l i t~nus ~iiilk. JIasiintuii gro\vth 
orc*nrrc*tl at 10' C'., moderate grow-tli a t  20' C., and none a t  31" C. 

The* sevcBn cnltnres of p a s t s  studied neither produced HIS, nitrites froin ni- 
tratcls nor licjl~efied gelatin but were variable in their utilization of amiuoniu~n 
~ ) l ~ o s ~ I ~ a t e .  They procluced acid fro111 glucose and sucrose but dicl not ferment 
lactose, nia~~nitol ,  glycerol, maltose, or galactose. A slightly alkaline to neutral 
re;~c.tio~~ oc*eurred in litmus milk. The yeasts were not proteolytic but pos- 
sessed all entlocellnlar lipase. Maxiinurn growth occnrred a t  20" C., \\-it11 ahnost 
as 111uc.h gro\vt11 a t  lo0 ('., and no gro\vth occurred a t  C. 

Tile three criltl~res resembling K. linevis were itlentified as such, their charar- 
teristies being identical to those of the kno\vn B. l i t te~ts cnltures. These cultnres 
protluced II,S, reduced nitrates to nitrites, liquefietl gelatill, but did not utilize 
ammoninm phosphate. No fermentation of glucose, lactose, mannitol, glycerol, 
sucrose. maltose, or galactose occurred. The litmus inilk reaction was alkaliiie 
wit11 proteolysis. The cultures were slightly caseolytic on milk agar plates but 
protlucc.tl no tlemonstrable lipase. I\lasimum gro\vtll occnrred a t  90° C'., scant 
growth a t  10" C'., and none a t  35O C. 

The salt anil pI I  tolera~~ces of the typical organisms isolateil froin the sliiiie 
were tlt~terininrd to seek possible explanations for their appearance at variouh 
stages (Inring the ripening period. 

All of the organisms studied possessed a high t o l r r a r ~ ~ e  to salt ant1 grew at 
co~~cen t ra t io~~s  I I ~  to 15% salt. Several cnltnres grew a t  r o ~ ~ c e ~ ~ t r a t i o n s  of 
20% salt. 

The bacterial cultures were sensitive to a low pI1. R. ci-!jtltroge~tes (lid not 
prow at pI? 5.8 but did at pH 6.4 B. liliens ancl two .Ilicrococcrrs sp. grew a t  
pH 5.8, but not a t  p H  5.4. The pink Il.licrococc~rs sp. grew over a rather narroly 
1113 ra1lC.e of 6.9 to 8.8. Tt did not grow at p H  6.4 or 9.1. The nnidentified yeasts 
grew at pII  3.1 but not a t  p H  2.6. Growth \\-as soiue\vl~at limited np to pH.4.2. 
I~o~veve~.. -211 of the organisms grew a t  pI I  9.4 esrept the ~nicrococ.ci tliseussed 
i~bove. 

Cltcr~tical clc.tc~.ttti~ratio~ts olt slij~7c mid clreasc ,jtcst betirutlr tke s l i~nc.  The 
~*esults of 1111 determinations on the sliine from two lots of JIiniiesota cheese 
i111c1 the slii~ie of I'laut A cheese are sho~vn in Figure 3. I t  may be ~ ~ o t e d  that 
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l j e r i o d .  

the same essential pattern exists between the two slimes bnt bcause of a longer 
sliming period at the lower trniperatures, a greater overall effect was iioted. 
Initially the pI I  rose, probahly as a result of the action of yeasts. Later, as 
tlie micrococci appeared, the pEI decreased and then reniained bet\veen 6.5 and 
7.0, which likewise was the resultant pH of litiiins niilk containing K. er!/tlrro- 
genes. 

The pH just beneath the slime on the 3linnesota rlleese was foulld to increase 
from 5.3 to 6.5 during the slilnilig period. The sliiiie was fount1 to vary between 
52 and 6 0 y  nioisture during canring ant1 the salt (*o~ltellt varied from 3.1 to 5.0% . 
The cheese .just beneath the sli~iie hat1 a iiioistnre c.ol~tent of about 42 to 41'& 
and a salt content of 4.0 to 5.2'L . 

R. l i n e ~ t s  has been associated consistently wit11 sliiiie a1q)eariiig on various 
types of cheese (if, 5, 6, 7, It;. 1;). I t  is sigiiificant that tlie data in the above 
experiments show that K. lirrelrs is not always the pretlo~llinant organism in the 
slime and even may be entirely absent. R. cr!/tkrrrgrtrc,s was found to predominate 
in the slime of cheese ripened in the University cave. R. rr!/tlrrogrtrcs resenlbles 
the bacterium described as Organism I I by Wolff (16. I;). EIe concluded, however, 
that this organism was not so important as B. li~rejrs ill the fornlation of the red- 
dish cheese slime. Tn this study, however, the only orgaiiisnl fonnd to produce 
an orange pigment was a micrococcns. The orange-yellow sliiiie apparently 
1-esults from a blend of co101.s fro111 the yello\x- pigmented rod and the oralige 
and the white micrococci. 

The important factor deternii~ii~lg the type of flora developing in the slime 
appears to be the cave temperatnre. B. erytlrrogetrcs preilominaten in t l i ~  slilrie 
when cave temperatures are 46 to 49' F. and R. linetrs when the (.are temperature\ 
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are near 55 to 58' P. The work of Prouty ( 1 0 )  likewise has i~itlicattvl the abse11c.t. 
of H. lirrerrs on the surface of certain cheeses. 

The orgai~isnis present in the slime are highly salt-tolera~it a1111 t1i1,joy ~iiildly 
alkaline co~~dit ioi~s.  Maiiy are iiihibitecl belo\\. 1111 5.8. These clata present a 
possible expla~~atioii of tlie ecological relatio~iship bet~vee~i these organisms 
in the slime a ~ ~ d  also their adjustment to the particular e n r i r o ~ i ~ u e ~ ~ t .  These 
resiilts are in agreeme~it wit11 other stiltlies 011 cl~rese slinie (5 .  ti) .  

The cha~iges ia the 131% values of the sliiile are closely related to tlie appearaiice 
of tlie different types of orga~iisiiis. T11ere seeins to be little tloubt tliat the yeasts 
play a major role in retluri~ig tlie acaidity of the t.lieesr surface. Tliis creates 
an e ~ i v i r o ~ ~ m e ~ ~ t  suitable for other sli~iie orga~iisnis to develop. Possibly tlir 
yeasts produce c-ertai~i gro\vtli factors for K. o.!jfhvoge,ws a1111 tlie other sli~iie 
bacteria as o c c ~ ~ r s  ill the I-as? of R. lirrcns 111).  

I t  appears tliat a sperific type of sli~nc clrveloping under a give11 set of condi- 
tioiis may chha~~ge over a pe~.iod of time ill a given locality. The orgaiiis~iis 
studied ill the above e s p e r i ~ i ~ e ~ ~ t s  (lifered fro111 those isolated by JIacy and 
Erekso~i (7. X) a ~ ~ l ~ n ~ h e r  of years earlier from clit~ese curecl ill the sanle cave. 
Organis~iis resenibli~ig 1;. 1inc~tr.s apparently were pr~seti t  ill the sli~ue a t  tliat 
tinle in addition to the typtBs clescribed in this paper. A possible espla~iation of 
this pliei~onie~io~i is that the care temperatiire may hare brcn slightly higher 
becalise of the large a n ~ o l u ~ t  of c.lierse b e i ~ ~ g  rnrecl at that tinie. 

Slinie appeal.i~~g on Blue rheesc~ was slio\v~i to tlt~vt~lop ill a rc~gular patter11 
clepe~idi~ig oil local 111ivironnitvlt. the initial flora bring pretloniit~a~itly yeasts 
and soiile ~nolcl ( P .  voqrcrforti). This was follo\v\.c.cl by an i~irrc~ase ill cocci ant1 
rod forms. Tlic organis111 p~.eclo~iiinati~~g ill thr sliiiie of chrrse r i p e ~ i i ~ ~ g  at 
46 to 49" P. was ide~~tified as H er!jtkvogerres. R. 1ir1err.v was fou~id to be the 
domina~it rotl-shaped o~.ga~iis~ii in cheese t:uring at .jT, to 58' 1". a1111 was e~~til.ely 
absent fro111 slinie developiilg a t  46 to 49" F. 

Various factors that ran affect the flora of the sli~iie are r ipe i i i~~g ten~prratures. 
manufactnri~~g tec*hnicl~~es. type of seetling. ant1 111etllod of l i a ~ t d l i ~ ~ g  ( I~ l~* i~ ig  
curing. 

T11t. roopcr:~tio~t ill tl1t.rt9 c.slwritltr~rts of F. M. Frc3tlrriknc.11 :111i1 .2. >lt~Ig:~:~ral of Tri.:~s~~r(. 
l'nve, F:~ri l~n~l l t .  M~IIIICRO~:~ ,  i* grntt'fl~llg nrknowleilgc~tl. 

( I )  As*ori:~tio~t of Olfit.i:~l ; \ ~ r i r ~ ~ l t ~ l r : ~ I  ('llen~istn. .llr~tltorlr of .It~nl!/rix. lit11 rtl. Asnoc. Offir. 
Agr. C'ltelt~ists. Mrnsl)iltgto~~. I ) .  ('. 1945. 

(2) BREED, R. S., MI.KK.\Y, R. ti. I)., .\KD IIIT~~HESS, A. P. HI.I.!IC!I'X Mn111rn1 of I)r~lr~r~~~ittatirr 
f~nctr~riolo~~!/. 6t11 (811. Willi:~~ns :III(I 1ViIki11s ('[I., l ; :~lt i~)~ori~.  l!l4<. 

(3) E:\..\rs, A1.1c.x ('. Ik~rtt-ri:tl FIoI.:I of IZo(l~t(~f'~rt ('I~t~i'st.. .I .  Aqr. Rc8ccrrch, 13: 2.5, l ! l lS.  
(4 )  KELLY, C. D. T11t. Microl~iologicnl Flora OII  tllr Sorfncc of I,iall~urgc~r ('l~crsc. J. Dnir.t/ 

Sci., 20: 239. 1937. 
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T H E  JIECI-IANISU O F  SUNLLGHT FIJAVOR E'ORMATIOS I N  MILK 
WJTI i  SPECIAL REFERENCE TO BIE~TIIIONINE AN11 RIBOFLAVIN ' 

STUART PATTOS 

Dt port trrofit of Dait'll Htrsbcr rrrlr!l 
Ylrr l'rttt~s.tllr'nttia d.f/rictrlttrral E.rpcrirrcrtrt Stntiotc, Stnip Collryr 

Tlie probleni of sunlight flavor in illilk has received considerable study. A 
eoiiiprel~easire rerie~v (12)  of the subject has appeared recently. However, 
inforiiiatioii to date concenling tlie identity and mode of formation of the flavor 
substaiice(s) is iilcoiiclnsivr. recent report froin this lahoratory has sho\vn 
that ~iiethioiiiiie ant1 riboflavin are of significance in the derelopment of this 
off-flavor ill inilk (8). Tlie flavor  as found to originate in methionine, and its 
production was observetl to depencl in a large measure on the presence of ribo- 
flarin. Findings in the preselit study concern idelitification of the flavor com- 
po~md,  further observations oil its origin, and possible mechanisms of its 
foriuation. 

Mnter.inls nr~rl ttrcthorls. 111 order to avoitl coiif~isioii which iiiiglit arise froiu 
inilk fat  oxidation a i d  osidizetl flavor, the study has dealt solely wvjth fresh 
pasteurized skiiliinilk (State University Creamery) and other fat-free systems. 
\ITith the exception of DL-int~thionine (Distillation Products Incliistries), the 
I,-forins of the amino acids (Nutritional Biochelllicals Corp.) were used. Ribo- 
flavin (Aoffniau-LaRoi-lie Inc.) generally ~ r a s  used a t  a level (1.5 mg. per 
quart) coinparable to that found in milk. Unless otherwise specified, exposure 
coiiditioiis involved use of conventional sqnare, flint-glass inilk bottles as con- 
tainers, direct sunlight varying in intensity between 300 ant1 600 Weston units 
aiiil an exposure tiine of 1 hour. For  each exposed sainple a rorresponding 
sample was retainecl in dark storage. Three taste observers, thoroughly familiar 
\\,it11 s~uilight flavor, evaluated the tluality aiicl intensity of flavors ellcountered 
dnring the investigation. 

Ztls~rtificatio~l of the  finc.or. C O I I L ~ O I I ~ I C Z .  A chance observation in the laboratory 
revealed that when paper c.hroinatograms of lnethionine are treated with 11i11- 
hydrin reagent aii odor is given off which bears a striking reseniblaiice to snn- 
light flavor. I t  is postulated that one of the products of the reaction bet\\.een 
an a-an~iiio acid and ninhydrin is the aldehyde of one less carbon. I11 the case 
of methionine this \~ou ld  be /I-methylmercaptopropionaldeh~e (inethional) . 
The possible significance of this aldehyde in sunlight flavor was investigated. 
The coinpountl was syiitliesizeil from acrolein ant1 methyl niercaptan by the 
method of Pierson ef nl. (9). .\ 74% yield of prodwt,  boiling 71 to 73O C. a t  

Rcer.irecl for prlblicntioll Octolwr 9, 19531. 

' -4utliorized for publication as p:lpcr KO. 1827 011 Octo1)c.r 3, 1953, ill tllc Jollra:ll Series of 
tlie Pelilisylvnnin Agrieultnral Espcrinlelit Station. 
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23 nin~., with n"'l.484 ailcl d20 1.040, was obtained. The ultraviolet spectrum 
1) -4 

of lllethiollal both ill water and in 95%, ethanol was deterniinecl with the aid 
of a Beck~na~i JIodel IITJ spectrophotometer. In both solveiits the coinpoii~~d 
exhibite(l all illflectioll at about 285 mp with a ~nolecular extinction coeffic.ieilt 
of 140. The 5,4-dii~itroplieaylliy~1razoiie of the aldehyde was prepared in con- 
vei~tioiial manner and was observed to melt a t  120d0 C. after two rec~rystalliza- 
tio~is fro111 ethanol. These data for iiietliional are in good agreeil~c~nt with those 
in the literature ( 1 .  !I ) .  

The odor of niethio~ial. noted during its preparation, was niost intense and 
disagreeable and perhaps is best tlescribed as cooked-cabbage odor. Therefore 
the flavor qualities of metliional a t  low conceatratioii in skiininilk were investi- 
gated. Amomits of ~nethioiial ranging froin 0.05 to 2.0 p.p.m. \\.ere employed. 
I t  was conclnded by the taste observers that iiiethioiial faithfiil1~- reproduces 
typical sunlight flavor. The flavor was found very strong at concentrations of 
0.2 ~.p.iir. and slight but definitely detectable a t  0.05 p.p.m. 

As a measure of precaution, several other compou~ids closely related to 
~iietliio~ial were tested for their ability to impart sunlight flavor to milk. These 
were: inethyl inerc*aptan (1)istillation Products Industries) ; 8-inethylmercap- 
topropylamine, prepared by the nlethod of Tutiga (1.3); P-metliyl~nercapto- 
propyl alcohol, synthesized as by Kirner (7) ; and P-methplmercaptopropionic 
acid prepared by the method of Hurd and Gerslibein ( f ) . "  Althongh the odor 
characteristics of these comporu~tls appear somewhat similar to those of methional, 
~ione was found to reproduce typical sunlight flavor in milk. .\I1 of the com- 
pounds in question have linpleasant odors in rii~diliited forin siinilar to the 
oclors of rotten cabbage. garlic, a i d  sauerkraiit. 

Completely conclusive identification of methiorla1 as the sunlight flavor 
componiid \~ould  involve demonstration of its presence in exposetl inilk. Assum- 
ing for the iiioment that it is the flaror agent, preceding data have sholvn 
that even large volu~nes of milk with relatively strong, naturally developed. 
sunlight flavor roultl contain only a few inilligra~ns of the flavor compound. 
Recovery and identification of this quantity of compound froin niilk wo~ild be 
difficult. Thiis, this approach has been rejected. a t  least for the present. Ho\vever, 
liiethioiial was demolistrated as a product of the interaction of methioniiie 
and riboflavin in an aclueous system exposed to sunlight. A description of a 
representative experilllent follo~vs : Riboflavin, 100 mg., and 3.0 g. of nlethionine 
were made to ~ o l m n e  in a quart milk bottle. The materials were inixecl by 
inrei.sion of the bottle until complete solution occurred. The bottle and contents 
then were exposecl to strong si~nlight for a period of 3 hours, after which the 
highly odorous solutioii mas saturatecl with NaCl and extracted twice with 
100-ml. volumes of ethyl ether. The ether extracts were combined and treated 
with a reagent composed of 100 nlg. of 2,4-dii1itropheiiylh~razii1e tlissolved in 
0.75 ml. of coiicentrated H,SO, ant1 diluted \\.it11 7.5 1111. of ethanol. The ether 
was evaporated on a steal11 bath. On standing, the extract resicl~ie gave rise to 



a inass of oranpi*-yellow crystals, n-liicli \vertn recoverecl by filtratioil, the yielil 
of crude produrt being approximately 90 ing. This ~iiaterial was i~ec~rystallixed 
twice from ethanol. The final product, 30 mg., exhibited a nielting range of 
117 to 119' C. The infrared spectra of this compound and tlie authentic 2,4-cli~li- 
trophenylhydrazoiie of ~nethional were cleteniiined for the region from 3 to 15p 
ill a Perkin-Elmer model 21 infrared spectrophotometer. The salnples were 
prepared for analysis by dissolving 20 mg. in 6 1111. of carbon tetrachloride. The 

Ftt;. 1 .  lltfr:~rt*~I ;~I ) sorpt io~~  sl)tvtr;~ of :III :11111t~11tiv I I I C ~ ~ I I ~ O I I ; I I  ~ , ~ - I I ~ I I ~ ~ ~ O ~ B I I ~ - I ~ ~ ' I I ~ ~ I ~ : I ? ~ I ~ I ~ ~  
( A )  nntl the a:tnlr tlrrirative pr1qvart.d fro111 ~)lrotolytic. drr~~t t l )os i t io~~  l)ro1111t.t of ;I ~ttt.tI~iot~it~t*- 
rit,ofl:lritt systt.nt (F:). Tl1c forlner npt.ctrotn is offsrt for ~ o t ~ \ . t ~ t ~ i t ~ ~ ~ t . t -  of (.ntt~l):lriso~t. 

spertral data c.learly establishetl the coideiitity of the two i~o~l~polulcls (k'igr~re 1) .  
The two spectra co111d be completely superimposed. Jlatchilig absorption 111asiiii;r 
were noted a t  the following wavelengtlls: 4.35, 6.19, 6.29, 6.63, 5.02, '7.15, '7.3.5. 
8.80, 9.23, 10.85, 11.99, and 13..56p. 

Origin of tlre fla~.or.. I'atton and Josephsoii (8) liavr sl~o\vii that ~lietllioilillc~ 
may serve as an origin of sunlight flavor but that cystine and cysteine apl,arently 
(lo not. I n  a further study, a number of additional aiiiiiio acids and ilerirativcxs 
of nietliionine were inrestigateil. These iiicludetl trj-ptopllane. arginille. Iel~(*iiie, 
alanine. homocysteine, metliioniiie sulfoxide, and methioniiic~ sulfone. The c.oln- 
pounds were tt~sted by exposure both in skimniilk and in aqueous solntioii~ 
containing 1.5 mg. of riboflavin and 20 mg. of the amino acid per quart. None 
of the materials when added to skimillilk gave intensified su~iliglit flavor up011 
subsequent exposure of the milk. In the riboflavin solutioiis. none of them 
produced flavors or odors resembling sunlight flavor. Thns it appears that 
~netliioiiiiie is a rather sperific. source of the flavor compound. BIoreover, tllesr 
reslilts rule out methionine sulfoxicle or mrthionine s ~ ~ l f o n e  as inter1iiediatt.s 
in the flavor productioli mechitnisni. 

I11 earlier studies, the significanre of' riboflavin in the proiluction of ~1111-  

liglit flavor was not kiiow~i. Poi. this reasoil it was consitleretl \vortli while to 
1.eevaluate the vai-ious milk proteins as sonrc.es of s~inlight flavor when exposecl 
to liglit in the presence or absel1c.e of riboflavin. Casein was recovered froill 
pasteurized skilnliiilk by two inethods : ((I) Skinllnilli \\.as supercentrifuged for 
% hour a t  30.000 r.p.m., and tlie protein depositecl 011 the wall of tlie bowl was 



resuspe~~tletl ill pII 6.6 ~)hospl~atch buffer; (b)  s k i ~ i u ~ ~ i l k  was atljllrtrtl to pll 4.7 
\vith IlCI. The caseill \vhieh pl:ec.ipitatetl was rc~coverecl by cen t r i f l~g i~~g ,  ~vasllt~cl 
three timc~s with distillet1 water, and ~ P S I I S ~ I ~ I I ~ P ~ ~  ill phosphatt* 1111tfler. The 
\vl~eys rrsultillg fro111 thest. preparatiolls also were i ~ ~ ~ l u t l e t l  ill the stllcly. 
\rarious \vhey proteill fl.ac.tiolls were prepared as l~revionsly desc.ribrtl by E-Iuttol~ 
ant1 Patton (5). 

The following gclleral obsclrvatiolls ~verr  lllacle c.olic.c~r~~itlg thc. sl~sc.rl)tibility of 
these systems to s~ l l~ l igh t  flaror clevrlopn~eut. 111 the preseuc.cl of riboflarill. 
both east1ill allil whey prott4lis give rise to snl~light flavor. 111 thc~ ahsellc.ca of 
riboflavin, 11c1ither of the two systc~ms eridrnc.es developmellt of the tyl>ic.al 
off-flavor. (:ollc.erl~illg relative ii~tellsity. the whey proteil~s apl,caar to protlurta 
a some~vhat greater c1egrc.e of off-flavor. Iio~vever, si~lce sol* of the \vhc.y 
p r o t t ~ i ~ ~ s  \vercl more trallsparei~t tllar~ those of "r~ative" casrirl (pl.el)archcl by 
snperc4elitrifugi11g slrimmilk), light penetration may hare bee11 a s i g ~ ~ i f i c a ~ ~ t  
factor in this c1ifferelit.e. Of the \\.hey proteins, pseutloglobulill al)l)rarecl   no st 
potrut as a sollrc'e of s r~ l~l ight  flavor. Sillre casc~il~ is presellt ill thc~ grc~ater 
cw~lc.cwtratio~l, c*olltaills Illore ~llethionine, ant1 is a prillcipal factor lil~iitillg 
light absorption, it perhaps is of greater i~nportallc.~ as an ol-igill of s n ~ ~ l i g l ~ t  
flaror tha11 the wht~y proteins. 

There arc. at Itlast three aspt~t~ts  of thcl s11111igllt flavor nie(.hallis~~~ \vllicI~ 111ay 
1)c. rolisiderc~tl a t  this time. These are ( n )  the 1110de of action of d ic~arho~~yl  ~10111- 

l)cni~uls; ( h )  the ~notlc. of ac.tio11 of r iboflavi~~ ; ailtl ( r )  fornlatiol~ of ~l~etlliollal 
f roll1 niilk c~o~~stitilellts. 

The degradatioll of n-timillo ac-icls ill the presellc.tJ of dicarbol~yl c.oii~pou~~ds to 
al t l~l~ytles of ollc3 less carboll has heen stutlietl extel~sively by Svho~~berg  et  a / .  
( 1 0 .  1 1 ) .  The t~ffec.tivellc.ss of thescx c.olnponl~cls ill tlt~gratlilig all~illo arids lvitli 
I~clat en~ployetl as the caatalyst ih lvell estahlishecl. With the excel)tio~~ of soclinm 
pyrllvate (11 ) .  110 tlic.arbollyl-a~ui~~o aeitl reaetiolls illrolving light as a caatalyst 
appear to have beell invcastigatrcl. Thus. aclueotls solutiorls of inethio~li~lc, 20 111g. 
pel- clr~art. \vrre ~xposed to slllilight ill the prese1lc.e of the follo\villg clicarbol~yl 
conlpomlcls: tliaeetyl. 111t1thyl glyoxal. pyruvic acitl. ~ ~ i ~ l h y d r i ~ ~ .  alloxan, and 
ascorbic* ataicl. These were 11sed i~~diriclnally a t  a level of 2 and H nig. per quart 
of ~llethiolline sol~~tioll.  With the possible ex(.eptioll of diacetyl. 1vhit.11 imparted 
its OWII potelit flaror, all of the eompou~~tls were efictive ill promotillg sul~light 
flavor. I'res~lmably. it is thtb clehyclro (diketo) f o n l ~  of asc.o~-hic. acid \vhic.li 
is active. Ry comparison it IWS observecl that riboflarill gives a 111u~11 greatel. 
clegree of flavor than any of the dicarbollyl eompou~~ds.  Howerer. it is possible 
that both materials nlay be inrolved ill prot1uc.tio11 of the flavor ill 111ilk. 

The ericlellce i~lclieates that ~.ihoflavio is the t-ritical agent ill (*ollvc*rtillg 
~ ~ i c ~ t l i i o n i ~ ~ e  to ~nethional il l  milk. The ~uec~lral~isrn of this pheno~l~ellol~ is by 110 

Inealls eleal'. Attempts to protlnce sl~lilight flavor from m e t l i i o ~ ~ i ~ ~ r  nsing the 
tlycs. water soluble c.hlorophyl1 or tartrazille. were ullsurcessfal. IIo\vever. 
~nethyler~e h l l~ r  was ohse~.vc~tl to give ~.eslllts c.onll>a~.able to thost, ol)tai~~ecl \\-it11 



riboflavin. Brauner (2) found tliat dyes varied in tlieir sensitizing action OII the 
photolysis of indoleacetic acid and that riboflarin was 111ost effective of those 
studied. The mode of action of such conipountls cannot be explained on the basis 
of a dicarbon?-1 group since they clo not contain this requisite structure (11). 
Nor do light absorption properties alone seem to afford an adequate explanation. 
Carter (3) has liotecl that the photodynamic action of dyes appears to depend 
on the factor of fluorescence, although their effectirmess in photocatalysis is 
not ilirectly related to this property. I t  has been slio~rii that in the photo-oxidatio~i 
of certain amino acids, methyleiie blue acts also as a hydrogen acceptor (3.  15). 

K e e ~ i ~ y  (6) has shown tliat the diffosate of inilk (lotls not tlevelop the typical 
off-flavor on exposure to sunlight. This diffusate woiilcl vo~~ ta in  riboflavin and 
also any frer methionine \vliich might be prrsent in ~llilli. The fart tliat it 
developed no s~uiliglit flavor suggests that no significant aiiiol~nt of ~ n e t h i o n i ~ ~ e  
was present. Rather his results, as \\-ell as tliose of others, indicatr tliat milk 
proteins are the 1)riniary origin. Whether methional is liberatecl directly froni 
the protein by photolytic action or whether proteolysis, resnltinp in the pro- 
duction of free methionine, is an essential interniediate step is not kno~rn.  
Althongh the former, in fact, may be tlie n~~cliaiiisni. it see~iis reasonably eertain 
that conditioiis which increase the noliprotein nitrogen content of 111illi also 
might increase tlie snsceptibilit>- of the milk to sunliplit fl avor tlevelopnient. 

A recent review (18) on activated flavors demolistrates t l ~ a t  findings on this 
subject are not in harmony. At least one reason for such tliffercnces is c~riilent. 
In  some investigations no distinction has been made b ~ t ~ r e e ~ i  flavors wliicli result 
from fat  oxidation and those arising from photolysis of seriiln constitneiits. 
Tlie relative alnounts of fat  and seiwm ill a light-exposetl i~iillr product and the 
comparative susceptibility of these two components to photolysis should have 
considerable influence on the quality and niagnitutle of off-flavor p~.otl~icecl. 

I t  seems probable that in niany instances fat oxitlation rontributes to. or is a 
dominant factor in, light-inclnced off-flavors of milk. 

Many investigators in attempting to determine the o r i p i ~ ~  of sunlight fiaror 
in milk have relied heavily for their conclusions on results obtained wit11 si~nplifiecl 
systems. Tile fact that co~iimercial rennin contains protease activity places ill 
doubt the significance of obsrrvations on rennet whey. Tlie liberation of ere11 
minute quantities of methionine by proteolysis r.onld be expected to ~nhanct .  

flavor development in this medium. 111 atldition, i t  seems doubtful 
whether the nlinor whey protein of Reinstein et  01. (I / ;)  is a valid origin of 
sunlight flavor in milk. This protein is prepared from heated (95' C. for 1 hour) 
rennet l&ey, and its existence in market ~iiilk is open to cjuestion. The exposure 
to light of simplified systems containing proteins does not necessarily ?<eld resnlts 
analogous to those obtained with milk. In  any event such s y s t e ~ ~ s  \ronld have 
compositions and light absorption properties a t  variance with those of milk. 
Collsideratioll of the importance of riboflavili in the chr~iiistry of sanlight 
flavor suggests that the significance of any single milk protein as a sole origin 
of the off-flavor should be reconsidered. 



The fact that ~ u e t l ~ i o ~ ~ a l  i ~ ~ l p a r t s  a detectable flavor to milk a t  a coneell- 
tration of one part  ill 20 111il1io11 seenls worthy of C I I I P ~ I ~ S ~ S .  Very littlcl 111iIk 
p r o t e i ~ ~  hytlrolysis \voultl be rt.cluiret1 to furnish sufficie~~t 111et11io1li11e for pro- 
tluction of this a~iiolult of lnethio~~al .  R e r r a l i ~ ~ g  1.11emical c l~a~~gc .s  i ~ ~ r o l v i l ~ p  
Inaterials of this ~ n a g ~ ~ i t l i t l c  is very problematical. Perhaps fo1- this ~ C H S O I I  tht* 
inlportal~ce of 111rtl1io11i11c tlec.o~npositio~l producats in the flavor of footls IIRS 
not beeu exto~sil-ely i~~vestigatetl .  An escaeptio~~ cacmcerlls t 1 1 ~  1vo14i of .\kill)ori ant1 
Iia11e11o (1) (111 t11c. flavor of soy ual1t.e. 

Evitlencch is l)rese~ltecl to sho~v  that P-~net l1y l111c~rc~a~~to~~ro~~io11a1~ely le  (~ l~(h t l~ i -  
onal) is H C . O I I I ~ O I I I I ( ~  of i ~ l ~ l > o r t a ~ ~ c * ( ~  in the s1111lig11t flavo~' t l r f t~ , t  of 111il1;. 111 tllr 
r s t i n ~ a t i o ~ ~  of tl~rec. rsl>rrirnc.etl taste obsel-vrrs, this c o ~ ~ ~ l > o l u ~ t l  i~npa~' te t l  typi(.ill 
s r ~ ~ ~ l i g l ~ t  flavor to 111ilk a t  a level of 0.1 p.1B.m. and was tltbtec.tabltb i l l  milk at  
coner~~t ra t ions  as  l o ~ v  as  0.0.5 1>.1>.111. ,I ~ ~ u ~ t l b ( a r  of otl1(31' v o ~ ~ l p o ~ ~ ~ ~ d ~  e1osel)- 
related to  ~ n e t h i o ~ ~ a l .  i ~ ~ c . l n t l i ~ ~ g  ~ne thy l  ~llercal>ta~l,  ~-met~ l~hl lerc~~1>top~01>yl i l -  
mine, ~-rnethyllnerc~;1pto1>ro~>yl alcohol a11t1 ~-lnetl1yl111erca1>toprol,io1lic aricl. \\.else 
evalnatrtl. Son? of these apprarc>tl to  be so spec-ifically a11 agent of thc. flavor ilk 

n ~ e t h i o ~ ~ a l .  A l t l ~ o ~ ~ g l ~  t h r  pI.esel1c.e of n~e th io~la l  in Illilk t a o ~ ~ t a i ~ ~ i ~ ~ g  11at11ra11y 
i~lcl~lc.cltl s ~ u ~ l i g l ~ t  flavor was not s11olv11, tl113 c o n ~ p o u ~ ~ t l  was ilc~mo~~stratrcl,  by 
lllralls of infra~*c~tl spect~.al data, as a prot111c.t of the s lu~l ight  catalyzetl rcwc-tio~~ 
between ~ l l e t h i o ~ ~ i ~ ~ c  a11d riboflavi~~. 

.\tltlitio~~al evi t le~~ce t .ol~c.pr l~i~~g the o r i g i ~ ~  of slurlight fliivor \\.as obtai~~t.tl .  
It was ~ o I I ~ ~ I I I ~ I P ~  that  the H I I I ~ I I ~  acid m e t h i o l ~ i ~ ~ e  is a sperific. sonrcae of t h r  
flavor. Segative flavor c leve logn~r~~t  was 11oted fro111 a I I I I I I I ~ ~ ~ ~  of o th t~r  a11li110 
aritls a l ~ t l  srve~*aI tlerivatives of m e t l ~ i o ~ ~ i n e .  I n  milk. the p r o t e i ~ ~ s  are  i~rclicatetl 
as the primary sourtae of s lu~l ight  flavor. Of these, it is s~iggestetl that c.asei~l 
is most i n ~ p o r t a ~ ~ t  as an origin, since it is l)rese~lt in  greatc.st c o ~ ~ c e ~ ~ t r a t i o ~ ~ .  
r o ~ ~ t a i l ~ s  the 11ighest level of ~ ~ l r t l ~ i o ~ ~ i ~ ~ e .  ancl is the 1>1-i11cil>aI I + O ~ I I ~ > O I I C I I ~  l i l l ~ i t i ~ ~ g  
light transmission. 

I t  is shov-11 that  r iboflavi~~ is of eo~~s idr rah le  s i g ~ ~ i f i c a ~ ~ c * ~  i l l  thc~ l>rotl~l(-tio~l 
of s ~ l l ~ l i g h t  flavor ill milk. Tht. role of ~.iboflarill, as  \\-ell as  c c ~ r t a i ~ ~  clyes a ~ ~ t l  
tlical.ho~~yl cbolnpollntls, ill the photolysis of n ~ e t l ~ i o ~ ~ i ~ ~ e  is tlisc.llssetl. 

Tilt- :111t11or ix i111lt41tt-11 to I). V. .Iost-pl~so~~ :IIIII ". .T. I ~ ~ I I I  for  tIlt*ir stbr\-iet*s i11 t * v : ~ l l ~ : ~ t i ~ ~ g  

: I I I I I  i~ltbl~tifyil~g stll~ligl~t fl:~vor. FI~u :I IXO \visI~vs to tlln~~k I. .  11. SCI I I I I I I~~  of tl~v ('11t-111istr.v 
I)rp:~rt~llr~~t, 1'11tn P ~ . I I I I S ~ ] V ~ I I ~ : I  St:~tt- 1-l~ivt-rsit?. for  tl~c* i~ifmrr~l sl)retr:~ ~ l t - t a , r ~ ~ ~ i ~ l : ~ t i o ~ ~ ~  : I I I I ~  

H. .I. Flil)xr for  ~)rt.l):~r:~tio~~ of tl~th \vI~ta.v ~ ) ro t~ i~ ls .  

( I  I AICI\HOKI. S.. . ~ s I )  K.\SIKO, 1'. .%ro111:1 of Soy Snl~rr. J .  C / I I . I I I .  Sop. .lcrpcrrr, 5 7 :  x:!.'. I!l::ti. 

( 2 , )  RK.\I.SEK, I.. T11ts ))IT ( ' I I : I I I ~ C X  i n  t l~r  Pl~otolynis of IIctc-ro:~uxi~~. . \ ~ r r t ~ r r t r . i . v x c ~ ~ x ( ~ I ~ ~ ~ f t r ~ ~ ~ .  
39: 282. 1!152. 

( 3  I ('.\KTEK, C. \V. T.SSIT. 1'11(. Pl~otoxiil:ltio~l of ('rrt:lin Sul~?;t:~l~c.rs i n  tllr Pr~xc-llrt. of Flu- 
orescrllt I)yc.s. Riorhrn~. .I., 22: 375. 1928. 



4.72 STUART Pd'ITON 

( 4 )  IIIXD, ('. I)., \SD (:EKSHHEIS, 13. L. Renctioii of J1cre:cptnns ~ v i t l ~  .trrylit. :111tl Jlc.tl~:~- 
crylie Dcrivnti\-CR. .I. Ant. Chntt. Sor., 69: 2328. 1047. 

(5)  III.TTOS, J. T., .\SD P.%TTOV, S. Tlic Origin of Sulfl~yelryl Groups ill Milk Pmtc~ills :111tl 

T l~r i r  Coiltrit~utiolls to "Cookrcl" Flavor. J. ])airy Sri., 35: ti!)!). 1!13L'. 
(6) KEESEV, D. G. Soil~r C'lleiilical Rrnctiorls 1l1volvc.d ill t l ~ c  Protlllrtio~~ of tllr Slll~liglit 

Flnvor ill Milk. ~Inste~r 's  Tlimis, Ollio Stnte T'ilivrrsity. l!l4i. 
( i )  KIKSEH, W. R. T11cl Effrr t  of Stroct~lre of Orgilllie H:ilielcs 011 Tllrir H:ltr of Rcnctiolt 

wit11 Illorgnilie Hnlitles. IT.  T l ~ e  Effert of the >Ie~thyltl~io Gror~p. .I. . ~ I I I .  Ckr81r1. So(.., 
50: 2446. 1!128. 

(8)  P.\TTON, S., .\SD JOSEPHSOS, D. V. JIc.tl~ioiii~~c - Origii~ of S ~ ~ l ~ l i ~ l t t  Yl:~vor ill Jiilk. 
Srir~trr ,  118: 211. 1!)53. 

(!I) PIEHSOS, E., (:IELI.A, M., ASD TISIII.FH, M. S.vl~tl~cxih of ~ ~ l . - h I ~ t l ~ i o ~ ~ i l ~ e ~ .  .I. ,1111. C ~ C I I I .  
Soc., 70: 1450. I!148. 

(10) R e s ~ o s ~ ~ n ~ ,  A., .WD MOTB~SHEK, K. TIIC Streeker 1)rgrntlntiolt of a A i i ~ i l ~ ( ~  A~itls. Ckr-ltl. 
Rcr., 50: 261. l!I>2. 

(11) SI'HOSHEH(:, A., MOI.I~\SI!EI~, R., A N D  MOSTAF.~, A. I)egr:~tl:ttioi~ of (I . \ I I I ~ I I O  Ari~Iu to Al- 
tleliytlcs n l~d  Kctoiles 1)y Tntc.r:~ctioii wit11 C':~rl)oi~yl ( ' O I I I ~ ) O U I I ~ ~ .  . I .  CIII 111. SOC., 70: 
l i ( i .  1948. 

(12) STI-I.I., J. \V. TIIC Effect of Light on A~.tix-at~vl F1:lmr Developt~irl~t : I I I I ~  oil tllr ('oil- 

stitut,l~ts of Milk :lilt1 It8 Prod~ictn: A Ileview. . I .  I)air!/ Sci., 36: 113A. 1953. 
(13) TUTIYA, Y. l f ~ t l ~ i o ~ l i n e  nut1 I t s  Derivatives. 111. 170r~antiol~ of R-.\lrtllyltlliol1ro1)yl 

Alcol~ol. .I. Agr. Cltott. Soc. Jnpatl, 17: GI!?. 1!l41. 
(14) \VEIL, I>., .\sn RITHERT, A. R. Pl~otoiixitlntioii of Crystnllil~c. p-l:tc-toglol~uli~~ ill t l ~ r  

Prmc.iicc of I l r t l t y l e ~ ~ t ~  Rliie. Arc.11. Rioclt~at. Rio))I~!ln., 34: 1. 1!)31. 
(15) \VEII., L., GORWS, I\'. G., AND BI,(*HEKT, A. R. Pllotoijxidntioii of . \ I I I ~ ~ I O  Aritls ill tilt* 

Prennit*c of Mrtl~ylciic Rlue. Arrlt. Biocltrrtt. Riol~k!le., 33: !lo. IR5l. 
(16) WEISSTEIS, R. R., DUNPAN, C. W., AND TXOTT, (;. M. TI10 Solnr Activ:~tcbtl F1:lror t~f  

Homogei~izecl Milk. IV. I soht io i~  aiid Cl~nrnrtcrizntioit of n \\'11t*. ('ol~stitnel~t (':III- 

n1)le of Protli~rillg tlie Solar-Activntrtl Flnror. -1. Ilair!~ Sri., 34: 371). 1!)51. 



T l l E  EI"FEC:T 01' J?,\T-Ii'KEk; I I IETS ON YOI'NG ])AIRY ('ALYHS WIT11 

OI3SERYATIOSS OX AMETLZI:OLIC: FECIZT, F A T  ,\XI) 1 ) IGESTlOS ('0- 
Eb1FICIEXTS FOR Li\RI) .\NI) IIYI)H~OGES.\TEl) C'O('OS17T 0111 

Tl~erca has bt.t111 a t re i~ t l  ill rVcerlt years to  re1)Iave thc~ ~vllole iuillc i l l  t h r  
ratio11 of tlairy caalves with cht~aper dairy by-protlucts. snc.11 as  11o11fat clry 
111ilk solids o r  lv11ey. a ~ l t l  to illcluile various commerc.ial co~~c.e~ltrates. Ilo~vevrr.  
tliesc~ diets a re  low ill fa t ,  and calves seldom grow a s  rapidly as  011 wllole illilk. 
They are  oftell lu~ thr i f ty  and experience a greater i1lcit1e11c.e of diarrhea. Gu1- 
liclcsoli illit1 c~o\vo~'kers (9) fol111~1 that  yo1111g calves did not tllri\re 011 a low-fat 
tlirt col~lposc~l of skililmilk, molasses, beet pnlp, starch, cereloscb a11c1 cod-liver 
oil. The bloocl fat  of these a~l imals  fell to  very low levels, a ~ i d  ~ ~ o n l l a l  colltli t io~~s 
\vercJ obtained only by the aililitioil of fa t  to the diet. Similarly. A r r i ~ ~ g t o ~ l  ant1 
Reaves ( I )  f o u ~ ~ c l  that  of six .Jersey and seven Holsteiil c.alves givqu a t1ic.t of 
skiiiill~ilk relila(1c from powder from 3 days of age with grain H I I C ~  \ r i t a i i ~ i ~ ~  -4 i l1~1  
I) snpplements, all thcx .Tei?reys aild one 1Iolstei11 died. 

TI1o11gh ~ I I ( ~ S ( L  a i ~ d  v a r i o ~ ~ s  other exper in ie~~ts  ii~dicvited that  r e r t a i ~ ~  low-fat 
tlirts nlay aclvc~rsely affect the clrvelopnient of young calvchs, there was 110 c.011- 

c.lnsivr evit1r11c.e submittetl to  delnonstrate that  calves requirt. a dietary source 
of fat  o r  of the e s s e ~ ~ t i a l  fa t ty  acids. 111 view of l,reriol~s esj)er i i~ie~l ts  (:;, fi) 

sho\viilg that  fa t  was important in the diet of lalnbs ancl kids, it appt~aretl  al)- 
propriatc. to  stncly the fat  recluireinents of calves. 111 a r ld i t io~~,  values \verth 
secliretl for  111c1tabolic. fecdal fat  and the tligestibility of lard a ~ l t l  l~ydi-oge~late(l 
roc*o~~nt  oil. 

EXI'I*:KI LIENT.\I, I'KOCEL)17KE; 

, I . \yo e x p e r i ~ l ~ e ~ ~ t s  wtarr c.o~ltluctrd with sixteen I -  to  %clay olcl c.olostr~uu-fetl 

c.illves r rp res t~~l t ing  four  tlairy brcetls. The first study was tlesignc~tl to  tleter~iiii~t. 
if yo1111g calvcbs woliltl survive o11 a fat-free diet, ailtl the S C C O I I ~  experi l l le~~t  ~ v a s  
1111tlertake11 to asceertai~l if c.alvc~s would l i re  on a diet v o ~ l t a i ~ l i ~ l g  fat  but c.oill- 
pletrly tlevoicl of the essential fa t ty  acids. 

Th(> \vcw llol~setl in i~ltlivitlual \\.ire-floorecl tic. stalls supplied wit11 
o\re~-l~ead h ~ a t  I A I I I ~ S .  1i1)oi1 arrival, each calf re(-eirecl 30.000 1.11. of v i t a n ~ i ~ l  A. 
.\I1 calves rrc.eivc~d 8 g. of s r~ l l )ha tha l id i~~e  per  day  for  the first 2 wtv4cs. 4 g. 
the thirtl \v\.c*clk. ant1 8-g. (loses thereafter only 11po11 the ap l~eara~lvc~  of sc.ve1.r 
sc.o~lrs. A ~ ~ r e o l l ~ y ( . i ~ l  was inc.llltletl ill the diet a t  the 1-atc1 of 1 0  111~. ~ ) c ~ r  kilopra1111 
of milk dllrillg the f o ~ l r t h  a~lcl sl~c.c.eedi~ip weeks. 

The lxlrifirtl diets in Table 1 were tlesiy~letl af ter  tllose of Clark ( f )  ancl 
IVic~sr ct  (11. f 1 7 )  elnl,loyi~lg the l~loclifiratiolls of Sewell (1:;).  The lard c,o~~taillrtl 
9.35. 0.91. allcl 0.:325i l i i ~ o l e i ~ .  l i ~ ~ o l e ~ ~ i e ,  ancl arachido~lic acids. resl~ectively. It 
was I lo~ l~opr~~ize t l  i l l  thrcv parts  of !vatel. with soya lec.it11i11 or  a ( ' o l ~ ~ b i ~ ~ a t i o ~ ~  of 



Esl,erinleat I E s p e r i ~ ~ ~ c n t  I1 

Hydroge~~a teal 
L:I rcl Fat-free 1.a rtl roeol~iit oil Fat-free 

T ~ ~ g r ~ t l i r n t  diet diet dirt diet diet 

Ccrc40se 74.0 
Alcolrol extracted ' 

e:tncin " 40.0 
Fat " 10.0 
Mi~lerals " !I.!) 
l1:O H6lI.l 
Sy~rtllrtir r i t : ~ o ~ i ~ ~  A palmitate 
(':tlc*iferol (D2) 
Alplr:~-toropl~erol acetate 
R r i t a l ~ l i ~ ~ s  

(g/kg of artificial iirilt) 
915.5 611.1 60.1 80.1 

40.0 40.0 40.0 40.0 
0.0 20.0 20.1) 0.0 
I).!) !).!I !).!I 9.9 

553.1; SiII.0 X7O.O 870.0 
15,000 I.U. per calf per clay 

400 I.U. per calf per clay 
50 mg. per calf per clay 

-- - 

'Crude easein was boiled in 95% alcohol for 1 hr. and t11ci1 extracted in :I conti~~noux typr 
extractor for 24 hr. with 95% alcohol. 

The lard in Expt. I was Itomogenized wit11 670 soya-leeitl~in and ill Expt. 11 with 0.5% 
Tween 60 (p6lyoxyctl1yle1le sorbitan monostcarate) and 0.5% Tween 80 (~~olyosyctlrylenc sorlji- 
tali ~ ~ ~ o ~ ~ o o l e a t e ) .  
' IIinerals in g. per kg. of diet: Ca(OH)?, 1.0; KOH, 0.959; NaOH, O.!)2X; CaCl., 1.565; 

CaCOI, 0.140 ; HCl, 0.101 ; FeS0,.7H?O, 0.050 ; ('uSOa.5H~0, 0.004 ; ('o('1:.6H20, 0.0011 ; 
MnS04.4R?0, 0.0034 ; %IISO,.~IT?O, 0.0031 ; KI, 0.0003 ; If@, 0.'2!18 ; KH2P04, 2.873 ; citric- 
acid, 1.998. 

"B ritanlins ill mg. per kg. of diet: tl~iamine, 0.65; riboflavin, 0.1;s; 11inci11, 2.5; c l ~ o l i ~ ~ e  
cl~loritle, 260.0 ; folir aeitl, 0.052 ; pyricloxine, 0.65 ; ~, :~r :~-ami~~ol )e~~zoi r  acitl, 2.60 ; ~alci11111 
pantothenate, 1.30; BIZ, 0.0071. 

Tweens 60 and 80 acting as emulsifying agents. The fat holnogrnate was storecl 
at 5" C. until used. Fresh milk was mixed every 3 or 4 days, stored at 5" C., 
and warnled to body temperature just before feeding. The calves were fed 
twice daily by nipple pail at  the rate of 10% of their body weight per day. 
Upon the onset of severe scours, the milk intake was reduced by 25 to 50y: 
and antibiotics were administered until the scouring subsided. At 1 meek of age. 
the calves i11 Experilnent I received shredded cellophane and a dry mixture of 
60% glucose, 15% casein, and 25% potato starch supplied ad libitum. 

All calves were weighed weekly and examined daily for falling hair, scaliness, 
scours, and general thriftiness. Blood samples were drawn from the jugular 
vein of all anilnals on the first day of the experiment. Additional samples were 
secured from the calves in Experiment I before and after supplementation with 
fat and a t  weekly intervals from the calves in Experiment 11. The plasma 
lipids were extracted and analyzed spectrophotometrically for linoleic, linolenic, 
and araehidonic acids, employing modifications of the method of Brice cb al. (3). 

' T l ~ e  lipids wero extractecl from 10 to 20 all. of plasn~:~ 1ty d~nking  for 13 mii~utrs wit11 
an cqi~al rolume of al~solote :tlroliol and 50 ml. of petroleom r t l~er  (60-in). Aliquots of the 
petroleum catller Iayrr \rrrr evaporatrd in test tnbcs under nitrogen and rct111~~d prrswnre mltl 
analyzed speetropl~otometrieally for linoleic, l i~~oleaic,  alltl n r i ~ ~ l ~ i d o ~ ~ i c  aeialx. Total lipids were 
m u r e d  by craporating aliqnots of the pctroln~al  et l~er  layer ui~tler nitrogen :~ncl reclucetl 
p reas~~re  in 300-mg. aliin~inum dixl~es m1c1 weighing on a ~~~i r ro l )a la~lce .  



DIETARY REQUIREIIESTS FOR FAT BY TOUSG C'AI,YES 455 

Feces collections were made for a 7-clay period every 2 weeks on three calves 
from each of the lard and coconut oil groups in Experiment 11. A preliminary 
period of 3 days of constant daily feed intake preceded each 7-day collection 
period. The three calves on the lard diet received a fat-free diet (with the lard 
replaced by an equal weight of glucose) during the seventh and eighth weeks so 
that determinations of fecal metabolic fat could be made. In order to determine 
the effect of roughage on fat digestibility, all calves received shredded cellophane 
ad libitum beginning 9 days before the 11th week collection period. All intakes 
of milk and cellophane were accnrately ~reighecl. The feces were collected t~vice 
daily and stored with chloroform as preservative at  approximately 5" C. until 
the end of the collection period. They were then mixed in a Waring blendor and 
the slurry was analyzed for dq-  matter, total lipids, neutral fats, soaps, and free 
fatty acids according to the methocl given by Hawk ct  nl. (10). 

TABLE 2 
Arerage tceigkt gnias and glnsntn lipid vnl~rm for  c n l ~ r s  i n  E.rpcriatrrt I 

Weeks Av. 
Calf 011 tlaily Total Amel~idonic. I ~ i ~ ~ o l r l ~ i e  l,inol(.ir 
S o .  trial wt. gni11 Agt* ' lipitla :~citl :lei11 :1ri11 

(fl.) (tln!~~) ( I I I ~ ~ / I O O  1tt1.J 
Lartl tliet 

3 10 21R ' 1  107 2.S 6.!1 19.9 
16 147 6.1 0.n 31.R 
58 366 13.9 0.0 !W.i 

6 S 80 1 103 5.0 1.4 14.7 
42 220 7.1 7.(i 67.9 

Fat-free diet 
2 2 "  0 2 217 $1.6 2.4 27..i 

I 6  70 3.8 0.0 *5.S 
"1 1' $13 4.0 I .6 7.3 

4 9 244 - 145 6.4 0.4 17.3 , - I ,  .. ... .. ... .... ... .. 
22 073 10.1 0.0 1-li.6 
54 210 7.6 0.7 49.7 

S 107 1 141 5.7 1 .6 ll.R 
16 56 2.0 1.2 
0 -  ,I 

4.2 
to I 72 3.(i 0.0 3.5 
45 2n.i 10.1 0.11 44.5 
59 200 7.x 11.2 50.7 

- 
I I 24 2 10.5 2.8 2.1 6.3 

I li-4 1.1; 1 .!I 7.2 
33 " 4 s  I .9 0.0 1.1 
-4% 226 4.6 I .!I 42.!l 

8 S r  490 1 I67 6.2 I .6 16.3 
!I I' 86 3.2 2.8 $1.9 

9 8 75 1 154 7.1 I 2 14.4 
$1 '* R (i 1.3 !I.:< 13.7 

47 on0 6.7 n.8 46.1 

'Day  blood snn~ple was drnwa. 
"Day calf became too weak to  rise. Rloo~l aa~ilples were dr:twa a t  thin tiine :1nd or:~l atln~in- 

istrntiol~ of fa t  was l ~ e g ~ i n  ~ v i t l ~ i n  one to  two clays. 
' Died. 



RESULTS .\ND DISCUSSION 

Gsperiwte~rt I .  The practice of liiniting the nlilk i n t a k ~  (Inring the early 
weeks in an  attenlpt to alleviate scours appeared to be largely responsible for 
the slow growth rates shown in Table 2. Although the calves receiving 10 g. of 
lard per kilogram of niilk did not display normal weight gains, their tliet was 
apparently adequate for survival. 011 the other hantl, it is tloubtful if any of 
the calves 011 the fat-deficient diet could have surrived without atlditional fat. 
Between 1 and 5 weeks of age, these calves displayed syniptoms of leg aealrnc~ss 
milltl had great difiaulty in rising, si~nilar to that sho~vn by lanlbs and kids in 
previous experiine~its (5, ti). One to 2 days after these first sy~npto~ns  appearecl, 
the calves were unable to rise and recoverecl only lipon the iinniecliate atliiiinis- 
tration of lard orally. Calves 4, 5, '7, and 9 were given 10 g. of lard per kilo- 
grain of inilk within 1 day after they were first unable to rise anil recluired '7. 
I,  3, and 13 clays. respectively, on this diet before they were able to rise. Calf 2, 
which did not rereire the 4v, fat diet iintil 2 days after it was first iinable 
to rise, failed to recover. 

In view of the work of Esh ct 01. (8) ill 1vhic.h rolostriim-free c.alves rrrei\.ing 
skinimilk diets failetl to smr i r e  unless a source of lecithin was provided, Calf 8 
was given 10 g. of Iec*ithin per day alien it first reached the stage where it was 
unable to rise. The lecithin failetl to incluce a favorable response, ant1 the calf 
siiccanibeil wit hill 9 (lays. 

Esh ct 01. suggestetl that in their experinients poor ritanlin .I absorl)tio~~ in 
the absence of dietary fat was a contributing factor to the death of calves fed 
ski~nn~ilk cliets. Irowever, inadecluate vitamin ,I absorption \vas not consiclc*retl 
to be of any significance in the present experinients because the plasiiia vitaniiu A 
of two calves cletern~ined a t  a time when they were too weak to rise \\.as aborcb 
nornial, exceeding 25 7 per 100 inl. of plasma. 

Table 2 shows that the total lipids in the plasmas of all calves \\.t2re fairly 
low at I ( l a -  of age ant1 in the calves which receivetl fat, rose as the experiment 
progressed. This is in agreement with the work of Allen ( I )  ant1 Zaletel et 01. 
(18).  ill whieli the blootl fat of dairy calves was fomnd to be low at birth but 
to rise rapidly during the succeetling few days. 

The arachidonic and linoleic acids in the plasiina of c*ontrols also ii~c.rc.asetl 
gradually along with the total lipids, but the linolenic avid rallies were extreniely 
rariablc~. This variability of the trienoic acid content of the. plasiiia lipitls of 
taattle and other species was si~nilarly indicated by O'('onnel1 (1.9). The calves 
on the fat-deficient diet showed a decline in total lipids ant1 arac*hitlonic and 
linolric acitls from birth to the time they were too weak to rise. This was follo\ved 
npon snpplenilentation with lard by an increase in these lipid conlponents to 
approatah those of c*ontrols. I'ostmortein examination of the calves that tliecl 
failetl to show any abnornialities suggestive of an essential fatty aeid clefieieney. 

Erprrincelrt 11. All the calves receiving the coconut oil diet snrrired nutil the 
t~iiil of the experiment without aclditional siipplennentation with lard. Table 3 
slio\\~s that the calves receiving hydrogenatecl c.oconut oil hat1 a slightly lower 
inc~idelit.~ of sc.0111~ thnn those receiving lard. IIowerer, the progress of the 



17ARI,F: 3 
S I I I I ~ I I T ~ ~ . ~ ~  of tu~ight. ~~(rin,  fccd corn~r~~t)~tion, nttd i~~eirlrncc of nr.o~trx for rrrlrrx i11 Is'.rprrit~rrnt 11 

1):lpw 4 r .  tlnily Ar. ~lnily Ar. tl:tily l'ot:tl 
Cnlf 011 ntilk ~ ~ e l l o p l ~ : t ~ ~ t ~  trt. 11;tyw of 
S o .  tl.i:tl intnkt. intakr " g:til~ S C O I I ~ S  

(pa.) (11.) (n.) 
Cocol~ut oil diet 

10 $18 3.47 l6!l --- 0.0 .,.,.> 
11 82 3.70 84 143 1n.o 
12 d l  3.80 3!1 1!lO 3.0 
13 -- 

1 1  3.77 5!1 144 5 7  
14 i 7 ?.9(i 81 I(i4 5.5 

Ar. 3.74 X4 173 4.2 
1,nrtl dirt 

15 7 7 3.91 ti!) I (is 8.0 
16 -- 

1 1  3.56 61 13ti 11 d 
17 77 4 2 2  ltil  1!tl 1 ..i 
AT. R.X$I !) i  163 i .0  

" Cello],lt:i~lc. fell at1 libitum at  (il t1:ips. 

calves 011 the lard diet appeared to be retartled d n r i ~ ~ g  the sere~itll ancl eighth 
weeks when, in order to obtain figures for metabolic fecal fat, the lard was 
i.eplacec1 by glnc.ose. They not only failed to gain weight dnr i~ig  this period but 
sho~vetl a much greater tendency to scour oti the fat-free diet. Neither group 
grew very rapidly, but it must be rememberetl that ~ione of the diets were 
supplementetl with hay or conce~ltrates and that ill order to ~ i i a i~ l t a i~ l  coustalit 
feet1 intakes for tlie digestion trials, the feeding sc-hedlile roultl be atljlistetl 
only every second week. 

Figure 1 sho~vs that the plasma total lipid values of hot11 prorips rose to 
ahnost double the initial values cluring the first 5 weeks of the experiment. 
Changing calves 15, 16, ancl 17 from the lard to the fat-free diet protlncetl a 
sharp drop in the total plasma lipid and lilioleic acid levels (luring the foll~\\~illg 
2 weeks. l1po11 the inclusion of lard ill the diet a t  the eighth week, therc. was a 
rapid increase ill both components, which co~~tinuetl  until the elid of the expcxri- 
nient. Hydroge~iated coconut oil appearecl to have no tlepressing effect 011 

total plasnia lipid lerels, but there was a tlec.li~ir i!l plasma linoleic avid i111ring 
the first 6 weeks and then a gradual Iereli~lg off. I t  is not k~lo\vn \vliether this 
leveli~lg off indicated liiioleic acaitl sylithesis or \vhether there was a mobilizatio~i 
of body stores. Plasma li~~ole~iic. and arachitlonic acid levels of both groups 
of calves were comparatively constant throughout the experiment with little or 
no variation that c*ould be attributed to changes in diet. JIea~i plasma arachitlonic 
and liliolenic acid values for the lard group were 7.9 + 2.7 a~i i l  0.37 + 1.10 mg. 
per 100 ml. ant1 for the hydrogenated cocotiut oil group were -5.6 + 1.7 and 
0.55 2 1.11 mg. per 100 ml., respectively. coml~arison of tlrc. I1iealls by a 
"t" test sho\vetl a highly signitical~t (P < 0.01) tlifferenrc. bet\vt.e11 the 1iira11 
arachiclo~~ic acid levels of the two groups bat I I ~  sip~iifi(.a~~t differ(~nres bet~veeti 
the mean linoleiiic. acid levels. 

Recent stnclics by Lambert r t  (11. (12)  have also clemot~strated that calves 
fed lipid-free tliets (axhibit a greater inridelicc* of c1iarrlt.a a~i t l  hay(> lo~ver 
plaslna lipi(l levels than cotitt.ols fed I~ytlrogriiatrcl soybet111 oil. Tlio1ig11 tllet-t* 
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W E E K S  ON E X P E R I M E N T  

FIG. 1. .lrersge ~ c c k l y  plt~unla totnl  lipid^ n11i1 lillolcic acid lerc.1~ for c:~lrrrt 11, 12, 13, ni~tl 
11, ~vlliel~ rceeivrcl tllr Ilylrogr~lntetl eoeollut oil cliet :111tl m1vc.s 15, 16, :111a1 17, whicll rccrivctl 
the Inrtl dirt. 

were no reports of leg wrakness, these workers did observe several rases of rough 
hair coats. dandruff, and partial alopecia, whirl1 were alleviated by the inclllsio~i 
of fa t  in the diet. 

It was interesting to find that whrii a single dose of 30 g. of lard was given 
orally to a fat-depleted calf (No. 10) there was an imnlediate and prolonged eleva- 
tion of the plasnla linoleic acid level. The calf had been on a fat-free diet for 
6 weeks when the lard was given, and its plasnla containeil 5.4 nig. of linoleic 
acid per 100 ml. Twenty-four hours later the plasliia linolric acid was 23.0; 
1 week later. 13.7; and 2 weeks later, 6.4 ing. per 100 ml. The fact that the 30 g. 
of lard contained only 2.8 g. of linoleic acid would indicate that s~nall  stores of 
this compound  nay last a calf for long periods of time. 

It was also strange to find that by the end of the experinlent the calves 
receiving the hydrogenated coconut oil not only appeared weaker and less 
thrifty than the lard group, but during the 11th week they all sudclenly (leveloped 
spasms which lasted 15 to 30 minutes. The spasms in\.olvrtl strong niuscular 
twitches over the entire body and violent ehrwing on the front of their pens, and 
some of the calves fell down and were unable to rise until the spaslns were ovei.. 

At  the time the spasnls occurred, the plas~ila of all calves \\.as analyzed for 
calcium, phosphorus, and magnesiun by methods given by EIawk et nl. (10) 
and ritaniin E by the method of Qnaife and Harris (If). Average values for cal- 
ein~n,  phosphonis, magnesium, and vita~ilin E in the plasnia of calves receiving 
hydrogenated coconut oil were 9.6, 6.2, 1.8, and 0.278 mg. ',4 and in the plasnia of 
calves receiving lard were 9.2, 8.1, 2.0, and 0.159 mg. ${, respectively. Since all 



values were 1ior111a1, the levels of these c~oiiipoiieiits ill the plasma of the calves on 
the coconut oil diet \\-ere not belieretl to be closely associated with the spasms. 
Plasma fatty acid levels were no lower than those of the prerions week, and 
postmortem exaniiiiations failed to explain the cause of the spasms. 

Fat digestibilit?/ rlnta. Twc~iity-eight inclividnal digestion trials, including 
13 with hydrogenated cocoiiiit oil, 12 \\-it11 lard and 3 with a fat-free diet, were 
coilductecl during the conrse of this esperinie~it. I t  niay be observed from Table 4 
that during the second aiicl fourth weeks tlie eoconut oil had digestion coefficients 

TABLE 4 
Stti~~iitar.~l of f a t  rli.q('ntibilit.tl data  for  ~~~~~~s is E z t ~ r r i ~ l l r ~ r t  I I  

4v. 4v. Av. dry 
Wrrks So.  Ar. (lays f a t  tnatter Free 

011 of niilk vf dig. dig. Seutrnl fat ty  
trial trials i~tt:ikr seollrs cwrf. roef. f a t  ncids Soaps 

r Pg/rrP) - (70 of tkr f r w l  fa t )  
Calvrs re'c~iring eorotiot oil dirt 

3 2 1 .:< 1 .J Ra.6 ' 89.4 78.3 7.3 14.4 
3 20.1 0.0 89.7 94.4 41.9 4.2 53.9 
3 26.6 0.7 85.5 !#A4 33.0 3.8 63.3 
1 05.2 0.0 8ll.ti 94.9 49.0 4.3 46.7 
t i  28.9 11.2 i l . ! ]  W2.1 32.4 4.0 63.6 

+ : ( p i  (' " 

C:iI\.cs rccriring lard clict 
3 24.3 0.7 68.0 ' 83.3 69.6 ti.0 24.4 
3 28.9 0.2 77.0 91.3 39.8 3.4 56.8 
3 29.9 0.8 V2.5 93.4 45.6 5.3 49.1 
3 2G.l 0.3 1.6 ' 94.3 71.3 :i 2 2.5.5 
3 32.2 1.0 93.7 84.0 60.0 ti.!# 33.1 

+ti63 C " 

'One calf in each of the coconut oil ant1 lard groups uhowed excessive diarrhm during the 
second week collection period. I f  the cligeution coefficients of these c:llres :Ire not inrlriclrcl it1 
the averages fo r  this period, the f a t  cligcstiott roefficicnt fo r  the coconut oil woelcl be 811.4 i t~s tmd 
of 82.6 and that  for  the lard woold he 72.6 insteacl of (18.0. 

" C refers to tlle average rellopl~anc consnmptiou (g.) ptbr calf for the 11th \vccxk. 
' Fecal n~etabolic f a t  expressed as  a per rent of the f a t  intake on 2% f a t  diets. 

of 86.4 and 89.7 eo~iipared to 72.6 aiirl 77.0, respectively, for the lard. However, 
by the sixth week the lard mas 92.574 digested in co~iiparison to 85.5% for the 
cocoiiut oil, and by the 11th week, \vlien both gr011ps received cellophane, the 
lard had a digestion coefficieiit of 93.7, whereas o11ly 71.9% of the coconut oil was 
digested. These data may be co~iipared ~vi th  recently published digestion work 
wit11 calves on filled milks, in I\-hich soybean oil, hydrogenated soybean oil, and 
whole milk fat \\-ere 67, 75, and 96% digested, respectively (7). 

Severe scours appeared to lower the digestibility of the lard and cocoiiut 
oil during tlie first collectioii period. Co~isecjuently, a correction for this factor 
is supplied in Table 4 for one calf in each group. The coiisu~nptio~i of cellophane 
produced ail approximately equal decrease in the dry matter digestibility of 
both groups, but, since there \\-as no decrease in the digestibility of the lard, the 
poorer utilizatioii of the cocoliut oil (luring the 11th week could o~ily be attributed 
to a shortcoming of the oil. 

I t  is significant to note that one fa t  may be better digested cln~-ing the early 



weeks of a calf's life and another fat may be more completely utilized during the 
pre\\-caning period. This suggests that the age of the calf may be related to 
the digestibility of dietary fat and that in order to properly eralllate a fat or 
oil in the diet of young calves, one must secure digestion coefficients for several 
stages of a i'alf's early life. 

llfetabolic fecal fat. During the second week of the fat-free diet (eighth week 
of Experiment 11) calves 15, 16, and 17 excreted 1.5, 0.8, and 1.4 g. of fat per 
day, respectively. This is equivalent to an average of 1.6'/r of the total fat that' 
mould ordinarily be ingested using a 2 y  fat milk (Table 4). It also may be 
expressed as 0.28, 0.19, and 0.26% of the dry matter intake, 4.6, 3.1, and 5.8% 
of the total fecal dry matter, or 29, 19, and 26 mg. per kilogram of body weight 
per day, respectively. The latter values compare closely with the endogenous 
lipid excretion of 42 to 22 mg. per kilogram of body weight per day for dogs (16). 

It is of interest to note that with diets in which the fat is well digested the 
fecal metabolic fat may co~~stitute a large proportion of the fecal lipids. For 
example, Calf I7 excreted 10.2 g. of fecal lipids while on the fat-free diet and 
27.9 g. during the 11th week, when it received 616 g. of lard. The metabolic fecal 
fat in this case was equivalent to 36.6'4 of the fecal lipids, one of the highest 
values recorcled in this experiment. 

I'wtitioa of tile fecal lipids. The partition of fecal lipicls given ill Table 4 
shows that during the first collection period the fecal lipids of the calves 011 

both the coconut oil and lard diets were high in neutral fat and low in soaps. The 
free fatty acids showed no major trends in either group during the course of 
the experinlent, bnt the soaps and neutral fat displayed consiclerable variation. 
Soaps tended to predominate in the feces of all calves during the fourth week 
and, though they continued high in the feces of the calves receiving the coconut 
oil, the fecal lipid partition of the calves on the lard diet changed during the 
later weeks to contain an excess of neutral fat. Howe ( I I ) ,  upon analyziilg the 
feces of I-  to 7-clay old calves, found that 011 the average the fecal lipids consti- 
tuted 14% of the total fecal dry matter. In comparison, the average total lipicls 
found in the fecal dry matter during the second, fonrth, sixth, and eleventh 
weeks of the present experiment amounted to 25.2, 28.2, 39.8, and 23.7'/: for 
the calves receiving voconut oil and 29.5, 40.6, 17.5, and 5.6?, respectively, for 
the calves receiving lard. 

Studies were earried out with 16 1- to 2-day old dairy calves to determi~ie 
whether there is a dietary requirement for fat. I t  was found that calves receiving 
a fat-free synthetic milk developed leg weakness and muscular twitches within 
1 to .5 weeks and died unless a source of fat was supplied. The condition coul(1 be 
cured by feeding an artificial milk containing 4y4 lard and prevented with one 
containing 1 to 2:15 lard. IIowever, the fact that a milk contai~~ing 2% of hxdro- 
genatecl coconut oil also preventetl the appearance of these symptoms indicated 
that the early death of the fat-deficient calves was not the result of an essential 
fatty acid deficiency. The results suggest that body storage of essential fatty 
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acids at  birth ma)- be adequate to last a calf several months but that dietary fat 
mag be necessary during the first few clays. 

Plasma total lipid levels were found to vary directly with the cluantity of 
fat in the diet, whereas linoleic aiid arachidonic acid levels \\.ere inuch lo~ver in 
calves receiving the hydrogei~ated coroiiut oil or fat-free diets. Dietary fat 
had no apparent efect on plasiiia linolenic acid values. 

Digestibility studies were conducted every second week oil calvcbs receiving 
diets containing 2y lard or coconut oil. The coconut oil was 86.4, 89.7, 85.5, and 
71.9r4 digested, aiid the lard was 72.6, 77.0, 92.5, and 93.7% digested during the 
second, fourth, sixth, and eleventh weeks, respectively. Metabolic fecal fat excre- 
tion of three calves ~*eceiving a fat-free diet (luring the seventh and eighth \veeks 
amounted to 19 to 29 111g. per kilogram of body weight per calf per day. 
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ASSOCIATION ANNOUNCEMENTS 
4 9 T H  ANNUAL M E E T I N G  

The Penns?;lrania State Unirelsit?- 
State College, Pennsylvania  

d u n e  22-24, 1954 

Registration and housing assignment headquarters will be in the n~a in  lounge of the 
West Dormitories dining hall from 10 : 00 A.M. to 11 : 00 P.x., dune 21, and 8 :00 A.M. to 
5:00 P.M., dune 22-24. Advanced registration applications are being n~ailed to the Inem- 
bership with the request that they he filled out co~npletely and acculxtely. This is desired 
evm though the registrant expects to ~nalie his own roo~ning arrange~nents. 

Housing acro~n~nodations will he available in ealnpus residence halls, the Sittany 
Lion Inn (a  hotel on the campus), another hotel in the to\v~.n, and several loral ~notels. 
All who roo111 in the calnpus residence halls will be expected to obtain ~nenls in the 
cafeterias of the l-rsidence halls. Meals will be available hcginning with dinner on JIon- 
day, dune 22, and ending with breakfast on Friday, June 2.5. People staying a t  the Inn, 
hotels, or  n~otels n ~ a y  use the residrnce halls' rafeteria service but n~us t  request dining 
privileges for the entire period of their stag when preregistrring. S o  individual ~neals 
 nay be ohtained a t  the cafeterias hut nlay be had a t  the Sittany Lion Inn, n-hirh is 
convenient. 

The H o u s i ~ ~ g  and Meals Co~nn~itter will 111ake rnoln a s k i g ~ ~ ~ ~ l e n t s  to the mnlpus 
residence halls, the Sittany Lion Inn, and the loeal 111otc1ls although, escept for  the 
residence halls, registrants ]nay ~nake  their own arrnnge~nmts if they so desire. S o  reser- 
vations will he ~nnde by the Cotnn~ittee in any off-ca~npus hotel. 

All advanced registrations will he conf i r~~~rd ,  and inco~npletely or  inaccurately filled- 
out request for~ns  will be returned for correction. Please ~ ~ ~ a k e  rc.gistrations early. 

A p~.c>granr of interest to wo111en is being planned, i ~ n d  S I I ~ C I T ~ S C ~  weti\-ities and 
entertainn~ent for children (over 3 years) will be available in propmlus fo r  the diffth~.c*nt 
age groups. A list of baby-sitters who Inay be engaged to care for youngstnos will he 
distributed. S o  cribs are available in the residence halls. 

Conimittrc ccltrl Specin1 Jfcetiitgs 

Groups desiring roolns for c o n ~ ~ ~ ~ i t t e e  or  special 111eetinps should write to the Roo111 
Assig~~rnent Co~nn~ittee, Dairy D e p a r t ~ ~ l c ~ ~ t ,  The Pennsylvania State University, State 
College, Pa. Please give the date, t in~e, 8nd nu~r~ber  participating. Groups desiring 
special breakfast, lu~~rhenn,  or  dinner reservations should lnake their needs knn~\-n to the 
Special Meals Con~n~ittee a t  the ahow address. Please state (late, time, nun~her expected. 
and nalne of group. Special n~eals CRII I IO~ he arranged after June .?, 19.54. Only lin~ited 
facilities for special 111ea1s are availwhle. Sone are amilnhle at  the cafeterias of the 
residence halls. 

Fctc~ilities for Sersiotir 

The Facilities for Sessions Con~~n i t tw  urges all speakers nt the various sessions to 
avoid the use of projection equipn~ent and to bring ~ ~ ~ i ~ u r o g r t ~ p h e d  illustrative n~aterial 
with the111 for distribution a t  the sessions. All ~~~ilneographed and printed ~nnterial 
dist~ibuted a t  the sc.ssions should be iclentified hy title, progn1111 nu~nher (if avnilahle), 
and names of authors. 

I ~ i f o r t ~ ~ r c t i n ~ ~  Celiter 

An Infor~nation Center a i l l  be ~nnintained a t  mgi s tmt io~~  I~et~clqunrte~x during the 
~neetings. IIatters pertaining to en~gloy~uunt will he publicized on a bu l l e t i~~  board, and 
infonuation relative to positions wanted and posi t io~~s arailnhle \\-ill be on file. All 
u~ai l  for those in attendance ail l  be available a t  this desk. 
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Pioneers in the Dairy Industry A series of "Dairy Products for I-Iealth" 
~ ~ i l i ~ ~ ~  to get an appointment to l \ ~ ~ t  poillt eatnpaigns was conducted. lyith the coopera- 

in 1880, a disappointed young man hS the llanle tion of parent-teacl~er associations and milk 
of f3a3r H. G ~ ~ ~ ~ ~ ,  following G ~ ~ ~ , ~ ~ , , ~  advice, dealers, ~ni lk  %-as introduced into schools. Lead- 
decided to leave his boyhood hollle in saeo, ership was taken in the fight against foot-and- 
lfaine? where he wr-as born in 1870, and set out 1110uth disease, which invaded California in 
for the West to seek his fortune. At,Evanston, 1924. The (hncil pioneered in radio programs 
n-Soloing, he working for the union in behalf of lnilk and ~ui lk  products. I t  intro- 

pacific railmad. a duced the "Land O' Health" program into Cali- 
few the urge to fornia schools, creating the famous character 
travel again '6Dario." The lecture "How a Quart of Milk 
hila, so he wrote hilll- Provides Half the Food Seeds of an  Adult 
self a pass alld traveled for One Day" Kas given by the Council nutri- 
on to sari jose, califor- tion wvorkers to hundreds of thousands of prr- 
,,ia, lIe arrived sons. The Dairyland exhibit a t  the Golden 
in 1887. Gate International Esposition was created and 

~ f t ~ ~  various busi- operated by the Council. Finally, the Council 
ventures, G~~~~~ conducted the cnnlpnign that rstablished the 

beealne llalf of California Dairy 111clust1y Advisory Board. 
the western crealllely Gwrne also advised in the formation of the 
co., Illanufacturi,lg alld Oregon and \Vashi~tgton Daily Councils. On 

11 i ng  u t t e  a n d  his twenty-fifth anniversary in 1944 a s  mana- 
cheese. ~~~i~~ t h i s  ger of the 1 1 a i 1 ~  Council, Jlr .  Greene was hon- 
tilne he was active in ored by the Unir. of California as a nlost valu- 

S. H. Greene 
tile organization of the aide citizen. This is one of three such awards 
sari ~~~~~i~~~ whole- given by the Cnivel?iity. 

sale prodncr ~ ; ~ ~ h ~ ~ ~ ~ .  selling his busi- AS one tilne chnirn~an of the Section on 
ness illterest to his partner, he joined the Agriculture of the Colnl~~oan-calth Club of Cali- 
united Statw Food Adlllinistration as Chief fornia, Greene directed a two Year survey of 
of the na iV  in  ti^^^ the california orgalli- water prohlcnls of the state a s  related to agri- 
zation. culture. The section's report has been widely 

G~~~~ of the ca1ifornia used. H e  is still actire in this club and has 
~~i~~ council frolo its inception ill 1919 until n te~~~bership  in the State Chalnher of Corn- 
his retirement in Jaullary, 1947. H e  still serves "'e'ce, Califorllia C1vall1el~ Operators Assoc-, 
on the board of dilrrtors. ~t present he and California Dairy Industries Assoc., and the 
his ,,.ife live in ~ ~ ~ k ~ l ~ ~  beside the calnpus of Shrine Club. H e  was a nlember of the Ameri- 
the cllir. of ~ ~ l i f ~ , . ~ ~ i ~ ,  elose by the ~ ~ ~ ~ l t ~  can Dairy Assoc. for  Inany years, until after 
Club. of which he is an  associate member. his retirement. Although technically retired, he 

Through the gears, the California Dairy is still an  advisor to the dairy industry. H e  

Coulleil illitiated nlany movements for the bet- attended the Daiq- III~IIS~IT Conference a t  the 

of the dairy industry. First, a study Univ. of California a t  Davis, February 8-10, 

was made, in cooperation with the State Board a function that he lllisses. 

of Education, of the diets of 130,000 children, Sam H. Greene has had a fruitful and color- 
and this the of Inilk fu l  career, aud his contributio~~s will be long 
prodncts. The Pacific Slope Dairy Show retne~nbered. His keen intellect, his ability to 

established and 1920 and 1930 organize, and his fine pe~?;onality have enabled 

the industry prolllinently to him to contribute ~nach  to the welfare of dairy- 
The first milk was established in the live- ing on the west coast. His record, beyond a 

stock show in L~~ brill trials,, doubt, qualifies h i n ~  as one of the great pioneers 

were held to e~nphasixe the need of herd ilu- the dairy illdllstry. 
prove~nents through proven sires. DR. \\-rr,r.ra>r 
R. P. EMERSOS, falllous nutritionist, and DR. A.D.A. Holds Annual Meeting 
E. V. MCCOLI.UM, renowned discow-erer of the The annual lneeti~tg of the An~erican Dairy 
vitamins, were brought f r o n ~  the East to lecture .Issociation was held 3Iarch 23-24 in Chicago. 
to large andir~~ct.s iu~tlcr the nuspiers of n a i r r  A number of distinguished service awards were 
Council. pr~sented for  lrade13hip in pron~oting increased 

163 



464 PEOPLE A S D  E\'ESTS 
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use of dairy foods and the ;~clvancriue~~t of a 
better standard of living for the entire nation. 
The following winners \rere announced a t  the 
banquet, attended by -IS:! delegates and guests 
fror~i 45 states. 

JLagnzincs : 
Better Honics and Gardcns 
Good Housekrrping 
3IcCall's 
Look 
\1'0111an's Day 

Related Food Groups: 
Super Market lIerrhaadi*ing 
Cling Peach Advisory Board 
Knos Gelatine 
Sational Biscuit Co. 
Ralston Purina Co. 
Wrigley's Storrs 

Television Station : 
ICSOE-TTI - .\lo~~rnc.. Louihiana 

Xewspapers : 
Chieago Daily Sews 
Chieago Tribune 
1)allas Ti~nes Ileri~lcl 
1)enver Post 
Jlil\\*aukee Journal 
Dayton Sews 
Greenwood Con~n~onwealtli 
Mobile Press 
Seattle Post-Intelligencc.1. 

Dairy Industry -1dmncc1111rnt : 
Profrssor H. F. DEGRAFF 
Pnrafinrd Carton Rc.sc.arc11 Council 

Exhibition of Dairy Products at Ghent 

I n  the fra~~iework of the 9th International 
Fai r  of Ghent, Septeniber 11-16, 1954, an  exhi- 
bition of dairy products aud connected indus- 
tries will he oi.ganixed in Br1giu111 for the first 
time. This cshihition, placed under the patron- 
aqe of the 31inister of Agricnlture, will have a 
sc~entific, technical and all industrial character. 

Missouri Dairy Festival Days 
Increase Butter Sales 

I t  has been announced by B.D.A. that the 
dairy farn~ers  and businessn~cn of Southwestern 
JIissouri hare increased the sale of butter in 
the food stores of that area 40% and the dairy 
farmers hare upped their own purchases of 
butter 60%. This was not for 1 week or  for 1 
11iont11, but for  a whole year, according to \V. T. 
CRIGIITOS, nianager of the Producers Crea~nery 
Co., Springfield. 

The teriitory covers 34 counties in South- 
wrsteiSn .\Iisbouri, writ11 a total urban popula- 
tion of   no re than 250,000. These dairy pro- 
niotion progranis, a t  first called Butter Days, 
\velSe held in 17 con~munities in the territory 
for the first time in the suninirr of 1953. 

JIansfirld, No., w-as \vliei*e the Butter Day 
idra was horn. The rocntional agriculture 
teacher, T o ~ r  FREEMAS,  suggested i t  to the 
Business Club of Jlansficld. The club heartily 
agreed on the plan, thereby starting a chain 
of events which has sao\vl~allcd the sales of 
huttrr throughout the area. 

1954 Contest to Be Held at Atlantic City 
The 19.54 Colleciate Students' International 

Contest in the juiging of dairy pi*oducts will 
Dr. DeGraff, who spoke a t  the ~~teeting, stated be held ill *tiantic city, 1. J., oCtober 25. 

that n~ilk is one of the greatest food b a r ~ a i ~ l s   hi^ colltest ,,.ill be lleld ill eolliunction with 
in America, providing 30% of the necessary ill; Dai,.y l,,dustries ~ ~ ~ ~ ~ i t i ~ ~ ~  i n d  the Illet,t- 
food nutlients for 01'1~ 15% of the food ings of the JIilk Industly Folllldation the 
H e  brought out in his discussion the fact that ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ l  A ~ ~ ~ ~ .  of rce c~~~~~~ ~ ~ ~ ~ ~ f ~ ~ -  
while children drink p1ent.y of ~ ~ i i l k ,  the per tnrers. 
capita consun~ptio~i of adults falls f a r  short 
of-the nutritioi~al require~nents. 

Utah's Twentieth Annual Dairy 
Manufacturing Short Course 

Utah's 20th annual Daily JIanufacturing 
Short Course was held 31arch 1-5 on the Utah 
State Agricultural College caiilpus. The alcet- 
ing was attended by more than 150 dairy lead- 
ers fro111 all pai-ts of Utah and nearby states. 
-4t the banquet, qualit? awards were n~ade  for  
milk, butterniilk, cottage cheese, ice crealli, 
sherbet, Cheddar cheese, and butter. 

IRA H. Gour.~, Ohio State Univ., TV. I. 
\YISDER, Univ. of Wis., and 31. N. WARSICH, 
president of A.D.A., were guest speakers. 

Cherry-Burrell Announces New Midwest 
District Appointments 

.\ n u ~ ~ ~ b r r  of personnel appointments fo r  
the recently fornicd Midu-est District of Chewy- 
Burrell, which covers the St. Paul, Chicago, 
and Cedar Rapids hranehes, were recently an- 
nounced by J. \\'. FARLET, ii~anager of the 
con~pany's field sales divisioi~. GEORGE F~KITE, 
~nidwest district nianagcr, \!-ill have the follow- 
ing staff: A. 11. BARBER, JR., Chicago branch 
area sales Iuanager; CHARLES (CHUCK) SCSD- 
RERG, St. Paul branch area sales manager; 
Ra1.p~ BAKER, Cedar Rapids branch area sales 
niannger; FRASK NEILL, d i~t r ic t  credit iuana- 
ger; JACK COLFER, disti'iet inventory control 
manager; CARL SELSOX, district office niana- 
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ger; BOB SORDSTROJI, district service Inanager; 
and SHELLY THONPSOS, district enginwring 
manager. 

Georgia Offers Major in Plant Management 

Tn keeping the growing need for  gradu- 
ates trained u-it11 a major in colnlnerce and a 
nlinor in d a i ~ ~  ~nnnufactures, the Unir. of 
Georgia College of Com~nerecl has recently 
aclopted a 4-year program leading to the degree 
of Bachelor of Business Adnrinistrntion, which 
co~nbines a tcdinic:~l knowledge of the dairy 
n~nnufacturing industry with training in husi- 
ness administration. Similar arrangements are 
now in effect a t  the Oregon Agricnltural Col- 
lege and the Univ. of Illinois. 

I n  the new Georgia progmlll, the subject 
itlatter courscs ~vill he divided ns follo\vs: 

Frcrhntntt - F:nglish colnposition, college alge- 
bra, general ch(.ll~istry, prillriplcs of eeononl- 
ics, history of \\-ester11 civilization, and orien- 
tation of business. 

Soplton~orc - F:~uropc~an literature, elenlents of 
ol-ganie che~l~istrp, general ~l~icrobiology, 
A~nerican governn~ent, principles nf account- 
ing. business cor~.espondenctb, physical sci- 
enve. American econon~ic history. 

Jtotior -- E l e n ~ e n t a r y  economic statist ics,  
nioney and banking, principles of marketing, 
labor economics, principles of organization 
and ~nanage~nent, business Inwe, dairy chelii- 
istry, dairy nric.roI)iology, ~nark(.t inilk. 

S F R ~ O ) .  - I'ersonal adjustnte~r t to husi~ies., 
principles and prohlenis of retailing, sales 
ad~~linistration. purchasing, dairy plant Inan- 
ngtlment, huttclr and cheese ~~~nnnfac tu re ,  ire 
cream making, electives (incon~e tax account- 
ing. advertising. advanced husinc~ss In\\-, per- 
sonal finance, puhlic speaking) . 

Tht* departn~t~nt \\-ill continue to offc~r a 
111ajor in dairy ~linnnfactures in the College of 
Agriculture. 

Campbell to Spend Year in Egypt 
31. H. CA~IPBELI., dean of the College of 

Agriculture a t  the Univ. of Rhode Island and 
dirwtor of the Bgricultural Esperitnent Sta- 
tion. has accepted an invitation to hecome chief . 
agriculturist in Egypt for  the Foreign Agri- 
cultural Service of the U.S.D.A. I l e  has been 
grnnted a ;\-ear's leave of absence starting 
March 1, 1954, for  this assignment. 

As chief agriculturist, Dr. Ca~nphell will 
direct the Point IT- technical aid in agriculture 
program in Egypt, correlating this work with 
the ngricultur~~l programs of the Egyptian 
government. He \\-ill l>c located in Cairo. 

During his absence, E. P. CHRISTOPHER, vice- 
dean of the College, will supervise the instruc- 
tional program, and IT. H. WILEY, associate 
director of the Esperiilrent Station, will direct 
the research pro,or:\ln. 

New Book on Butter 
G. H. ?(IcDo\T.ILL, of the Dairy Research 

Tnstitute, S e w  Zealand. has published a Butter- 
iliaker's Manual (:! \-olnmes, 1,589 pages). I n  
addition to the usual chapters dealing with the 
butter industry, there is one on dry butterfat 
and gliee and one on the lllanufacture of mar- 
garine. 

Milking Parlor and Farm Tank 
Acceptance in Montana 

I t  is estinlated that approximately half of 
all the grade -1 ~ni lk  produced in 1Iontana is 
producetl on farnls that have milking parlors. 
Alnlont all of thebe niilk producers also use the 
pen-stabling syste111 of housing the milking 
herd. One ~nilk pasteurizing plant has 110 pro- 
ducers, 106 of 1%-)tic11 have n ~ ~ l k i n g  parlors. 

TI11.ce JIontana ~ ~ r i l k  pasteurizing plants, lo- 
c:itctl in different areas of the state, are chang- 
ing fro111 can to fal.111 tank-tank truck transpor- 
tation of n~i lk  fro111 the far111 to the plant. Two 
of these plant5 are now getting most of their 
111ilk fro111 far111 tanks. These plants are on a 
proicct to change over co~r~pletely from can 
tlt.livery of milk to 1)1ilk tank delivery to the 
plant in the nest feu- years. The t r t~nd in 
Jlontana is definitely toward pen-stabling of 
the ~liilking 11crd. 111ilki11g parlors, and farm 
tank>. 

Marketing Butter in Paper Crocks 

A 3-Ih. was cardboard container, si~iiulating 
the pottery c~.ockn popular in the '30's, has 
recently been introduced by Wrigley's Stores, 
Inc.. a Detroit chain, to encourage butter sales. 

According to A s n s  DE I<OSISCK, general 
sales manager for  M-rigleg's, only 93 score, AA 
grade hutter is packed in this way, and the 
price is coi~lpnrahle to that of leading national 
brands. The new pack has been well accepted 
by the puhlic, and sales for  "Wrigley's Old- 
F a s h i o n e d  C n u n t ~ . y  C r o c k  B u t t e r "  have 
nlounted in rolunle until now, less thnn a year 
after its introduction. 50% as inuch is sold a s  
of the regular I~rands. 

The crock. which was advertised in news- 
papers and on television, inny have opened a 
ue\v inarket, since sales of other butter hare 
not been affected, according to the chain. Bulk 
butter may hare particular appeal to large 
fa~llilics and housewires who believe that it 
stretches farther than print. 
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Minnesota Students Sponsor Milk Hour 
For  several p r s  it has been custolnary for 

varionr: student organizations on thr St. Paul 
ranlpus of the Univ. of Jlinnesota to sponsor 
Thursday afternoon cofft~r hours a t  their stu- 
drnt union. This year the. Dairy Science Club 
decided to depart fro111 the traditional pattern 
and recently sponsorrtl a luilk hour. 111 place 
of roffee, plain 111ilk. el~ocolate ~nilk,  and butter- 
n~i lk  were offered to solne 335 students and 
faculty members in attenclanre. Cheddar cheese, 
Sunorld chc.ese, crackers, and cookies munclt~d 
out the ulenu. The vei~tnrr proved so sueeessful 
that it is p1an11c.d to r rpmt  the: milk hour, \r-hic*h 
protllises to l~erolt~e a regular clllb prpjert. 
This is the report of E. L. TIIOJIAS? who is one 
of the faculty adri3c.r~ to the Dairy Scii~uce 
Cluh. 

Trend in Number of Dairy Students 
of Concern to Industry 

;\ Garst Editorial 

Of c.onrcsrn to tl~t. clairy i~~clustry is the 
drcided decline in the nullrher of students in our 
c,ollrges and l~nivf~~si t ics  \vho are stutlying 
dairying. The Milk 111cll1stry Fouuclation and 
the Dairy Iudustry Cot11111ittre both have h r g u ~ ~  
with rigor to oht:~in :111 tllc. f'nets underlying 
this trend. 

Those e ~ ~ p ~ g e d  in t11(1 indnstry are perplexed, 
and a study of its owl1 llousc is bring ~nade  to 
see ~vhether inclustry itrcblf has eontrib11tt.d to 

the trend. The colleges and universities sl~ould 
also evaluate their programs to be sure the 
t e a r l ~ i ~ ~ g  s r l ~ e d n l ~  produres the proper end 1.e- 
sult. Shonltl our c*olleges tun1 out nlen fitted 

for research, or should 

F. B. Baldwin, Jr. the prohlen~ and a Way 
to the solution of it. 
This industiy is hi#, 

atit1 the 11tt~11 ill it arcL big. The help of these 
IIICII  ill ~ ( ~ r i o i ~ s  planning xvitl~ those in our col- 
Irges who w e  responsible for  training the 
futurca key people in the dairy indus t~y  is n 
111ast. Thr dotvn~vard trend of enrolln~ellt in 
dairy coiuses ~ r ~ u s t  he halted. The dairy indus- 
try 111ust prove it nc.ccls the graduates and 
c.nronrapcS the. e11ro11111c~11t of the high sehool 
gracl11ntc.s. 

F. BRUCE B;~LDWIS, J R .  
:I bbot ts  I)nirirs,  1 9 ~ .  
Ph i l t r r l~~ l )d~ i r~  

LETTERS TO THE EDITOR 
Australian Meeting 

The Annual Conference of tlw Australia11 
Society of Dairy Technology will he held ill 
Brishane, Queensla~~d, early in October, 1994. 
I t  has been our c u s t o ~ ~ ~  to endeavour to arrange 
for a guest speakcar to ai1clrc.s~ the Confere~lrc 
on some n~a t t r r  of technical or general interest 
to the Dairying Industry. 

I am taking thc~ lihtsrty of lvriting to you to 
ascertain if you kno\v of ally ~nentbers of your 
association or any persons connec.ted with thr 
dairy industry \vho are l i b l y  to he visiting 
dustralia about October nest. With such :I 

w-idc-spread association ar: ycrnrs I thought it 

possible that sollte infortllation along the lines 
indicated iuay be arailahlr. May I suggest 
thwt you circuliite this 1ettc.r anlongst the 
~~~c.n~hc.l.s of your eouucil to 111ake the enquiry 
as wide as possible. I \vould be very grateful 
if yon would agrre to assist our society in this 
Illilllller. 

3Iay I take this opportunity of sellding 
greetings to you and to the niemhers of your 
association f'ronl the i2ustralian Society of 
Dairy Technology. 



USE OF NUTRITION INFORMATION 
IN PROMOTING THE USE OF 

MILK AND MILK PRODUCTS 
ZI)E E. ASI)E:RSON 

Dirrr.tor, ljp)~nrt~)ip)it of Rr,umrc2h fliic! 

Xcctritioic Sarricr 
Sntior~nl Dniry Corrilcil 

Milk and tlie products 111adr fronl 111ilk are 
fonds for which tllrrr is no aclc~quate sul)stitl~te. 
An~ple scientific eridc~nce is available to snp- 
poi* the eontentioil that these foocls will l ~ c ~ n ~ f i t  
t,lir co~isu~ner's hralth, ilppeariulee, and pockct- 
hook. The Sational l k i r y  Council has pro~noted 
111ilk and its products on their ~~ut r i t ive  valiie 
sincr L91.5. Honerc~r, thesr acatiritirs nc~c~cl to 
hr supplen~ented anel c~n~plinsized hy tlich :idrc.r- 
tising nnd ~nercl~andising of the cwtirc clairy 
industry. IIo\\* can the dniry intlnstry eoordi- 
nate its pro~notional efforts so that the sanie 
nutrition stoiy is told hy a11 industry r o w  
pa11ic.s and organizations? Wlint nutrition facts 
should the clairy industry highlight in today's 
pron~otioa of n~ilk and its products? 

Principles for Proper Use of Nutrition 
Information in Dairy Promotion 

The dairy industry shoul(1 follow sound prin- 
ciples in the usea of nutrition i ~ i f o r ~ ~ ~ a t i o n  in 
t,he sales pron~otion of inilk and its products. 
Each statelllent n~arle sl~ould givr the c.onsulner 
inforlnation ahoiit the, food produrts lir hnys. 
Sutrition tern~s shoulcl not 11r nsed in n~e~aning- 
less phrases. This is a con~n~on fault of riirrent 
pro~notion of sonle products. For  esa~nplcl: A 
nondairy pi.oduet is carrrntly pron~otrd on the 
hasis that it is "c.alorie-controllrd." Silcli a 
description is without ineaning. Telling the 
calorie coutrnt of a sprcifiecl quantity of tlie 
product ~\-ould he infortnntivr. Saxing ~~le re ly  
that it is "calorie-rontrol1c.d" is non~nforn~ative 
and is ~nislr*ading. This product is further pro- 
lnotrd on tlie idea that "it is possible to drink 
all you want of the product ~vithout heing too 
full." This could not he true unless one nantrd 
only that a~nount which his systcni could coin- 
fortbly handle. 

There is so 111nc11 that can bc said ahout the 
food raluies of ~nillr and its prodilcts that i t  is 
possible to tell a persuasive stoly without exag- 
geration. Sature lias provided the industry with 
a superior product to sell, and technical know- 
how lias made it possible to ~nsrket  a nu~nher 
of highly palatahlr and \vholeson~c food prod- 
uvts. -411 can he sold 011 their inelsits alone. 

4 

Statements Should Be Accurate 
in Their Implications 

1'ol;sihly tlitb n~ost c la~~~aging  chari~ctc.~.istic ol' 
1xxw aclvrrtising is falsr it~~pliration. 'I'hr pro- 
nlotior~ reft,rrrd to ahovc. i~nplies that tht. prod- 
uct r:~nnot ~uake a person fat,  even it' co~isu~nc~tl 
to cbst~cAss on top of a food intakr which hils 
alre.ady satisfied the inclividual's i1c~c.d~ - he,- 
csause it is "calorie-coiitrolled" and will not vilusc! 
one. to ferl "too full." Thc ~.chsponsihility of the 
elairy industry to tlicl he1altli of the. A~~~e~rie*tln 
pu1)lic is too great to risk ~ni~kin:: falst* i111plic.i1- 
tion. This in~portant inelustry sl~oultl he' :I 

leader in supplying the c o ~ i s u ~ ~ ~ e r  nit11 :~c.c*u- 
ratcly intc.rprc.tecl nutrition in forn~i~ t io~~ .  

Each Statement Should Be Directed 
Toward a Specific Audience 

The ~iutritional needs of tlie individui~l \ril~.y 
n-it11 age, stage of growth, schs, health, i~nel 
pl~ysiologic~al stress. Therefore., nutrition infor- 
111ntio11 p r o ~ ~ ~ o t i n g  dairy foods should hc! cli- 
rrcted to the interests and needs of a spc.eific: 
a~iclience. To rapture the niarket of c*sprctarit 
~nothrrs, tell t l irn~ what their nrc.ds arcb and 
how tlic~sr ~ireds nlay he 111c1t with the right lcvcrl 
of food. To pronlote dniry foods for the. use 
of s111al1 rl~ildrrn, address theair parents with 
thr story of what the child nc~ccls and how diiiry 
foods ~ ~ ~ e c . t  that need. lT1ic~i1 appraling to tlict 
adolescent, tell the111 whilt they need fro111 food, 
~ r h a t  it will do for tli~111, and how they can 
ro~nhine foods to achievr the. desired results. 
The sa ~ n e  approach wonld 1111 rffrctive with othcbr 
:lgc gro11ps. 

Show How Dairy Foods 
Combine with Other Foods to Provide the 

Individual's Nutrient Needs 
A cou~plete and adequate (1ie.t is hest acl~ic~vc.el 

hy can~hi~~ii ig  desirable a ~ ~ ~ o u n t s  of ani~nal anel 
plant food produets of \vide variety. The 1)rc.s- 
ent food supply in the C'nitcd States is ;~dc.- 
qilate to 111ec.t the nutrient nec.els of our popu- 
lation, provided food is wise1ly selrctrti ;inti 
equitably distributed. Milk is the inost vt1rsittilc! 
of all of these foods and eou~hines with other 
foods to ~nake highly palatable meals. Coopera- 
tion with other industries pro~noting the 1)rod- 
ucts incli~ded in the seven hasic food groups 
is the 111ost efleetive use of i~utritioll i n f o r ~ ~ ~ a -  
tion. The different s e g ~ ~ ~ e n t s  of the dairy in- 
dustry i ~ n d  the otlier food i11dustrit.s should 
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work with each other, not against each other. 
They have a collllllon con~petitor - those who 
exploit nutrition information to sell nostrun~s 
and drugs on the theory that our foods are 
robbed of their nutrient values by   nod ern 
processing ~nethods. 

Safeguarding Dairy Foods Promotion 
Against Pitfalls 

The dairy industry should safeguard itself 
against the pitfalls of n~isinforn~ation or  ~nis-  
i~nnliertion in nutrition infor~nation used in 
p r o ~ ~ ~ o t i o n  of tiairy fcwds. The cotnpany or 
orznnization \ v l ~ i c . l ~  intends to use nutrition in- 
f&;~~~a t iou  for the prou~otion of dairy foods 
should rn~ploy the services of a nutrition expert 
to advise  then^ on pron~otion copy and layouts. 
Such a person could work either with the com- 
pany or organization that is having copy de- 
veloped or  with the ageney which is developing 
the advertising and ~nerchandising ~naterials. 

The people ~vho are responsible for  the devel- 
oprnent of copy should he provided with the 
basic educational ~naterials, such as that pro- 
vided by the Sational Daily Council. Such 
material has the ndmntage o f :  ( a )  authorship 
by nn authority in the field being discussed; 
(h )  review by the Council on Foods and Xutri- 
tion of the A n ~ e r i a n  Medical dssociation; or 
(c) review by the Council on Dental Health of 
the An~c.rira~~I)c~ntal Association, and/or ( d )  re- 
view by the authors of scientific reports cited in 
the t~~aterial .  Vse of the inforn~ation contained 
in thc~sr p i e m  of rnnterial, unless distorted in 
1111wning by ))ring taken out of contest, will 
give the advertiser assurance of aecurac.y. 

Coordination of Dairy Foods Promotion 
by the Industry 

The dairy industry bhould coordinate its pro- 
n~otional efforts so that the same nutrition story 
is told by all iucluatry con~panies and organiza- 
tions. 

The Sational Dairy Council has sponsored 
the organization of the Dairywide Coordinating 
Co~~~tni t tee  on Sntrition Research. This cotu- 
~ ~ ~ i t t c ~ e  hns a fir(&-point progmnl as follo\vs: 

I. To assen~ble and evaluate fro111 available 
sources the eonaulner and professional ntti- 
tudes townrcl dairy foods. 

2. To review scientific data ant1 prnvide the 
factual hackground for puhlir inforniation 
ahout dairy foods. 

3. To suggest additional needed nutrition re- 

5. To lnake available to dairy ~ I S O U ~ S  a n  
annual sunlnlary of daily industry spon- 
sored nutrition research projects in prog- 
ress, including the nanle of the director, 
the location of project, and the objectives. 

The D a i q ~ i d e  Coordinating Con~n~ittee on 
Sutrition Research en~bmces all seg~nents of 
the industry, including the An~ericnn Dairy 
Science Association. The value of this prograln 
to the industry remains to be den~onstrated 
since to this date its activities have been li~nited 
to the tedious job of organization and dclinea- 
tion of responsibilities and functions. 

Nutrition Facts for Today's Promotion 
of Milk and Its Products 

Certain nutrition facts should be highlighted 
in today's pron~otior~ of ~ni lk  and its product*. 

Pron~ote all dairy foods for weight reduction 
and tell the public how to intelligently use dairy 
foods to fit this situation. The dairy industr>- 
has been taking advantage of the intense inttbr- 
eht eridenced a t  the present time in. weight 
reduction. This is good. The puhlic is wright- 
conscious and will he interested to h o w  that 
n~i lk  does Inore for the reducer than any other 
single food. Too nlany publicly-prescribed dithts 
do not recognize this f a d .  Even too 111any 
ph~ician-prescribed d ids  do not recognize it. 
Actually, the lower the calorie intake, the 
greater the need for choosii~g foods of high 
nutritional ralue in relation to their calorie 
content - and dairy foods have a high ratio of 
nutrients to mlories. The dairy indubtry has a 
good and sound story to tell nhout dairy foods 
in weight reduction. 

The Xational Daily Council, in cooperation 
with Dr. Margaret A. Ohlson and her staff a t  
AIichignn State College, developed a docun~en- 
tary filtn and educational lnaterials )lased on 
research studies which clearly *how the role of 
n~i lk  and other dairy foods in m-eight reduction. 
The results of the study e~nphasize that weight 
rednction can be con~fortably nchiex-ed with n 
diet which contains approsin~ately equal 
a~nounts by weight of protein, fat, and carho- 
hydrate. Such a diet can include some of all 
dniry foods. 

However, instead of taking advantage of 
this inr-estn~ent and correlating puhlic inforrna- 
tion N-ith the inforn~ation that is going to pro- 
fessional people in order to tell a good story on 
weight reduetion for  all dairy foods - the 
industry has been concentrnti~~g on the prolno- 
tion of skin~n~ilk. a n~inor vroduct in tern~s  of 

search \\.ltirh s i l l  encotnpass all phasc.s of total volullle. rl;fortunnte*, some of the pro- 
hnn~an nutrition as affected by dairy foods. lllotion dolle 011 skillllllilk plwducts for weight 

4. To present to the dairy industry authentic reduction has left the i~~~p l i ca t ion  with the 
inforn~ntion ahout d n i q  foods and to for- pul~lic that lnilk fat  is so~nething that should 
 nul late recon~n~endations for its use in pub- 1)e nmidcd. Milk fa t  represents close to 4 0 5  
lie relations, advertising, and other educa- of the total n~i lk  solids sold by the industry. 
tionill work. Surely, the industry cannot afford to glre con- 



sunlers tlie false itt~pressio~i tliat milk f a t  is not liatioual food supply. I t  call :also hr scaen that 
good for thenl. I t  is a llighly illlpol~tant pl.oduct there is not the sallle 111argin of extra ralciulll 
of the daily industry, ,,.llcther m.e thillk of i t  ill our food supply which we have for  the 
f r o n ~  the standpoint of nutrition. taste satis- other nutrients. 
faction, or  eeono~~lics. 110 not under-prol~iote Although, as previoiisly indicated, 111ost peo- 
milk fa t  by i~iferrnce nor over-protuote it by ple get enough protein, calciutu is the nutrient 
onlissiou or di\tortioa of facts. in diets most often fall i~ig below the recoui- 

T.4BLE 1 
Saarn~ar!~ of selected data on U.S.A. nwtriettt nee178 and srcpp1ic.s 

Aniounts available per person per day, 1950 

Reeoniniendcd From all Fron~ all aiiimal From all 
Daily dietary allowances foocls food products tlairy foods 

Range for all groups 
Sutriet~ts ruitn beyond age one A n ~ o u ~ ~ t  ch of total Au~otntt 'h of total - 
Food ctlergy Cal. 1200-4500 3270 1200 (36.7) 543 (16.6) 
Protein P. 40-100 94 61 (64.6) 24 (2.5.0) 
Fat K. 33-135 146 9 (63.0) 37 (25.3) 
Carbol~jclmte g. - 399 31 ( 7.7) 31 ( 7.7) 
Ca lcium I?. 1.0-2.0 1.06 1-1.87 (81.!2) 0.8 (75.5) 
Iron nlg. 7-15 16.3 6.1 (37.6) 0.6 ( 3.6) 
Vitamin A 1.V. 2000-8000 ~ 5 0 0  4754 (32.4) 1347 (182)  
Tliiamiue nlg. 0.6-1.8 1.90 0.77 (40.6) 0.21 (10.9) 
Riboflayin nlg. 0.9-3.0 2.35 1.66 . (70.6) 1.13 (48.1) 
S i a c i ~ ~  mg. 6-18 19.0 9.3 (49.9) 0.7 ( 3.6) 
-4scorhie acid nig. 35-150 117 3.8 ( 7.5) 6.8 ( 5.8) 

Dairy Foods as Protein Foods 
I t  would I)e advisable to help tlie All~rrica~i 

consnlttrr to rrnlize tliat tlir various fortus of 
111ilk itnd cheese - and rvc~i  of iw  C W ~ I I I  - are 
escrllc.nt protein foods. Ilairy foods provide 
one-fourth of thr nvnilt~bl(. pmtein in the food 
supply of tlie L-nitc.cl Statrs (S rc  Tnblc 1 ) .  
That is ]lot the \vholr story. Milk pl.otriti, by 
virtu(. of its p:~rticularly favorable balance of 

111e11ded Irvcbl. 111 tlir aforc~ll~c.titioned dietary 
survey dairy foods contrihiitecl 66% of the eal- 
piurn nt olily 16% of the f(n)rl cost. Grain 
prodncts ~~ tad t*  the ouly other signifieant con- 
trihi~tion of calciun~, 147; a t  11% of the food 
cost. Without dairy foods. the average inixed 
diet e o n s u ~ ~ ~ e d  by people in the United States 
supp1ic.s o~ i ly  about oiw-fourth or Irss of the 
recotn~i~entl~~d ralciun~ allo\va~~c.c~. 

arlliuo acids l h s  n higlirr biological value than 
has 11ny other food protrill rxcrpt rgg. Our Promotion of Dairy Foods as a 
hodic*s .;a111 do 111orr with Ic~ss of n food vroteia Source of Riboflavin 
that has a high hiologieal mlue. Fro111 tlie 
standpoint of cost, daily foods arc! tlic el~cnpt.st 
source of liigli r~i~al i ty  protrill. 

11 study of food c o n s u ~ t ~ p t i o ~ ~  of ul.bnn fauli- 
lies living in awns reprrsr~itative of all seetions 
of the Cnited States slio~v'd that 6076 of the 
prott.in \\-as supplird by aliilllal food products. 
])airy foocls supplied 247; a t  only 16';L of the 
foocl rost ; ~ l ~ r a t ,  poultry, and tish supplied 29% 
a t  27% of the food ceost ; a ~ i d  eggs supplied i:& 
a t  4:& of tlie foot1 cost. Grriiu pladucts ~iiadc 
tlie only other siguiticn~it cotitributioli of pro- 
trin in these diets, 2476 a t  11% of the food cost. 
The cIuality of grniu protrill is low e o ~ ~ ~ p a r r d  
with lllilk protc'in - altliough foods 111nde frotu 
grain and dairy foocls suppletl~c.nt earh othrr 
with r c ~ s ~ r c t  to c~sse~itial a l~ l i~ io  acids when con- 

Tahle 1 indicatrs that clniry fonds rontril)ute 
nhout o~lr-half of the riboflavin in our food 
supply. Again in thc~ dietary survey aninla1 
food products 111adc1 the ~tlejor coutrihution of 
this nutricv~t, supplying 66% of that present. 
1)ail.y foods furnished -1'2% nt 16% of the food 
cost; tlleat, poultry, and fish fur~iished 17% 
nt 277; of thr food cost; and eggs fur~iished 
77; a t  -I$& of the. food canst. The. only other 
signifieant e t~ot io~~~ieal  c*o~itrihiitio~~ of riboflavin 
to these dic~ts was fro111 grain products, which 
suppliecl 18y0 a t  llyo of ,the cost. Tht. rrport  
clicl not 111nkc1 clear to what rs t rn t  the addition 

111ilk solids to hread and baked goods fur- 
nished calciuul, protrill, tlnd riboflavin to the 
gmin prnclucts, such data not hcaing awil:~hlc.. 

siin~ed together. 
A Better Job Should Be Done with 

Promotion of Dairy Foods as a the School Lunch Program 
Source of Calcium Chart I shows clearly the inlportance of illilk 

I t  ran he see11 ill Tablib 1 that dairy foods in the school lunch p rogra t~~  and the econotny 
provide three-fourths of the caleiull~ in our resulti~ig fro111 the inclusio~i of ~nillr as u source 
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100% I 
Calcium 

I 

Average percentages of 
recommended daily allow- 
ances ~ r o v i d e d  b y  66 
school lunches with and 
without milk.' 

1 
Riboflavin 

I 
"i"" 

Thiamine 

I 
Calories 

I 

Comparison of total cost 
in 1948 and of nutrient 
contr ibution o f  milk in  
school lunches. 

w I 
1.'3 da i l y  recom-  Cost 
mended allowances 

Emphasizing the proteins in dairy foods ]nag 
help to overcolne the current helief that dairy 
foods are fatty foods. Actually, two soft boiled 
eggs provide 11 g. of f a t ;  one cup of whole 
milk provides 9.5g. of f a t ;  1 oz. of Cheddar 
cheese provides about 9 g. of fa t ;  and 3 ox. of 
beef provide ahont 20 g. of fitt. I\-hen such a 
col~~parison is ~nade  of the f a t  content of c.on~- 
pnrnhle servings of these protein foods, ontb 
readily sees how unjustified it is to lahel whole 
u~i lk  and cheese as fatty foods. I t  is iuterestiug 
to colnpare the ratio of fa t  to protein with ' 

respect to these foods. TVllen this is done the 
following values are ohtainetl: eggs, 0.90; 
whole ~ ~ t i l k ,  1.12 ; Cheddar cheese, 12s ; 1)ec.f 
chock, 1.30. 

Promoting Milk on the Basis of Economy 
Milk and ntost of the pl.oducts nlade fro111 i t  

are economienl foods. The cconolny of ~ni lk  
respect to protein and sonlr other nutrienks 

has already been discussed. I t  is often stated 
in the press tltnt "tnilk and d n i y  foods rnht 
too nluch!' 111 relation to other foods and in 
wlntion to other eo~n~nodities, this is not true. 
Tlie econolny of ~ltilk en11 1)e dett~onstrnted on :L 

CII.Il<T I nutritional hnsis. (See charts 2. 3. 4) 

TABLE 2 
Total a?r~oitat of food served by National School Lunch Prograft8 i t t  1962 - 

Milk, beverage 359,000,000 qt. Fruits and vegetables 550,000,000 Ib. 
Other dairy products 248,000,000 1b. Cereals and bread 142,000,000 1b. 
Meats, poultry, fish ' 117,000,000 1b. Fats and oils 34,000,000 1b. 
Eg@ 25,000,000 doz. Other foods 43,000,000 11,. 

of specific nutrients. The school lunch program 
is vital to the daily indust~y. The quantity of 
dairy foods used in this program is clearly seen 
in Table 2. The iluportance of this program to 
the dairy industry as a means of teaching good 
food hahits to present and future consun~elr, is  
not fully realized. 

T ~ P  school lunch progranl is an  effective 
111eans not only of teaching good food habits 
(whieh includes dairy products) hut also of 
providing nutritious ~neals for the children. 

Do a Better Job of Promoting Milk for 
Small Children and Infants 

One quart of Inilk can provide 85% of the 
rwomrnended daily protein allowance of the 
child 1 to 3 years of age and 65% of the reconl- 
~nendecl protein allowance of the child 4 to  6 
years of age. The late Dr. P. C. Jeans recom- 
~nends, in the Anlerican Medical Association 
1Iandl)ook of h'utrition and in the National 
Dairy Couneil Baby Cnre Digest, that  n mini- 
mull1 of 1 qt. of nlilli each day for  the child 
throughout growth is a desirahle level of intake 
toward which to strive. 

Emphasize Foods as a Source of Nutrients 
The American food supply is more than ade- 

quate to provide the nutritional needs of our 
population with respect to those nutrients for  
which there is a de~nonstrated need. The Ameri- 
can puhlic does not fully realize that the na- 
tion's food supply is adequate for  good nntri- 
tion. I t  is a joint responsibility of all of the 

RETAIL PRICES O F  LIVESTOCK 
PRODUCTS and FATS & OILS 
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RETAIL PRICES O F  DAIRY and 
NONLIVESTOCK PRODUCTS 
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NUTRIENTS 
F R O M  THREE F O O D  CLASSES, '48 

GRAINS MILK, MEAT 
PULSES EGGS, FRUITS 

POTATOES OTWERVE6. 
FATS 

SUGARS 

TT 

Respect the p~.erogatives of ' the 111(:di(.i11 
prof essio~l. . %, ,: 

Be sure of all facts. 
Be surp of the ilnplic.ati'&ns i f  all state- 

~nruts.  
Address all prou~otion to a specific audi- 

ence. 
Anneal to the interests of the audience. 
l'tdvide the specific nutritiou iuforn~ntion 

that applies to the nudie~lcc. 
Tell o ~ ~ l y  a single idea in a single nlessagc.. 
Keep all statements siulple and to the point. 
Place the promotion efforts 011 major p n d -  

ucts. 
Avoid contrasting one dairy food with an- 

other. 

NlJTRlTlVE RETURN A N D  EXPENSE 
Major Food Groups* 

MILK CREAM MEATFISH 
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food industries to n~ake  this clear and to sl~ow 
the housewife how she can have an  adequate 
diet for herself and her family by a proper 
choice of food. The infor~natiou in Table 1 
will help do this. 

A Guide for Those Who Prepare 
Dairy Advertising 

I n  conclusion, here are a few do's fo r  dairy 
foods pron~otion that the nutritionist would like 
to r e e o n ~ ~ ~ ~ e n d  to sales pro~notion experts. 

Take advantage of the wealth of source 111n- 
terial about nutrition which is so rc.adily 
available. 

Take advantage of the organizations that 
are equipped to help with nutrition in- 
fo1111atio11 and interpretation. 

Pull together a s  a tea111 to sell dairy foods 
by coordinating your promotion cfforts 
within the dairy industry and with other 
food industries. 

Reme~nher that a healthy eonsu~l~er is a n  
asset to the dairy industry. 
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THE ROLE OF THE 
DAIRY INDUSTRY IN UTILIZING 

OUR INEXHAUSTIBLE 
RESOURCES 
d. P. L.!JI.ISTER 

The Clrsrro~t ;Lgricrtltrcrnl College 
CI~ttrrott, S.  C .  

The cycle of life involves soils, atn~osphere, 
plants, and anin~nls, using the sante n~aterials 
over and over agniu. Photosynthesis is the 
process by whir11 living Ienves of green plants 
use sunlight to con~hine the water taken f r o n ~  
the soil by plant roots with the carbon dioxide 
of the air to fo rn~  sugar. This reaction requires 
six r~tolerules of carhon dioxide and twelve 
molecules of wnter. plus the presence of sun- 
light, to produce one ~nolecule of glucose, six 
n~olecules of water, and six a to~us  of oxygen. 
This is the t ~ ~ o s t  vital che~nical reaction in the 
world. I t  is the source of our food supply, 
~naintains the proper quantity of oxygen in the 
air  we breathe, and provides a nlajor par t  of 
the raw materials and the energy for  industry. 

I t  is es t i~~~ntrc l  that 1% tons of glucose are 
synthesizccl by plants each year for  each acre 
of thr earth's surfare. The ocean has a 300 ft. 
layer of algae, in which thr photosynthesis 
should be a t  least twice as great per acre a s  
that of the land surface. The~.c* are 37 billion 
:~crcs of lancl surface and 90 billion acres of 
ocean surface to provide an estituated total 
world pmdurtion of 270 billion tons of glucose 
per year. The value of this ~vorld-u-ide energy 
production an~orn~ts  to the equivale~lt of 1,654 
billion horsepower per how. 

Energy Reserves Are Plentiful 
Improved nlethods for locating fuel reserves, 

nlore efficient refining procedures, and new de- 
signs for boilers protnise to make the coal and 
oil supplies last hundreds of years longer than 
predicted a few yenrs ago. At the present titne 
the known oil reserves are the largest in history. 
The atomic scientists give hope of tapping 
other important energy sources. Einstein calcu- 
lates that petroleu~n has latent energy equal to 
11.3 billion kw.-hr. per pound, yet when burned 
i t  yields only 6 kw.-hr. per pound. I t  is reason- 
able to believe that technology will provide a 
way to release ~nurh  of this latent energy for 
our use. 

The at~nosphere below a height of 12% lnilcs 
has a rather constant composition other than 
for water vapor. The v o l u ~ ~ ~ e  percentages of 
the important ele~t~ents required for plant and 
nni~nal life in the atmosphere are nitrogen, 
78.03; oxygen, 20.99 : carhon dioxide, 0.03 ; 
m d  hydrogen, 0.01. There are alwut 5.8 n~etric 
tons of nitrogen over each square yard of the 
earth's surface. Continual interchange takes 
place between nt~oospherie nitrogen and the 
nitrogen cot~~hinrd in t l ~ r  bodics of plants nud 

anit~~als.  So~ne  nitrogen is returned to the soiI 
as nitric ncid in rain, and large amounts are 
fixed by bacteria on the roots of leguminous 
plants. The decay of the bodies of plants and 
anintals releases nitrogen to the soil for produc- 
tire purposes. In  recent years n~ethods of fixing 
nitrogen fro111 the air  in fo rn~s  usable as fer- 
tilizers h a w  lwcorne c o t ~ ~ ~ t ~ e r c i a l l ~  established. 

Animals Are Benefactors to Man 
Ani~nals  nus st obtain their protein and energF 

fro111 plants or fro111 the tissues of other animals. 
All nnin~als and all plants without green color, 
such as yeast cells and bacteria, become the 
agencies for  rex~olving the elen~ents of the uni- 
vtbrse. As a ~ ~ e s n l t  of these life principles ani- 
nlals becon~e benefactors to ~nnnkind by con- 
verting plant n~aterinls uumvailable for hutuan 
use into food and products for  colnmerce. 

Every dairy cox!- is equipped with a large 
stomach, which works 24 hours each day as a 
fer~~lentation r a t  mpable of digesting pasture 
crops, hay, and silage. Dr. C. F. Huff~nan. of 
the Michigan State Agricultural College. has 
glan~orized ruulen digestion under the title of 
"The Rou~ance of the Gut," in which he de- 
scribes how the enzyme urease brmks down 
si~nple ~~itrogenous ~ O I I I ~ O I I I I ~ S  to an~~nonia ,  
whir11 is then built u p  bp the rutuen bacteria 
and protozoa into the cotuplete alnino acid 
balance needed to produce the coluples pm- 
t r im  of n~i lk  and body tissues. 

This ~.elationsl~ip between the rutnen ~nierobes 
and the stotnach contents iu~plies that this 
process is really runlcn nutrition. I t  is silnilar 
to applying fertilizers to crops. The bacteria 
and protozoa produce quality proteins fro111 
fertilizer-like chet~~icals and synthesize fllany 
rita~nins, including thiamin, riboflann, n~a r in ,  
pantothenic ncid, pyridoxine, folic acid, r i ts-  
~ n i n  BIZ, biotin, and vitamin Ii. The carotene 
contained in the leafy cattle feeds l~econ~es the 
precursor of vita~uin A. Cattle also hare the 
ability to produce ri tnn~iu C in their bodics. 
This process is unkno\r.~~, but the productio~l of 
vitan~in C is thought to be associated with the 
presence of ri tnn~in A. The ITIIII~II ~uicrobes 
eollsu~t~e fibrous feeds to o1)tain energy supplies 
that become available to the row when the 
~nic~.obes are digestt~d. 

Veal Protein Economically Produced 
All the productive energy of aninmls lnay he 

classified as work or growth. >[ilk, eggs, and 
veal have a contpositio~~ rese~nbling gmwth. 
Dr. San~uel Brody sl~ows in Bior,~rrgetic.s ntrd 
Gvotrtlr that the perce~~tage of gross efficiency 
for con\-erting the energy of plauts into aninla1 
tissues and products rnnks in the following 
order: prenatal growth, 60: postnatal growth, 
35; n~i lk  production, 33; hog carcass. 29; egg 
production, 16; and beef PI-oduetion, 7. The 
c11~  ~nat tcr  contained in the new-bon~ calf is 
nl~nost identical in con~position to the dry ~nnt tcr  



of 111ilk. The prenatal developtt~rnt of tht. calf 
occurs a t  a unifor~u ten~perature of 101" F. 
There is no activity factor. Sinety per cent of 
the developn~ent takes place in the last 6 weeks 
of gestation to greatly reduce the i~raiiitenallce 
requirelllents. After birth, the effieienry drops 
fro111 60 to 35%. These situatiol~s inclieate that 
veal is one of the tnost eeol~o~tiical food proteins 
to  produce. 

Cow Converts Roughages to Foods 
Suitable for Humans 

Sevt~nty-five per rent of thr dairy cow ratio11 
consists of pasture, hay, silage, and other rough- 
ages, all of which ;Ire low in energy and not 
suitable. for hu11111n food. The l~lajor portions 
of the co~~centrate feeds used by dairy eattle 
are  by-products of food processi~ig aud indus- 
try, such a s  citrus pulp, wheat bran, oattueal 
factory by-products, eottonseecl iueal, urea, aud 
atl~ll~ol~iated nlolassi.~, whir11 are not used for  
hutt~ali food or fveds for  poultry or  hogs. 

G~*asslaud f a r ~ ~ r i n g  is an i ~ ~ l p o r t a l ~ t  develop- 
n~en t  resulting fro111 the sylllhiotic relation of 
the eo\v and the ~t~ierohes of her ruliien. Crop 
farming has depleted aud caused erosion of the 
soils in sections of Ar~~erica to such an  exteiit 
that  large applicatiol~s of fc~rtilizers are required 
to produce food, fc~ed, aud fiber crops. The 
use of sod crops for cattle feed with the returu 
of nlanilre to the soils prevc*nts erosion and 
illlprores soil fertility with li~uited applicatioris 
of limestone aucl phosphate nlatc.rials. 

Quality of Beef from Dairy Cows 
Can Be Improved 

From 40 to 507; of the heef used in tit(. 
United States eoutes fro111 dairy cattle. This 
includes all the real aud sottle good grades of 
heef obtained fmln dairy steers and barren 
heifers. There is a Ira1 opportuiiity to increase 
the acceptability of beef fro111 dairy cows to 
ilnprove the food kupply and to augluent the 
dairy far111 incolt~tx. The excessive feeding often 
practiced with heef cattle creates a wastage of 
feed supplies in too great production of body 
fat. Nost of this tallow is not edible. Effective 
research on ways for making the lean meat of 
dairy cattle Illore tasty will 111ake a inajor 
contribution to the dairy industry. 

Better Breeding Necessary 
The artificial iuse~~~inat ion of daily cattle, 

started on an orgaliized basis in Yay, 1938, has 
developed into a successful program for  the 
Inass in~provement of dairy cattle. The intro- 
dudion of the technique for freezing semen 
pro~uises to speed u p  the trends for  increasing 
the milk production per cow. The f~~ozen-sell~c.n 
program ~nakes it possible to use proven bulls 
for obtaining dairy cattle iutprovement co111- 
parable to the advallces gained with hyhricl 

corn. The only systelu of breeding dairy cattle 
to prove successful over a long period has hc~cn 
the use of unrelated proved bulls, generation 
after gent-ration. This systeu~ has been followed 
by the Burcw~ of Dairy Indust~y,  U.S.D.A., 
since 1190 and is the basic work supporting 
the proved bull idea. The \videspread use of 
i~rtiticial ins(~~l~ination has created a great dc- 
111a11cl for proved hulls. The turnover of old 
bulls is so rapid that i t  is he(*ot~~ing difficult to 
locate suitahle replace~l~ents. Shopping around 
~ v e r  litany states or throughout the United 
States for  proved hulls to n~ect  this det t~md 
could result in a Inass selection prograln fro111 
\vhic.h further in~proveltlent would he liulited. 

It is now i t~~por t an t  for (lac11 bull stud to  
establish W ~ S S  to insure the proving of young 
hulls fro111 superior f a~~ i i l i r s  with progeny-tested 
pedigrees. It is preferable that these young 
hulls be proved in a~titieial service so that they 
Itlay he san~pled under Inany herd conditions. 

I t  is unreasonable to believe that sot~~eone 
will hare hred the bull needed alid that this 
bull will hare had the opportunity to be ade- 
quately proved a t  the right ti11le to 111eet every 
need. The Chiuese have a saying that "the way 
to have a good orchard is to plant trees a long 
time ago." The tools for  building breeding 
sys t r~~tx  are inbreeding, crosshl.t.c.ding, and se- 
lection. In~provenlmt in the inherited ahility 
of dairy cattle to produce u~olr! milk per cow 
awaits the application of the  letho hods which 
have been applied so successfillly to corn hreed- 
ing. I n  the ahsenee of proved facts, it is legiti- 
111ate to develop a philosophy for  applying-the 
principles of genetics to the a i t  of breeding 
dairy eattle. It is not possihle or  desirable to 
apply to dairy cattle the illtensity of inbreeding 
i ~ s e ~ l  with corn. 

The nearness of the lines to each other in 
Figure 1 represents the elose~iess of relation- 
ship between the lnates indicated. The cases to 
the left of "random breeding within the breed" 
represent inbreeding and those to the right, 
crossbreeding. The closest illbreeding with cat- 
tle is ohtained fro111 matings of full brother 
to full sister and parent to offspring. Inbreed- 
iug is used to designate the ~uat iug of related 
individuals, and crossbreeding refers to the 
tnating of unrelated or  rr~uotely related indi- 
viduals within a hrwd or h(.t\veen iudividuals of 
cli fierent hreed origin. 

Although Table 1 shows that ntatings of 
brother to full sister, sire to daiu, and sire to  
daughter have the same percentage of iuhrecd- 
iug and the same percentage of relationship, 
the gene col~~binations produced by these mat- 
i n g ~  are very different. The sire to daughter 
mating increases the inheritauce of the sire in 
the offspring. The son to d a ~ n  lnating increases 
the il~heritai~ce fro111 the dani in thc obspring 
aud the full hrother to full sister n~itting 111ail1- 
tailis ill their offspring gene cotl~hinatio~~s si~ni- 
Iar to those possessed by the full brother and 
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F I ~ .  1. Degrees of inbreeding according to the 
relationship between mates. (From Animal Brecd- 
ieg Plans, page 266, Jay L. Lush) 

the full sister. The mating of a superior proved 
sire to his best daughters to produce sons pro- 
vides the greatest opportunity for selection and 
permits the possibility for preserving the best 
inheritanee for milk production in the highest 
inunediately obtainable concentration. This plan 
makes it unnecessaly to carry a large nu~nher of 
inl~red females to produce inbred bulls. 

TABLE 1 
Pc,rcenlage inbreeding and percentage relationship 

obtained from different systems of mating 
- - 

Coefficient Coefficient 
of of 

Kind of mating inbreeding" relationship 

f %) f%) 
Brother X full sister 25 50 
Sire X dam 25 50 
Sire X daughter 25 50 
Brother X half sister 12.5 25 
Sire X granddaughter 12.5 25 
Double cousins 12.5 25 
Single eousins 6.25 12.5 
Neal~ew X aunt (half) 6.25 12.5 

The eoeffieient of inbreeding measures the prob- 
able similarity of the germ cells which united to 
produce the offspring. 

The coeffieient of relationship measures the 
probable similarity of the genetie constitutions of 
the two individuals that were mated. 

Through the selection of the best sons pro- 
duced by this plan a system of crossbreeding 
can be employed with daughters of other supe- 
rior sires within the same breed or with daugh- 
ters of superior sires from other breeds, de- 
pending upon whether a purebred or grade 
herd is being used. The crossbred cows will 
possess the physical strength required for heavy 
nlil k production. 

No one has ever been able to create a gene. 
All that ran be done is to locate and utilize the 
I~est genes that have been produced by nature. 
Systems of breeding nlove genes around. In- 

breeding nlakes the inhreds different fro111 other 
lines. The crossing of inbred bulls with daugh- 
ters of other inbred bulls froin d8erent fanlily 
lines unites different genes to produce hybrid 
vigor and to bring together diierent quantita- 
tire genes that are additive in their effects. The 
nest step is to locate tn-o or three lines or 
fanlilies with favorable co~ubining effects. This 
systeln of breeding is being used experimentally 
in the Clen~son College dairy herd. 

The fact that no two anin~als produced by 
sexual reproduction are alike, except identical 
twins, insures unlin~ited opportunity for irn- 
provlng the inherited capacity of dairy- cattle 
for milk production. 

Good Milk the Ideal Food 
Pasteurized, vitatiiin D, ho~uogenized, 4% nlilk 

of table quality deserves to become the Anleri- 
can standard - pasteurized to make it  safe, 
vitamin D-fortified to insure this protective 
vitamin, homogenized to give the same good 
taste to the last drop and to aid assimilation. 
4% butterfat for unifornl full food value, 
tahle quality to avoid objectionable flavors. 

The 4% butterfat standard is based on the 
fact that the solids-not-fat in ~nilk increase with 
increasing butterfat but at a slower rate. The 
two lines cross at  476, thus making this point 
the standard at  which dairy farnlers can pro- 
vide the most solids-not-fat in proportion to 
the butterfat a t  the least cost. Fluid milk is the 
protective food of the greatest importance to 
people of all ages. Ifilk and nlilk products are 
all 100yo edible and practically 100yo digestihle. 

Can Man Produce Enough Food 
for His Needs? 

In  1796, Thonlas Robert Nalthus developed 
the idea that populations increase by geonletric 
progressjon and the food supply by arithmetic 
progression. He concluded that the race of 
plants rind the race of anilaals shrink under 
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this restrictive law and that the race of Inan 
cannot by any efforts of reason escape from it. 
Among plants and anitnals the effects are waste 
of seed, sickness, and premature death; among 
mankind, misery and rice. The prediction that 
man would increase faster than the food supply 
did not materialize a t  that time hecause of the 
industrial revolution that swept over Europe 
and the colonization of the Americas and Africa, 
which produced conditions for  lower birth rates 
in the manufacturing centers than in the farm- 
ing sections. 

There is no food shortage in the United 

ing capacity of the earth is lintited. Henee, 
the freedom-from-rant ideal cannot he made a 
world-wide reality unless the decline in birth 
rate is adjusted to approsin~ate the decline in 
death rate." 

Josue de Castro in Tlte Geography of Httlager 
takes the position that hunger itself is the 
cause of over population. His thesis is that 
all well-fed nations have low birth rates and 
those with low intake of proteins have the high 
birth rates. H e  quotes a popular saying in 
Latin America that "The tahle of the poor is 
meager, hut fertile is the bed of ~niselr." 

TABLE 2 
Estimated world population, population increase, and the percentage 

relation of food production to population 

Percentage distribu- 
Estimated population" Population increase tion '-1948-1956 

Ratio 
Popu- Pro- prod. 

Region 1936 1948 1949 1950 1949 1950 1949 1960 lation duetiontopop. 
-- - - 

(millioas) fatillions/yr) (%) (70) 
Far East 1,072 1,175 1,187 1,198 12 11 1.0 1.0 54.5 32.0 0.5: 1 
Europe 372 390 394 397 4 3 1.0 0.8 18.0 23.5 1: 1 
Near East 108 124 126 127 1 2 0.8 1.6 5.5 4.4 0.8: 1 
Africa (ex. 

Near East) 127 147 150 153 3 3 2.0 2.0 7.0 4.7 0.7: 1 
Latin America 125 156 159 162 3 3 1.9 1.9 i.0 10.1 1: 1 
U.S. &Canada 140 160 163 166 3 3 1.9 1.8 7.5 22.6 3: 1 
Oceania 10.7 12.2 12.4 12.6 0.2 0.2 1.6 1.6 0.5 2.8 5 : l  

Total 1,955 2,164 2,190 2,216 26 26 1.2 1.2 100 100 

From the Report of Director General, Food and Agricultural Organization of U.N. Rome 1951; also 
Item I11 Provisional Agenda, Conference of F.A.O. XOV. 19-Dee. 7, 1951. Arranged by Snnluel Brody. 
' Figures refer to end of each year 
bPereentage based on totals, excluding USSR. 

States. Our concern with world food shortages 
is due to political policies and revolutionaly 
situations in other parts of the world. The 
Food and Agricultural Organization of the 
United Nations reports that "Two-thirds of the 
people of the world are now under~~ourished 
all the time, and ~narginal millions do not gcxt 
enough to eat. Production in most of the under- 
nourished areas is failing to keep pace with 
population growth. This means 1nol.e under- 
nourishment, less resistance to disease, more 
funeral processions of those who die young. 
Hunger is steadily haunting our civilization." 

The countries of the world with the greatest 
hunger conditions have the highest birth rates. 
Dr. Samuel Brody in his Facts, Fabler cold 
Fa l l a r i~s  09, Feeding the World Poprclatio8c 
concludes that inrreasing food production is 
meaningful only when expressed in relation to 
increasing population. "The human population 
has the capacity and will for  indefinite espo- 
nential growth, whereas the populatiol~-hnpport- 

There may be opportunity for  al-gutnrnt as 
to whether high birth rate is the cause o r  the 
result of inadequate food supplies. It does 
seem that in either case it is now time for  the 
political and monetary lin~itations on exports 
to be revised to give the Anlerican farmer an  
opportunity to make friends and influence 
people. 

The Challenge 
The production of the dairy industry in the 

United States in 1952 was valued a t  $6,304,- 
322,000 by the Milk Industry Foundation. 
Thanks to the application of scientific methods, 
the producing capacity and the efficiency of 
dairy farms and milk plants and factories are 
being increased, yet there is more to be done. 
3Ien of energy and ability  nus st develop our 
inexhaustible resource> in order to meet the 
increasing needs of the peoples of America and 
the world. This is the challenge our scientists 
~ t~ i l s t  nnd ran nteet. 
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The rapid increase in the use of nonfat milk 
solids in the ho~ne and in cottage cheese manu- 
facture has placed e~nphasis on low heat powder. 
Bctually, low heat nonfat n~illr solids never has 
been adequately defined with the ~ r s u l t  that 
the p~.oducts sold under this designation have 
varied considerably in heat treattilent. I11 the 
absence of infortuation on the extent of heat 
treatment which luay be tolerated for different 
uses and on objective criteria of heat treatment, 
a definition or specification is in~possible. This 
paper was prepared to present a sutuulary of 
present infortuation with rehpect to its nlanu- 
facture. 

Effects of Heat on Milk and 
Methods for Evaluating Them 

llethods for controlling the n~anufaeture of 
low heat nonfat solids pres11111ab1y ~uight be 
based upon any of the changes that occur on 
heating ~nilk. The ones n~obt studied in this 
eonr~ection depend upon serunl protein dena- 
turation and curd tension. 

1. Eflects 092 the ser1ciit protein solttbility. The 
noneasein or seruln proteins of n~ilk constitute 
a n~isture of protein entities which to date has 
been only partially resolved (21). The princi- 
pal homogeneous components that have been 
isolated are 8-lactoglobulin (50%), a-lactalbu- 
min (1'5%) (8), an albumin identical to that of 
bovine blood (5%), and two i t ~ ~ n ~ u n e  globulins 
(each 5-10%). At least some of these proteins 
are denatured by heat treat~t~ent above 145' F., 
and interaction very likely occurs with the 
result that a large part of the tnixtu~*e is ren- 
dered precipitable by acidification to pH 4.6 or 
by saturation with salt (11). Heat treatment 
does not precipitate the serutu proteins or 
cause the111 to aggregate to very large particles 
or to c o ~ ~ ~ b i n e  n-ith caseinate particles since the 
latter can be re~noved centrifugally from heated 
nrilk leaving the serum proteins in dispersion 
623). -4 I I I ~ X ~ I ~ I U I I I  of about 80% of the total 
serunl protein is renderecl acid precipitable by 
heat treatu~ent but sou~ewhat Inore (up to 95%) 
is rendered precipitable by sodiun~ chloride. 
Figure 1 depicts the time-ten~perature relations 
for given extents of denaturation as measured 
by sodiun~ chloride precipitahility (If). Satu- 
rally, the increase in precipitability has been 
widely adopted as an indcs for the extent of 
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FIG. 1. The tintc-tcntpcrature relationships for 
l~rat denaturation of serum proteins in fresh skim- 
milk. (Data of Harland, Coultcr ancl Jenness, 14.) 

heat treato~ent. Of further i~nportance is the 
fact that the denatured serunt protein, coprt1- 
eipitated with casein in acid curd, Itlay directly 
hinder the syneresis of the latter in cottage 
cheese curd (27). 

Denaturation nlay be ~neasured as f o l l o ~ ~ s  : 
(n) Kjeldnhl procedure of Rorrland (25, %). 

The casein and heat denatured serutn proteins 
a l r  ren~ored fro111 the satnple by nteans of 
acetate buffer a t  pH 4.6 and the nitrogen con- 
tent of the filtrate is detern~inrd hy the Kjeldahl 
n~dhod. According to the Rowland proredure, 
the undenatured sclrulu protein S is that frac- 
tion not precipitable by the acetate buffer hut 
precipitable by 12% trichloracetic acid. The 
following variation of this technique also yields 
satisfactory results. The noncast.in nitrogen is 
deter~nined by the Kjeldahl tuethod on thc 
fluid sa~uple before and after a 20-~ninute heat 
trc.atntent in a boiling water bath. The differ- 
ence between the values obtainrd represents 
the undenatu~~ed scBruni protein nitrogen. Al- 
though the accuracy of the Icjeldahl n~etllod is 
unquestioned, any ~t~ethod based upon it has 
the disadvantage of requiring co~~siderahle titlie 
and equip~nent. 

(b) Harla~td-.4PkaorllrIt~ortIt ~ttrtknd (12). This 
procedure depends upon the reu~oval of casein 
and heat denatured sernul proteins fro111 iuilk 
by nleans of saturation with sodiuu~ chloride 
and suhsequc~nt n~easnren~ent of the turbidity 
produccd by aeiclifimtion of the diluted filtrate. 



This method was proposed originally as an  
objective test for the haking quality of nonfat 
dry niilk solids. In  the case of the low heat 
prorlnct, greater stahility and more appropriate 
density of the turhidity developed hy the unde- 
natured seruni proteins is secured hy greater 
dilution of the sodiuni chloride filtrate. 

Experience to date with this ~nethod indicates 
satisfactory agreement between laboratories in 
the rating of sat~iples of nonfat solids of vari- 
able heat treattttent history but poor agreement 
on ahsolute Iwels of undenatured serutu protein 
reported (3). Furthennore, there is consider- 
able variability atr~ong rnilks in both the amount 
and the heat lahility of the serut~i proteins. 

I n  a recent survey (15)  of 81  san~ples of raw 
skitnnlilk obtained a t  various seasons of the 
year from widely-separated ~ t ~ i l k  sheds, the aver- 
erage seruni protei~i nitrogen content was found 
to he 0.756 mg. per ti~illiliter, with a standard 
deviation of 0.06'2. The antount of wrutn pro- 
tein denatured by a given heat treatt~te~it  in 
these samples increased with increase in their 
concentration in the raw milk. In  spite of these 
litttitations, nteasure~t~e~lt  of serutti protein solu- 
bility is a satisfactory index of the extent of 
heat treatment in processing a given lot of milk. 
Difficulties in cottage cheese manufacture ]nay 
he encountered if selmtn protein denaturation 
exceeds 6-10% (22). 

2. h'frcts on -SH grorcps of ser~tttt protritts. 
Another manifestation of the heat denaturation 
of tnilk seruti~ proteins is the increase in activ- 
ity of sulfhydryl groups. These are confitled 
largely, if not entirely, to the B-lactogloh~~lin 
fraction. The u~ ico i l i~~g  and unfolding of the 
protein which occurs in denaturation increases 
the activity of these groups so that they react 
ntore readily with various oxidizing, alkylatitig, 
and tttercaptide-fortt~ing reagents. 

Ran- ~rtilk does not contain active sulfl~ydryls, 
hut heating to 145' F. or higher "lihc~rates" or 
"activates" thettt. However, the absolute let-el 
of sulfhydryl groups is not a good index of 
heat treattilent hecause these groups are readily 
oxidized by attttospheric oxygm during and 
followitig heating. As a matter of fact. a t  
tentperaturcs helow 160" F., activated -$I1 
groups do not accun~ulate hecause they are 
oxidized as fast as forttted. The active -S1I 
groups can he ntmsared hy eithc.1. thiauti~it~ di- 
sulfide or nitroprusside (10 13, IF). I t  should 
he recognized that a low valuc~ tttay result 
either fro111 low lieatitig or frottt high 11eati11g 
follo\ved by oxidation. Furthertttorc~, the nitro- 
prusside tttethod is not especially cluantitativc. 
ntid the thiattlitle disultidt. procac.durcb is too 
Inhorioos for n)ntint. work. 

The total snlfltydryl contcnttt of tllc. 11tilk 
seruttt proteit~s el111 he esti~t~ated hy at1 iodi- 
tt~etric tttethod (18.  I!) ,  .?0). This is at  :I 111asi- 
ntutll in raw tttilk hnt dtlc!reast*s 011 heat troilt- 
tttent due to nctivtltiot~ and suhsc~cl~~etit oxidatin11 
of the sulfhyclryl groups. This tlc~c.lrttsc. trncls 
to parallel the loss of soluhility of tlte sclt.utn 

proteins. Although capable of yielding very 
precise results for  the unoxidized -SH content 
of lnillr or  milk proteins. the ioditnetric ntethod 
has several disadvantages for routine work. 
The ascorhic acid content of the system nlust he 
determined independently and the appropriate 
correction applied to the titer. Furthermore. 
the produet under study n~us t  he exposed to 
oxygen for a conside~~able period of time to 
insure complete oxidation of "heat sensitized" 
-SIi groups. Finallr, as would be expected, 
-SH t~ieasuret~tents are eo~t~plicated by ~iatural  
variations in the serutn proteins. 

3. Effects 091 e)t:!~tttes n)td bacteria. The vari- 
ous enzymes and bacteria present in niilk are 
each inactivated or  killed hy specific heat treat- 
n~ents. This is illustrated hy the data on the 
titne-te~ttperature relationships necessary for 
inactivation of phosphatase, lipase, and perosi- 
dnse, and for the destruction of M. tttbercrtloxis 
and I,'. coli which hare heen cotnpiled in Figure 
2. Phospl~atnse inactivation, of course, has 
hccottte widely accepted a s  a criterion of ade- 
quate pnsteurizatiotl frott~ the standpoint of 
destruction of pathogens. A ~uillr enzyme that 
is inactivated in the proper range of heat treat- 
ment ~vould provide the hasis of a satisfactory 
test for low heat powder. Such an  enzyme 
should he inactivated hy treatments slightly 
tttore drastic than necessary to inactivate phos- 
phatnse. Satisfactoq- lo\\- heat powders would 
still contain appreciable a tnou~~t s  of the enzyttte. 
011 the hasis of present knowledge, p-att~ylase 
scettts to offer some protnise for  this purpose 
(9, 2-i). 

4. Effect* O N  the c(tsri)t(tte. Casein, consisting 
of at  least three separate protein entities (a, P, 
and -,), exists in ntilk as cotttplex colloidal 
particles contoi~~ing calciutt~, magnesiu~u, phos- 
phate, and citrate. These particles are in equi- 
librin~tt with the ions and salt co~nplexes in  
solution in ntilk which consist of sodiutn, potas- 
siuttt, calciut~t. ~t~agnesiutt~,  phosphate, c~tmte ,  
chloride? and bicarholiate. 

At i~o~ig  the lttilk proteins, the caseins are 
often said to he "ur~denaturahle," nteaning that 
they theti~selres are not altered in solubility and 
other properties in the range of heat treatt~ients 
(140-200" F. for titttes up to 5 hours) that 
det~atarc. other protei~is. Apparently, the iso- 
111ted easc.ins exist in tllore or  less uncoiled. 
rt111do111 structure-s rilther than in a tightly coiled 
spt.cific strucature and, consequently, are not 
snsc+t.ptihle to Iteat denaturation of the type 
t.xl~il)itt~cl 1)y the sc*nutt proteins. Drastic heat 
trmttttc~tits do split out the esterified phosphate 
whir11 is a Itallt~~nrk of the caseiris and also 
c.iluscb cltpradntion ;IS tna tlifc.sted hy the appcwr- 
atlccs of t tottpn)tei~~ t~itrngen. Such heat treat- 
tnetits also cansr heat coag~ilntion of casein in 
tttilk. a l)ltc~~~otttetiot~ \vliicll has been ~ t ~ u c h  
stnclied hut little nnderstood. Figure 2 shows 
the. rntlge of he:tt trc*attnetits necessary for  
eoa:.nli~tio~~ of ut~c.c~t~c.etitratecI and concentrated 
tttilk. 



OUR INDUSTRY TODAY 

FIG. 2. Time-temperature relntiousl~ips for inactivation of enzymes, destruction of bacteria and de- 
naturation of proteins in milk. 

Although mild heat treatments do not "dena- 
ture" the isolated caseins, the co~npler caseinate 
particles existing in milk are altered in their 
rlottability by rennin or pepsin. The i~ l~n~edi -  
ate effects of treatments in the range of 140- 
300' F. are slower clotting and lower curd ten- 
sion. On holding after heating, the clotting 
properties are still further in~paired. This lat- 
ter pheno~nenon seems to be related to transfer 
of dissolved calcium and phosphate to the col- 
loidal state during heating and their release 
following the treatment. 

I t  is natural that curd tension should be con- . 
sidered as an index of heat treatment for nonfat 
dry milk solids. The method 111ost commonlg 
used (1)  consists of the preparation of a coagu- 
lum by treatlnent of nlilli with pepsin and 
hydrochloric acid and subsequent n~easurement 
of the resistance of the eurd to cutting by n 
specially constructed knife.' 

There are abundant data in the literature (7) 
showing the variability in the curd tension of 
normal fluid 111ilk. Nonfat milk solids may br 
~.econstituted to a constant level, thus eliminat- 

The semi-automatic device formerly manufac- 
tured by the Submarine Signal Company for mak- 
ing the measureu~ent is 110 lollger arailable. 

i i ~ g  one major source of variation. There are 
110 published data adequately evaluating the 
effect of heat treatment on the curd tension of 
nonfat milk solids, but a few data on fluid 
milk (2, 7) indicate that the depression of eurd 
tension by heating is irregular and, hence, that 
curd tension would not be an especially precise 
index of heat treatment. In  our laboratory, 
eurd tension measurements have been nluch less 
s a t i s f a c t o ~  than serum protein determinations 
in evaluating heat treatment in the preparation 
of low heat nonfat solids. 

5.  Effects on lactose and lactonr-protein inter- 
actiou. The well-known "browning reaction" 
nlay occur when milk is heated. The first step 
in this reaction appears to be condensation of 
amino groups of the protein with aldehyde of 
the sugar. The chemistry of further stages is  
complicated but, aillong other things, results in 
an intensely brown color, insolubilization of the 
protein, and production of substances that re- 
duce fel~icyanide at pH 5.0-6.6. The rate in- 
creases with increase in concentration to about 
90% solids (13). 

Heat treatn~ent of the liquid ~nilk more drastic 
than is ~lorn~ally used in the ~~ianufacture of 
low heat nonfat solids lliust be used to appre- 
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ciably incrcxase the ferricyanide reducing capac- 
ity when measured in the entire product (4, 6). 
A n~odification proposed by Choi (5) measures 
the reducing capacity of the proteins alone and 
appears to he more sensitive in detecting heat 
treatment a t  low levels. 

The sugar protein interaction occurs in stored 
powders a t  rates determined by the tempera- 
tures and moisture content. I t  has been shown 
that this reaction tnay occur to an  appreciable 
degree in stored powders without adversely 
afTecting its curd making properties (27). These 
facts, together with the lack of specificity lim- 
its the use of the method for evaluating low 
heat powder. 

Sources of Heat During Processing 
Pasteurization of the fluid products prior to 

spray drying is almost mandatory because the 
fluids may not reach a sufficiently high tem- 
perature during drying to insure destruction 
of pathogens. Since the fluid skitniiiilk inust 
be heated before flowing to the evaporator, 
pasteurization a t  this stage is most convenient. 
Precautions similar, if not identical, to those 
used in the market milk industry should be 
taken to insure the adequacy of heat treatments. 
Temperature and time controls which are suffi- 
ciently precise are not generally used in the dry 
milk industry. Thus, to insure adequate bactcr- 
ial destruction, temperature and time exposures 
eonsiderably in excess of normal pasteurization 
sometimes are used, although any heat exposure 
in excess of that required for pasteurization 
may be considered undesirable, particularly in 
view of the additional heat treatments during 
condensing and drying. Some idea of the effect 
of various heat treatments may be had by refer- 
ence to Figure 1. Within the temperature 
limits observed, the tenlperature required to 
produce a given amount of serum protein 
denaturation varies inversely with the log of 
time. For  example, 170°F. for 0.8 seconds 
and 145" F. for  65 minutes both denature 5% 
of the serum proteins. 

Heat treatment during condensing will vary 
with the equipment used and processing pro- 
cedures. In a single effect pan operated under 
nornial eonditions (i.e. vapor temperature be- 
low 130" F.), heat treatment is  not likely to 
exceed that sufficient to denature more than 
5% of the serum proteins. I n  multiple effect 
evaporators, however, heating in terms of 
serum protein denaturation may be much 
greater. Production drops sharply in most 
double effect evaporators when the vapor tem- 
perature in the first effect is held a t  160°F.  
or below. The vapor temperatures in the first 
effect of triple effect evaporators may readily 
exceed 185" F. The actual temperature of the 
milk is higher than the vapor temperature by 
the elevation in boiling point attributable to 
dissolved and suspended solids, and by an  
an~ount equivalent to the effect of the weight 

of the liquid itself in increasing the presbure 
on any given portion of the liquid over that of 
the vapor space. Thus, the temperature of the 
milk a t  the bottoni of the tnbe nest ntay be 
Inany degrees above that of the vapor in the 
vapor space. The total heat esposure.(ten~pera- 
ture and time) of the milk in  any given evap- 
orator may be computed with a fair  degree of 
accuracy. 

As the concentration of the milk is incretiyd 
l)y water rc~~noval, the rate of serum prote~n 
driiaturation does not c.hatige significantly. 
This niap be noted by reference to Figure 3. 

FIG. 3. The influence of the solids content on 
the percentage of the serum proteins denatured 
during 30 minutes heating a t  various temperatures. 
(Data of Harland, Coulter and Jenness, 14.) 

Thus, heating of the condensed ski~nmilk has 
about the sanie effect on serum protein dena- 
turation as heating the fluid skimmilk. The 
condensed skimniilk, after gu~itping from the 
evaporator, may be further heated beforr 
spraying. 

The effect of heating 111ilk in the liquid state 
on serutn protein denaturatio~l is additive. 
Figure 1 may be useful in computing the 
a~nount of seru~n protein denaturation to be 
expected if the processing treatments are 
known. All processing treatment  nus st be con- 
verted to the equivalent time a t  a given tem- 
perature. This can readily he done by running 
lines from the temperature and tittle observed 
parallel to the serum protein denaturation 
lines and reading the equivalent time at  the 
base temperature. 

The heat exposure of ntilli during spray 
drying may vary considerably dclpending upon 
the design of the drier, tho operating condi- 
tions, and the length of time the powder is 
held before cooling. Kitzes (17) has shown 
that under conditions of parallel air-milk flow, 
the particle itnn~ediately after spraying is at  
a te~tiperature only slightly above the wet-bulb 
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te~nperature of the air and, as it dries, eren- 
t u a l l y  reaches the t e n t p e r a t u r e  of the outgoing 
air. Although no driew provide strictly counter 
v u r r e n t  air-milk flow, this condition is ap- 
proached in s o n ~ e .  Since in these, the dry 
partic4es Itlay c o m e  into contact with the hot 
inlet air, they Itlay be heated to considerably 
higher t e m p e r a t u r e s  than in concurrent driers. 
The powdw itself n t a y  remain at elevated 
te~ltpernturrs unless continuous r e m o v a l  f m r l t  
the drier and powder cooling are provided. 

T h e  so lubi l i ty  indes, c o n ~ m o n l y  used as a 
Inensure of the estent of heat treatn~ent during 
drying, is largely a ~.eflection of casein desta- 
bilization, the rate of which is a function of 
the concentration up to about 90% solids (28, 
29). T h u s ,  during the latter stages of drying, 
t h e  casein is particularly susceptible to desta- 
bil ization.  On the o t h e r  hand, serum.  protein 
denatillation does not increase with increase in 
r o n c e n t m t i o n .  K w r ~  under c o n d i t i o n s  of ah- 
nor tna l ly  high drier t e n t p e r a t u r e s ,  we ( ! 5 )  
have observed no s e r u n l  protein denaturat~on 
unless the p o w d e r  was held hot for several 
hours .  

Summary 
P n * s u ~ n a b l y .  the per111issiblt1 heat t r e a t t n e n t  

d u r i n g  the ~ n a n u f n e t u r e  of low heat nonfat 
~ n i l k  solids in ight  vary with the use of the 
product. For use in cottage cheese n ~ a n u f a c -  
ture, the ideal product w o u l d  be one subjected 
to no Inore  heat than is necessary to insure 
pas teur iza t ion .  Howerer, e q u i p m e n t  limitations 
m a y  ~ n a k e  it difficult for manufacturers to 
a v o i d  excessive heat t r e a t u ~ e n t . '  E v i d e n c e  has 
been  presented t h a t  the c u l n u l a t i v e  heat t r e a t -  
ment at  all stages of handling the liquid sys- 
t e ~ t ~ s  s h o u l d  not tssceed 160' F. for 10 minutes 
or the t .quiralent of t h i s  at other t in tes  and 
t e n ~ p e r a t u r e s .  

Present i n f o r l t ~ n t i o n  indicates that s e r n n l  
p r o t e i n  c l e n n t u ~ ~ a t i o n  is the best o b j e c t i v e  indes 
of heat treattnent hat has the definite li~nitation 
that the serult l  protein content of the r a w  ntillc 
t t ~ u s t  he kno\vn. 
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ANIMAL DISEASES 448. Production of hmerkeratosis in calves 
447. A study on the relationship of vitamin A 
to the development of hyperkeratosis (X-dis- 
ease) in calves. K. G. HOEKSTRA, R. E. HAI.~., 
and P. H. PHILLIPS, Univ. of Wis., Madison. 
Am. J. Vet. Research, 15, 54: 41. 1954. 

Blood co~l~position studies of field cases of 
X-disease co~npared to control healthy calves 
showed only two significant changes. Plasnla 
vitamin C in the affected calves averaged 0.54 
& .2 ~ng. O/o  compared to 0.42 & 0.2 mg. O / o  in 
the controls. 70% of the affected calves had less 
than 10pg O / o  of plasn~a vitamin A con~pared to 
6% of the control calvcs. Some X-disease calves 
which were supplen~ented with 600,000 to 750,- 
000 units of vitamin A in 10 days obtained 
normal blood values, while others did not change. 
After 7 days the responsive calves had returned 
to their subnormal level. Toxic calf starter 
pellets fed to 6 calves along with limited milk 
resulted in death at  15 to 80 days. Plas~rla 
vitamin A in all calves was very low and death 
was due to ter~uinal pneun~onia with only lim- 
ited symptoms of X-disease. 

-4 second ex~eriment in which more milk was 

with a topically applied oil-based insecticide 
carrier. IT. G. HOEKSTRA, R. J.  DICKE, and 
P. H. PHILLIPS, Univ. 'Xis., Madison. ,1111. J. 
Vet. Research, 15, 54: 47. 1954. 

Lots of two calves, 2 to 6  no., were each 
treated with mineral seal oil alone and 111incra1 
seal oil with 0.05% lindane, 0.5% methoxychlor, 
or 3.2% Iethane plus 2.3% thanite. Calves also 
were observed untreated and orally dosed with 
highly chlorinated naphthalenes. Blood vitanlin 
A was determined at  weekly intervals to 8 wk. 
after treatment. After slaughter liver vitamin 
A was determined. Treat~nents an~ounted to a 
daily equivalent of 17 1111. per calf, or 1/4 oz. 
per 100 Ib. body weight; this was twice the safe 
level reco~n~nended by the ~nanufacturers. All 
treated calves developed typical hyperkeratosis. 
This was accompanied by i~nmediate declines in 
vitamin A of the blood. Liver depletion did not 
occur in-the oil treated calves, but did in those 
fed chlorinated naphthalenes. Since the oil 
alone produced the condition, the effect of the 
i~lsecticides per se was conhidered insignificant. 

E. W. S w a ~ l s o ~ ~  
fed allowed t i e  calves to survive through the 
milk feeding period. Toxic pellets caused rapid 449. The survival and transmission of Tricho- 
decline in plasma vita~nin A in these calves monas foetus in diluted bovine semen. P. R. 
even though weight gains were normal. Vitamin FITZGERAI.D, D. Jf. HSMMOSD, and 31. L. MINER, 
A supple~i~entation prevented the drop in blood Utah Agr. Expt. Sta., Logan. dm. J. Vet. 
vitamin A in 2 of 3 calves treated while rceeiv- Research, 15, 54: 36. 1954. 
ing the toxic pellets. After weaning the starter The survival of T. foet~ts was eo~npared in 
consur~~ption increased frotn about 0.2 Ib. daily culture medium a t  room tenlperature and at  
to about 1 Ib. All calves receiving the toxic 39' F., in saline solution, yolk-citrate semen 
pellets declined further in blood vita~nin A and diluent, and in semen diluent plus antibiotics, 
sho~ved typical X-disease syo~ptoms. All of the all at 39' F. The average survival in 14 trials 
supplertlcnted calves died before 80 days and was, respectively, 10.9, 11.1, 72, 5.0 and 5.9 
one of the vitamin A supplemented ones died dags when measured by direct examinatioa. 
a t  92 days, after the tosic pellets had been dis- When T. foettts was added to diluted bull srnien 
enntinued at  60 days. The other two supple- the sperm survived 7 dags but the T. foetrts 
nlented calves ~naintained nearly norn~al blood Illore than 8 days at 39' F. A strain of T. foetrrs 
vitanri~~ A after the toric pellets were rc~~~oved  isolated from vaginal fluid survived longer 
and then gained weight a t  a normal rate. Thus (over 9 days) in semen dilue~it than in vaginal 
daily supplementation of 25,000 units of vita- fluid (4 days) or saline (1.6 days). The routine 
nlin A, although not preventing X-disease, did use of se~nen from an infected bull diluted 1 : 15 
prevent death in sonte cases; and, after ren~oval in yolk-eitrate diluent containing penicillin, 
of the toxic feed, enabled the calves to return streptotl~yrin and sulfal~ilan~ide rc.sulted in no 
to nor~nal. The principle fro111 these feeds infection in 32 cows insen~inated. The actual 
which n-as toxic to calves had no effect 011 the conception rate was 62.5%, which was s i ~ ~ ~ i l a r  
ritan~in A n~etabolisn~ in  ice, rats or chicks, to that f ro~n  non-infected hulls used at  the sal~le 
and it was not active against vitaniin A irt ~ i t r o .  ti111e. The concentration of T. f'oc,tcis sceu~rd 

E. W. Swanson fro111 the preputial material of this hull was IOU-, 
-188 
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and it was considered that dilution of the semen 
likely reduced the organisms to an ineffective 
level. E. W. Sw-anson 

450. Effects of abnormal machine milking on 
the histopathology of udders of 5rst-calf heif- 
ers free of mastitie. C. F. HELMBOLDT, R. D. 
MOCHRIE, W. S. PL.~STRIDOE, H. D. EATOX, 
H. L. EASTERBROOLS. and H. H. HALE, Storrs 
-4gr. Expt. Sta., Storrs, Conn. Am. J. Vet. 
Research, IS, 54: 15. 1954. 

Eleven first lactation heifers which were 
shown by tests during the first month of lacta- 
tion to be free of udder infection were divided 
into groups milked at 10, 13, and 17 in. of Hg. 
Each heifer was ~rrilked f ron~  2 quarters for a 
norlnal period, and from the other 2 for twice 
nortnal time. At the end of the 44th wk. of 
lactation the cows were slaughtered and repre- 
sentative areas of each teat and gland were 
exanlined for histological evidences of mastitis. 
The teats usually were normal, but sonle cases 
of thelitis, hyperplasia, and metaplasia were 
noted. These were not correlated with the ex- 
cessive  nilk king time. One cow developed clinical 
~nastitis on 5 difYerent occasions, 3 on the normal 
side and 3 on the tw-ice-normal side. Post 
~nortem examination of her udder revealed no 
histopathological evidence of mastitis. One 
other cow had 2 mastitis attacks on the normal 
side and showed sites of focal acute mastitis in 
alveoli examined. The other 9 cows had no 
clinical or bacteriological evidence of xnastitis 
throughout the lactation, but 5 of then1 had 
histological signs of focal acute lobular mastitis. 
These findings were not related to either the 
vacuum level or the duration of machine milk- 
jn? The acute foci of ~nastitis seemed to result 
In involution rather than fibrosis. Normal invo- 
lution due to advanced lactation gave a histo- 
logical picture similar to that often given as 
being due to mastitis, i.e. collapse of the alveoli 
and marked lylnphocytic infiltration of the 
interalreolar tissue. E. W. Swanson 

451. A method of reproducing teat topogra- 
phy (structure) for evaluation of teat erosion. 
R. P. PIHOZAK, R. n. ~ ~ O C H R I E ,  and C. $. HELM- 
BOLDT, Storrs Agr. Espt. Sta., Storrs, Conn. 
Am. J. Vet. Research, 15, 54: 140. 1954. 

In  order to provide permanent objectively 
obtained specimens to evaluate teat erosion, a 
method was developed to make plaster casts 
which faithfully reproduce the teat surfaces. 
Teat itnpressions are taken in plaster. Casts 
are prepared by use of plaster and a vibrator. 
Illustrations and eotnplete directions are given. 

E. W. Swanson 

BOOK REVIEWS 
452. Mammalian Germ Cells. A CIBA Foua- 
nATIox SYMPOSIUM, edited by G. E. W. WOL- 
STEXHOI,ME, MARGARET P. CAMERON, and JESSIE 

S. FREEMAX. Little, Brown, and Company, 
Boston 6, Mass. 302 pp. $6.75. 1953. 

This volu~ne eontains the proceedings of a 
symposium, held originally under the title of 
the "Physiology of Mammalian Germ Cells" 
and attended by a variety of investigators en- 
gaged in rrlany aspects of experin~ental research 
and in both human and veterinary practice. 

The first half of the book deals with sper- 
matozoa and consists of 13 presentations, as 
follows: (1) Biochemical Aspects of Semen, by 
T. Mann; (2) The Seminal Amino-Acid and 
Carbohydrate Pattern of Bulls with Nortnal 
and Abnormal Testes Function, by F. X. Gass- 
ner and 31. L. Hopwood; (3) Excretion of 
Neutral Steroids in the Urine of Bulls with 
Warmth-Induced Aspermia. The Effect of 
Transport on Spermatogenesis and Excretion 
of Neutral Steroids in the Urine of Bulls, by 
P. Meschaks; (4) Aerobic Metabolism and 
Selnen Quality, by C. Terner; (5) Factors 
Controlling Rates of Afetabolism in Mamnlalian 
Sperlnatozoa, by H. A. Lardy ; (6) Proteolytic 
Enzymes in Human Semen, by F. Lundquist; 
(7) Sorne Factors Influencing the Longevity of 
Bull Spernl Cells in Vitro, by J. C. N. Kok; 
(8) The Effect of streptomycin on Bull Semen, 
by D. R. Ifelrose; (9) Semen Characteristics 
and Fertility in the Bull, by ;\I. W. H. Bishop 
and J. L. Hancock; (10) The Preservation of 
Sperlnatozoa at  Low Temperatures, by C. 
Polge; (11) The 31ovements of Spermatozoa, 
by Lord Rothsehild ; (12) Human Spertnato- 
zoan Production in Health and Disease, by J. 
MacLeod; and (13) Physiological Processes 
Involved in Spermatozoan Transport in the 
Cow, by S. L. VanDemark. 

The second half of the book is concerned 
with ova and includes the following discussions : 
(1) The Effect of Controlled Ovulation upon 
the Fertility of the Mammalian Egg, by S. A. 
Asdell; (2) Horlnonal Mechanis~n of the First 
Polar Body Formation in the Follicle, by R. 
Moricard and S. Gothie; (3) Research on the 
Forniation of the Second Polar Body in the 
Tube After Entrance of the Sperm into the 
Oocyte, by R. Moricard; (4) Some Aspects of 
Ovulation, Recovery and Transplantation of 
Ova in the Inlmature Rabbit, by C. E. Adams; 
(5)  In  Vitro Experiments with Rabbit Eggs, 
by A. U. Smith; (6) Fertilizability of Rabbit 
Germ-Cells, by M. C. Chang; (7) Experi~nents 
on Fertilization of Rabbit Ova In  Vitro With 
Subsequent Transfer to Alien Does, by 0. 
Venge; (8) Early Death of the Mammalian 
Ovum With Special Reference to the Apla- 
cental Opossum, by C. G. Hartman; (9) Sowe 
Factors Affecting Fertilization and E~nhryonic 
Death, by L. E. Casida; (10) Post-Coital Tests, 
by P. &f. F. Bishop; and (11) Results of 
Post-Coital Tests Where Pregnancy Ensued, by 
I. Donald. 

As previously stated, this book is the pub- 
lished proceedings of a sy~nposiu~n and makes 
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no attempt to introduce beginners to the study 
of mammalian germ cells. The presentations 
are highly technical and presulile a knowledge 
of biochemistry, embryology, endocrinology, 
anatomy, and reproductive physiology. How- 
ever, the book will be of great interest to those 
who are concerned with research in the field 
of reproductive physiology. The discussions 
which follow each presentation are especially 
valuable and frequently contain ideas for 
further research. References are cited by nearly 
all of the writers and ronstitute a vast source 
of further data. This book is a welcon~e addi- 
tion to the literature on physiology of nlam- 
malian germ cells. D. Olaz 

CHEESE 
453. Harmlessness of sorbic acid as a dietary 
component. H. J. DEUEI,, JR., and R. ALFIS- 
SLATER, Dept. of Biochem. and Nutrition, Univ. 
So. Calif., Los Angeles, and C. S. WEIL and 
H. F. SMYTHE, JR., Mellon Inst. Pittsburgh, 
and CARBIDE AND CARBON CHEMICALS CO., New 
Tork City. Food Research, 19, 1: 1. 1954. 

Comprehensive tests in two independent lab- 
oratories using dogs and rats showed sorbie 
acid to be harti~less when fed in diets up  to 
levels of 5% by dry weight. The authors con- 
elude that sorbic acid is considerably less toxic 
than the eo1111nonly used sodium benzoate. 

F. J. Doan 

454. Metabolism of a, 8-unsaturated fatty 
acids with emphasis on sorbic acid. H. J. 
DEOEL, JR., C. E. CALBERT, L. ANISFELD, H. MC- 
KEEBAN, and H. D. BLENDEN, Dept. of Biochem. 
and Nutrition, Univ. of So. Calif., Los Angeles. 
Food Research, 1 9 , l :  13. 1954. 

The intermediary metabolism of sorbic acid 
in rats was found to be identical with that of 
normally occurring fatty acids. I t  was con- 
cluded that complete oxidation to CO? and Hz0 
is obtained and sorbic acid yields its equivalent 
of calories to the animal. F. J. Doan 

455. Spectrophotometric determination of 
sorbic acid in cheese and in cheese wrappers. 
D. MELNICK and F. H. LUCKMANN, Research 
Labs., The Best Foods, Ine., Bayonne, X. J. 
Food Research, 1 9 , l :  20. 1954. 

A spectrophoto~netric method for deter~ni~i- 
ing sorbic acid in cheese employs distillation of 
the substance from the sample in the presence 
of MgSO. and calcblation of the concentration 
from the absorbaucy reading at  the maxinlu~~i, 
which raries with the pH. The method is 
claimed to be precise and specific. 

F. J. Doan 

456. Migration of sorbic acid from wrapper 
into cheese. D. MELNICK and F. H. LUCKMASS, 
Research Labs., The Best Foods, Inc., Bayonne, 
?*T. J. Food Research, 1 9 , l :  28. 1954. 

Sorbic acid migrates rapidly from the wrap- 

per into all varieties of cheese. In  treated 
packages held for G weeks at  45' F. an appar- 
ent loss occurs varying in percentage with 
variety of cheese and amount added to the 
wrapper surf ace. F. J. Doan 

457. Resistance of sorbic acid in cheese to 
oxidative deterioration. D.  ELNI NICK, F. H. 
LUCKMANN, and C. M. GOODIKG, Research 
Labs., The Best Foods, Inc., Bayonne, M. J. 
Food Research, 19, 1 : 33. 1954. 

Sorbic acid is oxidizable by the salne agents 
and at  the same rates as noted for polyunsatu- 
rated fatty acids found in vegetable oils and 
butterfat and the degradation products are 
similar. In  cheese, however, oxidation was not 
found to occur. Sorbic acid cannot subli~ne 
through the wrapper. The loss noted in held 
cheese, therefore, is due neither to oxidation by 
air nor to sublimation. F. J. Doan 

458. Metabolic degradation of sorbic acid in 
cheese by molds and mechanism of mold inhi- 
bition. D. MELNICK, F. H. LUCKMANN, and 
C. M. GOODING. Research Labs.. The Best 
Foods, Inc., Bajolme, X. J.  odd Research, 
19.1 : 44. 1954. 

The disappearance of sorbic acid from cheese 
was found to be caused by metabolic oxidation 
by molds. I t  is concluded that sinre a, p-unsatu- 
rated fatty acids are norinal, but transitory 
nietabolites in the oxidation of saturated fatty 
acids by molds, the high initial concentration 
of such substances as sorbic acid exercises an 
inhibitory action on the dehydrogenase enzynle 
systelns of molds. This causes fungistatic and 
under certain conditions even funcidical action. 

F. J. Doan 

459. Effectiveness of sorbic acid in protecting 
cheese. D. P. SMITH and K. J. ROLLIN, Product 
Development Lab., Milprint, Ine., Milwaukee. 
Wis, Food Research, 19, 1 : 59. 1954. 

Thermoplastic-coated cellophane wrappers 
dusted with 2.5 to 5.0 g. of sorbic acid per 1000 
sq. in. of surface were found to prevent 111old 
development in wrapped cheese, effectively. 
Sorhic acid mixed into process cheese at a con- 
centration of 0.05% also proved inhibitive. 111 

the amounts suggested, sorbic acid does not 
affect the taste, odor, color or emulsion stability 
of the cheese. Tentative approval for the use 
of this fungistatic agent has been given by 
F.D.A. F. J. Doan 

460. Greater yields of cottage cheese. R. TV. 
RIYKLEBY and B. l f .  ZAKARIASES, Land-0- 
Lakes Creameries, Inc., Minneapolis, Minn. 
Milk Dealer, 43, 5: 45. 1954. 

Lowheat nonfat dry lnilk solids have been 
accepted by the dairy industry for the manu- 
facture of cottage cheese. Fortification of fluid 
skimmilk with this product resulted in artb. 
yields of 2.29 to 2.38 lb. of cottage cheese curd 
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per Ih. of nonfat dry ~nilk solids used, as com- 
pared to ave. yields of 1.S2 to 1.45 Ih. of curd 
per Ib. of nonfat solids %*hen only fluid skim- 
~nilk was used. .4t a 10.4'2% solids level, the 
yield of cheese curd per lh. of nonfat dry 
solids dropped to 2.10 Ib. I t  was, however, 
apparent fro111 the time that the curd was cut 
throughout the entire cooking process that the 
curd was easier to handle, could stand more 
ahuse, and was Inore uniforn~ in size, with 
increased fortification. There was so~ne evidence 
that the beneficial effects of fortification were 
greater during certain seasons, or in certain 
areas where the solids content of the fluid 
skimmilk was low or \\-hen the curd f o r ~ ~ ~ i n g  
quantities of the ~nilk were poor. Slightly 
faster arid developunent occurred in 111ost vats 
that were fortified with nonfat dry n~ilk solids 
thereby shortening the manufacturing procae- 
dure. The cooking period was generally shorter 
and curd shrinkage faster in the fortified vats 
of cottage cheese. The curd particles in the 
finished cottage cheese were slightly larger with 
increased fortification and an over-all improve- 
ment in curd quality \\-as generally apparent 
as a result of fortification. C. J. Babcock 

461. Step type modernizing cuts cheese costs. 
1'. S. SJIITH, Langlois Cheese Makers, Lang- 
lois, Ore. Food Eng., 26, 2 : 97. 1954. 

While blue cheese ~naking operations were 
continued at the Langlois, Ore. plant, modern- 
izing was performed in a stepwise program 
utilizing up-to-date receivi~~g and processing 
equipn~ent and special innovations. All-n~etal 
palletized racks replaced the wooden shelves. 
Three types of l~~ovable shelves are used in the 
racks for tht. early curing stages. A special 
rack is designed for 111echanica11y turning 
cheeses at  the rate of 14,520 eheeses/hr. Salting 
operations are facilitated. Perforating of the 
cheese is accomplished with a semi-automatic 
air-operated unit. With the rack system, cheese 
is handled manually only 10 or 12 times during 
curing instead of the previous 75. Better 111o1d 
growth, less breakage and improved quality 
are obtained. After 30 days curing, the cheese 
is washed and waxed. When further cured, the 
was is removed and the cheese dried and 
wrapped in foil and parchment. The moderni- 
zation has resulted in a reduction in losses, and 
in labor and proee~sing costs. 

T. J. Claydon 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

462. Milk customers: R.F.D. ANON. illilk 
Ilealer, 43, 5:  42. 1954. 

For over 3 yr., farm folk in the vicinity of 
An~es, Iowa have heen eusto~ners for fresh eon- 
centrated milk. This rural delivery answers 
the need for Grade A pasteurized milk on farms. 
This program, undertaken by Iowa State Col- 
lege, has ~eesulted in increased use of milk per 

capita anlong the far111 consnlncrs. In 30 nlo., 
over 300 far111 fa~nilies purchased 250,000 Ih. 
of the product, equivalent to 750,000 lb. of 
whole milk. The product is prepawd by pas- 
teurizing Grade A ~nilli a t  180' F. for 15 see., 
homogenizing it, concentrating it in a vacuum 
pan at  a te~uperature of 125" F. to 1/3 of its 
original volume, then repeating the pasteuriza- 
tion and homogenization. Vita~nin D concen- 
trate then is added. When reeonstitutcd by 
mixing with 2 parts of water, it is equivalent 
to whole milk containing 3.5% butterfat and 
9% solids-not-fat. This project has developed 
a new market for milk, and far111 fan~ilies have 
a nutritious high quality 111ilk available to them 
at all ti~nes. C. J. Babcock 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

463. The challenge to the dairy farmer. L. L. 
GETTEN, Land 0' Lakes Creameries, Inc., Yin- 
neapolis, illinn. Nilk Prod. J., 45, 3: 46. 1954. 

The three important policies developing in 
the dairy industry are: additional advertising, 
self-help program, and greater production to 
reduce costs. A eo~uhination of these three 
policies should be a big factor in bringing about 
a stability in the dairy industry. 

J. J. Janzen 

464. Saving on maintenance repair with elec- 
tric arc welding of piping. hsos. Milk Prod. 
J., 45, 3 : 30. 1954. 

The use of electric arc welding in equip~uent 
repairs and installations has resulted in savings 
of 50% on ~~~aintenanee labor and lnaterials 
costs. This syste~n has been found quite satis- 
faetoiy for new piping installations and various 
phases of luaintenanee repair work. 

An E-6010 class electrode is eo~amonly used 
for the n ~ a j o ~ i t y  of the jobs with welding a t  
120 amp. *J. d. Janzen 

465. W h y  plant inspection? F. L. HART, 
Food and Drug Adn~., Boston, Mass. Ice 
Cream Field, 63, 2: 78. 1 9 2 .  

Puhlic law 317, passed by the 83rd Congress 
and approved by the President, Augmst 7, 
1953, provides for factory inspection authority 
that was previously assu~ned to exist under 
provision of See. 704 of the Federal Food, 
Drug & Cosluetic Act. 

I t  is stated that more than 80% of the work 
of the inspection service grows out of what is 
found by factory inspection. I t  is also claiu~ed 
that factory inspeation materially improves the 
effectiveness of the inspection service, thereby, 
aiding in the protection of the public health 
and welfare. W. C. Cole 

466. Automatic dairies build new business. 
ANON. Milk Dealer, 43, 5:  48. 1954. 

Milk-0-JIat Distributors, Inc. recently in- 
stalled 20 outdoor automatic dairies in Trenton 
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and Greater Trenton. The biggest sales through 
these automatic dairies are on Fridays, Satur- 
days, Sundays and holidays when as Inany as 
200 qt. of milk per machine havcb been n~oved 
in a 24-hr. period. These sales are additional 
business and to a great extent are nrnde \vllen 
other outlets for ~ni lk  are closed. I n  order to 
be profitable, sales per machine should average 
100 qt. per day. Single qt. paper containers 
are vended a t  a price of 24l/,#. Capacity of earl1 
auto~natic dairy is 144 qt. on the conveyor belt 
and 1.000 qt. in storage. Some 80% of the 30 
lnachines are located a t  high-traffic gas stations 
and the remainder are near fruit  stands or  new 
housing developments. The requiren~ent for  a 
suitable location is a eon~posite of visibility and 
nccessihility. C. J. Rabcoc.k 

FEEDS AND FEEDING 
467. Feed supplements. Antibiotics in the 
nutrition of ruminants. J. T. REID, R. G. WAR- 
SER, and J. I<. Loosr.~, Cornell Univ., I thnci~, 
S. T. J. Agr. Food Chem., 2 :  186. 1954. 

A review and analysis of the effects of anti- 
biotics upon the nutrition of r~nninants are 
presented. I t  is well established that certain 
antibiotics repress various infectious diseases 
in yonng runlinants, sti~nulate appetite, and 
result in rapid growth rates. The influence of 
various factors upon the response to antibiotic 
supplenlentation and the significance of these 
responses to applied feeding and husbandry are 
esarnined. S. Patton 

468. Vitamin stabilization. Effect of added 
stabilized animal fats on stability of vitamin A 
in feeds. A. J .  SIEDI.ER and B. 8. SCHIYEIGERT, 
Div. of Hiorhem. and Sutrition, Am. J I e i~ t  
Inst. Foundation, and Dept. of Biocheln., Vniv. 
of Chicago, Chicago, Ill. J. Apr. Food Che~n., 
2 :  193. 1954. 

This work was initiated to deternline the 
stability of vitamin A (as fish liver oil) in 
mixed feeds with either no added f a t  or 6 5  
stahilized anirnal fa t  added, when the feeds 
were stored a t  room temperature. The vitanrin 
A stability of the ration was increased when 
6% stabilized choice white grease (pork f a t )  
was added to the ration. This increase was 
noted prinlarily in the later phases of the 
storage periods (after 4 to 12 IIIO. storage), 
and was observed in two series of experinlents 
conducted in two different years. I n  addition 
to increased feed efficiencey shown with dogs. 
chicks, and other animals, decreased dustiness 
of the feed, ease and speed of pelleting of the 
rations, and irnproved appearance associated 
with the addition of stabilized aninla1 fats to 
feeds, increased vitanlin A stability also was 
observed. 6. Patton 

GENETICS AND BREEDING 
469. Streaked hairlessness in Holstein-Fries- 
ian cattle. F. E. EI.DRIDGE and F. \I7. ATKESOS, 

Kan. Agr. Espt.  Sta., Jlnnhattan. J. of Hered- 
ity, 44, 6 : 265. 1953. 

A narrow dorso-ventral pattern hairlessness 
(hypotrichosis) in Holstein-Friesian fernales 
affects the region of the tliurls, body and legs 
with considerable bilateral rariation in espres- 
sion but m-ithout regard to color of hair in a 
general area. A large n~nount of variation be- 
tween animals also m s  noted. Close clipping 
of the hair revealed the presence of the trait in 
cases that otherwise lvould be ~nissed. The 
affected cattle we1.e reported to be Inore sensi- 
tive to "extren~e cold" as manifested by shiver- 
ing in a humped position. Extra sensitivity to 
sun and scrubbing was also noted. 

All 1 7  observed and reported cattle descended 
fro111 one cow, four of xvhose daughters were 
observed to be affected. Hscept for  one un- 
known case, all afiectrbd cattle came frorn af- 
fected dan~s. 

Although the trait could 1)e identified a t  an  
"early age" in fen~ales, no cases were observed 
in lnales of any age. The sex ratio of calves 
fro111 affected dams a p p r o s i ~ ~ ~ a t e d  a 2 :1  ratio 
ju s t i f~ ing  the conclusion that the trait behaves 
as a sex-linked lethal. Thus, for a specifically 
lnnnifested trait, the authors present the best 
evidence yet arailable for the presence of a 
sex-linked trait in cattle. 

The trait appears to 1,e paused by a gene 
hehari~ig as a sex-linked lethal n~anifesting 
itself in the l~e~nizygous condition. 

1,. 0. Gilr~ron. 

ICE CREAM 
470. Making a dry product. C. D. DAHLE and 
R. 31. H.\MILTOS, Pa. Sta. Coll., State College. 
Ice Cream Field, 62. 4 :  7s. 1953. 

The addition of 0 .15 calciun~ sulfate to an  
ice erean1 ~ n i s  resulted in a drier appearing ice 
cream as i t  came fro111 the freezer, but the 
addition of 0.2% calciunl sulfate coagulated 
the product. "Tween 60," 0.05Q, had a greater 
effect upon dryness than did 0.1% calciunl sul- 
fate. The addition of PC; sodiur~~ caseinate and 
25'; calciun~ caseinate had little and no effect, 
respectively, on dryness. 

The use of 2% b u t t e r ~ ~ ~ i l k  powder produced 
a dry appearing ice creanl. Substituting con- 
centrated sweet cream butterrrrilk for  condensed 
skinln~ilk likewise increased dryness of ice 
cream. 

The use of 0.2% sodium citrate or 0.2% 
disodiu~n phosphate failed to inrrc.irse dryness 
\I-hereas 0 2 %  ''Calg)nV resulted in a slightly 
drier product. I\-. C. Cole 

471. Special products research. I\'. S. AR- 
RCCK1.E and L. F. 11. CREJIERS, Gniv. of JId., 
College Park. Ice Creanl Field, 62,4:  86. 195:3. 

The effects of sodiun~ caseinate, delactosed 
lrrilk solids, special rnodifiecl ~ni lk  solids, and 
calciu~n sulfate on the properties of the nris 
and the finished ice crennr are rrportecl. Thc~se 
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special products were used according to the 
n~aiiufactureis reeoini~iendations. 

Sodium easeinate had a marked influence on 
whipping properties of the mix and had a 
desirable effect on texture of the ice cream. I t  
decreased inix viscosity, produced a slight ingre- 
dient flavor and increased the rate of melting 
of the ice cream. 

The delactosed product increased mix acidity 
and viscosity, but had little influence upon 
whipping properties or nielting of the ice cream. 
Ice cream texture aud storage properties of the 
ice cream were iinprored by the delactosed 
product. 

Special processed non-fat-milk-solids reduced 
mix acidity, but had little effect on whipping 
properties of mix or nielting properties of ice 
eream and keeping qualities of the ice cream. 

Calciu~i~ sulfate increased the acidity of the 
mix, produced a dry stiff ice cream as it came 
fro111 the freezer and reduced the rate of melt- 
ing, but otherwise had little effect. 

TV. C. Cole 

472. Retail sanitation study. J. J .  SHEURING, 
Univ. of Ga., Athens. Ice Creain Field, 62, 4 :  
72. 1953. 

Regular inspection of over 7.5 soft-serve retail 
stores during the year sellred as a bmis of the 
author's report. The score card used in rating 
the stores is given and includes six major 
divisions. 

In inost eases, the store surroundings were 
considered excellent; i~nproper drainage was 
given as the most colnmon criticism in this 
category. Interior of stores were generally not 
rriticized. Securing dependable help was one 
of the higgest proble~i~s in some of the stores. 
A decided improvement was noticed during the 
year in n~ethods of cleaning and sanitizing 
equipment. Improve~nent was also noticed re- 
garding givine proper sized servings, the use 
of good flavorings, and other factors concerned 
with profitable operation. 

Insect control improved during the period of 
study. The use of milk dispensers and other 
equipment which aid in improving store effi- 
ciency was increased. 

Jn general, the bacterial counts of products 
were excellent. W. C. Cole 

473. Orange flavor formula now uses corn 
syrup. W. A. KRIENKE, FIa. Agr. Expt. Sta., 
Gainesville. Ice Crea111 Field, 62, 5: 56. 1954. 

,4n orange injection n~aterial formula for 
use in variegated ice cream was developed. The 
formula recommended contained: sucrose, 40 
lb.; corn syrup, 49 Ib.; pectin (150 grade), 
2.1 Ib.; water, 17.6 Ib.; frozen concentrated 
orange juice, 40 qt.; and color 20 ml. Direc- 
tions for combining the ingredients are given. 

On the Univ. of Fla. campus variegated 
orange ice creaui has equaled 10% of the total 
ice ereatn sales since Oct., 1952. W. C. Cole 

474. Condensing your mix. G. H. WILSTER, 
Ore. State Coll., Corvallis. Ice Creaill Field, 
63, 2 :  74. 1954. 

Calculations for Standardizing mixes made 
by condensing are illustrated, using several 
coinbinations of ingredients for various types 
of mixes. W. C. Cole 

475. Ice Cream Field's annual study of in- 
dustry trends. ANOX. Ice Creain Field, 63, 2:  
25. 1954. 

Ice cream nierchandising is do~uiiiated by 
food stores, 48.42% being sold through grocery 
stores. The trend towards half-gallon packages 
also continues, with over 20% of the volume 
sold in this manner. Packaged ice creani ac- 
counted for 43.7% of ice cream sold. Last year, 
in states where ntellorine is sold, the survey 
shows a breakdown of 71% ice cream, 4.5% ice 
milk and 24.5% mellorine. Ex~ectatiolls are 
that the mc1lo;ine figure will rfse to 30% in 
1954. TV. C. Cole 

476. Vanilla-like synthetic cuts ice cream 
flavor cost. W. 6. ARBUCKLE, L. 31. F. CREJIIERS, 
and D. H. SEELY, Dairy Dept., Univ. of Md., 
College Park. Food Eng., 26, 2 :  84. 1954. 

Propenyl guaetliol, a vanilla-like flavoring 
substance under the trade nai~ie of Vanitrope, 
was used in ice cream flavor studies. JIises 
were prepared under commercial ice eream 
plant conditions. I t  was found that Vanitrope 
could be introduced into ice crealn in a flavor- 
ing formula at a 1 :  7 or 1 :  20 ratio to vanillin 
or pure vanilla to extend its flavor. Butter oil 
niade a satisfactory solvent and had several 
advantages over other solvents tried. -1 stock 
4% solution was made by warming 6 Ib. butter 
oil to about 140-160" F. and stirring in 4 oz. of 
Vanitrope until dissolved. Observatiotis indi- 
cated that Vanitrope alone or blended with 
vanillin or natural vanilla extract gave satis- 
factory results in vanilla ice cream. Results 
were also suitable with chocolate, nut and butter 
type flavors but were somewhat less satisfactory 
with fruit flavors. The flavor strength of the 
new product was about 25 times greater than 
vai~illin in these applications. At the coiiceiitra- 
tion used, it is estimated that Vanitrope costs 
about 1/3 as niuch as pure vanilla flavor. 

T. J. Clnydo~i 

477. Fru i t  concentrates. Flavor-fortifled 
high-density frozen citrus concentrates. R. G. 
RICE, G. J. I~ELLER, It. J. JICCOI.LOCH, and 
E. A. BEAVEXS. Fruit and Vegetable Che~n. 
Lab., U. S. D. A., Pasadena, Calif. J. Agr. 
Food Chem., 2 : 196. 1954. 

Full-flavored, high-density frozen oritiige 
juice and grapefruit juice concentrates \\-ere 
prepared successfully by adding appropriate 
ainounts of cold-pressed peel oil to juice eori- 
ce~~trates of the. desired level of coneei~tratioa. 
Packs of different concelitratioi~s f ron~  fourfold 



to .c~vcnfold were prepared and their storage 
I~ehavior was studied a t  -18' C. (0" F.), -7' C. 
(20" F.). and 5" C. (40" F.). Flavor and cloud 
stal)ility a t  -7' C. (20' F.) and 5" C. (40" F.) 
incl.ea.rd with increasing concrntration of the 
juice al~ove fourfold. Tlie degree of cloud 
stability obtained a t  the sixfold level of ron- 
centration was equal to that obtained hy sta- 
bilization of fourfold concentrates by partial 
heat trratment. I n  addition to savings in re- 
fri:.eration costs frotn reduced hulk and lo~rcr  
freezing point, large size containers of sixfold 
conccntrates were ntore easily reconstituted than 
such packs of the standard fourfold product, 
heranw they were more fluid a t  the usual frozen 
storage tc~nprratures. S. Pattoti 

478. Schedule your sales plan for greater 
gallonage. L). ~ I E R I . I N ,  Editorial Staff, Ice 
Crc,n~n Rrviwv. Icr Cream Rev., 37, 7:  42. 
19.54. 

The salrs pron~otional plan followed 11y 
Hutcltin.on Ice Clmm Division of the Borden 
Cot t~prni~ a t  Cedar Rapids, Iowa, includes 
~nonthly sales ltulletins which are made avail- 
ablr to the sales manager, salesmen, driver 
salesn~rn. production supervisors, switchhoard 
girl,. nnd forrmcn on the loading platform. 
Tlie I~iilletins indicate what flavor or specialty 
i t rn~ i4 to be featured, what display material 
is nmilnhle, and anticipates possible questions 
\vhicli may eotne u p  in connection with special 
flavor being featured. These bulletins are valu- 
able aids in keeping everyone concerned with 
thr operation infor~ned as to future sales plans 
of the company. W. J. Caulfield 

479. Opportunity for individuality in ice 
cream stencils. ANOS. Ice Cream Rev., 37, 7: 
46. 1954. 

The stenciled ice cream hlice provides a low 
cost specialty item which can be turned out by 
small as well as large plants. The stenciling 
may he done either with whipped cream con- 
taining confectioners sugar and color or  with 
an  artists air  brush in which case vegetable or  
other food coloring is added. 

'In using stencils the surface of the ice cream 
must be kept as hard as possible. This may be 
acconlplished by doing the work on a slab of 
dry ice covered with waxed cardhoard. Bakelite 
stencils are very satisfactory and may be steri- 
lized in boiling water. I t  is important that the 
stencil be wiped dry before use. 

Popularity of the stenciled slice is attested 
to by the fact that the Franklin Ice Creatn Co., 
of Toledo, Ohio, sold 10,364 doz. last year. The 
slice produced by this company is not only 
stenciled but is decorated much like a miniature 
cake. Thrse decorated slices sell for  $2.00 per 
doz. W. J. Caulfielcl 

480. What the consumer likes in ice cream. 
R. T. SMITH, It. T. Stnith Laboratories, Scmn- 
ton, Pa. Ice Cren111 Rev., 37, 7: 44. 1954. 

Result< of taste test panels. condurted over 
a period of years. have provided a basis for  
determining what the consumer likes about ice 
crratn in terms of its color, texture, and flaror. 

Color plays an  important par t  in the accept- 
ance and enjoynlent of ice creatn. The con- 
sumer groups tested indicated a marked prefer- 
ence for vanilla ice cream colored to resemble 
crrani. Chocolate ice cream with a reddish type 
color was preferred to samples which were too 
light or too dark in color. Peach ice cream with 
a pink shade was preferred to pale or  highly 
colored santples. A pink natural appearing 
color, slightly on the pale side was preferred in 
the case of stra~vberqv ice cream. White ire 
creatn with whole or broken cherries showing 
\\-as the most aeeeptable for rherry-vanilla ice 
cream. I\Tnt ice crea~n s11ouId have a light hro~vn 
color. 

Texture is of first in~portnnce in that ice 
cream which is coarse, icy, sandy or sticky will 
hc rcjected itntnediately by   no st consumers. 
Consumers like s~nooth ice cream with a certain 
chewiness, but it should not bc too sn~ooth, liv- 
ery, or salvy. The ilnportanre of proper storage 
conditions to avoid texture changes in ice cream 
in the retail cabinets and in ltotne frct*ecrs is  
stressed. 

The ice cream must taste like the flavor i t  is 
supposed to represent for  the best ronsumcr 
arceptance. I n  vanilla ice crcaln i t  was found 
that the natural vanilla flaror must be evident 
to the taste. Heavy or strong vanilla flavorcad 
saunples were rejected as well as very tnild 
flavored satnples. Chocolate ice cream with a 
rich natural chocolate flavor \vas preferred to 
samples that look like chocolate but which have 
no true ehoeolate flaror. Heavily flavored choco- 
late ice cream samples with n bitter character 
were also rejected. Fruit  and nut flavored ice 
creams with a true natural fruit  or nut flavor 
s e r e  preferred over samples in which artificial 
flavoring was used. TV. J. Caulficld 

481. Use of sucaryl in frozen desserts. I<. >I. 
BECK, iibbott Laboratories, Sor th  Chicago, 
Ill. Ice Cream Rev., 37, 7 :  47. 1954. 

Sucaryl (eyelamate) is the registered trade 
name of a new sweetening agent introduced in 
1950 for  use in a wide variety of product.; 
where sugar must be eliminated or greatly re- 
duced. I t  is 30 times as sweet as sugar, ic 
stable toward baking, cooking and other food 
processing, and exhibits no I~i t t r r  after taste 
when used in proper eoncentration. 

Sucaryl is used in heverages, fruits and fruit  
juices, flavoring extracts, vegetables, gelatine, 
jellies, .jams, cookies, candy, salad dressings, 
dentifrices, pharmaceuticals, and frozen dtw- 
serts produced fo r  diabetics or  ohese people. 

Suggestions are offered for the formulation 
of diabetic and dietetic ice creams and ice milk 
mires. Idwering of the freezing point of the 
nti-i can he achiex-ed through the use of sorbitol. 
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n~annitol, glycerine or a eon~hination of glycer- 
ine and dextrose. Sorbitol and mannitol have 
special nlclit for diabetic patients because they 
require less insulin than sugar when utilized 
by the body. They will, 110%-ever, have the sa111c 
calorie value per grani as sugar. 

There exists in the United States a potential 
~narlret of six million diabetics and sixty illillion 
overweight people for a low calorie, low sugar 
frozen dessert. W. J. Caulfield 

482. Quality key to success in soft freezer 
dessert business. P. E. PIPER, Piper's Dairy- 
land, Paris, Ill. Tee Creain Rev., 37, 7 :  49. 
1954. 

A quality product served by neat-appearing, 
courteous employees and fi.0111 a clean, orderly, 
well lighted store is the key to s~lccess in tlie 
soft served frozen dessert business. 

Every operator should view his place of 
business through the eyes of his customers. 
So111e of the things a rus to~i~er  niay see which 
will lose business are listecl. 

'AT. J. Caulfield 

MILK AND CREAM 
483. Homogenized and nonhomogenized milk 
in the preparation of selected food products. 
E. S. 'A-EGSER, R. JOHD.\S, anti H. XI. HOI.I.ES- 
DER, Purdue Univ. Agr. Expt. Sta., Lafagette, 
Ind. J. of Home Econ., 45, 8 :  589. 1953. 

Hon~ogenized 111ilk was eoi~~pared with 11011- 

homogenized n~illi in preparing chocolate bever- 
ages, rennet desserts, aud puddings nlnde fro111 
comn~ercial 111ises. Chocolate beverages niade 
fro111 hon~ogenized lailk were heavier in body 
and showed less sedi~i~entation. Rennet desserts 
n~ade with homogenized n~i lk  scored higher in 
flavor aud eonsistmey, but lower in texture. 
Puddings niade with hon~oge~~ized milk werc 
so~~rewl~at  ereal~iier in texture and were less 
tmnslucent. I n  general, the flavor of products 
made with 11o111ogenized 111ilk was less pro- 
nou~iced than that of products wade fro111 non- 
ho~~logenized 111ilk. J. Hoover 

484. How to limit oxidization of frozen 
cream. A. J. GELPI, JR., La. State Univ., Baton 
Rouge. Ice Crean~ Field, 62, 4: 90. 1953. 

Sui11111er and winter erc.aal of good quality 
eoutaining 40% fat, pasteurized a t  150° F. for  
30 n ~ i ~ i .  and to 40' F. was used. I n  each 
case, one portion contained 0.5 ppni of added 
eopper, \vliereas tlie other portion did not. 
Sanlples frozen and stored a t  -lo0 F. were 
csalnined a t  intervals of 30 d. for the first 6 
1110. and after la 1110. of storage. The followi~ig 
antioxidants were used : Sustane (butyl hy- 
droxynnisole), ethyl eaffeate, Tenox I1 (butyl 
hydroxyanisole + citric + propyl gallate in pro- 
pglene glycol), and Tenox BHA (similar to 
Tenox 11, but without the added synergists. 
With sunnl~er sa~~lples  containing no added 
copper, ethyl eaffeate in concentrations of 

0.032% and 0.04% prevented oxidized flt~vor 
de\~elopment in samples for a 1 2  mo. period. 
When present a t  the level of 0.004% a slight 
oxidized flavor was present after 13 nlo. I n  
samples wntaining 0.5 p p n ~  added eopper 
0.04% ethyl caffeate prevented oxidized flavor 
develop~nent for 12 mo., 0.028% allowed slight 
oxidized flavor a t  5 mo. and 0.004% allo~ved 
slight oxidized flavor a t  3 mo. 

Sustane a t  0.04% and 0.022% levels without 
added copper inhibited oxidized flavor for 8 IIIO., 

slight oxidized flavor was present after 12 nlo. 
B t  the 0.004% level, a slight oxidized flavor 
developed a t  4 ]no. All saniples eontaini~ig eop- 
per in this trial showed solne oxidized flavor 
nfter one 1110. 

With winter cream, all antioxidants used 
were effective in preventing oxidized flavor 
developn~ent during 6 1110. storage. All sar~~ples  
with added copper (0.5 pp111) developed osi- 
d i d  flavors within a month. 

It was concluded that the four antiosida~its 
were eqnallg effective in preventing osidized 
flavors. \V. C. Colv 

PHYSIOLOGY AND ENDOCRINOLOGY 
485. Retained placenta - experimental pro- 
duction and prevention. L. E. ,\IcDo.v.~~.o, S. H. 
,\Ic?;uTT, and R. E. SICHOI.~, \\'is. ,igr. Kxpt. 
Sta., Jladison. h n .  J .  Vet. Rrsearch, 15, 54: 22. 
19%. 

Follo\ving ren~oval of the corpus 1uteu111 a t  
about the 60th day of gestation, injeetionz of -- 
I., to 100 111g. progesterone daily were eon- 
tinued to the 1B'Jnd to 237th day of ge-tation 
in eight eows. Parturition occurred a t  234 to 
282 days and in 7 of the cows the place~itn was 
retained. Histological study showed n fir111 at- 
tachment of the cotyledon and e a r ~ ~ ~ i c l e  epithe- 
liu~n. Corpus 1uteu111 re~lioval fronl 5 other eows 
a t  78 to 230 days of gestation \ms followed by 
progesterone injections of 100 mg. daily from 
the 248th to the 278th day of gestation. Partu- 
rition developed fro111 the 278th to the 253rd 
day and in all cows the placenta was expelled 
within 24 hrs. after delivery. A histological 
specilnen of the cotyledon-caruncle j u ~ i c t i o ~ ~  be- 
fore expulsiorl of the placenta showed separa- 
tion of the epitheliu~n. These observatiom hug- 
gest tlie possible relationship of naturally low 
progesterone to early calving or abortion fol- 
lo\vc.d by retained placenta. E. W. Swaa.;nn 

SANITATION AND CLEANSING 
486. ABC's of wing acid cleaners. T. LEIV.\S- 
I)OWSKI. Milk Plant JIonthly, 43, 2 :  11. 1954. 

Acid clennels used in dairy elean-up opera- 
tions are eo~i~posed principally of mild inor- 
ganic acids such as phosphoric or sulfn~nic. and 
organic acids such as glueo~iie, glycolic and 
I~ydroxyacetie, levulinie, etc. On the l)a*is of 
corrosion for stainless steel there is little to 
choose between acid e lea~~ers  as all are practi- 
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eally noncorrosive. For  use on tinned steel, 
however, it is believed that phosphoric acid 
cleaners are superior to organic aeld cleaners 
fro111 the standpoint of comparatively sn~al l  
weight loss, no pitting and little or no staining 
or  tarnishing of the metal surface. As ]nost 
dairy farms and plants use both tinned and 
stainless steel equipment, phosphoric acid elean- 
ers seem to fit the bill for  general all-around 
use with less possibility of corrosion occurring 
than with organic acid cleaners. 

C. J. Babcock 

487. Portable equipment for whole-can test- 
ing of cream for extraneous matter. K. 1,. 
HARRIS and L. L. WARDES, Food and Drug 
Adn~in.. J\Tashington, D. C. Milk Prod. J., 45, 
3: 32. 1954. 

Two cleviees for whole-can testing of creanl 
for extraneous matter have been tested. One 
utilizes a positive pressure sanitary putnp that 
lifts the cream from the can by means of a 
1 in. hose, passes it through the pump, and then 
through a nylon tulle strainer held between 
the two halves of a filtering chan~ber held to- 
gether by bayonet-type fittings. 

The other uses a self-priming centrifugal-type 
pu~t tp  with neoprene in~peller to suck the creattl 
fro111 the can and through the filter before it 
reacl~c*s the p u n ~ p ;  the nylon filter is held 
betaern the two he~~~ispheres  of nn 8 in. wr~tc'r 
filter. 

Expc*ri~nents by representatives of the F.D.A. 
using both devices indicated that the self-print- 
ing centrifugal p n n ~ p  with a n~odified bayonet- 
type tilter placed on the pressure side u-ill 
handle. ntore viscous cream than would the posi- 
tive action sanitary type under the same eondi- 
tions, and that it met the other necessary per- 
forn~ance reqnirn~tents. Illustrations are prcb- 
sented showing the basic principles involved. 

Pwliminary tests indicated that all of the 

houseflies and approx. 75% of the vinegar 
flies present in salnple of thick churning cream 
will be recovered using the described apparatus. 

J. J. Jauzen 

488. Effect of type of installation and cleam- 
ing procedure on the sanitation of milk farm 
milk pipelines. J. E. H ~ S T E R .  E. H. NARTII, 
and W. C. FRAZIER, Dept. of Raeteriol., Univ. 
of JTis., JLadison. J. JIilk and Food Technol., 
17, 43 : 46. 1954. 

The bncteriologieal efficiency was studied on 
a cow to cooler pipeline system and a sin~ilar 
outfit in which the pipeline could be dismantled 
for  cleansing. The sv-ah contact nnd the brush 
and rinse nlethods were used to detertnine the 
degree of sanitation of each. 

High quality n~i lk  was allowed to flow 
through both pipeline systen~s. The bacterio- 
logiral results were cotnparable, with a low 
n~icrobial count in eaeh system. 

The counts increased as the frequency of 
hrushing decreased, but the n~i lk  exposed in 
the pipeline did not show any appxvciable 
increase in barterial population. The swab and 
rinw tests had little direct relationship to eaeh 
other. H. H. Weiser 

489. The adherence of organisms and soil to 
surfaces of eating utensils. G. J. H ~ C K E R .  
S. T. -\gr. Expt. Sta., Geneva. Appl. Micro- 
biol., 17, 8: 48. 1954. 

This study has shou-n that ~~tieroorganis~ns 
and esperi~t~ental  soil adhered Inore securely to 
~~~elal~~il~e-for~~~aldel~yde plastic surfaces than to 
china table service. Therefore, the swab tech- 
niclut. for eonntir~g organis~ns on eating sur- 
faces is not efficient, bemuse soil is  Inore diffi- 
cult to reltlove fro111 plastic surfaces than fro111 
china surfaces by the su-ah procedure. Su-abs 
f r o n ~  cultures on plastic dishes n~ade  after a 
prolonged period showed a niarked reduction 
in I~acterial counts. 11. H. JVeiser 
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Again Klemade leads with a remarkable new 
cleaning chemistry advance - Chela  t ion.  
Init ial cleaning with Klenzade 0-R Organic 
Acid Cleaner is followed with Klenzade 0-R 
Alkaline Cleaner. This produces an amazing 
series of chemical reactions - each one super. 
powered for a variety of specific cleaning 
actions never even approached before. "Chela- 
tion" prevents precipitation of water-borne 
minerals and assures film-free surfacer. Let 
us demonstrate to  you that this revolutionary 
chemical cleaning advance - the Klenzade 
0-R System - will definitely rave you hundreds 
of dollars annually. 
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Bulk Milk 
During last summer's scorching hot weather, Under Mojonnier Bulk Coolers delivered sharp, fast 
cooling to 360 F. -380 F. in hundreds of mil khouses 
the country over. This safe, low temperature cooling 
was done soon after the end of the milking period, 
with a fraction of the power used by other methods. 
When you switch to bulk, choose the Mojonnier 

Sun! Bulk Cooler, field -proven by impartial tests. 
Bulletin 290 sent free on request. 

I MOJONNIER BROS. CO., 4101 W. Ohii St., Chicago 44, lllinoir 

Tour ndvertisement is being read in every State and in 49 Forr ip  Conntrirc 
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of Stabilizers and Emulsifiers 
I11 these days of high ingredieilt ant1 operating costs, GBI stabilizers and emulsi- 
fiers denlollstrate their value in short order. They earn their waj- and produce 
the type of ice cream, ice or other frozen confection you want. your 
product or operating conditions, there's a GRI stabilizer and enlulsifier to give 
top perfornlance and profit to you. The GRT V.~TAUE LIRE includes the fol- 
lo\ving outstanding products - 

Coniplete Stabilizer alzd E'nl~~l~ifier-BODY GUARD ancl PRIDEX 
,Vtraigltt Ptabilizers-IIP-GUARD and PRIDE 
Straight Ewtwlsifier-EMEX 

WRITE SOW for conlplete blilletins and prices 011 the GBI VALUE LINE. 
These basic formillas corer the field. You will be surprised at their low cost. 

Ocer 20 yenm of srrrice t o  l lniry S C ~ C I I C C  tlirottgl~ h~rndrcds of GBI rcsenrcl~ prot7acts. 
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FOUR FREE TECHNICAL BULLETINS 
Containing Latest Data on 

q, Dairy Sanitation & Maintenance 

k 1. Pipeline Milkers-Better Cleaning Methods 

2. Bulk Milk Tanks-Practical Farm Sanitation 

3. Modern Dairy Plant Sanitation 

4. In-Place Lines-Efficient Cleaning 

111111111111111111IIIIIII11I--IIII- 

To get your free copies, just send your name and address and the 
names of the bulletins you wish. Write: B-K Dept., Pennsylvania Salt 
Manufacturing Co., 661 Widener Bldg., Philadelphia 7, Pa. 
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UNIFORMITY 
IS  IMPORTANT! 

Leading agricultural 
schools and colleges 
agree that the regular 
weekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
srnootl~ness, aroma and 

~YOGHURT  CULTURE^ 

( H ~ I O \ Y I I )  ~broal~~ee a qnart of the finest 
stitrter OII n single propagation. Single 
bottles 64.00. 

New Cheddar Cheese Culture 
Flav-0-Lac Flakes S. durann 

$2.00 (plus postage) 

Urd & Loeumt Btm, PMh 4 Pa. 



CULTURE MEDIA 
for Examination of Milk 

is recommended for use in determining the total bacterial plate count of milk 
in accordance with the new procedure of "Standard Methods for the Exami- 
nation of Dairy Products" of the American Public Health Association. This 
media does not require addition of skim milk. 

Upon plates of medium prepared from colonies of the bacteria occurring 
in milk are larger and more representative than those on media previously 
used for milk counts. 

BACTO-PROTEOSE TRYPTONE AGAR 
is recommended for use in determining the bacterial plate count of Certified 
Milk. The formula for this medium corresponds with that suggested in 
"Methods and Sandards of Certified Milk" of the AIn~riCan Association 
of Medical Milk Commissions. 

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. 

are very useful liquid media for detection of coliform bacteria in milk. Use 
of these media is approved in "Standard Methods." 

Specify uDIFCOpp 

THE TRADE N A M E  OF THE PIONEERS 
In the Research end Development of Bacto-Peptone and Dehydrated Culture Media 

D I F C O  L A B O R A T O R I E S  
DETROIT I, MICHIGAN ' . 
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