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I How Duraglas milk bottles help I 
Dairies to greater profits ! 

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

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

\I In addition, Duraglas bottles have 
a "H~gh-Luster" finish that keeps 
bottles glistening trip after trip. 
Dairies are assured of the finest bottles 
altcvays because continuing research 
at the Duraglas Center keeps Duraglas 
bottles in the quality lead. 

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

ACbEach bottle ran be a "talking soles- 
man" for the dairy with Applied Color 
Lettering designs. Stock designs are always 
available, and our artists are ready to develop 
special designs. . 
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CP's new homogenizer head with reusable Sanitary 
"0"-Ring Seols, provides improved sealing 
against leakage, permits accurate metal to metal 
contact of mating surfaces, makes assembly 
and disassembly easier, shortens cleanup time, 
and reduces maintenance cost. 

CP MULTI-FLO HOMOGENIZER 
Whether you need a new homogenizer for milk o r  
mix, enjoy these CP Multi-Flo Homogenizer per- 
formance and economy advantages: 

1. CP  Single Service Homogenizing Valve that as- 
sures uniform daily results with consistently fine 
performance. 

2. Lower Pressures Cut Operating Costs-by operating 
with full efficiency at low pressures, CP Multi-Flo 
Homogenizers reduce power required by a s  much as  
one third. 

3. Fast Clean-Up Conrtruction-CP Homogenizer 
head can be disassembled in  4 to  7 minutes-reas- 
sembled just a s  quickly. 

Why not check with your CP Salesman today- 
deliveries are  good o n  most sizes. 

THE MFG. COMPANY Gnrd ad E-t &.a 1243 W. W- Urd. C&- 7, U l k ~  

b n s h  0ffIc.s in 21 Prinoipal atlea 

CIIAMEIYPACKAGl~rG.CO.OFCAIADA,LTD. TntCIEAM€lYPACKAGEMFG.COMPAIY,ITD. 
l67 K I q  a. ww, 1-nk l, onlorio MU1 ~ . n n  l e d ,  HH=h..n km&, %my hdand 

Your nclvertiseme~it is being read in every S t a t e  ?nA in 43 Bor~ign Countries 
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( Where Production and Herd Health 1 

I Is a Most Important Consideration 
THERE CAN BE NO SUBSTITUTE FOR 
SAFE, COMPLETE AND FAST MILKING! 

Because of this simple fact 

more and more thousands of 
dairymen - year after year - 
have switched from ordinary 
machines to stimulating Surge 

Tug & Pull milking. 

The overwhelming accept- 

ance of the Surge principle for 

better milking - adjustable, 

gentle, tug and pull - is  the 

result of more than a quarter 

of a century of PROVED IN 

THE BARN PERFORMANCE. 

When a dairyman chooses Surge Milking his choice 

is backed by more than advertising promises. It is 

backed by more than 25 years of performance- 
tested milking.. . - SAFE, COMPLETE and FAST MILKING. - 

There is no better Milking, than Surge Milking 

BABSON BROSe COe 
2843 W. 19th St. , Chicago 23, 111. 

SYRACUSE HOUSTON ATLANTA KANSAS CITY ELMONTE (Cal.) MINNEAPOLIS SEATTLE TORONTO 

Your advertisement is being read in every State and in 45 Foreign Countries 



Save Labor with 

Cooling milk in a stainless steel bulk 
tank saves labor in the milk house, and 
when combined with tanker pick-up, 
overall labor requirements are even 
more sharply reduced. In addition, with 
bulk milk, quality is up and spillage and 
drainage losses are eliminated. 

I f  you need new milk cooling equip- 
ment you owe i t  to yourself to write for 
"The Bulk Cooling Story" - Moionnier 
Bulletin 240. Address: 

MOJONNIER BROS. CO. 
4601 West Ohio Street, Chicago 44, Illinois 

Bulk Milk system 

DAIRY PREPARATIONS 
Far Hiah Quality Dairy Products 

COTTA 
AN1 

D A N  
r CD 

I 

1 

LAC 

CHEESE RENNET A N D  COLOR 
GE CHEESE COAGULATOR 

I UATTO BUTTER COL 
DELION BUTTER 

I ,-..TIFIED BUTTER C 
STARTER DISTILLATE 
rce CREAM COLOR I TIC FERMENT CULYl 

1 ODORLESS TYPE D SPRAY ' IAIRY FLY 
ULTURE CI 
STING S O  

JRE 

FLAV-0-LAC 
FLAKES 

UNI FOR3IITY 
I S  IAIPORTANT I 

Lenclj~lg agricultural 
sellools and colleges 
agree that the regular 
~veekly use of FLAV- 
0-LAC FLARES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 
milk products. 

~YOCHURT CULTURE] 

FLAY-0-LAC FLAKES 
(s110\\ 11) plorlnre :L c111:ll t of t l ~ c  illlest 
htnl t rr  011 n single prop.lg:ttlon. S~nple  
1)ottlru $2.00. 

SPECIAL FLAV-0-LAC FLAKES "40" 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.75. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on reauest. 

THE 

DAIRY LABORATORIES 
ZSrd & Locust 8ts.. Phila S, Pa. 

BRANGEE8 
New York Baltimore W ~ h I a f i e n  

See our catalog In Dairy Indnstrieo Catalog 
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Ice cream 
mastermind 

She's the mysterious gal behind all those costly 

consumer taste-test surveys. She molds public opinion 

She's the Average Housewife. 

She sips and "tests" food constantly. She can 

easily recognize a superior flavor in ice creom. 

She can be your loyal, enthusiastic customer and 

booster IF you woo her with the deliciously tantalizing 

taste and aroma of MIXEVAN powdered vanilla 

flavoring. It's a subtle, but steady, flavor-level 

which simply cannot be achieved with extracts. 

Here's a dare: using your present formula, make up 

some vanilla ice cream using MIXEVAN and 

toke i t  home to your wife. 

Other Vanill. Producfr by 
Michael for Special User 
TRUE VANILLA SUGAR 
for custom mode ice creom 

CREST for use in novelties 

DAVID MICHAEL & CO., Incorporated 

Hal f  a Century in the Flavoring Fie ld 

3 7 4 3 - 6 3  D STREET. PHILADELPHIA 2 4 ,  PA. 

For further information and prices see our representative or write direct 

Your ni lvrrt isem~nt  is heins read i l l  ever)' S l a t e  x11<1 in 4.5 Fol.~.ixn ( ' o ~ ~ n t r i e s  



dirty weath,, 
Qade t o  0 

Wet, muddy winter days require special 
coo~eration from ~roducers to keev milk 

4 
P 

cpaiity up and sedLent  down.   he Rapid- 
Flo Farm Sediment Check-Up does this 
job for you, while maintaining producer 
good-will, because the dairy farmer sees 
for himself where   re cautions must be 
taken. 

Only with improved-formula Rapid-Flo 
FIBRE-BONDED Filter Disks can the 
producer be sure of the safer filtration 
which makes the Rapid-Flo Farm Sedi- 
ment Check-Up a reliable guide to clean 
milk production. 

1. After filtering each can of 2. When it  i s  dry, examine the 
milk (10 gallons or less) care- disk closely. Identify the sedi- 

fully remove the used filter disk ment or extraneous matter, in 
from the strainer and place i t  on order to determine where i t  

a cardboard to dry. came from, so you can prevent 

any more getting into milk in 

the future. 

Your advertisement is being read in every State and in 45 Foreign Countries 
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STABILITY O F  MILIi AND ITS  COXCENTRATES I N  FROZEN STORAGE 
AT VARIOUS TEMPER.ATT'RES1 

R. W. BELL AND T. J. MUCHA 
Bureaz~ of Dairy Industry, 0. S. D. d., Washillyton, D. C .  

The frozen state is the only form in which milk and its fluid concentrate can 
be preserved for relatively long periods without [.hanging their characteristic 
flavor. For  the most part, investigators (1, 2, 4, 5, 9)  have worked with 
frozen milk of one concentration or milk stored a t  one temperature, but direct 
comparisons are needed covering the practical range of concentration a t  several 
temperatures below freezing. On this account and because of increasing interest 
in these products, the information on the stability of milk and its concentrates 
in frozen storage should be reexamined and further details should be made 
available. 

Doan and Leeder ( 5 )  stored co~lcelltrated (3  to 1) milk a t  + 5, - 5 and - 15 to 
-20" F. They did not compare its stability with that  of milk of other solids 
content. Babcock et  al. ( I ) ,  working with milk of normal concentration only, 
held it a t  as low as - 40" I?. for 3 to 4 mo. 

Bell (2) compared the keeping quality of milk of appproxirnately double 
solids concentration w h ~ n  it was stored at 32, 19 and 1" F. He found that 
samples which were stored a t  1" P. developed an oxidized flavor sooner than 
samples of the same milk that were maintained a t  19" F. and that deterioration 
in body began in 2 to 3 mk. 

Doan and Warren ( 6 )  have investigated many phases of the frozen milk 
problem, among them being the use of heat to redisperse the flocculated protein 
which results from storage beyond the satisfactory life of the product. 

Tracy e t  al. (8)  found that fluid milk and approximately 3.5 to 1 milk, stored 
a t  a uniformly low temperature (- 10 * 5" F.) ,  remained in satisfactory con- 
dition for a t  least 1 yr. IIowerer, in preparing each producgt, their milk of 
origin was held a t  170' F .  for 20 min. 

EXPERIIIENT.\L METHODS 

I n  this paper results are given on tht. body and flavor stability of frozen milks 
of various concentrations stored a t  diffwent temperatures. 

Fresh milk was heated in a stainl(.ss steel paste~irizer to 150" F.. ht,lcl for 
Seceived f o r  publication July 9, 1951. 
1 This work was done with funds f rom the  Researc-11 and Marketing Act of 1946. 

1 
Copyright 1952, 1)- the AXEHICAN L)IIRY SCIENCE ASSOCIATION - - 
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30 inin., coo1c.d to 130° F. and  homogenized a t  2,300 lb. per in2. Most of this 
homogenized ~nillr was conc(~ntrated in  a stainless steel pan under a vacuum of 
28 in. to  a 2 to 1 solids ratio or 25.4 per cent total solids contrnt, a portion was 
withclra~rn and the c~oncentrating resumed to yield milks of 38.1 ( 3  to  1) and  
50.7 ( 4  to 1) per cent solids content. 

1\11 samples were frozen in sralecl vans of 160-1111. capacity in  a rooill that  was 
maintainc~l  a t  lo  F. The n ~ x t  morning solnc3 of the cans were placed in a room 
at  - 8" F. and  some in i~ c,onipartmrnt a t  - 17" E'. Sailiples also were stored a t  
10 and - 3.5' F. Although the tc.niperat11re of the a i r  i n  th r  10' F. space 
flnctnatetl as much as 2 3" I"., that  of t h ~  milk varied only a degree or two. 
This was c1c.terrninc.d by noting the t rniperi~turc of i ~ l ~ o h o l  in  a small ~ o n t a i n e r  
among the canned sampleh. The telnpcJraturc, in  ravh of the otli(>r four  storage 
spaces was illore nearly (*onstant than that  of the 10' F. compartment. 

Since all samples werca frozen undr r  the same c.onditions, the rate of frcezing 
was not a rariable factor. 

From tilnc. to time a saniple of millt of eavh solids content and  from each 
storapcl spaw wa, c~saniinc.ti for  body and flavor stitbility. The samples were 
prepared for  examiniitiol~ by leaving them overnight in a rooln a t  3.5" Y. and 
the following 1nor11i11g w a n ~ ~ i n p  t h r ~ n  to 70" 1" in a wiitc1r bath and room a t  that  
t e m p ~ r a t n r e .  Then a portion of rach conc*?ntratc. \\,as tlilnted with distilled water 
to the solids c*oricentration of the orizinal ~llilli anil 30 inl. xvcre centrifngecl a t  
1,000 r..p.m. for 5 inin i n  a grat111ated tapt~recl tcst tnbr. Fiftp-nll. portions of 
the milk were centrifugrd in th(. same nlanner. The vc~ntrifnge had a 15.3-in. 
head, as nieasurccl from the insidc bottoms of oppositc cups whcn the calxps were 
in  a horizontal position, Rodp stahilit? is expressed its milliliters of dcposit 
obtained from 50 ml. of milk. 

Ascorbic acaitl ( r i tamin C ) ,  in t i ~ r  for111 of a freshly prepared c ~ n c e n t ~ a t e c l  
water solution, was added to a duplicate svt of \;nnplrs (with the ext+eption of 
t h r  4 to 1 milk) a t  the rate of 100 ing per liter of prot1nc.t. These vitamin C- 
fortified samples mere frozen and st0rc.d with the oth(,rs. 

IZESULTS 

Body.  Illspection of figure 1 shows that.  as ~ ~ - o u l d  be expected, t h r  physical 
stability of the 4 to  1 inillr was the Icast ant1 tha t  of thc r~orinal milk was the  
greatrst. TIonevcr, there was little differenccx h e t ~ \ , ~ ( ~ n  the latter and  the 2 to 1 
product. 

The addition of ascorbic. ac.itl i ~ t  t l i ~  rat(. of 100 nlg. per. liter of ~nillr and  of 
its 2 to 1 ant1 3 to 1 c~oncc11tratc.s had only a slight eff'c.vt on the hotly stability of 
the i lor~nal  and  the 2 to 1 proclucbts. 111 the n ~ i l k  of triple solids concentration, 
i t  snbstantiall~- clet*rc~ased this property. This was noticeable i n  t h r  ainonnt of 
deposit on t h r  bottoni of t h ~  (*an? as ~vell as in  thc ventrifugr tubes. 

As indicatc.tl in  figure 1. 1" F. was not snffic.iently ('old to  preserve satisfac- 
torily the body of t h r  milks, Itor was - 8" F. (.old rnongh to prevent deterioration 
before the end of 12 wit. On the other hand, all concentrations except the 4 to 1 
still had a satisfactory body af ter  12  IT^. itt - 1'7" F. 
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Stability data for mill< of normal and double solids concentration at  - 17" F. 
are not shown because no precipitate formed ill thc graduated tubes after the 
usual centrifuging. 

Milk of triple solids content that was stored at - 17 and - 35' F. for more than 
6 mo. showed no physical deterioration in its thawed prodnct. 

This experiment has been performed repeatedly during the course of the last 
2 yr. The results ~ v ~ r ( ,  similar and they confirnl the conclusion that 1' F. is not 
cold cxnough to insure homogenic~ty in tha\vetl triplr solid.; milk for more than 

- 
cn 0 

W 0 
3 - A  

00 
0 5 10 15 20 25 

T l M E  I N  S T O R A G E  ( W E E K S )  

0 5 10 I5 0 5 I 0  15 2 0  
T I M E  I N  STORAGE ( W E E K S )  T I M E  I N  STORAGE ( W E E K S )  

FIG. 1. Stabilit-j of normal and rnl~ltil~lo solids milks : ~ t  rarious storage teml~cmtures. 
Nos. 1, 2, 3, and 4 essocinted ~ i t h  the ellrvcs refer to t l ~ c  solids ratios to w l ~ i e l ~  the milk was 
conccntmtcd. The letter A indicates arldition nf ;~srorl~ic :~c.id at the rat? of 100 mg. per 
liter of ~rroduct. 

2 to 3 wk. or in donblc solids milk for more than :j to 4 wk. &lost of the thawed 
4 to 1 milks were seniisolid evc.11 after storage at - 17" F. On being held at  
14" I". for a few days before they were, th;t~vc.d. the 4 to 1 lnillts became grainy 
due to crystallization of lactose. For these rc5ason\ 111111; that i\ to be stored for 
a long period in a frozen state ahould not be cdonc.entrated more than about 3.5 
to 1, i .e.,  it should not contain more than ahout 45 per ccnt total solids. 

Figure 2 shows in a different manner the relation.;hip between the solids con- 
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tent and the body stability of milk stored a t  10 and lo F. I n  plotting these 
curves an  arbitrary value of 0.5 1711. of deposit in the centrifuge tubes was taken 
to represent destabilization of the physical system. According to these data 
there is but little adl-antage, even in the case of milk, in storing at  1 instead of 
10" F. Since body stability in triple solids milk was not measurably diminished 
after 1 yr. at  - 1'7' F., no cburre for this storage temperature is shown. 

Flavor. Except for the old and stale flavors which tend to develop slowly in 
all frozen milk of initial hererage quality, an oxidized (cardboard) off-flavor 
defect in normal, or single strength milk is the one most likely to develop ( 3 ) .  
After 12 wk. storage a t  lo F., only the unfortified unconccntrated milk (curve 1 )  
of figure 1 was oxidized. It was not until these samples had been in storage for 
19 wk. that this milk was described as strongly oxidized. At this time 2 to 1 

- ; 
- 
V) 

P 
30 

V) 

4 0 
0 10 20 30 

STORAGE T IME ( W E E K S  ) 

Fra. 8. Uependenco of body stability on solids content and storage time for milk stored 
a t  10 and 1" F. Sample wan considered unstable if 0.5 ml. of deposit formed on centrifuging 
50 ml. of thawed milk. 

(curve 2)  as well as the control (curve 1)  samples that had been held a t  - 8' F. 
were strongly oxidized. At  19 wk. of age the flavor of a set of -8" F. samples 
was judged not as good as a similar set that had been maintained a t  lo F. In 
other experiments the opposite result has been obtained. 

At  the end of 9 wk. at  - lTO F .  the uiifortificd, uncoiic!entrated milk was 
slightly oxidized. IIowevc.r, 75 \rk. later no increase in the intensity of this off- 
flavor could be detected. There was less deterioration in flavor in samples stored 
a t  - 17" F. than in those held at  the higher temperatures. 

Vitamin C (ascorbic acid) fortification a t  the rate of 100 mg. per liter of 
producdt prevented the development of an oxidized flavor in the uneoncentrated 
and 2 to 1 milk. 111 no instance, with or without added ascorbic acid, did an 
oxidized flavor develop in the 3 to 1 or the 4 to 1 samples. Fortification of the 
milk ill this solids range with ascorbic actid in order to prevent an oxidized flavor 
was unnecessary. Seldom in the course of numerous experiments has any 



semblance of an oxidized flavor in tha~vcbd and rwonstitnted 3 to 1 and 4 to 1 
milk been detected. 

(:oxCLUSIo1;S 

The temperature range for storing frozen n~illr anti its (:oncentrate up to a p  
proximately 43 p:.r cc111t solitls cot~tent withont thcb caarly derc>lopmc.nt of flakiness 
begins below - 8" F. and extc~ncls to below - 17" I?. Ililta prrsented here indicate 
that the storage> tempel'atnr(. shol~ld b~ 101vc.r t h i t ~ ~  - 10" F. but nrvd not be lower 
than -20' F. This is a narro~\- tcx~~lperaturi> range above which 11c.ither milk nor 
its concentrate shoultl be stored if prolongcltl prcbserration of a satisfactory body 
is desired and bclonr which little additional stability is to be attained. 

The effects of tc.rnperatnre and duration of  storage on body stability are 
similar for milks of c.c(na1 solitls content at diff(wnt t in~es of the year. 

Storage a t  - 8" 14'. may or may not c.ause a milk to retain a somewhat better 
flavor than a t  lo F. IIowevc.r, milk held a t  - 17" 1". is less likely to develop an 
oxidized (c*ardboartl) flavor than it is at -8  or 1" 1". ant1 it is otherwise more 
stable in flavor. 

The greater t h e  cor~c+c.ut,ration of solids up to a 4 to 1 product the less sus- 
ceptible a milk is during frozrn storage ta the tlevc.lopn~ent of an oxidized flavor 
and the less benc4ieial is fortification with i~sc*orhic acid. Fortification with 
ascorbic acid a t  the ratcb of 100 mg. per liter of product appreciably destabilizes 
the body of milk of triple solids but not that of double or single solids milk. 

Retention of a fresh niillr flavor is the limiting factor in the preservation in a 
frozen stat(. of milk and its c.onrmtratc's up to abont 45 per writ solids rontent. 
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T H E  EIIFECT O F  DDT UPON T I I E  I)IGESTIOS ASI) VTtLIZATION O F  
CER'I'AIS S U T R I E K T S  BY DAIRY CALT'ES1 

VFJRLE R. BOll.hl.lS.? I-LI'S ,\I.I,ES ('HI, L O R I S  E:. TIARRIS, WAYRE BINRS AXD 

1,OUJS L. MA1)SERT 

IIDT has b(be11 shown to bv a n  cffec~tire i~lsecticide for  c o ~ ~ t r o l l i ~ ~ g  alfalfa 
weevil and  1yg11s bugs that iinpilir the prod~~c:tion of alfalfa seed (9, 10, 14),  but 
little worlr has brc~ii (lone to detcrnli~~c, the cxfiect ingestion of DDT has upon the 
digestion and utilization of diffchrc~~t 1111tric.11ts in a ration. 

Harr is  c t  ob. (6) co11duc.tc~1 balilucc: ilncl (ligestion trials with four sheep, using 
a Latin square dosig11 in which (lii(:h sheel) was fed ei1c.h of four alfalfa hays. 
The alfalfa hat1 prcviol~sly 1)cic~n tll~stc.tl \rith 0 ,  I ,  2 ant1 4 Ib. of technic:al DDT 
per acre. These alfalfa hays hiitl rrsit1nc.s of 0, 15, 22 ant1 44 ppin. DDl', respec- 
tively. The nitrogc~ii balanc.c, of the shclep dc*crrascvl wit,h eac.11 incrcase of DDT 
011 the hay. S o  tliff'ercncr c.sistrtl among thcs digc>stion c~oeffivic~nts for protein. 
ether extract, crutlc. f i b c ~ ,  nitrogen fret. extract a11t1 total digcstiblc, nntrients. 
Since 111ic:ro-orga~~is~ns plily a n  i m p o r t i ~ l ~ t  rolc in  the synthesis of protein from 
nitrogeiicous non-protein c*o~npou~~ds  ant1 also aid in  the. digclstibilit,)- of man>- 
co~nples  c.arbohydr;itc~s, it i~p)waretl that 1)l)T might interfere \\.it11 the action of 
these organist~~s.  

The pnrposcl of this s t ~ ~ d p  \\.as to deterininch the effeec.t of ingestion of TIDT 
up011 the, d iges t io~~ i ~ ~ l d  ~ ~ t i l i z a t i o ~ ~  of c.erti~in 1111trin1ts by dairy calvrs. 

Digestion and balance atudirs were cond~~cte ( l  with 16 3- to 6-1110.-old Holstein 
bull calres weighing il~itially 100 Ib. 'l'h(1y \rrrts f(~cl tlifterent levc.1~ of Dl>T and 
protein ecluiralc3nt ill th r  tlicbt. 1Ci1cl1 coitlf ~ ~ c ~ c * r i r c . t l  onch lerrl of 1)DT throughout 
the esperiinent and four protein c'clnivi~lclnt Ic.rrl\. Thc protein c~cluiralcnt levels 
were arranged in a n  orthogonal Illilllll(Bt. to till<? illto ac.c*o~ult the ti111c. the. protein 
level was fed in rc>lation to grov tli of the ciil~eh. T ~ I P  ~)rotcin eqnivalrnt levels 
(d ry  basis) ~ v r r ( ,  10.2. 12.4, 11.3 ant1 16.3 pcJr c*ent, rc.spc~c~tively. 

The basal diet was composecl of 40 per c c ~ t  c11ol)petl 111c>ailo117 hay, 20 per c*ent 
ground y e l l o ~ ~  corn, 10 p ~ r  cc,nt rollrtl oats, .> per c4ent tlried whey, 3 per cent 
b w t  molasses, 1.35 p(sr ecb~~t stc.;n~~etl I ) o ~ ~ c ~ n ~ ( ~ i ~ l .  0.5 ~ ) ( ~ r  ( ~ w t  salt ancl 8.15 per cent 
dextrinized starch. T11c. liiglicr 1c~vc.l~ of protc'i~~ eclnival(,nt ( S  x 6.35) were nlatle 
by replaving equal parts of tlcstri~~izetl starc.11 \\-it11 urea. T(~c.hniea1 DDT was 
dissolretl in  corn oil and an i+licluot was sprc.t~tl ovc.1. the. tliet i ~ t  each feeding to 
supply IIDT a t  1evc.l~ of 0,  25, .50 ant1 75 p1x11. of the. diet (d ry  basis). Corn oil 
\vas acldetl to  thc tlictts of those valrrs rc~criving no 1)IIT so that  all cliets had the 
same fa t  c~ontc~nt. Ic>i~vh tlict was f t ~ l  for a prc~liinin;~r)- lwriod and a collection 

Reeeivo~l for publi~.:~tio~l .1111y 10, 1931. 
1 Presented at the 1Tt:rll Ac.:~~lcn~y of Sci~.~lrrs, Arts nl~rl 1,rtters Meeting, Provo, November, 

1950. 
Prenel~t nil#lrvss, ('ot.nell l7nivcrsity. 
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period of 10 days each. The ~~ i t rogen ,  Ca and I' bt~lat~cca ant1 the digestibility of 
organic matter, crude protein (X  x 6.25), ether extract. crude fibrr, nitrogen-free 
extract, cellulosr ant1 lignin were determined. 

Nitrogen, ether extract, rrnde fiber, dry matter and a\h were determined by 
AOAC (1) methods. I ; i g~~ in  was clrterlnincd by the method of Ellis e t  al. (3)  ; 
cellulose by the  neth hod of Matrone c t  al. (11) .  Calci~un was determined by the 
AOAC micro-mrthotl (I) ,  excc>pt the sanples merr dige4ted by the method of 
Gerritz (4).  Phosphorus was deterrninrd on the same dige\tetl samples by the 
colorimetric ~nethocl of I i o e ~ ~ i g  and Johi~son (8).  

RISSUIITS ANI)  DISCUSSION 

IEeultl~ of aninlnls crtrtl li19eweight gai?ts. All calves were in good health and 
there were no apparent skin tlist~~rbances of ally kind at the beginning of the 
expcriment . 

FIG. 1. 1lc:lql :111,1 I I C C I <  of v:~lt' I<--4O.i fed O ppln. of 1)I)T ill tllc <li,.t. TIIV hair and skin 
of this calf are 11ol.nl:11. S o t c  l,ripl~t eye ;11nl :~lrser~ee of n \vatcry ~ l i s e l ~ : ~ r g c  from nose. 

Thr calvcx ill rrplications 1 and I I \\-err sttlrtc,d o11 cxpclriment on .July 12, 
1949. During S(.ptembrr, it \\.as notict~tl that sollie of the calves frd DDT had 
marltetl wrinkling on thc~ sitle of the 11ec1i. side of the jaw and top of the mithers. 
This ~vril~ltling mas accompanicbd hy thi(.ltening of the skin, profuse scaling and 
thinning of the hair in these samct arras. 111 atltlition, some of the calves' skin 
had small proliferations and a lacli of pliahilit,~. Frequently there was a lac- 
rimary clischarge from the c y ~ s  and ;I ~vatery discharge from the nostrils. The 
calves rereiving no DDT were normal. These observatio~~s are sho~vn in figures 
1, 2 and 3. These resnlts arc, so~newhat similar to those ilt~scribetl by Nelson 
e t  al. (12) when they inclntled DDT in the rations of rabbits. 



The calves in replicatio~~s I1 I and LV mcJre started on experinlent 011 November 
22, 1949. On Dccen~ber. 12, it Jvas noticed that  calf I<-411, reveiving 75 ppm. of 

FIG. 2. I l e :~<l  ;IINI nrrk ~ , f  v:~I1' 1<~39;, Ecll 25 Irpln. of DDT in tllc ~ l ic t .  Note null eye and 
lacrimation. 

FIG. 3. ITead 311d ~iecI< 01' vi~lf I< :i9!) f'vd 7 5  I ) ~ I I I I .  of 1)D'I' ill tile ~ l ie t .  Xote thinuiug of 
hair on top of neck, markcd ~vrinkling on top : ~ n d  side of neck necoml>:~nicd by thickening of 
the akin, profuse sealing, small proliferations i111d a lack of pliability of the skin. 

DDT, had severe tremors in the thigh and rump. These trenlors continued for 
several days and then clisappearecl. S o  tremors mere noticecl with ally of the 
other calves. These tremors were similar to those desc.ribct1 by Orr and Rlott 
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(13) tvhen they fed 100 to 200 mg. of DIIT, in po~vder form, per kilogranl body 
weight to cattle. Holvcrcr, this calf was receiving only 2.2 ma. of DDT per 
kilogram of body weight. This high degrec of toxivity may be attributed to the 
facat that 50 to 90 per crnt of DlIT is absorbed from thr gastro-intestinal tract 
when fed in oil, but the. a1l1011nt ahsorbed is cxtre~nrly rilriahle when supplied 
in thc. form of ~)o~vdcr ,  iicc.ortling to ICanegis and Rochplte (7) .  The general ob- 
scrvation of t h ~  authors sc3clns to justify the deduction that thc protein sequence 
may have influeneetl thr toxicity of DDT, because all the cdalres frtl DDT dici not 

During th(. collec.tion period, no significant ditY(~rrnc.es existed among the 
livr~reight gains of calrrs fed the different Icvels of DlIT and protein ecluivtllent. 

Balance studies. As the DDT in the diets increasc.tl, the amount of nitrogen 
stored by the calres decreased (table 1). The average ainounts stored per 100 lh. 

TABLE I 

Nitrogen stored daily per 100 lb. body weight when calves are fe(7 cnrying levels o f  DDT and 
varying levels of proteina 

Protein DDT levels, ppm. o f  diet ( d r y  basis) 
levels - - - - 

Grand 

( d r y  basis) 0 25 50 75 ax-. 
- - 

( % I  (g . )  (9 . )  (9 . )  (g . )  (g.1 
10.2 6.2 4.5 5.8 7.3 6.0 
12.4 7.0 7.5 7.5 4.9 6.7 
14.5 7.3 8.2 9.0 6.9 7.8 
16.5 11.0 8.6 6.5 5.4 7.9 
Grand av. 7.9 7.2 7.2 6.1 7.1 

-- 

a Each value i n  the  body of the  table is the  average for 4 calves. 

body weight were 7.9, 7.2, 7.2 and 6.1 g. for the 0, 25, 50 and 75 ppln. DDT levels, 
respcctively. This difference approac4hes significance ( F  value is 3.73 a t  P = 0.05 
and it requires an  I" value of 3.86 to be significant a t  P = 0.05). The nitrogen 
stored for each protein level was not consistent for the different DDT levels. 
As the amount of nitrogen increasecl in the diet, the anlolint stored was greater. 
However, as the DDT in the diet was increased from 25 to 75 ppm. the amonnt of 
nitrogen stored decreased with each increase in DDT a t  the higher levels of pro- 
tein equivalent. This protein DDT interaction is statistically significant ( P  < 
0.05). These results agree with those of Harris e t  al. (6) in which they found 
that as the amount of DDT was increased in the diet, the nitrogen balance was 
decreased. Thus, it  appears probable that DDT inhibits the synthesis of pro- 
tein from non-protein nitrogenous materials in the paunch of ruminants. As urea 
mas increased in the diet, the amount of nitrogen stored was significantly in- 
creased ( P  < 0.05). With protein equivalent levels of 10.2, 12.4, 14.5 and 16.5 
per cent in thr diet, the amounts of nitrogen stored daily per 100 Ib. of body 
weight were 6.0, 6.7, 7.8 and 7.9 g., respectively. These results show that calves 
can utilize urea as a source of nitrogen. 

The Ca and P halanccs were not affected by any of the treatments. 



TABLE 2 

l'roteiil digestioti coeJ]ici(,~tfs for  calves a s  affeclod h!/ IJ1)l' und protci~r Ir~r~r,lna 
- - - 

I ' r o t e i~~  DI)T levels, ppln. of diet (dry  b:lsig) 
lcsels - - .  --- ~ ~ - Gr;riitl 

(dry  I):~six) 0 25 50 F - 
I :) nr. 

-- 

(%) ( % I  (%) (%) ( % I  
i 6 )  

(%) 
10.2 48 46 50 .).. 49 
12.4 56 55 56 53 55 
14.5 60 60 64 62 61 
16.5 67 67 fi3 62 65 
Gr:i~id av. 68 57 58 57 58 

a 1'::teli r :~lue  in the  I~ody  of t,llc table is the  ;\rerage for  4 e:~lres. 

I) igest ion cocfjicienta. I>DT had no ineasurable effect upon the digestion of 
an>- of the nutrients tested. As the amount of protein eyuiralent in the diet was 
increased, its digestibility was correspondingly increased (table 2 ) .  The average 
digestion coefficients for protein equivalent levels of 10.2, 12.4, 14.5 and 16.5 
per crnt were 49, 55, 61 and 63, respectively. 

T A B L E  3 
Crzrdr fiber di.qestio11 eoefitfienls fo r  calves a s  affected by DDT and protein levelsa 

P ro te i i~  
levels 

(dry  basis) 

DDT levels, ppm. of diet (dry  basis) 
- 

0 25 50 75 

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

;' 1<:1cl1 vnllie in tllr I~oily of tllc t:il)lo is tllr :lvewga for  4 calves. 

Grand 
nv. 

\Vitll each i~~r rc~asc~  of nlu(>i1 in thr tlic~t tlic.re \r;~s an int.re;~sr in thr digestibility 
of vr r~di~  fibw (table 3 ) .  The tlig(>stibility of (.rude fiber ill the 10.2 per cent 
protein (1ic.t was 47 per ceiit. ~rhi lc  that of the basal diet plus enough urea to 
make it up to 16.5 per cent protein equivalent \\'as 58 per cent. Additions of urea 

T.4BLE 4 

Celllilosc digestion coeficie~rts for  calves aa affected by DDT and  protein levelsa 

Protein DDT levels, ppm. of diet (dry  basis) 
lcvcls -- 

(dry  basis) 0 0 -.I .- 50 - 7 

1 D 
~p 

(%) ( % i  (%) (%) ( % I  
10.2 53 57 53 57 
12.4 63 67 62 62 
14.5 .5 9 62 58 65 
16.5 67 66 66 62 
Grand nv. 60 60 60 62 

- -  ~ 

" 1'::1cl1 v:tluc in tllc boil? of the table i s  the  :lver:igiL for 4 c:ilvcs. 

Grand 
av. 
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to a lox  protein diet have given the sallle effects ill the cliets of sheep and cattle 
acvording to IIarris a~icl Mitchell (5) and I3riggs e t  a/ .  (2) .  Thc digc,stibility 
of cellnlost~ sholvs the same trc~nds as crude fiher, since c~ach increase ill urea in 
the diet causc~d an  increase ill c.ellnlose digestibility (table 4) .  These results also 
agree with those of IIarris a ~ i d  Mitchcll (5)  with sheep. The differc~nees in  
digestibility of protc?il~, cnitl(. fiber and ccllnlose bet\vec~11 protrill l(,vc.ls arc, 
statistic.iilly significdant ( I' < 0.05 ) . 

SUNIIBRY 

I)igc~stion and 1);ilalic.e trials were conduvtcatl ~v i th  16 IIolstei~l bull c.alves. 
Eavh calf was fetl o11c l c ~ c l  of DD'I' and four levc~ls of protein c q n i v a l ~ ~ ~ t  ar-  
ranged i11 an  orthogoi~al InainlcJr to take illto ac.vo~unt the time the protein level 
was fed ill rel;ition to tlic. growth of the calves. Thr DDT lercbls w r e  0, 2.5, 50 
antl 100 11p111. of thc tliet and the protein (a(llli\.illellt levels were 10.2, 12.4, 1-2..> 
antl 16.5 per cent ill the clry diet, respectively. 

Symptoms coasisti~ig of slti~i wrinl<ling, thiclie~~ing of thr  skin, profuse scaling, 
thinning of the hair, l a c r i ~ ~ ~ a t i o ~ ~  fro111 the (yes, watery discharge from the ]lose 
and tremors were noticed. Thrscb sgn~ptorns \Trere more prolioul~ced in the c,illves 
fed the highest lrvels of Dl)T. 

As the T)DT in the. c1ic.t incrciisetl the alnount of nitrogc~n stored tlc.crcascd. 
The Ca antl P haliinccs Tv\-c,re not i~ffectrtl by ally treat~nent.  DDT (lid not affrc*t 
the cligestihility of organic ~r~il t ter ,  cr11de protein, ether extract, cellulose, ligain, 
c.rutl(. fiher and other c~ilrbol~ydratc~s. The titlditioll of urea to the tliet in~proved 
the digestibility of crntle fibclr a ~ ~ t l  ec.ll~~lose, but (lid not affcc~t thr  digestibilit,y 
of the other ~intricwts. 
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THE EFFECT HEATING CREAM IN A SMALLTUBE HEAT 
EXCHANGER ON SOME O F  ITS PROPERTIES1 

E. 0. HERREID, K. M. SHAHANI, C. J. DUPUY AND P. H. TRACY 

Illinois Agrielrlt~rraE Experiment Station, Urbana 

The trend in the dairy and food industry is toward continuous operation with 
higher temperatures and shorter exposures for processing food products, the 
objertives being to secure greatpr destruction of microorganisms and enzymes, to 
improve keeping quality, to maintain and preserve nutritional properties and 
palatability and to save time and labor. 

A small-tube heat exchanger, known as the Mallorizer, mas made available to 
the Illinois Agricultural Experiment Station. Mallory ( 3 ) ,  in 1942, obtained a 
patent for this heat exchanger in which liquid dairy products are forced through 
small tubes a t  a high velocity, resulting in turbulent flow and rapid heat transfer. 
Reynolds (5),  in 1883, showed that the thickness of the laininar film was a func- 
tion of velocity of the liquid across heated surfaces and as the velocity increased 
turbulent replaced laminar flow. This was confirmed by Prandtl (4)  in 1904. 

This paper deals with the effect of heating cream at  different temperatures 
in the small-tube heat exchanger. Data also are presented to show some of the 
operating characteristics of this unit. 

EXPEKIlIENTAL PROCEDURE 

Before conducting experimental work with mill; products, it  was thought 
necessary to study some of the opc~at ing  aspec2ts of the small-tube heat excdhanger. 
This unit consists of three independent heating sections and three cooling sec- 
tions. Eavh section has eight lengths of stainless stcrl tubing, each length being 
70.25 in. long and 0.25 in. in internal cliameter. The entire length of the tubing 
in the three heating sections, including the heacler joints, was calculated to be 
142.7 f t .  The entire heating section is encalosed in an insulatecl jacket and is 
designed for use with high pressure stcam. The cooling srction is of siinilar con- 
struction and water is usecl as the coolant. I n  this study, ho~irever, one heating 
section was disconnected and an  additional tube 1.0 in. in internal diameter was 
attached outside the heating jacket to serve as a holcling tube. This reduced the 
length of the heating section to 95.1 ft.  

Temperature was regulated with a compressed air-actuated regulator, known 
conlmercially as a ' '  Fulscope ", which controls the steam pressure. A Manton- 
Gaulin homogenizer was used as a positil-e pump to force the product through 
the exchanger and i t  operated a t  about 2,000 p.s.i. After the product was heated 
to the desired temperature, i t  f l o ~ ~ c d  through a11 insulated holding tube of 1 in. 
internal diameter and which had a built-in thermocouple. The temperature was 
determined on a recording potentiometer. 

Received for publication Ju ly  19, 1951. 
1 Tliis work was supported in part  by U. S. Public IXealth Grant number 1947. 

13 



I 4  E. O. HERREID ET AL 

The heating rates in the small-tube heat exchanger a t  various temperatures 
were deter~uiiied with water, niilk ailci crearn preheated to 140" I?, as these prod- 
ucts flowed through the unit. This was done with a hwder block with a built-in 
therlnocouplc which extenclccl into the liquicl and the temperature of each product 
was obtained a t  seven points with a potentiometer. Each temperatnrcl was deter- 
lnined a t  the ~ n d  of t ~ v o  lengths of tubing or 11.7 f t .  ~vliic*h is cquivalent to about 
0.5 see. in flox time. The regulator was atljnsted to give the desired temperature, 
which \\as cletchrmined with a therniocouple in the holrling tube. 

The sniall-tube heat rxchanger was ratrcl as having a capacity of 200 gal. per 
hr. I ts  actual capac2it.v was deterrniried by collechting the prodncts into pre- 
viously weighed cans and timing the flow n~itli a stop watch. ICnowing the capacity 
ant1 also the d i~nens io~~s  of the heating section and of the holding tube, i t  was 
possible to calcnlate the, velocaity of the product through these parts of the ex- 
changer ancl a150 to calculate holding times. 

I n  this study, the crram was obtaincd from thc n~ i sed  milk of the University 
herd. I t  was scparatetl, placed in a vat, standardized ant1 preheated to about 
120" F. just before it was proc.essed in thr small-tube 11c.at cxcahangchr. The 
honiogonizc~r, which scrrcvl as a pump, was sterilizecl with water cwntaining 200 
ppm. of c.hlorine. The li(>atiiig and the cooling sections of the excahangc~r \irere 
steri1izc.d ~v i th  water a t  800° 1". for approximately 3 inin. The cream was 
pumpcd through thr exchanger inimecliately bvhind the water and the product 
al~vays was heated first a t  the highest ten~perat~rre of 800" F. About 3 to 10 gal. 
of creani \i-erc. punipc~cl throngh thc unit in order to obtain the clesired tempera- 
ture, and it wws allo~\.ed to flow for 10 to 13 see. before ;L sample was collectc~d. 

Thr size of fat globules was drterminc~d essentially by thc ~ilcthotl of Camp- 
bell (%). The creanl samplrs were dilntcd 1 to 300 with water and the final 
dilution was niacle into a 50 per cent glycerol sol~~tion.  Th? dilutecl sample was 
placed in a cell approxi11iatc.ly 70 p deep, (.overed with glass and allo~ved to stand 
for 20 ~ii in.  before it was placed wider the oil immersion lens. A Leitz XB 
projection micaroscope was usc~d. I t  had a prism reflector whic~h projc.ctec1 the 
field on a screen grid with lincs T', ill. apart, on(, space on t h ~  grid being made 
to equal 1,. The fat  globules were ~nagaificbtl 1,587 times and all those found in 
ten different fields were measured. 

The viscosity determinations were made with a Hoeppler viscosinic~ter at 
35.6 0.5" F .  in a roo111 a t  36" T 2" F. The samples were cooled in iced water 
immediately after they were processetl. 

The pII  deterlninations mrere made with a Beckman Model G instrument with 
the samples a t  104" F. The acidity determinations were made on 10 g. of cream, 
using 0.1 N Na0I-I and phenolphthalein. 

For  flavor determination, the samples were coolecl quickly i n  iced water and 
held in tightly stoppered bottles a t  40° F. They mere judged organoleptically 
a t  70" F. by four experie~lced persons. 

The stability of the cream was determined by adding 100 ml. of coffee a t  
195 to 200" F. to 9 ml. of cream. The coffee was brewed in a percolator for 10 
min. after i t  had begun to boil. The water had a hardness of 250 ppm. (1). 
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ESPERIBZENTAL RESULTS 

Operat ing pcrfornrancc of the small tube heat excha~iger .  The actual capacity 

of the ex(-hanger was fo11nc1 to be 218.7, 218.4, 216.0, 217.3, ancl 215.6 gal. per hr. 
for water, milk, ice erram mix, 12 per cent sucrose solution and creain containing 
20 per cent of fat, respectively (table 1 ) .  This indicates practicalljr thr same 
capacity for all of these products. 

Thp relocity of nlillr through the heating and cooling section Tvas 23.78 f t .  per 
see. and through the holding tnbe v7as 1.49 ft .  per sec., calculatecl as follo~\s: 

(gal./hr.) (cn. in./gal.) 
lTeloc.ity (V) = 

(see./hr.) (sq. in.) 

The tiinr required for the product to flow through the heating srction was 4.0 
see., ealculatcd as follolvs : 

L r n ~ t h  
Time (see.) =J 

Velocity 

Determining the actual holding time presented a diffic't~lt problem as the dye 
method c~oulcl not be used because glass mould not withstitnd the high tempcara- 
tures and the high pressures, and the salt method could not be nsecl because it 

TABLE 1 

l'7ie operatzng charactel-isttcr of tlie snzall trrbe 71rul ezclranger 

Product Sp. GI.. Capacity Holding time 

( l b . / s r c . )  (gaL./7~r.)  ( s ee . )  
Water 0.999 0.50(i5 218.7 2.11 
Milk 1.031 0.5217 218.4 2.14 
Cream 1.015 0.5066 215.6 2.19 
Ice Crcnm Mix 1.092 0.5409 216.0 2.24 
Sucrosc Solution 1.049 0.5280 217.3 2.15 

- p- - - -- 

wonld be very difficult to insert d n r a b l ~  contl~~cting wires into a trtbe of such 
s~nall diamc~ter. The holding time for cliffcrrnt pro(1nc.t~ was c.alc11latcd as 
follows : 

Where: T = time in scc., V = volume or eapacaity of the holtling tnbe in ft.', D = 

density of the product in Ib. per ft. ', and TV = ratr of flow in Ib. per sc>cA. The 
mass rate of flow (TV) mas determinccl by collecting the product for about 15 min. 
in previously weighed cans. The tinie was recorded v i th  a stop watch and the 
weight of product \\a\ (leternlined ac,c.nratc.lp. Prc,c.itution\ ~ v ~ ~ r c ,  taken to avoid 
spillage. Using milk, TV was found to be 0.5217 lb. per see. Next, the holding 
tnbe was rcmovc~d ancl fillet1 with each protlnet from end to entl, avoiding occlu- 
sion of air. The proiluct tl l(~n was poured into a graduate, and the volume ( V )  
vas  found to be 0.0185754 ft.? (526 ml.). 

111 calculating thr density of water arid other prodncts in the holding tube, 
the pressure was estimated to be 1,200 p.s.i. Though the prrssure at  the pump 
was 2,000 p.s.i., the pressure. on thc protlnvt ~ v o ~ ~ l d  d(.creasc graclnally fro111 the 
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heating section to the holding tube and would decrease further in the cooling 
section. If the pressure had been calculated at  2,000 instead of 1,200 p.s.i., the 
holding time would have been affected by less than 0.3 per cent. The calculations 
for holding time were made as follows: 

Density of water a t  60° F. is 62.36 lb. per ft.s (4) 

Density of water a t  300' F. and 1200 p.s.i. would be 57.58 lb. per ft."'2) (5) 

Therefore, the difference in density of water at GO0 F., and 300" F. is 62.36- 

57.58 = 4.78 lb. per ft.3 (6) 
The density of milk at 60° F. is 64.29 lb. per ft.3, and i t  is assunled to contain 

87 per cent water. I t  also is assumed that the difference in the density of milk 
at  68 and 300" F. would be 87 per cent of the differencae of va tw between the two 
temperatures. 

Therefore, the density of milk at 300" F. and 1200 p.s.i. would be 

64.29 - (4.78 x 0.87) = 60.13 lb. per ft." (7) 

, V I> (cu. ft.) (lb. per ft.3) = r =-= 
\V (lb./see.) 

Thus, the holding time for milk was calculat~d to be 2.14 sec. 
Since the capacity of the small tnbe heat exchanger is ~iearly the same for 

water, milk, ice cream mix, 12 per cent sucrose solution and creain containing 
20 pc.r cent of fat, then it is obvious that the holding time for each of these prod- 
ucts also wonld b(. ilbout the sanie. Fnrthern~ore, i t  is believed that the cal(~11atetl 
holding timrs (titble 1 )  for the rarious products represent closely thr actual 
holding timrs. This belirf is based on calculations of the Re)-nolcls number (N) 
of the prodnet passing through the heating sertion and through the holding tube. 
The rrluatio~~ for valculati~lg the Reynolds nulnber is: 

in which N = Reynolds nun~ber, I' = yelocity in c.m./src.., R = radius of the tube 
in em., P = clrn\ity in g./ml. and ?I = viscosity in poises. 

To calculate the R(.ynolds number for milk at 68 and at  300' F., the fol- 
lowing values vrc.re substitntrcl in the equation: I7 (heating tnbe) = 23.78 ft .  = 

'724.81 cn~./src... 1- (holding tnbe) = 1.49 ft. = 45.41 cm./src., R (heating tnbe) = 
0.125 in. = 0.3175 cm., R (holding tube) = 0.50 in. = 1.27 cm., P = 1.031 g./ml. 
at 68" F., P = 0.963 g./ml. a t  300' F., n = 0.015 poise a t  68' F., and n = 0.0079 
poise at 300' F.' 

W a h l c  4, Coml~rrssed 1,iquid of Steam Tablrs I I ~  K e r n n ~ ~  m ~ d  ICryes. 
:I Using 11 for milk = 1.5 rp.  a t  68" F., n for \vntcr = 1.0 rp. a t  (i8" F., mid n for  l ~ a t e r  = 

0.184 rp. at. 300" F., 11 for 111i1k was then ealr~llnted :IS follo\vs: 1.0 - 0.181 = 0.816 ep. difference 
in viscosity of \\.ater ; ~ t  68 and a t  300" F. For niilk rontn i l~ i l~g  R i  per cent \v:.;ltrr, th? c~nlculatrd 
viscosity a t  HOO" I.'. = 1.5 - (0.816 x 0.87) = O.i9 el). = 0.0079 ~~oises .  T~~for~l ln t ion  is  laeking 
for r ;~ leu la t i l~g  the rffert of 11e:lt on the risrosity of tllo total solids a t  :300° F. 
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The Reyilolds ilumbers for milk in the heating section and in the holding tube 
at 68" F. are 3.2 x lo4 and 7.9 x lo3, respectively, while the values at 300' F. are 
5.6 x 10' and 1.4 x lo4, respectively. I n  general, turbulent flox prevails when 

FIG. 1. Ilrating rates for water in the small t u l~e  Ireat esclianger. 

310 d 
302'F 

280- < 
281'F 

I 
250'F 

a0 " 1 1 " 1 1 " ' 1  

0 0.5 ID 1.5 2.0 2.5 3.0 35 4.0 (2.1 sec. hold~ng tube) 
SECONDS 

FIG. 2. Heating rates for milk in the small tube heat escha~~ger .  

1 3 0 ~ " " " ' ~ ~ ~ ~ ~ ~  
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4,0(2.lsec.holdingtube) 

SECONDS Y 

FIG. 3. I Iea t i l~g  rates for ercaln in the snlall t ~ b c  heat c~cl~angw'.  

this n~nnber is greater than 2,000; howrver, the transition zone, fro111 larliinar to 
turbulent flow rnay exteild from 2,000 to 3,500. From the Reynolds numbers, 
it can be assnmed that the flow is turbulent in the heating sectioii and in the 



holding tube of the heat exchanger. Therefore, the calculated holcling time of 
2.1 sec.. shoultl be close to that of thc actual holding time. 

The heating rates Irere essentially the same for  inilk (figure 2)  and cream 
(figure 3 ) ,  bnt slightly slolrer than those for  water (figure 1 ) .  The time rc- 
clnirc,d to 1.c3ach the desired teniperatnre was 3 Ti to 4.0 see. The cooling rates for 
\ratlLr arc shown in figl~rc 4. 

FIG. 4. Cooling rntrn for w:~trr in tlrc s111:1ll tubr hmt csc l~n~igcr .  

TABLE 2 

T h e  rglzct of 7reati11.q rvr.nrn it, tlrr s111n7l trrhc krrrl r.cclrcrn!~rr on f a t  glob~llr  sizr. 
(Az;. of 6 tr ials)  

Mran Stan(lnrc1 Stan(larc1 Stnnclar(1 
deviation deviation drviation 

Percrntagr (1istril)ution 
1 6.7 2.0 15.6 3.9 2'7.4 5.7 
2 29.2 2.2 41 .X 5.1 48.9 2.3 
3 31.3 2.5 26.6 2.1 18.S) 3.9 
4 1R.(i 0.7 11.0 1.6 3.1 1.9 
I 8.9 0.6 4.0 2.3 0.9 0.2 
(i or abovr 5.3 1.0 0.8 

- - - -- - - - - - - - - - - 

E f r c f  on fnf g l o b ~ t l r  size.  Tho rc.sults in tahlr 2 indicatcl that  the f a t  globules 
were reduc.etl i n  size by heating crc~am in a tnbular heat rxchanger at  both 180 
and 300" I". The (.fleet was greatc,r a t  h i ~ h e r  tcamperature. I n  the raw cream, 
67.2 per cc>nt of the globules were :1 p or less in diameter, while in the cream 
heatctl at  180' F., 81 per cent fell within this class ant1 a t  300' F., 93.2 per cent 
of thv globules \rercl 3 p or less in diameter. 

Effcrt 011 tai.ccosif?y. IIeating crcanl in the tnbular heat exchanger a t  1'70 to 
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1 
300' F. reduced the viscosity by approx~mately 50 per cent, as compared to un- 
heated cream, but the reduction was slightly less a t  170 and 180' F. (table 3).  
With the exception of the crcJams heated to 190, 210, 220 and 240' F., there r a s  
a teadcncp for slightly higher viscosities in the heated sample after storagc for 
48 hr. Ilowever, it is questio~~able if thew small variations arc) significant. 

Eflcc t  on pII ar~rl t r f ro fnb l c  acidttlj. IIeating eream in thr  tubular hc.at ex- 

TABLE 3 

The effect of heating creans in the small tube kcat exchanger on l;iscosil!l. (Av. of  2 tr ials)  

- - - - ~- 
Temperatl~rc 

Mean Stanrlar~l limn Strnld:~ 1.~1 
deviation deviation 

(" P.)  (CP.) ( c p . )  (('P.1 (CP.) 
Unl~eated 15.10 3.08 10.36 5.02 

300 8.01 1.44 8.35 1.45 
290 8.18 0.94 8.32 0.74 
280 8.22 0.60 8.53 0.63 
270 7.93 0.60 8.37 0.84 
260 8.04 1.03 8.1:1 0.78 
050 8.02 0.93 8.1:) 0.53 
240 8.36 1.44 7.84 0.06 
230 7.81 0.82 7.90 - - 0.88 
220 8.14 1.25 t . , 6  I .V2 
210 8.01 1.27 7.91 1.51 
200 8.12 0.86 8.88 1.44 
 no 8.42 1.05 8.on 1.41 
1x0 !).(I2 1.65 9.10 2.19 
I 70 9.53 2.37 9.8(i 

-- 

3.30 
- .- 

changvr a t  varions tc~nperaturcs aRects neither the hydrogen ion concrntration 
nor thc titratablr avidity wh(~n these tlrtrrminations were made before and after 
heating. Four trials were contlucted with 35 per cent cream aail five trials with 
20 per cent cream. 

Effect on flavor. The effeet on flavor of heating ice eream a t  various temprra- 
tures in the sniall tube heat rschanger is shown in table 4. The cooker1 flavor 

TABLE 4 
Thr  effect of hi.911, len?perat~frr.s on the paror of cream 
- - - -- 

Relative intcnsitya of cooked flavor at:  
Tilllf . - - - - - .- -- - 

300" F. 280" 1". 260" J". 240" 1'. 230" I?. 220" F. 210" F. 200" F. 
- - - -- - - - - -- 

(11 I . . )  

0 3.5 3.6 3.3 2.6 1.i 0.7 0 " '> 
0 

24 2.7 2.8 2.4 -.- 1.7 0.7 0 0 
28 2.8 2.4 2.4 "3 I .7 0.7 0 0 

- - - -- - - - -- - - - - - - - -- - - 
a 0 = no cookrd flavor; 1 = doubtful; 2 = slight; 3 = pronounced; 4 = rery l~ronounced. 

beca~ncl evidmt a t  220' On(, of the judgc~s scored thc samples heated a t  
210" 1". as doubtful, while the others scoretl these san~plcs having no cooltrd 
flavor. For  this reason thr  samples hvatrd a t  210' F .  are recorclecl as having no 
eookrd flaror. 

E f f e c t  on sta,bilit!j of cr.cntrr itr coffcc. Six trials were made to observe the 
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stability and the coloring ability in coffee of cream heated a t  various temperatures 
in the slnall-tube heat exchanger. There was no obsrrvable clrstabilization of 
either the f a t  emulsion or thr  proteins. The heated cream had more coloring 
ability in coffee than clid the raw cream. This probably is due to the increased 
number of fat  globules (6)  and to precipitation of calcium phosphate and co- 
agulation of the lactalbumin ( 7 ) .  

SUJIJIARY AND COXCLUSIONS 

Some aspects of the operating perfornlance of the small tube heat exchanger 
werc studied. Thv capacity of this unit in gallons per hour is practically the 
same for water, milk, cream, ice cream mix and sucrose solution. Obviously then, 
the calculated holding periods for these products in the holding tube also would 
be essentially thc same. Furthermore, the Reynolds numbcrs of thew products 
in the heating, cooling and holding sections indicate turbulent flow. Therefore, 
it is belie.r.ed that the calculated holding tilnc for these products in the holding 
trtbr is the actual holding time. 

The effects on fa t  globule size, viscosity, pII, titratable acidity, flavor and 
stability in coffer of cream heated a t  170 to 300' F., in 10" intervals in the small 
tube heat exchanger were investigated. I n  thr  raw cream, 67.2 per cent of the 
f a t  globules were 3 p or less in diameter, while in the crcLam heated a t  180' F., 
84 per cent were in this group and in that heated at  300° F., 95.2 per cent of the 
globules were 3 p or less. The risc*osity of the cream was reduced by approxi- 
mately 50 per cent, whereas pI I  and titratable acidity were unchanged. A coolted 
flavor in the cream was detected a t  210' to 220' F. Stability of the cream in 
coffee was not affectcd at  any of the tnnperatnres studied. Coloring ability in 
coffee was increased. 
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TIIE ORIGIS O F  OXIDIZED FLAVORS A S D  FACTORS RESPOSSIBLE 
FOR THEIR DEVELOPMENT IN MILK AKD AZILIC PRODUCTS 

VLADIMIR N. KRUKOVSIiY 

Depart?irefrt o f  I)airy Indltstry, Corftell Cnicerslty, Itlrara, S e w  Pork 

The objectionable flavors which develop in milk and milk products such as 
challry, tallowy, metallic and fishy, often are referred to as oxidizecl flavors. 
Few attempts hare beell macle, however, to trace their origin. It has been linown 
for some time that ascorbic acicl plays an important part in reactions which pro- 
duce the oxidized flavors (2, 4, 5 ,  6) ,  and that in fresh inillr oxidized flavors are 
not associated with the tl't~rioration of fat, bnt with unstable lipicls which are 
mostly a part of the fat-globule membrane (3, 12, 13). Studies of the stability 
of fa t  in cream and b ~ ~ t t e r ,  as detern~ined by the re-emulsification t ~ s t ,  also have 
indicated that with passage of time the fa t  itself may undergo deterioration in the 
presence of ascaorbic acid, resulting in the development of oxiclized flavors and 
losses in the fat-soluble vitamins (5, 8).  It has been pointed out, that  the 
sensitization of fat  to this type of cleterioratioil may take place within the limits 
of time during whicdh neither organoleptic nor cheinical changes can be accurately 
determined ill the fat-containing foot1 products ( 5 ) .  

Furthermore, a relationship was shown to exist between the tocopherol levels 
of the fat, as inflncnc.c~t1 by type and quality of the roughages fed to the cow, and 
the resistance of fresh milk to oxidized flavors (7, 9),  ant1 also between the ability 
of milk fa t  to resist tl(~tc.rioration ant1 the stability of toc.opherols (5, 8).  

The re-emulsification test revealed, however, that  oxitlized flavors associated 
with deterioration of niillr f a t  were of a somewhat different nature from those 
assoriateil with deterioration of the fat-globule membrane, and that occasionally, 
in the presence of asc.orbic. acid and a small amount of copper, a flavor difficult 
to describe dereloped in the skimmilk below the gravity cream layer of recon- 
stituted mill<. Neither this skimmilk flavor nor any other type of oxidized flavor 
wa3 detected in the gravity cream layer of recoiistituted milk made of stable fat, 
and its development apparently was prevented or appreciably retarded by the 
redistribution of fa t  throughout the body of milk during storage. Later, it  was 
observed that when the reconstituted milk made of unstable fa t  remained un- 
disturbed during storage, each layer of milk developed its characteristic flavor, 
and the dert~lopment of these flavors was neither prevented nor retarded by 
mixing of milk during storage. 

These obsc.rvations suggested the possibility that the antioxidant activity 
centered ill the fat  phase of the milk might extend its protective influence, not 
only to vitamin A and the fat, but also to the whole body of milk when the 
tocopherol content of the f a t  is suffic~iently high and the fa t  remains scattered. 

I n  view of these observations, the following experiments were performed, not 
only to trace and identify types of oxidized flavors which develop in milk and 
factors responsible for their promotion, but also to learn whether some of the 
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causative reactions could br induced, in t h ( ~  absence of vitai~iin C, by Cu aloiici, 
especially after the exposure of milk to light. 

Evidriice also is prc~sclntcil to show that thr  iodine and thiocyanogen valucs 
can ht. uscil successfully to tl(,ter~nincl initial chemical changes in f a t  other than 
the tlestruction of fat-soluble vitamins. 

It already has been remarkrd that the organoleptic character of oxiclizccl 
flavors which develop in inilk apparently is determined by the nature of thc hnb- 
stances undergoing deterioration. Consequently, to trace and identify the 
oxidized flavors and the factors responsible for their development, 72 samples of 
milk varying in different factors were prepared as follows. Mixed, morning, 4 
per cent fat, whole milk of low tocnopherol content, obtained from the Cornell 
Univt.rsity herd on successive days, was divided into thrce lots. Two lots of milk 
were depleted of their total vitamin C content by rapid oxidative methods, such 
as adding 0.03 1111. of 30 per cent 11,02 per liter of millr, or, photochen~ically by 
exposing mill< to sunlight for 30 min., then pastrurizing a t  61.6" C. for 30 min. 
(4).  The third lot of millr, containing 20 mg. ascorbic acid per liter, was pas- 
teurized a t  the same temperature ancl retainrtl a\ a control. Parts  of the vitamin 
C-containing and clepletctl lots of whole inillt were srparatecl to obtain the cor- 
responding three lots of 0.03 per cent fa t  sltin~milk. 

Subsequently, a part of each of the thrrc sltimmilk lots was used to prcpwrc 
4 per cent fat  reconstituted inillrs, all of whicdh mere made with the same fat. 
The f a t  was prepared by oiling and centrifuging the butter c h ~ ~ r i i e d  from cream 
separated from milk trvatrd with H20r .  This mas done to remove the fat-globnlc 
lilernbrane ancl to prevent the development of oxiclized flavors during the prep- 
aration of f a t  for tests ( 6 ) .  

1':ac.h of the resulting nine lots of milk (three of ~vhole, three of skim and 
three of reconstitnted) then mas snbdivided into eight aliquot portions. One 
portion was retained as control, and, to the others, 0.1, 0.2, 0.4, 0.5, 1, 5 and 10 
mg. of Cu per liter n-ere added in the form of CuSO, solution. These portions 
of milk then mere held a t  0 to 5' C!. up to 10 days in glass bottles protected from 
the light. During this time, the ~nillr samples were tasted each day. 

At the end of 10-clay storagc, gravity cream and sltiinmillr of duplicate 
samples of reconstituted milk, which remained undisturbed during storage, were 
carefully separated by siphoning. Cream was c.hurned and fa t  oiled, centrifuged 
and analyzrtl for its tocopherol ~.ontrat. This rxprriment was repeated nsing 
f a t  of high tocopherol conteilt to ascertain whether susceptibility of f a t  to de- 
terioration is affected by tocopherol level. Fnrthennore, in ordrr to determine 
the chemical cdhanges in fa t  other than tocopherol destruction, the stable and 
oxidizeti sainplrs of both lorn and high tocopherol fats mere analyzed for their 
acid degrees, iodine, thiocyanogen and saponificaation values. 

Finally, a collaborativr experiment was performed to identify definitely the 
oxidizc~cl flavors associatctl with deterioration of the fat-globul? membrane and to 
show again that thr prrrrntioii of osidizcd flavors by IT,O,-heat destrnction of 



vit:u~nin C: is not causecl by a co~nplrte oxidation to tastrless compounds of the 
substances involvetl, as somc~ investigators are inclinetl to believe. For  this 
reason, 20 mg. of ascorbic acid and 0.5 mg. of Cu per litcar were added, alone or 
together, to buttrrlnilk ant1 slrimmillt totally dcpletetl of their vitamin C content 
by I-I,O, and heat. 

The tocopherol contrnt of the fa t  was deterininecl using a four-unit ~noleculilr 
semi-micro still, as described by Quaife and IIarris  (10). Distillates of f a t  of 
low tocopherol content mere dissolretl in 25 nil. of solvont for colorimetric assay 
for totiil tocopherols. The vitamin C: content of the ~nil l i  and the f a t  constants 
were ilctt,rini~~ed using G~ulsalus and IIand ( :3) ,  Sharp (11) ant1 A.0.8.C. 
~nethotls (1). Thr  flavors tlescribrd in the ~nanuscript  wrre identified as such 
by the author. graduate stntlents and thc staff' niemb(~1.s of the Department of 
Footl and R'ut,rition, Collegt. of IIome Econo~nic.~. 

RESL'LTS ASD 1)ISC'USSION 

The ratrs of t1evclol)ment of oxitlized flavors in 72 previo~~sly  described 
samples of n~ i lk  a1.r s l ~ o ~ ~ n  in figure 1. I11 the abhr11c.e of ritainiu C, Cn catalyses 

A - CONTROL MILK 
6 -  MILK EXPOSED TO LIGHT 
C -  MILK TREATED WITH HZ02 
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FIG. 1. Tl~e r:ltes (in days) of d c ~ v e l o l ~ n ~ r ~ ~ t  of osidizcd flavors ill rit:ull~il~ C-eont:linillg 
and del~lrb~cl snll~plc~s of ~vholc milk, skimlnillc s11d rreonntitutcd milk in  the presnlea of v81ryi11g 
alnorrllts of Cu. 

of the reactions which p r o d n ~ ~  the oxiclizcvl flavors were either ptcventrd or 
appreciably rc,tardetl in whole millr, iultl increa\inglp so in sliim~nilli and reroll- 
stitntecl 1n11Ir. I t  also was evident that, although the drpletion of milk of the 
total v~ tamin  C: conttbnt by either one of thr  nlethods used increased the resistance 
of milk to oxitlizc~d flavors, neverthelcss the H,O,-heat treatment proved more 
effective, 

Prevention or po5tporiement of onset of reactions which produced oxidized 
flavors in samples of reconstituted inillr co~ltaining ascorbic. acid alone and with 
increasing amounts of Cu could be attributed to removal of the fat-globule 



membrane on one hand, and on the othm, to extension of the antioxidant activity 
of the f a t  to constituents of the ~n i lk  ~ I ~ S I I I H ,  ~vhen reconsituted milk is mixed 
during storage. A c.on~parison of the stability of this inilk with that  of the 
corresponding sai~iples of whole milk and skimmilk, which developed oxidized 
flavors very rapiclly, intlicates that the antioxiclant activity of f a t  of low toco- 
pherol content was not sufficient to stabilize the whole body of the milk and that  
development of oxidized flavors associated with deterioration of constituents of 
milk plasma is more reatlily prc.ventec1 or retart1t.d by the fa t  antioxidant. 

The types of oxidizetl flavors identifietl in whole, skim atid reconstituted milks 
are described in tabl(8 1. D'lavors associated with deterioration of skimmilk con- 

1'71e typrs of osidizr(1 flavors drceloprd in vitamin C-containing and depleted s a ~ ~ ~ p l e s  of whole. 
skim and reconstitlbted milks in the presrnce of varying alnottnts of C?L 

Milk denleted of the total 

Product Cu added Control milk eontain- - _ vitamih c content by: 

ing aseorbie :wid2 Photochr~nieally 11202 
and heat and heat 

( w . / J . )  
Whole milk ................. Cllalky to t a l . ~  

4% fatb 0.1 Met., then 
0.2- 0.4 So:lpy-to-tal. 
0.5- 1 anil again 
5 -10 Met.-to-fi. 

Skimmilk .............. Chalky-(Tal.) ? 
0.03% 0.1- 0.2 Chalky-to- 

0.4- 0.6 Sonpy- 
1 -10 Tal. 

Reconntitl~ted ......... ...................................... 
milk 0.1- 0.5 (Ihalky then chalky- 
47% fat11 1 to-soapy-t:~l. 

5 -10 and apl in  
3fc.t.-to-fi. 

--- --- 
a A4srorl>ie acid rontrnt \ms :tdjust,ccl to 20 n1~./1. 
hLo\v-tocopherol u.inter f a t  (2,053 y/lOOg. f a t ) .  

Tal. = t:tllo!ry; Met. = mctallic ; Fi. = fishy. 

......................... 
Chalky 
Chalky 

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

..................... 
Chalky 

taining ascorbic acid m r e  dominantly c.halky with it tract, of tallowilless; ill the 
presence of both ascorbic acid and Cn they were itlentifietl as c-halky-to-soapy- 
tallo~vy. Intnlsity of the soapy flilvow inrrc.asrtl with Cn content of skimmilk. 
111 the absrnec of vitamin C only chalky flavor was proinotccl by CII. This flavor 
mas detc>cted in both light-exposecl and II,O,-treated ski~iiinilks, but only in those 
samples ~vllich contained at  least 0.4 and 1 ing. of CU, respectirel.~. 

The flavors associated v i th  the cletrrioration of rrconstitntc~d milk were essen- 
tially the same as those developed in slzi~ninilk sairlgles containing ascorbic acid 
aild Cn, except that, to\vard the end of the experimental trial, samples with 1 ms. 
or Inore Cn clevc~lopril ~uc~tallic-to-fishy flavors. The fishy flavor xvas dominant 
and ~xceedingly repnlsivc~. Tn the ahsenc-e of vitamin C, 5 to 10 ma. of CII were, 

needed to proinote developinent of fishy flavor after initial development of a 
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purely chalky flavor in both kinds of reconstituted milk. The chalky flavor also 
was detected in reconstituted milk made of light-esposed skiinmilk, and contain- 
ing 1 ing. of Cn. 

These flavors also were detected in the whole milk. However, in roiitrast to 
reconstituted milk, a dominantly metallic flavor developed during the first day 
of storage in all samples of rnilk containing ascorbic acid and Cn. Although this 
metallic flavor was persistent throughout storage, in niilk with 0.2 to 0.4 mg. of 
Cu i t  definitely ~ v a s  dominated later by soapy-to-tallowy flavors, and with a 
further increase ill Cu content froin 0.5 to 10 ing., a fishy flavor became progres- 
sively dominant. The sarnple of whole milk coiitainiiig ascorbic acid and no 
addt~d Cn developed a chalky-to-tallowy flavor. IIowever, some rancloili samples 
of the natnral  hole nlilk coiitaining no added Cu developed metallic flavor as 
well. Development of irletallic flavor during thr first day of storage was due to 
deterioration of the fat-globule membrane, as indicatecl by additional observations 
reported in table 2. The iiltensification of this metallic flavor and its supercedure 

TABLE 2 
The effects of readdition of ascorbic acid and C u  to ski?nnzilk ant1 buttersrill; totally dcpletcd 

of their vitamin C content by H,0, and heat, lipon the d~cclopnlent of oxidized p a ~ o r s  

Flax~ora criticisms of milk containing: 
Held a t  Product KO ritamin C 

0 to 5" C. held or nddcd Cu Cu Ascorbic acid Ascorbic acid 
0.5 mg./l. 20.0 mg./l. and Cu 

-- 
(d.) 

............ 1-3 buttermilk . . . . . .  Ta1.-to-met. Met.-to-fi. 
. . . . . . .  ........... 5-7 then chalky then cl~alky- 

to-soapy-tal. 

........ . . . . . .  1-3 skimmilk S1. chalky 81. chalky, 
........... . . . . . .  5-7 the11 chalky- then chalky- 

to-tal. to-soapy-tal. 

a S1. r slightly; Tal. = tallollolry ; Met. = n~ctallic; Fi. =fishy. 

by fishy flavor toward the end of storage in samples of inilk with 0.5 to 10 nig. 
of CLI, was caused primarily by deterioration of the fat .  This is clearly evident 
from a coniparison of the data in table 3. I n  the absence of vitamill C, a clom- 
inantly fishy flavor developed finally in the whole niilk as i n  the reconstituted 
milk  hen at  least 5 ing. of Cu were added to the samples. Oiily chalky-metallic 
on one hand aiid chalky on the other were detected in light-exposc~cl and EI,O,- 
treated whole milk sainples containing 0.2 aiid 0.5 mg. of Cu, respectirely. 

The differences in the amounts of Cn required to catalyze the reactions which 
produce challry-nietallic flavors in whole milk aiid pnrely chalky flavors in slrim- 
milk and recoiistitntecl inilk, when depleted of the total vitainin C content by the 
two previously described methods, could be explail~ed by assuming that the 
unstable lipids of the fat-globule membrane and constitutuents of milk plasma 
were made niore sensitive to Cu catalysis of oxidized flavors by exposure of milk 
to light. The seilsitizing effect of light on milk to Clx catalysis of oxidized flavors 
diminished when the fat-globule nieinbrane was removed by the separation of 
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whole milk, followecl by addition of freshly prepared f a t  to the skimrnilk thus 
obtained. 

The flarors associated with deterioration of the fat-globule membrane, con- 
centrated in the buttermilk, are described in table 2. It is important to note 
that the reactions which prodnce the oxidized flavors were induced again by the 
addition of ascorbic acid to sliiminilk arid buttermilli which first were depleted 
of the total vitamin C coiltent by IIzO2 and heat. Neither of these two samples 
developed oxidized flavors when Cu alone acted as a catalyst. I n  the buttermilk 
containing ascorbic acid and Cu, as in the whole milk, the metallic flavor de- 
velopeci first. This flavor was initially so intense that it created a sensation of 

TABLE 3 

Effects  of t7~e leaddztion of Cu and ascorbzc aczd t o  ?econst~t~cted mzlk ?nude of fa t  of low and 
Inglh tocopherol content and sTUzmmzlL deplctrtl o f  total v~ ta?n?n  C content upon the tlcvelopment 

of or~dzxed flavors and tlzc stabllety of tocopl~erols at tlie end of 10 d. storage a t  0-5" C .  
- 

Reconstituted m i l k 4 7 0  f a t  

Additiolis Flarora critieislns o f  gravity 
-- -- Tocoplicrols 
Ascorbic acid Cu Skimmilk Buttermilk 

(nlg./r. ) (111g./l.) (y/100 9. f a t )  
Col~t lol  f a t  2053 

0.1- 1 2005'1 
I Chalky Jfrtallic 1408 

10 Ex. c l~n lky  Ex. met.-to-fi 960 

20.0 1 soal17- Met.-to-fi. 165'1 
20.0 5 -10 Tal .  lCs. met.-to-fi. 930" 

Coiitrol f a t  .................. . . . . . . .  4650 
.... 0.1- 1 ......... ................. 4632b 
. . 5 Cl~a lky  ........ 4598 

20.0 . . . . . . . . . . .  . . . . . . . . . .  4611 
20.0 0.1- 1 Cl~nlky- to-  4577b 
20.0 5 soalq--tal. Met.-to-fi. 3002 

- 
a S1. = sliglitly ; Tal .  = ta l lowy;  Met.  =metallic; Fi .  = f i shy ;  Es. = extremely. 
b Arerage values. 

fishinrss. I-lom'ver, thc metallic flavor was snpersedcd by challry-to-soapy- 
tal lo~i~y flavors, the soapy flavor being dominant. The corresponding sample of 
skimmill< developed chalky flavor first, which later was snperseded by chalky-to- 
soapy-tallowy flavors. The soapy flavor again was dominant. These observa- 
tions indicate that oxidation of the substances inl-olved might be carried on pref- 
erentially in the millr. 

A coinparisoil of data in table 3 also reveals that  the ability of f a t  to resist 
deterioration involving ascorbic acid oxidation is governed by the antioxidant 
activity of the fat  as determined by its tocopherol content. Pa t  containing 
2,053 of tocopherols per 100 g.  of f a t  underwent deterioration in the presence 
of 0.5 mg. of Cu, while 5 mg. of Cu were needed to produce the same effect in fa t  
containing 4,650 y of tocopherols. Likewise, in the absence of vitamin C, 5 mg. 
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of Cn, vhich were suficieiit to promote the osiclative deterioration of fa t  of low 
tocopherol content, failed to affect high-tocopherol fat. Oxidative deterioration 
of fat  was manifesteil by de\-elopment of nzc~tallic and doniinatly fishy flavors in 
the crcw,m layer of rec*onstitnted milk ancl the destruction of tocopherols. Flavors 
developed in the skirnmilk belo~~. the gravity cream layc>r of reconstituted inilli 
wpre identified as cdhalky when Cu alone actecl as a catillyst, and as chalky-to- 
soapy-tallowy 147he11 both ascorbic acid and Cu were pr(As('ilt. 

Under certain enriroilmental conditions the fat  might become extremely un- 
stable during storage. without affecting its palatability (5 ) .  I n  surh a case, the 
fat  would undrrgo tlcterioration ininietliately upon adclition of ascorbic acditl and 
as little as 0.1 mg. of Cu. This \rould explain the devc,lopment of objectionable 
flavors when unstable storage fat  is used in t h ~  preparation of foods containing 
asrorbie acid. 

Data concerning acicl degrees, iodine, thiocyanogen and saponifiration values 
of stable and oxidized samples of fa t  obtained in the preceding experiment are 
shown in tablc 4. \IThile iodine ralnes of oxidizc~el fa t  decreased, thiocyanogen 

TABLE 4 

C~~iirpar~sotr of iodil~e,' tlrior.ilniiogrir n~rd snponrficalio~i ~nlrres,  tocoplrerol contrnt,  and acid 
degrers of .\lnblr and oxidtzrd 1rrgl1- nnd lozr-tocopherol fa ts  

T y p e  o f  fn t  T.V. T . T .  S.T. Tocol111erol A.D. 
ppp.p - 

( y / 1 0 0  n. f a t )  
Summer f a t  

Stablc 37.60 30.63 228.1 4650 0.10 
Oxidized :I5.01 30.i2 228.3 3002 0.10 

T V i ~ ~ t e r  f:it 
Stable 31.24 20.53 2053 0.15 
Ouiclizcd 30.11 26.38 880 0.16 

- - - - - - - - . 
a Hanus mctl~od. 

values remaincd practically the saine. This snggests that one double bond of the 
linoleic acid in the triglyceride molec~ule was oxidized, since the thiocyaizogen 
radical attaches itself to all double bonds of oleic. acid and only to one double 
bond of linolcic acid. Consequently, it  is logical to aswme that oxidation of one 
double bond of the two-double-bond fat ty acids ~vould produce no changc,s in 
thiocyanogen values. On thc other hand, the iodine number, which indicates 
total degree of saturation, wolild decrease. Apparently, this type of clcteriora- 
tion does not result in break-c1o~r.n of long-chain fatty acids, because s;xponification 
values and acid degrees of fa t  a t  the end of the experimental trial were fonlld to 
be the same. 

Apparently iodine and thiocyanogen values can be used successfully to deter- 
mine the initial chemical rhanges in the structure of unsaturated fat ty acids in 
the triglyceride molecnl(~s. 

SUMMARY 

I11 fresh milk the oxidized flavors such as chalky and chalky-to-soapy-tallolvy 
have been demonstrated to be associated with the deterioration of milk plasma 
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(slii~nmilk), and ~nc.tallic. and metallic-to-fishy flavors with the deterioration of 
the fat-globule me~nbrane and oxidatio~l-scnsitire fat, respec.tirc4y. 

Ericlence is presentcld that oxidativca tleterioration of the substances involvetl, 
which is stinlulated in the presence of ascorbic acid and enhanced by Cu, is car- 
ried on preferentially. With passage of tinie, flavors d(~vc,loped in whole milk 
containing ascorbic acitl tinct 0.1 to 0.4 mg. Cu per liter, (&hanged from metallic 
to soapy-tallowy, the soapy flavor being tlon~inant; with further increase in the 
Cu content from 0.5 to 10 ing. the soapy-tallowy flavors wcw superseded by 
metallic ant1 metallie-to-fishy flavors associatetl with fat  drterioration. Cor- 
responding si~~llples of recdonstit~~tecl milk, froni which the fat-glob~~le menlbrane 
was re~noveil, developed chalky-to-soapy-tallo~jry flarors first, whicsh then were 
superseiled by litetallic and ~nctallic-to-fishy flavors ~vhen the fa t  underwent 
deterioration its nc~ll. Only chalky and challiy-to-soapy-tallo111y flavors developed 
in the slrimtiiilk samples. 

I n  contrast to thi4, in ~vholt,, slii~n and reconstitutrcl milks totally ileplrtecl of 
vitamin C content by H,O, aild heat, 0.5, 1 and 5 n ~ g .  of Cn, respectively, were 
i~eeded to promote the del-elopnirnt of chalky flaror, and 5 mg. of c*atalyst to 
cause oxidative d(aterioration of fat. 

The photoc~hm~ical-heat destrnrtion of r i ta~nin  C resulted in sensitization of 
nlillr to Cu catalysis of oxiclized flavors. This effecet wt~s diminished when the 
fat-globule menlbrane was ren~oretl by separation of whole inilk, followed by 
acldition of pure stable f a t  to slriinmillr thus obtained. 

Oxiilatire deterioration of fat  in prc.sc>ncdc of ascorbic acid and Cu was shown 
to br arco~npanied by oxidation of one double bond of the two double-bond fatty 
acids in the fa t  molecnle. 

The data indicatc that the antioxidant avtivity of fa t  as drterminecl by 
tocopherol content and extension of this acativity to the body of niilli by redistri- 
bution of fat, play an iniportant part in the prevention of retarclation of reactions 
1vhic.h pro(1uc.e oxidized flavors. 

The obserrations reportthtl in this paper also c.splain the relative iinmnility of 
homogenizetl 111illi to oxidiec~cl flavors, since in snrh nlillr the fa t  reniains scattered 
and the unlstablr lipid cAon~ponrnt of the fat-globule membrane is split and with- 
dra~vn from th(. snrface into thr intclrior of the fat-globules, where it is clfficiently 
protected by the antioxiclant. 

The anthor is intlcbted to the ITarry Snyder Fnntl for a grant in aid of this 
inrestigation. 

Gratitude is expressed to Maria .TiincloIo Sen- a t~t l  Ilarbara York for their 
assistance in this ~vorlr. 
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US1DEFl"l'PIED DIETARY FACTORS IS DAIRY CATTLE NTJTRITION. 
I. DlGESTIBILlTY O F  I'EAXUT IIlTLLS AX11 T H E l R  USE I S  

"IIALLAST" STVDIES MTITII MLLKING COWS DEPTJETED 
OX IIAY ATIOSE' 

C. F. 1IUFI''MAX . \ s ~  C'. 77'. DUSCAX 

Ur]~art?~ients of ])airy and Agriceltl~ral Chemistr!l, 
3liclriga~1 Agricrrllr~rnl Ezperi?~lc?tt Sfatio~r, East I;ansin(l 

Ever since the work of liellner and Iiohler (20), i t  ha.; been mniversally 
recognizt~il that  a polmcl of total digeatiblr nutrients (T.D.S.) in roupliaprs, other 
than young pa5turc. and hay grolvn in certain areas in thc Rocky l\Iountain 
region, mas infrrior for produc4ion p~~rposes  in thc ration of livc~stoclr wheu eom- 
parecl with rations of roughages plus concentrates. Iiellner and ICohlrr con- 
cluded fro111 thr rrsults of their stntlirs with steers that tlic prodnctive value of 
feeds varicxd 1110r(, closcly with the crnde fibrr toonteat than with any other in- 
gredient in tht, ft3eding stuff. Conseclnently, a nlcthod of fred evaluation was 
worlred out \vhich vas  basrd on thr  crude fibrr content anil cxpressril as starch 
equi~alent.  Arnlsby (2)  caleulatecl net-energy values for many fertlinp stuffs 
by disconntil~g the digc1stil)lr nntric>nts on the basis of tht. ;nnount of c-rucle fiber. 
Woochnan an(1 Erans  (29) c1etr1.1liinrd starch t~yuivalrnt valnrs hy deducting 
0.58 times the ulldigestible crude fibrr froni the 'P.D.S. ~ a l u r .  Lehnlann (21) nsrtl 
undigested organic. matter as ail iucles of "bi~llitst" as the basis for a discolunt, 
sy s t e~ i~  for calculating nlc5t-energy va l~~es .  111 1932, Forbcs (6)  statrd the lllodrrn 
concept of a balallved ration as follol~s:  "-there is no prrsrnt, or possible 
scientifically signifivant and drfensible singlr nleasurch of nutritive value of in- 
dividnal f(2tading stuffs; and that  in order to place our interest in s11c1i a mtbasnre 
on a rational basis it is necessary to reviscs the terms of the intercsst itself, aud to 
base it 011 ~ , n t i o ~ ~ s  crs zc*l~olcs' rathrr than upon iadivitlnal feeding stuffs." 

In  rt~rl icr  reports (13, 14, 15, 16, 17, 18, 19) it ~vits shown that cows placed 
on alfalfa ha:- aloon, follo\i.ing calving, ~nade  cficio~it use of the T.D.N. for 
sex-era1 nlonths (usnally 2 to 3 )  and thrn (1ec.lined in n~illr protluc~tion. This was 
referrrtl to as a depletion trchnirlue, siuec i t  apprarrd that  sonle unidentified 
factor(s) storrtl in the botly \vas being withdra\vn to balancr the T.D.N. in the 
hay. After the factor(.;) hacl bcco~ur rshanstrtl niilk protlnction declinrd to a 
1erc.l capable of bring supportrtl h>- the ~lntrin~cants ill the all-hay ration Thr 
rffiricnry of lnlllc prodnction prlor to tlepletion was not always acco~npanied by 
:I lo\\ in body ~vriglit. \\'hrn part  of thc T.D.S. in the hay was rrplaced by an 
equal amount of T.D.K. in milk prodnction intareased against the 
natnral tendcncy for cow.; to decline with advancr in lactation. Millr production 
did not increase, however, x~l1e11 either corn starch or corn sugar was atldrd to the 

Received for puLlieatio~l Jnly 19, 1951. 
1 Puhlislled with the approval of the Director of the I l i e l ~ i g a ~ ~  iZgricultrlral Experiment 

Station as Journal article no. l 2 i 3 .  
2 Italics bp autliors. 
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ration of depletetl cows. When the starch or sugar \\-as replacecl by either corn 
or wheat, on an  equal T.D.S. basis, illilli production increased without a change 
in the crude fibcr content of the ration. It appears that  hays vary in the a~noun t  
of the unid(~ntified lactation factor(s)  tha t  they contain as indicatecl by  the 
results obtained with Afol~tana hay (10). Thr  cows used in the hlontana stncly 
maclr efficient use of the T.D.X. for lnillr production, hut the chcmical analysis of 
the hay gavt. no c111e as to why this hay was sn1)erior to l\Iichigan-gr.01~11 hays. 
I n  line wit11 the nloclern voncrpt of a balant.ed rat,ion, these rcasnlts were explained 
on the 11ypothc.sis that cc~rtain hays \\.(,re defic:icnt in the unitlentifit~d lactation 
factor(s)  \rhivtl c.onld bt, snpplied by grain. This asstunptiotl has been qnes- 
tionc,d on two c o ~ ~ n t s :  first, that the incrc>i~se in lnilli produetion r e s l ~ l t i ~ ~ g  fro111 
the r t~pl i~ceni t~t~t  of part  of the T.D.S. ill hay with an equivalent anlount of T.D.S. 
in csoncdc~ntrattis was due to an  increase in c~i11cnlatc.d 11c~t-rnc.rgy ('72, 28) ; and 
secontlly, that  the rc~plat~emrnt of part  of the T.D.S. with co~lcentriites resnlted 
in a rc>tlnctio~i in crude fibcr it~takt: (26) .  13otll of thcse critic*isnls overlook the 
results with sugar i ~ n d  starch (1.5) and the ~ O I I C ~ I I S ~ O I I S  r~portecl  by R11rroug11s 
e t  al. (4 )  that  c2orll starch clocs not depress digcstibility whc.11 fed v i th  i~ l fa l fa  
hay. Axelsson ( 3 )  concl~~cled that  the optirnu~n amount of e~.nclc fibvr it1 the 
ration of cattlr wi~s  bt>t\r(wl 18 ant1 23 pc,r cent on the dry  basis. Rrt*c~ntly, 
Korclfelclt et al. ( 2 6 ) ,  using Xapier grass as the (.rude fiber variable, c~ol~cluded 
that  the level of crude fibcr should not exceed 16 per ccb~~t of the tlry nratter in 
the ration of liberally milliing co~r s  

This esperi~nent reports the results of a stncly on the cligestibility of peannt 
hulls, thc efficiency of milli prodnetion of cows depletc,cl of their milk-stimulating 
factor(s) by maintenance on a n  all-hay ration ancl when par t  of the hay had been 
replaced with corn and peanut hnlls. The peanut hulls werr nsed to increase 
the crutle fibc~r ant1 "ballast"  content^ of the ration ant1 to dt,c.re;lse the T.D.K., 
ealrulatcd net-rnerg~- and starch equivalent. 

Eight millring EIolstriu cows \rhivh had been properly depletetl were used in 
this investigation (13).  Four  of the c o ~ s  (A27, A'i3, A80 aud 499) receivcd 
thr  basal hay alone and were used as controls. The other fonr cows ( A N ,  A53, 
A46 and ,142) xwre used to clcterlninc the eoeffic*ients of digestibility of the basal 
ha? alonc and again after 15  lb. of the hay had been replacetl with 6 lb. of corn 
and 9 lb. of peanut hulls. The basal hay consisted of a n  alfalfa-timothy-brome 
mixture, U. S. gratlr no. leaf a ~ ~ d  color.. This hay c>ontainrd iibont 50 per 
cent alfalfa ant1 had heen enretl without being rained on. Sis-(lay collectioll 
periods Irerts used in each trial. The collection pc,riod for the hay-corn-peanut 
hulls ration was started on the seventh day following the switch t,o this ration. 
The cows wcbre fed twice daily. The feces \rere weighed and mixrd and aliquot 
samples preserrctl v i t h  IICl ntLre ta1ic.n daily for chc~nical analysis. Samples 
of hay, corn ant1 peanut hnlls xrt.re analyzed for the various constiturnts by  
A.O.A.C. inrthods ( 1 ) .  The chemical analysis of frcds, f e r ~ s  and average daily 
weights of the fec81.s are presented in table 1. 



T
A

B
L

E
 1

 

T
h

e 
c7

te
m

ic
aZ

 a
na

Z
!j

si
s 

of
 f

ee
ds

 a
~

~
d

 
fc

ce
s 

us
ed

 i
n 

di
ge

st
io

n
 t

ri
al

s 
tc

it
R

 p
ea

nu
t 

 lu
ll^

 
(I

J.
S

.I
I.

) a
nd

 t
he

 a
ve

ra
ge

 d
ai

ly
 t

oc
ig

7t
ts

 o
f 

fe
ce

s 
-
 
-
 

P
ro

- 
F

ee
es

 
1)

ry
 

O
rg

. 
A

s1
1 

S
.
F
.
X
.
 

T
.I

).
S

. 
?
 

m
at

te
r 

m
at

te
r 

C
H

o 
tr

il
l 

c\
t.

 
\V

et
 

D
yy

 
7 

C
or

n 
H

ay
 

P
.N

.H
. 

C
ow

 
A

61
 

A
53

 
A

46
 

A
42

 

F
ec

es
 f

ro
m

 b
ay

 a
lo

ne
 

F
ee

es
 f

ro
m

 h
ay

-e
or

n
-p

ea
n

~l
t 11

11
11

s m
ti

ou
 



UNIDENTIFIED DIETARY FACTOR. I 33 

The coefficients of digestibility for the peanut hulls were calculatcld by using 
the follo~ving coefficients for corn as given in IIeiiry and Morrison (12) and 
Morrison (24) : protein, 77; ether extract, 90; crude fiber, 57; nitrogen-free 
extract (N.F.E.), 93; and dry matter, 90. The percentage of undigested dry 
mattcr (D.N.), organic matter (O.M.), carbohyclrate or any feed constituent can 
be obtained by subtracting the coefficient of digestibility of the given constituent 
from 100.0. This villue is terincd the coefficient of undigestibility. The amount 
of the uildigrsteil coiistitueiit then can be calcnlated by multiplying the pounds 
of the constitneiit in the ration by its per cent of undigestibility. The method 
for calculating undigested carbohydrates is illustrated by using the data for 
cow A61 on hay alone (table 1 )  as follows: 

Coefficient of digestibility for crude fiber = 54.64i 
Coefficient of undigestibility for crude fiber = 100.0 - 54.6 = 45.4% 
Coc1fficieat of uildigestibility for S.F.E. = 100.0-64.8 = 33.2% 
Undigested crude fiber in hay = 31.2 x 0.454 = 14.2% 
Uiicligcstetl S.F.E. in hay = 40.1 x 0.352 = 14.1% 
Total and undigested CHO or "Ballast" = 71.3 i8.3'/o 
Per cent ui~cligestecl CIIO = 28.3/71.3 x 100 = 39.7 

Calculatetl net-energy (C.N.E.) was determined by the forinula suggested by 
BIoore (23), ix., E.N.E. = - 324.7 + 213.2 log of T.D.N. The starch equivalent 
(S.E.) values werc3 deter~uined by the standard method. The number of pounds 
of T.D.N. in 100 lb. of feed minus the product of the number of polu~ds of crude 
fiber times 0.58 equals the starch equivalent, i .c. ,  51.0 - (81." 0.58) = 32.9 
(table 1 ) .  111 calculating the coefficients for peanut h ~ ~ l l s ,  the iadivitlual coeffi- 
cients for eavh c.olv oil the basal hay \\-ere used. 

The millc way ~veiphed a t  each milking ancl 3-clay conlposite sainples were 
taken for butterfat tleterininations. The etluiralent nm11bc.r of pounds of 4 per 
cent fat-correctcvl milk (F.C.M.) was calcnlated froni the forinula proposed by 
Gaiiies (9 ) .  I n  the inilk production study, the periods 011 hay alone were 12 days 
and the hap-corn-peanut hulls periods mere 15 days in length. Dnring each of 
these pc~riocls, feces were collectecl for 6 ronsecutire days. The animals were 
weighed a t  the same hour erery third day. 

RESULTS 

The data concerning thr various coefficients of digestibility of the peanut hulls 
and the total ration for each cow, together with their mean ~ ~ a l n e s  and the mean 
values obtained from the four cows on the basal hay ration are compiled in table 2. 
The coefficients for the various constituents are in good agrrement among all of 
the cows. The coefficient obtained for dry inatter, organic matter and carbohy- 
drates for the peanut hulls are of about the same order for each cow. 

The coefficients of digestibility for the total ration of hay, corn and peanut 
hulls also show good agreement. The coefficient of the crude fiber for cow A46 
however, was 41.1 compared with 38.3, 39.5 ancl i38.8 per cent for the other three 
cows. This slight increase affected tht> T.D.N. because of the larger amount of 
crude fiber in the ration. The T.D.K. value of the total ratioii of A46 was 50.5 
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co~npared with mean of 48.9 per cent. The undigested dry inattcr, organic 
matter and carbohydrates for thr total ration showed good agrec~ment anlong all 
of the animals. Since starch equivalent values are calculated by disconnting the 
T.D.N. on the basis of the amount of crude fiber, the variations obtaiaecl among 
the cSo\vs follo\vrcl the T.D.N. content of the ration. Calculated net-energy values 
are based on the arunn~ation of the amount of C.N.E. in each ingredient that is 
included in thc ration ; howerer, Moore's equation can not be used to drtcmnine 
the C.N.II:. of t h ~  total rat1011 nllc.11 a negativr C.X.E. valur is assignc.d to one of 
the feed ingredients. The high T.D.N. valnc, obtained for A46 mas re~ponsible 
for the high calculatrtl net-rnergy value. 

A comparison of the mean coefficients of tlipestibility obtainccl for the all-hay 
ration ancl the hay-corn-prannt hlills ration shows consistently lower ~ ~ a l n c s  for 
all components of tho peanut 1111114 ration rsrrpt for ether extract and nitrogen- 
frre extract (table 2 )  The per crnt of T.D.N. on hay alone averaged 51.0 (.om- 
pared with 48.9 for the 1)cannt hulls ration. The averapcl hay ration cdontained 
39.3 therlns per cent of calculated net-energy compared to 23.7 for the hay-rorn- 
pcailnt hulls ratloll. Starch eqnivalcnt values for the hay alone and hay-corn- 
peanut hull5 ration weraged 32.0 ant1 28 8 per (dent. respectively. 

Table 3 shons thr data relativr to rnillr production. Three of four cows in- 
creased in milk production against the tide of declining lactation when 15 Ib. of 
hay were replaced \\it11 6 lb of rorn and 9 lb. of peanut hnlls. Cows A61, A46 
and A42 nerr  157, 148 and 167 (lays in gestation at  the beginning of the esperi- 
ment. Co~v A42 d~clinecl 0.1 11). in F.C B 4 ,  ~vhich mas a smaller decline than 
any of the four control co~54 fetl hay alone during the sanlc tinlr. Tt sho111d be 
pointed oat that there was a t1rcre:isc. in thr T.J).S. intake ilnring the peanut 
h~llls period of abont 1 lb. per (lay ptsr c.o\t7, hnt milk prodnctiol~ incrrasrd. The 
intakes of crntle fiber ant1 nndigestc~d c.;irbol~ydrittcs also incrcnased significantly 
during hay-corn-peanut hnlls periods, but the amounts of calculated net-energy 
and starch equivalents rccrivcd decrea\ed n~arliedly. As indic2atc~tl by the in- 
creased number of ponnds of F.C.N. pc,r 100 Ib. of T.D.S., the over-all efficiency 
of the czo~\-s on the hay-corn-pc~i11111t hulls ration incrrasetl whrn comparrd to the 
produc-tion on the all-hay ration. A11 of thv control cows drc.lincil in milk pro- 
duction whm maintitinet1 on the all-hay ration. 

The weight losse.; of the esperimentiil co\rs were not ex(-essive after they \wrr 
changed to thr hay-caorn-peanut lu111ls ration, while only one control cow (A'i3) 
sholvecl a slight loss in body weight. 

DISCUSSION 

Fiftern lb. of II~I; \ -  \\-ere replarcd with (i lb. of corn iltntl !) lb. of pcanut hnlls 
in orrlcr to dcterrninc, whether the unidentifird lactation factor(s) siipplicd by 
grain could be acco~intcd for on the bitqis of an increase in caleulated net-rnergy 
(Moore), starrh eclnivalent or ii dec~rrasr in cdrudrl fiher. The valnc, of peanut 
hnlls as a s~~pplement to rc.placr part of t h ~  hay is indicated by the nc,gative 
calcnlated net-enc~rgy. starch eclnivalrnt ant1 high crude fiber contents (- 54.6 
therins, -17.6 and 62.4 per cent, rrsprctivcly), but their merit as a source of 
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"ballast" is manifested by the large amounts of undigested dry matter, organic 
matter and carbohydrates that they contain (78.9, 78.9 and 79.4 per cent, 
respectively). 

Fraps (7, 8 )  determined coefficients of digestibility of peannt hulls by using 
four sheep. Peanut hulls also have been used in other digestion trials reported 
in the literature, but they appear to have contained some peanuts, as was in- 
dicated by their high ether extract content. T t  appeared desirable, therefore, to 
secure coefficients of digestibility of peanut hulls for inilking caows. The peanut 
hulls used in this study contained 1.31 per cent ether extract, which indicated 
that they were low in peanuts. The two samples of peanut hulls used by Fraps 
contained 1.26 and 1.66 per cent ether extract. The coefficients of digestibility 
of the crude fiber for the four cows used in this study varied from 20.2 to 28.0, 
compared to 7.7 to 38.2 secured for sheep. The crude fiber content of the peanut 
hnlls was 62.4, as compared to 56.0 ancl 37.2 per cent in the trials with sheep. 

The increases obtained in F.C.M. from three of four cows when 15 lb. of hay 
were replaced with 6 lb. of corn and 9 lb. of peanut hulls were associated with a 
marlrcd decline in calculated net-energy and starcdh equivalent intakes and in- 
dicate the nnreliability of these two methods as scicwtific Ineasnres of feed evalua- 
tion. Even when the peanut hulls were given a zero calc*~ilated net-energy value, 
as suggested by Morrison (24), the calculated net-energy value failed to express 
the protlnction value of the hay-corn-peanut hulls ratioil. It should be einpha- 
sized that true net-energy of a mixed ration can not be expressed by a fixed value, 
becaus~ higher or lower values can be obtained depending on the balance of the 
ration and also on the genetic characteristics of the individual cow. The concept 
of true net-energy nlust take into considcratioa the ration as a whole and not just 
the sun~mation of the amount of calvnlated net-energy in earh individual feed 
included in the ration. The rcs~ilts obtainecl from this \vorlc support the modern 
concept of a balanced ration as first espressed by Forbes ( 6 ) .  

Thc increase in F.C.M. whicah 1x7as obtainc>tl when 1.5 lb. of hay were replaced 
with G lb. of iwrn ancl 9 Ib. of pc3anut hulls was associated with an  increase in the 
per cent of crude fiber in the dry n1attc.r from 34.6 to 38.0. These results do not 
confirm the conclusions of Axrlsson ( 3 )  that the optimum crude fiber content of 
the dry matter is between 18 and 23 per cent. The results also fail to confirm 
the conclusions of Nordfeldt st 01. (PG), who reported that the crude fiber level 
should not escdeed 16 per cent of the tlry matter in the ration of liberally milking 
cows. The level of nlilk production of the cows used by Nordfeldt ef nl. was 
higher than ill the cdows used in this study; nevertheless, Graves st al. (10) re- 
ported high levels of nlillc production by cows fed Montana hay which contained 
34 per cent crncle fiber on the clry basis. It is likely that the Xapier grass which 
Nordfeldt st al .  fed as thc crt~tl(. fiber rariable had some factor present which 
tended to depress nlillr production. 

The role of "ballast" in dairy cattle nutrition has recaeived scsant attention in 
the past, except that crude fiber has been used as a criterion for feed evaluation. 
The amonnt of crude fiber in a ration is not a reliable index of "ballast" because 
of the wide variation in the coefficients of digestibility ( 5 ) .  Lehmann (21) de- 
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finecl "ballast" as the nndigestetl organic matter and used it as a basis for calcu- 
lating the tic~t-energy valnc of feetls for livestocli. The undigested organic matter 
includes n~cltabolic nitrogeil and ether extract. These constituents only lnalie up  
a sinall part of th(. uncligestcxd organic inattw, but it does ac*c.omit for the waxes 
and chlorophyll that lnay bc presviit in roughages. G ~ i l l ~ n i e t  and Jacquot (11) 
definctl " halli~st " as ~indigrstecl carbohyclri~t,es (crnde fiber + N.F.E.) . This 
fraction a c ~ ~ o ~ ~ l i t s  for all thc~ l igni~l  which is fount1 in crud(> fibw and K.1C.E. 
(25, 2 5 ) .  011 theorcbtical gro~uncls, the undigested crndc fiber plus thc nnclig(~stcd 
N.F.E. apptwr to br the inost logical basis of "ballast". Tf7hea n~illriilg COWS 

mere cllangetl fro111 hay alonct to the hay-corn-peanut hnlls ration, the change in 
the difrrent  forms of "ballast" (nncligestc~d dry matter, organic matter and 
carbohydrates, c.alculatvtl as per cent of the tlry mattcr) ~vas  greater in the case 
of undigested carbohydrates. I t  appears, therefore, tllilt of the three forms of 
"ballast" usrd ill this investigation, undigested c.arbohyclrates is a superior indes 
for measuring LLballast". These results failed to sho~v that by incrrasing the 
"ballast" (u~itli~estecl carbohyclrate) f ronl about 41 on the hay alonc to about 
46 per cent oil t l i ~  hay-corn-peanut hulls ration, rnillr proclnc.tio11 was aff'ectecl 
adversely. 

TYhel1 15 Ib. of hay Trcrc. replacrd by (i Ib. of corn a11d !f lh. of peiilll~t hlllls, 
thcbrr \\-as a cleclitle of about 0.9 Ib. of T.1I.S. p(.1. (la?-. It is ~ ~ n i v c ~ ~ s a l l y  recog- 
nized that the T.D.N. concept is not a coiiipletely rc.liablc cdriterio~l of the bitlance 
of a ration. Th(: illcrease in the numbcr of poluids of W.C.M. per 100 lb. of 
T.D.S. aplwars to be a nlorcb acceptable nic.asure of thc balance of the ration. 
Therc was an inc.roasc: in the efficic11lc.y of T.T).S. coliversio~i to F.C.lf. ill a11 four 
cows tlnring the hay-caor~l-peiiunt hulls periods in comparison to a coilsistent de- 
crease i11 the c.ontrol co~vs fed the basal hay. These resnlts coilfirin previons re- 
ports that grains ant1 root crops supply some ~u~itlrntifiecl factor(s) neeclecl to 
balance the T.D.N. of hay (13, 14, 15, 16, 17, 18, 19) .  

Tlict loss in weight of all of the cows during the hay-corn-peanut lilills periods 
appears to be associatc~d with thr dec.reiise in the. net \\-(bight of the f(~cc.s, because 
of a lack of fill in thr cligestire tract. Therc was, ho\veuer, ;ill increase in the 
weight of the dry i i ia t tc~  of tho feces tlne to the increase in "ballast" intake 
(table 1 ) .  The ilifferc,nc*c in tlic. watw-holding eapacity of thv feces after the 
adtlition of corn and peallnt hulls may hiire bccn clue to it cleczlinc in hytlrophilic 
colloicls in the ration. 

SUJI Jr ARY 

Four clcpletetl iiiillri~lg JIolst(~i~i  C+OWS \yere used to d(.tc.rmine the digestibility 
of hay when fed alo~le atit1 after 15 lb. of the hay had b(.ni replilcdcltl with 6 lb. of 
corn ancl 9 lb. of peanut hlills. 14'our Holstein ('o~vs \vei-(> ~naii l tai~i(~d on the basal 
hay ration tllrougliolit the experitnent as controls. 

The coc.ffic.inlts of digestibility of the pcanut hnlls were found to bc: dry 
matte,', 21.1 ; orgatlic. matter, 21.1 ; carboh~tlratc~s, 20.9 ; protein, 28.7 ; ether ex- 
tracat, 13.0; c.ruil~ fiber, 21.0; aiicl 11itroge11-free (,xtract. 10.3. Thc "ballast" 
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values Tverc calculated to be: undigested dry matter, 78.9; nntligestecl organic 
matter, 78.9 ; ant1 n~~digc+ked carbohydrates, 79.4 per cent. 

Three of four cows increased in the production of F.C.M. when changed from 
hay alonc to a hay-corn-peanut hulls ration, whereas all of the control cows de- 
clined in F.C.M. All of the cows increased in the number of pouncls of F.C.M. 
per 100 lb. of T.1I.N. on the hay-corn-peanut hulls ration, ~vhilc all of the control 
cows sho\r.ed a decline. 

T ~ I :  amonnt of F.C.31. illcreasecl appreciably in spite of the fact that the 
calculated net-c~ergy and starch equivalent values declined markcilly and the 
crude fiber ant1 undigested carbohydrates increased. 

Thc results of this investigation snpport the inodern concept of a balanced 
ration and illustrate seine of the imperfections in both the calculated net-energy 
and the starch eyniyalent concepts as scientific methods of feed evalnation. 

The data presentetl in this paper give further support to the contention that 
grain suppli(,s thr unicle11tific.d factor(s) nc~cvlecl by solne hays for inore eficient 
milk proclnction. 

Uncligestctl carboliydratcs appear to be a better index for "ballast" cvalua- 
tions than either lu~digestril dry matter or ~u~~digested organic matter. 

The losses in hotly !-wight of the cows on the hay-corn-peanut hulls ration 
appeared to be due to a clecrease in wet fecal  eights cine to a lack of fill, al- 
though the daily a~nount of fecal dry matter increased. 
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USIDENTIFIED DIETARY FACTORS IN DAIRY CATTLE NUTRITION. 
11. FURTHER EVIDENCE O F  AN UNIDENTIFIED FACTOR(S) 

I S  GR,AIN NEEDED TO BALANCE ROUGHAGE 
FOR AZILIC PRODUCTION1 

C. F. HVFFMAN,  C. W. DUKCAK AND C. M. CHANCE 

L)epart~c~eicls of Ilaery and Agriertltctral C l i e ~ ~ t ~ s t r y ,  Nzrlrzgan Agrtcctltural Experwtent Statcon, 
Eas t  L a n r ~ n g  

I n  thv prec.ecli11g paper (12), digestion trial data were prc~sented on four 
milking cows recaeiving a ration of hay alone and again after 15 lb. of the hay 
had bet111 replac.ed with (i lb. of corn and 9 lb. of peanut h111ls. Three of four 
cows i~~creasecl in illilk production against the tide of declining lartation on the 
hay-corn-peanut hull.; ration, in spite of the fact that there was a inarked decrease 
in the c*onsulnption of T.D.S., calculated net-eiicrgy and starcah eqliivalent and a 
significant incrclase ill the amount of crltcle fiber in the. dry inatter and in ballast. 

The worB prt.seatec1 in this paper is a continuation of the study on the effect 
of replacing part of the hay in an all-hay ration with grain ancl ballast in the form 
of wheat straw, woocl nieal or peanut hulls on milk p~.oduction, with elliphasis on 
the possibility of explailling the unidentified factor(s) in grain 011 the basis of 
thc calculated net-energy ancl starch equivalent concepts. 

Seventeen Iiolstein cows were used in 25 trials to determille the effect on milk 
production when part of the hay was replaced with grain plus either wheat straw, 
oakwood meal or peanut hulls. They had been depleted of their mill;-stimulating 
factor(s) by the technique described previously (9, 10, 11). Six cows mere used 
in seven trials with grain and ~vlieat straw, three cows were nscld in threc trials 
with wood meal and 11 cows were usecl in 15 trials ~ r i t h  various amounts of corn 
and peanut hulls. Some of the cows were used in two different trials a t  later 
stages of lactation. The cows uaried from 42 to 318 days in lactation a t  thc start 
of the experiinental period and from 0 to 146 days in gestation. Detailed data 
are presentecl for 10 representative cows, but complete data are available upon 
request. The milk was handled as reported previously (12). The cows were 
weighed at the same hour every third day. The length of time that the c o ~ s  mere 
on the basal ration varied from 9 to 18 days and the slipplc~ne~lted periods ranged 
from 9 to 27 days. 

The description of the feeds, their chenlical composition, coefficients of di- 
gestibility, digestible protein, T.D.N., calcnlatecl net-energy, starch equiualeilt and 
ballast values are sholvn in table 1. When the c.onrs \vchre tlepl~ted on a inixtl~re of 
alfalfa and brome haps, part or all of the brome hay was rcplac8t.d with grain and 
ballast. Th(, coefficients recommended by Iforrison (20) were usrtl for solne of 

Received for  publication .July 19, 1931. 
1 Publishell with the :tpproval of the Dircrtor of t h r  Michigan Agricultural Experiment 

Station a s  Journal :~rticlc 110. 1274. 
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the feeds, but actual coefficients of digestibility were used for  the majority of the 
feed stuffs. The requirements suggested by the National ltesearch Councail (15) 
were used for  T.1l.S. ancl the npper liinits suggested by BIorrison (20) were used 
for calcnlatiiig net-energy. lloorc's method (19) also was used to deter~niiic the 
calculated net-energy values. 

The wood meal was inade by grinding oalrwood shavings. The T.D.N. content 
of the meal was assumed to be 10 per cent on the basis of the work of Kirsch and 
Jantzon (13), who determined the T.D.N. content of birch and pine sawdust silage. 

RESULTS 

The pertilielit data showing the representative rcsnlts obtaiiiccl by replacing 
part  of the hay in a n  all-hay ration with an  equivalent amount of grain and either 
wheat straw, oalrlvood meal or peanut hulls arc presented i11 table 2. The data 
given for tlie three cows are  representative of the seven trials in tha t  they include 
the iniilitn~in and inaximum increases in inillr yield when straw and grain were 
fed. The cow used in trial 1 produced 2.2 lb. more of 4 per cent F.C.M. per day 
oil the hay-straw-grain ration with the same amount of T.D.S., calculated net- 
energy and ballast, than tha t  produced on hay alone. \Vheii corn glnteu ineal 
ailil ~tril\\. replaced part  of the hay in trials txvo and three, the an~omnts of F.C.M. 
increasetl slightly, although there was decline in T.D.K. and calculated act-enc,rgy 
ancl an  increase in  the ballast content. The number of pounds of F.C.M. per 
100 Ib. of T.D.N. increased in all seven trials following the change from liar 
alone to the hay-straw-grain ration. 

lIT11e11 10 lb. of hay were replaced with 5 lb. of a grain mixture aiicl .5 3 lb. of 
wood meal, in trial 4, the amount of inillc increased on the same amount of T.D.N., 
less calcnlateil net-energy, more ballast and the same amount of starch equivalent 
and crucle fiber in the d ry  matter. i\Iillr production increased still further,  how- 
ever, when the wood meal mas reinorcd from the ration. This increase was asso- 
ciated x~ i th  an  increase in calculated net-energy and starch equivalent intake and 
a decrease in the per cent of crude fiber on the dry  basis and in ballast. The re- 
sults presented for this cow are typical of thosc obtained froin the other two corns. 
The number of po~incls of F.C.XI. increased in all three trials on the hay-grain- 
wood meal ration, but a n  additional iiicreasc was obtained when the wood meal 
\rits I\-ithdrawn fro111 the ration. 

Peanut 11ulls are an  excellent source of ballast because of their high crude 
fiber and low T.D.K. content, but wheat straw is not a satisfwcatory sonrcc of bal- 
last, because tlie spread between some of the hays and nh ra t  straw is not wide 
enough to accentuate the effect of ballast. Also, the pcr cent of crude fiber in 
sollie of the, hays ancl wheat straws cloes not vary enough to properly evalnate the 
role of thc levrl of crude fiber in the ration. 

Corn and p ~ a n u t  hnlls replaced par t  of the basal hay in 15 trials. Tn trials 
5 to 8, inclusive, 15 lb. of hap were replaced by 6.5 lb. of corn ancl 8 lb. of peanut 
hulls. All of the cows showecl an  increase in the production of F.C.M. on this 
ration compared to the periods on hay alone. The increases in milk production 
occurred even though the aniomits of calcnlated net-energy and starch equivalent 
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were reduced and the per cent of crude fiber in the dry matter and ballast were 
increased. The cow used in trial 5 increased 2.5 lb. of F.C.M. per day on the 
hay-grain-peanut hulls ration over that produced on the all-hay ration and milk 
production increased an additional 0.3 lb. when the peanut hulls were removed, 
whereas, the F.C.M. produced by the cow used in trial 6 was unchanged on the 
same ration. There was no significant difference between the calculated net- 
energy and starch values after the 8 lb. of peanut hulls had been discontinued 
and the values on the all-hay ration, but an increase was obtained in the number 
of pounds of F.C.M. per 100 lb. of T.D.S. consumed. In  trials 9 and 10, 3 lb. of 
corn and 4.5 lb. of peanut hulls replaced about 7.5 lb. of hay. This ration pro- 
duced an increase in F.C.M. in all of the trials, although the T.D.N., calculated 
net-energy ant1 starch c%cluivalent values were reduced and the amount of ballast 
and crude fi'oer in the dry matter ~ ~ c r e  increased. The supplements were doubled 
in the last part of trial 10 and the basal hay was decreased by 7.5 lb. per day for 
a 27-clay periotl. This change resulted in a further increase of 0.3 lb. of F.C.M. 
per day and an aclclitional drop in the T.D.N., calculated net-energy and starch 
equivalent intakes and a n~arked incrc,ase ia the crude fiber and ballast intakes. 
The rc~snlts prescwted for thr six cows arc typical of the rcsults obtained from 
the othrr nine trials. 

In  all trials, the amount of 4 per cent F.C.M. increased against the tide of 
advancing lactation when part of the basal hay was replaced with corn and wheat 
straw, wood meal or peanut hulls, even when a zero value was used for the net- 
energy content of the peanut hulls. The efficiency of caloric conversion of T.D.N. 
to milk is strikingly illustrated in table 2 when the number of ponnds of 1q.C.M. 
per 100 lb. of T.D.N. consumed is examined. 

The per cent of fat in the milk remained unchanged after the ration was 
changed from hay alone to the hay-grain-wheat strav ration and to the hay-grain- 
mood meal ration, but when corn and peannt hulls replaced part of the hay, there 
was a decline in the fat col~tent of the ~nillr in six trials, no change in seven trials 
and an increase in two trials. 

The differences in body weights rtv-orded in table 2 for the cows on the various 
rations do not appear to bp signifivtint. 

DISCUSSION 

The seven trials with wheat straw indicate that the unidentified factor(s) 
present in grain improves the balance of the ration. These findings are in agree- 
ment with the results reportc,d by Bnrroughs et al. (2), who found that corncobs 
fed with good hays and grain were ahnost as productive per pound of T.D.N. for 
body gains in steers as that in corn grain. The increased ballast intake when 
oakwood meal was fed failed to suppress the milk producing factor(s) in the 
grain, as was shown by an increase in the aniount of F.C.M. in each trial. The 
wood meal exerted some inhibitory effect, however, because milk production in- 
creased in all trials following withdrawal of the meal from the ration. Although 
the amount of ballast decreased from 42 to 32 per cent from the periods on the 
hay, grain and aood meal to the hay-grain ration, i t  appears unlikely that ballast 
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was a factor in view of the higher ballast values in all of the trials with peanut 
hulls. The increased production of F.C.M. can not be explained on the basis of 
calculated net-energy, even when a zero value is used for peanut hulls, since the 
amount of F.C.M. increased in all trials which contained the same or less calcu- 
lated net-energy. These results are not in agreement with Moore ( IS) ,  Saarinen 
e t  al. (22) or Shaw et  al. (23), who have postulated that the unidentified lartation 
factor (s) in grain is due to an increase in calculated net-energy, but they do con- 
firm previous findings (9, 10, 11, 12), which indicated that concentrates supply 
an unidentified factor(s) needed to balance the nutrients in some hays for effi- 
cient milk production. These results also are in agreement with those of Smith 
et al. (24), who showed that the replacement of 13 to 25 per cent of the T.D.N. in 
an all-alfalfa hay ration with various concentrates, on an equal T.D.N. basis, 
resulted in an increase in milk production. Davis and Kemmerer (5) found that 
milk production was increased when dried grapefruit peel was added to an alfalfa 
ration. Loosli (14) reported that an increase in F.C.M. occurred when hay was 
replaced mith an equal amount of T.D.N. in either corn distillers grains or corn 
distillers solubles. 

The increases obtained in F.C.M. when the cows were changed from an all-hay 
ration to a hay-corn-peanut hulls ration were associated mith an increase in the 
per cent crude fiber in the dry matter and in the per cent of ballast. These 
results are in agreement with those of Graves e t  al. ( a ) ,  who showed that high 
levels of crude fiber do not depress milk production when the total ration is rea- 
sonably well-balanced. The work of Graves e t  al. also indicated that some hays 
may contain a sufficient amount of the unidentified lactation factor(s) for effi- 
cient milk production when fed as the only feed. The results, however, are 
not in accord with Nordfeldt et al. (21) who reported an optimum crude fiber 
content of 16 per cent on the dry basis for liberally milking cows, or with Axels- 
son (1) who stated that the optimum crude fiber content of the dry matter of the 
ration for cattle was 18 to 23 per cent. The highest values (about 38 per cent on 
the dry basis) observed in this work may have been close to the maximum under 
the conditions of this experiment, since one cow went off-feed when 22.5 lb. of 
hay were replaced by 9 lb. of corn and 13.5 lb. of peanut hulls. The T.D.N. sup- 
plied by peanut hulls nlay be as poorly balanced as that in the hay which was 
replaced. The efficiency of the conversion of T.D.N. to milk is a better index of 
the balance of a ration than either calculated net-energy, starch equivalent or 
any system of feed evaluation based on the summation of empirical values as- 
signed to individual feed stuffs when they are fed in combination. 

The increase in milk productioil which resulted when part of the hay was re- 
placed with grain also may apply to gains in body weight by beef cattle. Forbes 
e t  al. (7) studied the metabolism of steers fed alfalfa hay alone, corn alone and a 
mixture of hay and corn and concluded that the net-energy (actual, not calcu- 
lated) of corn in the mixed ration was greater than when the components were 
fed alone. The results of Burroughs e t  al. (2) also showed that the T.D.N. of 
corncobs exerted about the same production in steers as the T.D.N. in corn. 

The unidentified lactation factor (s) present in concentrates may be reqnired 



by the rumen bacteria to improve the balance of the ration. Burroughs e t  al. 
(3)  found that  the digestibility of the dry  matter of corncobs was clepressed by 
the addition of starch, but when the same amount of starch was added to alfalfa 
hay, the depression in the digestibility of d ry  matter did not occur. These 
morlrers ( 4 )  showed later that alfalfa hay ash contained essential nutrients for 
the growth of ruinen ~nicroorganisms. It is difficult to determine whether the 
factor (s) is needed by the rumcn microflora or by the host or by both. 

The results reported herein support the modern concept of a balanced ration 
which was first expressed by Forbes ( 6 )  and officially defined by AIitchell (16)  in 
1935. They also are in agreement with Maynard (17) who stated: "Since indi- 
ridual feeds are seldom if ever balanced rations, it is evident that  the summation 
of the net-energy values of the feeds making u p  a ration is not an accurate measure 
of the energy value of the ration as a whole and that  the values for certain indi- 
vidual feeds may be highly misleading as to their effects as constituents of com- 
pletely balanced rations. Herein lies another practical limitation of the net- 
energy system. " 

These results suggest that  an  objective in forage crop research should be to 
produce hays high in milk-stimulating factors in order to reduce the amount of 
grain-f eeding. 

SUMMARY AND CONCLUSIONS 

Seventeen depleted cows were used in 25 trials to determine the effect of re- 
placing par t  of the hay in an all-hay ration with grain and either wheat straw, 
oakwood meal or peanut hulls. 

I n  all but one trial, the replacement of par t  of the hay with these feed stuffs 
resulted in an  increase in 4 per cent F.C.M., even though the intakes of T.D.N., 
calculated net-energy and starch equivalent decreased and the crude fiber in the 
dry  matter and ballast increased. 

Crude fiber values u p  to 38 per cent of the dry  matter did not depress milk 
production when the cows were changed from hay alone to a ration of hay, corn 
and peanut hulls. 

The results of this investigation indicate that calculated net-energy and starch 
equivalent values of individual feeds are not additive, but that  they support the 
nlodern concept of a balanced ration. 

Further evidence is presented to show that the unidentified lactation factor (s)  
ill grain is needed to improve the balance of roughages. 
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T H E  PRESENCE O F  AUREOMYCIN I N  MILK AND ITS E F F E C T  
OS CIIEESE PtlAI<ING AND STARTER ACTIVITY 

ALEC BRAI>FIELD, L. A. RESI AND D. R. JOHKSTONEl 

Clrtverszt?l of Tc7r1nont and State Agricz~ltz~ral College, Bztrlin,qton 

Numerous reports havc appeared during the last 3 yr. concerning the treat- 
ment of bovine mastitis with antibiotics and the effect of using mill< from treated 
co~vs for proclucts requiring acid development. Penicillin wa.: introduced first 
as a treatment for mastitis caused by streptococci. Numerous reports have ap- 
peared describing the inhibition of starter activity in milk from cows treated 
with penicillin (3, 4, 5, 6, 8, 9, 10, 11, 14, 15, 16).  

lLlcCulloch and Kiser (13) reported the use of aureornycin as a treatment for 
staphylococcic mastitis in 1949. Iiatznelson and Hood (8) reported the in- 
hibitory action on starter activity with aureomycin aclded to milk. Krienke (12) 
reported practically no acid production a t  7- and 18-lir. illcubation when the 
milk contained 0.0005 mg, aureomycin hydrochloride per milliliter. 

The first lillonl~ report on the malring of cheese from millr produced by cows 
treated with aureomycin was hy Bradfield (1, 2) .  Further stuclies were reported 
by EIanson et  nl. (4) .  

EXPERIMENTAL 

Trouble was esperiencc~cl in making rheddar cheese a t  the University of 
Vermont creamery with pasteurized inilk from the Collcge herd. Some of the 
cows hacl been treated with anreomycin IICl for staphylococcic mastitis. The 
trouble consisted of failure to develop lactic acid dnring the making of the cheese. 

Trials mere set up  to coincide with monthly treatment of the herd. Treat- 
ment consisted of injection into each infected quarter of one tube (7.1 g.) of 
aureomycin hydrochloride ointment. Each gram contained 30 mg. aureomycin 
HC1. Therefore, each treatmeut contained 213 mg. of the antibiotic. The cows 
were treated soon after the morning milking. I n  the herd of 67 milking cows, 
7.5 per cent of the quarters were treated. Three lots of cheddar cheese were 
made on succes\ive days after treatment, from the mixed inill< of the entire herd. 
The cheese was aged for 14 mo. and scored each month. 

Another set of trials was conducted each month as follows: Lots of inilk in 
200-ml. quantities from each treated quarter were placed in a water bath, brought 
to 98" F. and held. As soon as the milk reached 98" F., 2 per cent active cheese 
starter mas added. Acidity i ~ l c r ~ a s e  was measured each hour for 6 hr. by titrat- 
ing with 0.1 iV KaOH, the bottles being inverted eavh half hour. Each trial was 
continued on succes5ive milkings until no starter inhibition \\.a\ cvident. The 
control mas conducted with milk procared from cows that  had no history of 
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mastitis and had never been treated with an  antibiotic. Samples were procured 
from each millring and tested for the presence of aureomgci~l by inicrobiological 
assay. This was an  agar cup assay, employing Bacillus subtilis as previously 
reported (7) .  

At a later date a third set of trials was conducted to ascc.rtain the s~nallest 
quantity of aureompcin necessary to produce inhibition of starter. These trials 
werc conducted in the same manner as the previous set, escept that aureo~nycin 
was added to normal mill< instead of using the milk from treated cows. 

The last trials mere set u p  to ascertain the degree of treatnlent in a herd that 
would cause inhibition of starter activity under practical conditions. Several 
herds near the College were selected. A certain proportion of the quarters of 

I I I I I I 

I 2 3 4 5 6  
HOURS OF INCUBATION 

FIG. 1. Inl~ibition of starter activity in milk from eo\\.s treated \!,it11 aurcomycin HCl. 
A-Acidity before treatment. 
B-Rlilkings I to 4 after treatment (averaged). 
C F i f t l i  milking. 
D-Sixth milking. 
E-Seventh Milking. 
F-Eighth milking. 
G-Control (average of all milkings). 

each herd was treated after the inorning milking. The next day the combined 
supply of the night and morning milkings was brought to the College. A sample 
of the mised milk was used for the starter activity test. 

Chr. Hansen7s culture of mixed organisms was used for starter in all of the 
trials. 

RESULTS 

The three lots of milk used for cheese had an acidity of 0.16 per cent. 
Starter froin a different source was used with each batch. A t  the time of adding 
rennet the acidity was 0.18 per cent. The acidity a t  dipping was 0.23 per cent, 
which is iiorinal at the College creamery. Dnring chrddsring the acidity rose 



very slo~vly, the t1irc.e lots rc~i~ching 0.25, 0.26 and 0.31 per cent, respeetirrlp, 7 hr. 
after setting. It was realizcbd a t  this stage that  no further increase in acidity 
c:onltl be cxpectrtl ;ind t l ~ c  c-nrtl \\-as ~nilletl ant1 placeil in the press. 

The cheese \\-as sto~.cbtl at 45 to 50' P. for the first !) 1110. 1)rrring this pc~ioil  
it  had little or 110 c.hec.sc8 flavor a ~ i d  tllc body was \\~'ali, pi~sty and (listin'tly  vet. 
The elleesc then W;LS trilnsf(.rrecl to storagv a t  a tcrnperaturc of 5.5 to GO0 1" Two 
mo. later it hilt1 derelopc.cl il strong bitttxr flaror with IIO c.hinlgc in hotly. Therc~ 
was still no chccsc f l a~or .  Thc vhct~st, was lvft a t  this t ~ ~ n p e r i l t l ~ r e  until a total 
of 14 1110. had elapsed. Iiy this time the bittrrncss had disappe;lred and the 
cheese had a sharp cherse f l a ~ o r  scoring 38. The body, h o ~ v e ~ c ~ ,  rcbmained \\-c~alr 
and pasty. I t  appears fro111 thew rpsults that  the presrnce of anrcomycin in 
the nlilli merely delays thtl de~c~lol>~nent of taheese flavor. IIonerer. the hocly 
nerer was good. The eheescl ditl not become gassy as rrportecl by S(.haaf (15) in 
connection with the use of penicillin in IIolland. 

TABLE 1 

Avreom?/cin co?tteirt of mi lk  a f t r r  iidtler trentmrnt (a t! .  of triplicate liiic-robiologicnl 
de trar?i~i~~at ions)  

Colt, Quxrtcr ----- - - -- - 
1 2  24 36 

- - -- - - -- 

IIollrs nftcr t ~ e n t m r n t  
- - - - . .- --- -- 

48 (in 72 81 SF 108 
-- -- - - -- - 

(y /ml . )  
2.0 0 0 0 0 0 
0 0 0 0 n 0 
o o n o n o 
1.5 1 .0 0 0 0 0 
I..? o n o 0 o 
1.5 I .0 I .0 0 0 0 
.. - - - - - - -- 

The srtaond set of trials slio11~t~c1 dcfinite inhibition of startrr  activity. hciclitp 
increase was negligible in milk fronl the first four milliiags. Thcrc. Tvas so little 
increase that the acidity readings for the first four mi lk in~s  were areraged 

(fig. 1 ) .  At  the fifth milking some increase was evident. By the time the eighth 
milking mas reavhrd acid inc*rea\e followed approximately the sailir cnrre as the 
control, although the final avidit)- was not as high. The first set of these trials 
mar; examined by microbiological assays to ascertain the qnantit>- of aureomycin 
remaining in the inilk at each millring (table 1 ). Comparing these amolui~ts with 
figure 1, it nas erident that there was some inhibition of starter even after the 
assays sho\ved no evidence of aureomycin. Amounts of the antibiotic less than 
1 7  per nlilliliter conld not be measurrd by th? bioassay. 

Table 2ssho1\-s the anlount of inilk procl~ced by various quarters a t  each 
milking and the qnantity of aureomycin found in each lot of milk. After the 
first iiiilliing there \\-as no corr(>lation between the amount of milk protlucetl by 
treatc.tl qniirtc,~*s ant1 the qn;l~itity of aurcoinycin in the milk. 

1I:inson et al. (4)  and some oth(:r worlic~rs have reported that the usc of 
aurconlycin giirt. il slight orilngcs c.olol to the milk. This I\-its not 01)sc~rrecl in any 
of thrsc cxpc1rinicnts. 111 one tdas(> only the ~rlilli rxhihitetl a slight pibcxchn (Golor. 





AUREOMYCIN IN MILK 

TABLE 4 

Effect on acit7 prodrcc.fion of adding arrreonlyrin to milk 
(Averagc,~ of 10 lots of milk) 

Quantity Aciditya at:  
added 

(y/ml.) Origi~lal 1 llr. 2 lir. 3 11r. 4 11r. 5 llr. 6 hr. 
- 

0.00 0.17 0.18 0.21 0.26 0.30 0.38 0.47 
0.25 0.15 0.7 7 0.19 0.20 0.22 0.24 0.26 
0.10 0.15 0.18 0.20 0.22 0.26 0.31 0.41 
0.05 0.15 0.18 0.22 0.24 0.31 0.35 0.42 

- - - ---- - - -- -- 

a Per cent acidity calculated as lactic acid. 

Hanson (4) and I<rienke (12) have reported that  if 1 per cent of the milk 
supply came from treated quarters, serious inhibition of starter activity could 
be expected. Whitehead (16) and others reported that  there is some inhibition 
for 6 and even 12 n~ilkings after treatment. The results reported here are in 
agreement mith these observations. It was felt that this might not be entirely 
true under ordinary farm conditions. Therefore, three local herds were selected 
for study. One per cent of the quarters in each herd were treatcd mith 213 mg. 
of aureolnycin HC1 in ointment per quarter. The milk was tested for starter 
activity in the same manner as the previous trials. Tests were carried on until 
there was no apparent inhibition of starter growth. The data presented in 
table 5 show that  there was very little restriction of starter activity the day after 
treatment when 1 per cent of the quarters were treated. On the second day 
there was no evidence of any effccat from the antibiotic. with two of the herds and 
very slight inhibition with herd 11. A weel< later 1i~heil2 per cent of the quarters 
were treated (table 6)  there was some effect on the first day after treatment and 
none a t  all on the second, except again a slight inhibition with the milk from 
herd 11. 

After another interval of a week, 3 per c ~ n t  of the quarters were treated. 

TABLE 5 

Effect on acid development after treating 1% of the qnarters in a 7terd 

Aciditya at: 
Before 

Herd adding Hours after adding starter 
starter 

1 2 3 4 5 6 

1st day after treatment 

Control 0.14 0.17 0.18 0.20 0.22 0.25 0.28 

2nd day after treatment 
C 0.14 0.17 0.18 0.19 0.21 0.22 0.25 
W 0.14 0.17 0.18 0.19 0.21 0.22 0.25 
H 0.14 0.16 0.17 0.17 0.18 0.19 0.21 

Control 0.15 0.17 0.18 0.19 0.20 0.22 0.24 

a Per cent acidity calculated as lactic acid. 
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TABLE 6 

E r e c t  on acid rle%elopinent a f t e r  treating 8% of tlre qfiarters i n  u RGrd 

Acidityn a t :  
Before -------- 

Held adding IIours af ter  adding starter 
s t :~rtrr  - 

1 2 3 4 5 G 

C 
w 
H 

Control 

C 
W 
H 

Control 

1st day af tcr  t r ca t~ncn t  
0.17 0.18 
0.17 0.18 
0.16 0.16 
0.18 0.19 

2nd day af ter  treatment 
0.17 0.18 
0.17 0.18 
0.16 0.17 
0.17 0.18 

a P e r  cent acidity calculated as lactic acid. 

I n  table 7 it is evident that there was inhibition on the first day after treatment 
but none on the second day with any of the three herds. Accorcling to these 
results, it appears necessary to hare at  least 2 per cent or probably 3 per cent of 
the quarters treated brfore any serious restriction of starter activity is evident. 
Eve11 with 3 per c c ~ t  trcatnlent, the effcvt does not last inore than 2 days after 
treatment. 

Several ;lttei~ipt\ \\ere inadc to ina~iufacture cottage cheese from thc skim- 
inilk froin thesc lots of millr. The milk was sct a t  72' F. with 2 per cent active 
starter. 111stcacl of sc.tting np in the usual 16 to 18 hr., it was 36 hr. before there 
was ally sigu of curd. The 'urcl, when it filially dcvclopcd, was of soft gelatiiio~~s 
nature. I t  was impossible to  cut or handle this curd in any way that mo~zld 
prod11c.e a nonnal prot1uc.t. 

TARLE 7 

E r e c t  011 cirrd c7erelol1nfent after t r ~ a t l ? ~ g  370 of the  qsnrters i n  a herd 

Acidity* a t :  
Before - - -- 

Herd adding Hours af ter  adding s tar ter  

1s t  day af ter  treatment 
C 0.14 0.16 0.17 0.17 
\V 0.14 0.16 0.17 0.17 
H 0.13 0.16 0.16 0.17 

Colltrol 0.15 0.17 0.18 0.19 

2nd day af tcr  treatment 
c 0.15 0.17 0.18 0.19 
W 0.15 0.17 0.18 0.19 
H 0.14 0.16 0.17 0.18 

Control 0.13 0.17 0.18 0.19 
- - - 

a Pcr  ee11t acidity calculated as  lactic acid. 
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Tests for starter activity were made on the cream from the above mentioned 
milk. These tcsts sho~ved the same general trcnd as the milk from which the 
cream was separated. 

Since thrsc trittls were completed the supplier of aurt~oniycin tubes for 
mastitis treatment has doubled the strength of the drug in each tnbe. A single 
treatment now consists of $26 mg. of aureomycin instead of the 213 nig. used in 
these espcrinients. S o  ~vorlr was done to ascertain the results of this increased 
degree of treatment with regard to its effect on starter activity. 

I t  has been reported by soiricl millr plant operators that  t rc;~t~nent of cows 
with an antibiotic resulted in the presence of an  oily substance floating on the 
surface of the milk. Veterinarians claim that  this is caused by improper treat- 
ment or treatment just prior to milking. This effect was not evident i11 any of 
the trials run  ill this ~3~orli. It is not likely that  the absence of this substance 
can be taken as an  illdication that  the cows have not been treated. 

The only way that a plant operator can avoid trouble from this source is to 
keep milk out of the supply for 2 or 3 days after treatment. I n  the case of 
penicillin treatment, Vhiteheacl (16) i n  New Zealand recomniends that  the pro- 
ducer keep the milk froin treated cows out of the supply on the clay of treatment 
and for 2 days thereafter. I n  Holland, according to Schaaf (15), an  arrange- 
ment has been made that perrnits only veterinarians to make treatment. They 
in turn  notify the plant rc~c.c~ivirig the milk as to the date of treatment and the 
number of cjuartcrs treated. Thc plant operator then can divert the niilk from 
treated herds to uses that  do not require bacterial activity. 

SUMMARY 

Varying amounts of aurcomycin were found in the mill< from treated cows 
for as long as 72 hr. after treatment. 

After the first inillcing following treatment there was no correlation between 
the amount of millt prodncded and the concentration of anreomyein remaining in  
the millt. 

There was very little evidence of the inhibition of starter activity when the 
amount of aureonlycin was less than 0.25 y per milliliter. 

Inhibition of starter activity was definitely eviclent for six millrings (3  days) 
after treatment. 

Treatment of conlniercial herds indicated that when using the mixed milk 
froin such herds little or no trouble is experienced unless 3 per cent or more of 
the qnarters in the milking herd are treated. If inhibition of starter activity is 
evident nizcler such conditions, i t  does not continue in  any harmful degree be- 
yond the fourth ii~illring ( 2  clays). 

Cheddar cheese-n~alring operations are definitely disrupted by the presence of 
appreciable amomits of aureoinycin in the millr. Acid development is retarded, 
and during curing, flavor develops slowly and may be bitter. Body is weak and 
pasty. Cottage checw malting \$,as rcndcred impossible. 

The authors wish to express their appreciation to the Lederle Laboratories 
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Division, American Cyanamid Co., for supplying the aureomycin used in these 
i n v e s t i g a t i o n s .  
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THE ALPHA-NAPTHOLPHTHALEIN (ANP) METHOD FOR 
MEASURING FAT HYDROLYSIS. I. APPLICATION 

TO BUTTER1 

T. V. ARMSTRONG AND W. J. HARPER 

Department of Dairy Technology, The Ohio State  University, Columbus 

Within thr past few years, the proposal has been made to relate the degree of 
fa t  hydrolysis in butter to the quality of the cream used in its manufacture. 
Hillig's WIA method for thr measurement of water-insoluble acids (4) has gen- 
erally been accepted as the standard procedure to use to determine the extent of 
fat hydrolysis in butter. This method is time-consuming, requires highly trained 
personnel, and under ideal conditions a trained technician is limited to about 
eight determiriatioil:, a day (4) .  

If the free water-insoluble-acids content of butterfat is to continue t o  serve 
as an index of cream quality, the development of a rapid method that could be 
used generally by the dairy industry would be a valuable aid in quality improve- 
ment programs. A method which appears to offer possibilities in this connection 
is the a-naphtholphthaleiii colorimetric method suggested by Roberts e t  al. (6, 7 ) .  
Armstrong e t  al. (1) recently compared this method to the IIillig procedure for 
determining water-insoluble acids and founcl a close correlation for 17 samples 
of butter. 

The a-naphtholphthalein method described by Roberts et  al. (6, 7)  has certain 
weaknesses which limit its accuracy and its use. Therefore, further work was 
thought necessary to modify, perfect and adapt the test to routine dairy plant use. 

EXPERtMENThL PROCEDURE 

Basically, the method of Roberts e t  al. (6) consists of preparing a solution of 
a-naphtholphthalein in 57 per cent alcohol and neutralizing it with 0.1N NaOH 
to a blue-green color just before use. To 5 ml. of the neutralized solution in a 
test tube is added (with a medicine dropper) 12 drops of purified butter oil and 
the tube shaken vigorously. After standing for 5 min., and no longer than 20 
min., the color of the alcohol layer is compared with color standards. Several 
inadequacies of this procedure became apparent when it was being applied to 
commercial butter. These inadequacies are: ( a )  Neutralizing dye to a blue- 
green color before beginning analyses introduces a possible error, since different 
technicians do not always reproduce the same starting alkalinity. (b)  Instability 
of the neutralized dye makes it necessary to use neutralized dye within 1 hr. after 
neutralization. (c) Inaccuracy in quantity of fat used due to possible human 
error arising from the counting of 12 drops and to using medicine droppers of 
markedly different sizes. In  order to overcome these disadvantages, the original 

Received for  publication Aug. 1, 1951. 
1 Scientific article 7-51, Departnlent of Dairy Technology, The Ohio State  Univ. Financed 

in par t  by the Ohio Dairy Products Research Fund. 
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method of Roberts et al. (6 )  was modified, and the following procedure was 
established : 

( a )  Preparation of dye solz~tiolz. Exactly 0.1 g. of the a-naphtholphthalein 
dye (Coleman-Bell, pI-I 7.3 - 8.7) is made to a volume of 150 ml. with 95 per cent 
ethyl alcohol. This alcoholic dye solution remains stable if kept tightly stoppered 
in a cool place. 

(b)  Preparation of neutralizilzg solz~tion. A neutralizing solution containing 
a borate buffer is prepared according to the method of Clark ( 3 ) .  The strength 
of the buffer solution is varied with different lots of dye, since each dye lot differs 
in its buffer capacity. The buffer is prepared so that  2 ml. of the neutralizing 
solution ]nixed with 3 ml. of the alcoholic dye solution gives a density of 0.495 
when mea\ureil against clistilled water with a Bcclrman DU spectrophotometer a t  
a wave length of 750 p and a slit width of 0.035 mm. This establishes a balance 
permitting the us(. of 0.5 1111. of fa t  in the test. 

(c)  Preparation of ~zez~tralized dye solution. Three ml. of the alcoholic dye 
solution are pipetted into a test tube 12 x 120 mm. Two ml. of the neutralizing 

TABLE 1 

Color standards fo r  colorimetric f a t  hydrolysis testa 

Color of 
test 

Plate  Degree of 
11o.h hydrolysis 

Dark green Dilsky dnll green 42 None 
Medium green Dnsky olivc green 41 Very slight 
Light green Buffy olirc 3 0 Slight 
Orange Ochraceons buff 15 Definite 
Ycllom Chamois 30 Pronounced 
White Cartridge buff 30 Very pronouncea 

-- 

a Standards selected by Roberts (7 ) .  
b Name of color and p a te  nnml)er refer to Ridgway, R. Color Standar(1s and Nomenclatzcre. 

Ridgway, Washington, D. C. 1913. 

solution are added to give 5 1111. of neutlealizetl dy(>. If desired, enough neutral- 
ized dye may be prepared, using the above proportions, for nse during 1 day, 
since the weak b u f f ~ r  p r e ~ e n t s  fading for a t  least 12 hr. 

(d)  Deternzining the degree of fat l~ydrolysis .  Melt butter in a water bath 
a t  140" F. until a clear separation of f a t  and serarn is obtained. If necessary to 
remove tra:.cs of se'uin from the fat, centrifuge in a heated nabcoclr centrifuge 
and return the clarif id butter oil to the water bath maintained a t  140" F. 
Measure 0.5 ml. of thc butter oil into the test tube containing 5 ml. of the 
neutralized dye solution. A heated pipcdte is desirable in order to deliver the 
proper amount of fat. Stopper the test tube n-ith a rubber stopper or finger. 
Shake i t  vigorously with a vcrtival motion five tiines through a 1-ft. arc and read 
the test. The color is stable for 20 min. Color standards mere prepared as 
suggested by Roberts et al. (7) .  They are given in table 

A single analysis may bc corlzpletecl within 10 to 15 mia. Attempts to adapt 
the method to a coloriinrter werc3 unsuc~cessfnl because of the high density of the 

2 Color standards have h e n  prrp:ired and may 1)e ol~tainecl from the Department of Dairy 
Technology a t  a nominal cost. 
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beginning dye solution and the extreme change i11 density with small increases 
in acidity. Spectrophotometric anal>-ses may be possible over a narrow range of 
the visual color range. 

Early observations revealed that lots of a-napholphthalein manufactured by 
the Coleman-Bell Co. were variable ant1 did not always yield the sallze color 
when treated with a 1u1iforln quantity of a stanclard buffer. This variation 
results from the formation of variou.; isol-riclrs dnring the synthesis of a-naphthol- 
phthalein from phthalyl c*hloride, all of which are not reinovecl dnring pnrifica- 
tion (2 ) .  Bevause of the variations in different lots of dye, each lot of dye must 
be tested to cleternline thcl proper molarity ancl eonceatratioi~ of buffer to use in 
the neutralizing soh~tion. Also, extremely old dye should not be usccl, since i t  
may yield unsatisfaetory results regardless of strength or type of buffer. 

For  purposes of sin~plicity and to differentiate from the test of Roberts ct  01. 
( 6 ) ,  the inotlifietl mc>thotl has been designated as the A S P  mcthotl, after the 
indicator, and this noinenclature will be used henceforth. 

EXPERIXENTAL RESULTS 

Deternzining c o ~ ~ c e ~ i t r a t i o n s  of pure fat ty  acids. I n  order to cletermine the 
specificity and quantitative nature of the ANP method, the tcst was rnade on 
purified butterfat containing varying concentrations of adclecl pure acids. For  
these trials, purifiecl fa t  was prepared as follo~vs: Butter was melted, the fa t  
collected, the acids extracted in  the manner described in  IIillig's \VIA method 
(4) and the fa t  then v-ashecl ~v i th  alcohol ancl water, and dried. 

Varying concentrations of lactic, butyric, caproic, eapric, palmitic and oleic 
acid were added to the purified butter f a t  and thoroughly incorporated prior to 
the analysis. Enough distillei1 water was aclded to simulate the volume of serum 
present in the butter. 

The results prc.sented in table 2 rereal three iinportant points. First, as 
shown by Roberts et al. (6 ) ,  invreascs in the concentration of free fat ty acids 
cause the indicator to undergo a series of definite color changes from dark green 
to medium grc.cn, light green, orange, yellow and white. Second, for eaproic, 
capric, palillitic and oleic acids, the method is roughly quantitative within a 
range of acicl c.onceiitrations not exceeding 400 mg. \Nithill this range of cLon- 
centration, a major color change occurs with each 100 mg. change in acicl. When 
close color ~o inpa~ i sons  are made, changes in color may bc obscrveil with incre- 
ments of 28 nlg. acid per 100 g. of f a t ;  when the water-insoluble acid concentra- 
tion is above 400 mg. per 100 g. fat, the increase of acid necessary for a definite 
color change is much higher than a t  the lower concei~trations. IIov-ever, the 
lack of sensitivity v i t h  acid concentrations above 400 mg. per 100 g .  of fa t  is not 
a serious limitation, since the critical concentration of water-insoluble acids for 
acceptable butter is less than 400 mp. per 100 g. of fat. The yellow color, eover- 
ing a WIA range of approximately 400 to 500 mg. of arid per 100 g. of fat, mould 
always indicate to the inannfactnrer that  his product was not satisfactory because 
of excessive f a t  hydrolysis. 

Third, lactic and butyric acids do not affect the application of the test for 
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TABLE 2 

Effect  of adding acids to purified but ter  f a t  on the  accuracy and reliability of the  ANI' test 

Color obtained for following acidsa 
Mg. acid added 
per 100 g. f a t  Butyric Caproic Palmitic Oleic 

-- 

0 d. green d. green (1. green d. green d. green 
25 d. green d. green (1. green d. green d. green 
50 d. green d. green d. green d. green d. green 

100 d. green d. green d. green d. green d. green 
125 d. green d. green d. green d. green d. green 
150 d. green m. green m. green 

200 d. green d. green d. green m. green m. green 
225 1. green 1. green 
250 d. green d. green m. green 1. green 1. green 

300 d. green m. green m. green 1. green 1. green 
325 orange orange 
350 d. green 1. green orange orange 

400 d. green m. green 1. green orange orange 
425 yellow yellow 
4.50 d. green 1. green orange yellow yellow 

500 d. grcen orange yellow yellow 

550 yellov yellow 
600 d. green yellow ycllo\v 

700 d. green yellolv yellow 
750 yellow 
800 d. green yellolr white white 

- . -  . --a- 

a d. = dark, m. = medium, 1. = light. 

water-insoluble acids. Lactic acid is not detected by the method, even when 
present in high concentrations. Thus, the method inay be applied accurately to 
soured dairy products, such as cream used for buttermaking, and large concentra- 
tions of butyric acid cause only insignificant changes in the color. 

B u t t e r  from cream containing added acids. Samples of cream with known 
concentrations of butyric, caproic, capric, and lactic acids were churned in the 

TABLE 3 

Effect  of acids added to  cream on ANP tes t  of the  reswltin.g btitter 

Mg. acid added 
Colora obtained for following acids: 

per 100 g. f a t  ~~~~i~ Butyric Caproio Capric Oleic 

0 d. green 
30 d. green 
75 d. green 

100 d. green 
150 d. green 
200 d. green 
225 d. green 
300 d. green 
325 d. green 
400 d. green 
475 d. green 
500 d. green 
650 d. green 

a See foot note table 2. 

d. green 
d. green 
d. green 
d. green 
d. green 
d. green 
d. green 
d. green 
m. green 
m. green 
m. green 
m. green 
m. green 
-- 

d. green 
d. green 
d. green 
d. green 

m. green 

1. green 

1. green 

1. green 
orange 

d. green d. green 
d. green 
d. green 

d. green d. green 
m. green 

m. green m. green 
1. green 

1. green 1. green 
orange 

orange orange 
yellow 

yellow yellow 
yellow 
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laboratory. The resulting butters were washed twice with a volnme of distilled 
water equal to the original cream, then the ANP test made on the washed butter. 
The results in table 3 corraborate those in table 2 in that butyric and lactic acid 
again lverc found not to be measured by the method. Also, caproic acid in high 
concentrations in the cream has only a slight effect on the method, but capric acid 
is quantitatively detected within the limits of the method. I t  is likely that 
butyric and caproic acids are removed to a large extent by the washiiig of the 
butter. 

TABLE 4 

A co?nparuon of V I A  and ANP methods for determining water znsoluble actds tn b~ctter 

ANP test Mg. WIA per 100 g. of f a t  
- -  

Equivalent WIA Difference 
Colora range (n~g.  TTIA/ Predictedb Experimental from predicted 

100 g. f a t )  value 
- -- 

m. green 100 to 225 162 137 - 25 
m. green 100 to 225 162 1 4 1  - 21  
m. g ~ e e n  100 to 225 162 155 - 7 
m. gleen 100 to 225 162 175 + 13 
m. green 100 to 225 162 183 t 3 1  
1. green 200 to 325 262 200 - 62 

1. green 200 to 325 262 201 - 6 1  
1. green 200 to 325 262 22'2 - 40 
1. green 200 to 325 262 230 - 32 
m. green 100 to 225 162 232 + 70 
1. gleen 200 to 325 262 251 - 11 
1. gieen 200 to 325 262 252 - 10 
1. green 200 to 323 262 283 + 21  
1. green 200 to 3'2;i 2fi2 285 + 23 
1. greet1 200 to 325 262 285 + 23 
1. green 200 to 325 262 281 + 19 
1. green 200 to 325 262 200 + 28 
orange 300 to 435 362 372 + 10 
orange 300 to 425 362 376 + 14 
yellow 400 to 900 650 384 - 278 
orange 300 to 425 362 409 + 47 
yellon 400 to 900 650 416 - 234 
yellow 400 to 900 650 492 - 158 
yellon 400 to 900 650 498 - 152 
yellow 400 to 900 650 868 + 218 

a See footnote tal~le 2. 
b Predicted value taken :is mid-point of equivalent WIA range. 

Comparison t o  WIA. The data in tables 2 and 3 suggest that water-insoluble 
acid values could be predicted from the results of the ANP test in butter. In 
order to determine the validity of such predictions, a comparison of the ANP test 
and Hillig's WIA procedure (4) was made on 25 samples of butter. 

The predicted \VIA value was selected arbitrarily as the mid-point of the 
equivalent WIA rang? established experimentally for each color of the ANP test. 
The resnlts of the ANP test, predicted WIA and experimental WIA are pre- 
sented in table 4. The last column of the table shows the differences between the 
experimental and predicted WIA values. For WIA values of less than 400 mg., 
the differences between the results exceeded 62 mg. for only two of 21 samples. 
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I n  one exception a butter sample gave an  ANP color of yellow and a W I A  value 
of 384. 

DISCUSSION 

The results reveal that  the method gives a fairly reliable measure of f a t  
hydrolysis in butter. The rapidity and comparative accuracy of the test makes 
i t  useful for routine analyses and as a quality control test. A single analysis 
may be conducted in 10 to 15 min. Thus, a t  least 100 determinations may be 
made in the time required for eight W I A  determinations by the I-Iillig procedure 

(4). 
One disadvantage of the method is the necessity to standardize each lot of dye 

to obtain the proper neutralizing solution. However, this may be handled con- 
veniently in  a central laboratory and information as to the proper ratio of buffer 
to dye be distributed from that  point. The ANP method should be helpful as a 
screening method for the detection of butter which has been made from cream 
containing a high water-insoluble acid content. Further investigation is being 
made to apply the test to cream, an  application which would permit the manu- 
facturer to control the water-insoluble acid content of cream being manufactured 
into butter. 

SUMMARY 

A rapid colorimetric method using a-naphtholphthalein originally developed 
by R o b ~ r t s  et  al. ( 6 )  has been modified to eliminate certain inherent wealrnesses. 
For con~enienc.e, the modified proc.edurt1 is d'signated as the ANP test. 

The method may be applied to butter to give a roughly quantitative ineasure 
within an  at2curacy of 100 mg. per 100 g. f a t  of water-insolnble fat ty acids below 
a concentration of 400 mg. acid per 100 g. of fat. With extra prec~antions greater 
accuracy may be achievetl, since color changes ]nay be detected with variations of 
25 mg. TT-ater-insoluble acids a t  concentrations of less than 400 mg. per 100 g. fat. 

The AN'  methotl is not affected by the presenrc of butyric and lactic acids, 
but does measure caproic and higher fat ty acids. The results indicate a close 
agreement between the AKP method and the W I A  method of Hillig (4).  
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T H E  E F F E C T  O F  PROGESTERONE ON OT7ULATION TIME 
I N  DAIRY I I E I F E R S  

WILLIAM HANSEL AND GEORGE W .  T R I M R E R G F R  

Department of Ani1tial Hztsband~.y, Come11 Uni?;crsit?y, Itliaca, N.  Y .  

Evidence for the existence of a nervous mechanism in the release of luteiniz- 
ing hormone and ovulation in the cow recently has bern prrsented (7) .  I n  these 
experiments the parasympathetic blocking drug, atropine, administered to heifers 
a t  the beginning of estrus, was found to bloelr ovulation. IIomevrr, when 
atropine and chorionic gonadotrophin (as a source of luteiriizing hormone) were 
administered concurrently to heifers a t  the beginning of estrus, ovulation oc- 
curred a t  the normal time or earlier. These results were interpreted to indicate 
the existence of a neural mechanism having a parasympathetic component in- 
volved in luteinizing hormone rrlease and ovulation in the cow. 

As a result of these experirncmts, i t  was decided to study the effects of the 
ovarian hormones on ovulation time. The first of the orarian hormones studied 
in this respect was progpsterone. 

EXPERIMENTAL I'ROCEDURE 

The length of estrus ancl the time of ovulation were determined for 11 heifers 
in a control estrous period and ill an estrous period in which progesterone was 
administered as soon as possible after the beginning of wtrus. The beginning 
and end of estrus usually were determined by checking the heifers with a teaser 
bull a t  2-hr. intervals. I n  some cases, more frequent c.heclrs were made to deter- 
mine the beginning of estrus. The time of ovulation was detc.rmined by rectal 
palpation. I n  one case a double ovariectomy was pcrforrnctl in order to verify 
the findings of the rectal palpations. I n  some cases t h ~  control data were ob- 
tained prior to the treatment period, and in other cases thry were obtained sub- 
sequently. I n  the latter event, one complete estrous cycdlr was allowed to elapse 
before the control data were taken. Some heifers were treatrd several times and 
data on several rontrol periods also were taken in some instances. The proges- 
terone was dissolved in cottonseed oil a t  the rate of 5 nig. per milliliter and in- 
jected subcutaneously. The dosages ranged from 5 to 50 mg. but \yere 10 mg. or 
less in all but three cases. Heifers were considered to be in estrus when they 
would stand when mounted ancl out of estrus when they no longer stood. The 
heifers were grade IIolstrins and Guernseys between 1 and 3 yr. of age. Data 
were collected during the first 5 mo. in 1931. Additional data also have been 
collected in  the same way oil thp cfkcts of progesterone given prior to the begin- 
ning of estrus and later than the second hour of estrus. Sham injections were 
not made during the control estrous prriods. 

Received fo r  publicatiou Aug. 1, 1931. 
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RESULTS 

Table 1 shows that  administration of progesterone a t  the beginning of estrus 
reduced average length of estrus by 3.6 hr., average time from the end of estrus 
to ovulation by 5.4 hr. and average time from the beginning of estrus to ovulation 
by 9 hr. The reduction in the length of the time elapsing from the beginning of 
estrus to ovulation (5.4 hr.) and in the length of time elapsing from the end of 
estrus to ovulation (9 hr.) are signifira~it a t  the 1 per cent level when the t test 
is applied. The reduction of the length of the estrous period is significant a t  the 
5 per cent level. Partic:ularly noteworthy is t h ~  performance of heifer no. 80, 

TABLE 1 

The effect of progcste~one given at  the beginning of estrus on oz'fr7atiolt tiwe in dairy ltrifers 
- - - - - - - 

Control period Progesterone period 
- - 

Tiine from Time froin Time fromTime 'lorn Proges- Lentil end of begill,ling Length end of beginning no. of estrus to of c;? tei:-ne from 1,e- of estrus of estrus 

estrus ovulation oT.ulation ginning estrr~s to to 
jeeteda of estrus ovu la t io~~  ovulation 

- - -~ - - ~  -- - -  - - -- 

I .  I .  (7tr.) ( 1  ( I . )  ( 1 . )  (117.) ( ~ I T . )  
G X  10.0 14.0 30.0 9.14 0 11.0 7.0 18.0 
7 9 12.0 14.0 26 0 11).(10 1.7 11.5 2.5 14.0 

14.0 10.0 24.0 
7 f i  19.0 8.0 27.0 ?.?!I 1 .0 21.0 11.0 32.0 

10.00 0.6 21.0 2.0 23.0 
i .~ i  23.0 8.;: :31.5 8.15 I .5 20.0 4.0 24.0 

19.0 10.0 29.0 
74 22.0 17.0 39.ll 8.13 2.0 14.0 11.5 25.5 
81b . . .  .. . 10.00 I..? 17.0 3.0 20.0 
7 7 ~  12.5 14.0 26.5 . .  . 
73 16.0 17.0 33.0 50.01) 1.0 6.0 12.5 18.5 
G 7 21.0 9.0 :30.0 5.00 2.0 17.0 6.0 23.0 
80 22.0 12.0 34.0 5.00 I .0 17.0 - 2.0 15.0 
62 20.5 11.5 32.0 20.01) 2.0 8.5 29.0 37.5 

5.00 0.5 19.0 20.0 39.0 
1 0.00 2.0 23.0 7.06 30.0 

72 22.0 12.0 34.0 10.00 0.5 10.0 c5.5 15.5 
30.00 2.0 18.0 8.0 26.0 

Av. 18.6 12.3 31.0 13.18 1.3 15.0 6.9 22.0 
-- -- - ---- -- 

a Subc~itaiiconsly in  cottonseed oil. 
1) O~-nriectomize~l af ter  l>rogesterone treatment. 

Srrven as  control fo r  heifer no. 81. 
d A srcontl follicle rul l tu~ed 16 11r. from tl!e end of estrus. 

in whicdh ov~llation oc~c.nrred 2 hr. before the end of estrus. The ovulatory 
provess could not be hastened in heifer no. 62 despite thrre attempts. This is the 
only h ~ i f r r  in ~ h i c h  on~ la t ion  could not be induced at the normal time or earlier 
by the simultaneous administratioii of atropine and luteinizing hormone in  
earlier experiments, so that  her general response to treatment is abnormal. 

The data in  table 2 indicate that  the injection of progestrrone later than 2 hr. 
after th? beginning of e5trus is ~ritliont effect. Progesterone injected 4 to 5 hr. 
before the onset of estrus seriiis to liavc. haste~led the o ~ u l a t o r y  process to  a small 
degree. 
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A corpus luteurn was formed after the progesterone treatment in all cases 
except one. A corpus luteum could not be felt on rectal palpation on the 7th 
and 16th days after ovulation in heifer no. 76 folio\\-ing treatment, with 7.29 mg. 
of progesterone. The subsequent estrous cycle was normal, however. Heifer 
no. 72 returned to estrus twice a t  8-day intervals after treatment with 30 mg, of 
progesterone. Subsequent cycles were normal. Heifer no. 73 had a normal 
estrous cycle after treatment with 50 mg. of progesterone. 

DISCUSSION 

These results are not in keeping with the present concepts of the mechanisms 
for the reciprocal control of the ovary and pituitary. However, a search of the 
literature reveals that they do not stand alone. Everett and co-workers (3, 4, 5)  
have stimnlated ovulation by appropriately timed injections of progesterone in 

TABLE 2 

The effect of progrsteronc give11 before and after  the beginning of estrzrs on ovulation time 
in dairy heifers 

Control period Progesterone period 

Heifer Time Time from Time of Time from Timc from 
beginning P'.ofies- 

no. terolle injection Length end of beginning 
Le;;th e ~ ~ ~ s ~ ~  of estrus i n  from be- of estrus of estrus 

ovulation ginning estrus to to 
ovulation jected of estrus ovulation ovulation 

- 

(hr.) (hr.) (hr.) (mq.)  (hr.) (hr.) (hr.) 
72 22.0 12.0 34.0 108 5 h r . b e f o r e  20.0 6.0 26.0 
80 22.0 12.0 34.0 5a 4 h r  " 13.0 10.0 23.0 
i 5  23.0 8.5 31.5 10b 5 hr. af ter  20.0 13.0 33.0 

19.0 10.0 29.0 
73 16.0 17.0 33.0 1 5 h  6.5 hr. " 17.5 14.0 31.5 
--- 

a Subcutaneously i n  cottonseed oil. 
b Sub~utaneously in propylene glycol. 

the rat. Neher and Fraps  (9) have increased the number of eggs in the hen's 
clutch by progesterone injections. Progesterone given a t  the proper time also 
appears to stimulate ornlation in the monliey during anovnlatory summer cycles 
(10). Recently, Sa1i7yer et  al. (11) have found that progesterone injections 
following estrogen treatment cause spontaneous ovulation in the rabbit without 
the stimulus of coitns. Seither estrogen nor progesterone alone causes this effect. 
Pregnanediol ~xcrction in women appears to rise before ovulation occurs. The 
follicular fluid of sow's ovaries has been found to contain some progesterone (8).  
Thus, i t  may be inferred that  some progesterone is produced before a corpus 
luteum is formed, although the possibility that  this follicular progesterone was 
actually produced by adjacent corpora lutea cannot be ignored. 

Ulberg et al. (12) recently have reported that daily doses of 50 mg. of proges- 
terone inhibit estrus and ovulation in  dairy heifers if the injections are started 
before the beginning of estrus. Apparently, the response of the ovary to 
exogenous progesterone is conditioned by the stage of the estrous cycle and the 
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FIG. 1. Granulosa cell layer i n  tlie ovary of a gradc Ilolvtcill hcifer no. 37 a t  19 days 
postestrum. x 450. 

B'IG. 2. Granulosa cell layer in t l ~ c  o \ :~ry  of s grade IIolstcin llcifer no. 48 during estrus 
and prior to  ovulation. The ~luclei arc densely cl~ronlatic and the cytoplasm in many cells 
appears racuolated. x 450. 
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size of the dose administered. Increased progesterone secretion prior to ovnla- 
tion may occur norinally in the cow and this may be an important factor in the 
release of luteiniziiig hormone and ovulation in the normal animal. Marked 
changes normally occur in the granulosa cell layer prior to the rupture of the 
follicle. Figures 1 and 2 show the granulosa cells in the ovaries of two heifers 
a t  19 days postestrus and during estrus. The nuclei become densely chromatic 
and many cells appear vacuolated, giving the granulosa a "foamy" appearance 
just prior to ovulation. Corner (2)  described similar changes in sow's ovaries 
some years ago. 

Whether or not progesterone operates through the nervous mechanism for the 
release of luteinizing hormone is not yet known. 

The possibilities of certain practical applications of these results may be 
mentioned. The most obvious of these is in connection with the nyn~phomaniac 
cow. All investigators are agreed that the granulosa cell layer is absent or very 
poorly developed i11 most nymphomaniac cows and the question arises whether 
some of these co~vs fail to ovulate and develop cystic ovaries because of the pres- 
ence of too little progesterone at  the normal time of ovulation. Experimental 
treatment of COTS with cystic ovaries with small doses of progesterone shows some 
promise. Further study may reveal practical uses of this information in other 
types of infertility as well. Properly timed injections of small doses of proges- 
terone may prove useful in attempts to induce ovulation and estrus in anestrus 
ewes. 

The decreased length of the estrous period, especially in those cases where the 
large doses of progesterone were administered, is in keeping with the results of 
Cole et  al. (1) and Fraps et  al. ( 6 )  in sheep and goats. Sheep, goats and cattle 
appear to differ from rodents in this respect, since there is ample evidence that 
progesterone plays an important role in determining sexual receptivity in the 
latter species. 

SUMMARY 

The subcutaneous injection of small doses (5 to 10 mg.) of progesterone a t  the 
beginning of estrus hastens the ovulatory process in dairy heifers. Both the 
length of estrus and the time from end of estrus to ovnlation are significantly 
reduced. These results and histological changes occurring in the ovary at  
estrus suggest that progesterone produced by the ovary before owllation norillally 
plays a role in luteinizing hormone release and ovulation in the cow. These facts 
may be significant in an understanding of the deranged physiology of the 
nymphomaniac cow and in other types of infertility in farm animals. 
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E F F E C T  O F  T H E  ADMINISTRATION O F  UNFRACTIONATED 
GONADOTROPHIC PITUITARY EXTRACTS DURING ESTRUS 

ON TIME O F  OVULATION I S  T H E  BOVINE1 

GERMAIN R. MARION2 AND VEARL R. SMITH 

Depar tv~en t  of D a ~ r y  Husbandry, Un t rcr s f t y  of JVfscoaszn, Mailrson 

The interaction of pituitary and ovarian horillones on the processes regulating 
estrus and ovulation has been extensively studied in laboratory animals. The 
hormonal interrelations of these processes are not too well understood in the 
bovine. Furtherinore, the relationship of estrus to ovulation in the bovine differs 
markedly froill that of inost species in that  orulation does not generally occur 
until after the end of estrus. 

The range in the time between the end of estrus and ovulation in the bovine is 
10 to 15 hr. (1, 3, 13, 17).  The interval from estrus to ovulation for heifers is 
somewhat shorter (3. 11, IS). 

The follicle-stimulating hormone (FSEI) content of the anterior pituitary of 
cattle is the least of any species studied (18, 19). Hammond (8) postulates that 
the relatively low F S I I  in comparison to the levels of luteinizing hormone (LH) 
is responsible for the short estrus and "sileiit" estrus in the bovine. Asdell (1)  
is of the opinion that  the nervous system of the cow is refractive to low levels of 
estrogen. Thus, ovulation occurs after estru\ in the cow because the cow becomes 
refractive in the early stages of follimlar developinelit and estrus is terminated. 

Release of gonadotrophic hormonc.~ from the pituitary is not only dependent 
upon ovarian hormones, but apparently is intimately associated with the nervous 
system. Rabbits will copulate but will not ovulate after surgical section of the 
infuiidibular stalk (4).  Sawyer c t  nl.  (16) found that the injection of estrogen 
into rats 4 days pregnant was followcd by ovulation and cholesterol storage in the 
corpus luteum. Ilibenamine ant1 atropine prevented the action of estrogen by 
blocking nervous passages to thr  brain. However, the action of the luteinixing 
hormone was not blockecl by atropine or dibenamine. Everett e t  n l .  (7) injected 
dibena~nine into rats during proestrns and were able to delay or prevent ovula- 
tion. Atropiiic uniformly prevented preovulatory smelling and orulation. 
Hansel and Tr i~ i ibe rg~r  ( 9 )  delayed ovulation 20 to 66 hr. in the co\v by admin- 
istration of atropine a t  th(1 beginning of the estrous period. The average interval 
between the end of heat and ovulation in dairy heifers was found to be shortened 
by the copulatory stimulus (11).  

The literature concerning the activities of gonadotrophic hormones when ad- 
ministered to feiilales of various species is quite voluminous. However, i t  is 

Received for publication Aug. 5, 1951. 
1 These data were taken from a thesis presented by G. B. Marion to the Graduate School 

of the University of Wisconsin in  partial fulfilment of the requirements for a Ph.D. degree. 
Published with the approval of the director of the Wiseonsin Agricultural Experiment Station. 

2 Present address, University of Minnesota, St. Paul. 
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virtually impossible to (+orliparc rc~sults of the inany reports, since they are easily 
altered by such factors as the origin of the gonadotrophic substances admin- 
istered, age of the experi~nerital a~ i i~na l ,  routc of ad~iiinistration, stage of the 
estrous cycle a t  the tirrie of atlnlil~istration, the forniation of pro- and anti- 
gonaclotrophic substances, as xi~ell as the inciivitluality of the animal. 

Gonadotrophic snbstances have bcc~ii usrtl with varying degrees of success, as 
a trclatment for most of the infertile c.onc1itions laiowri to exist in livestock ( 2 ) .  
Mirslraja and Petropovlovskii (13),  Alirskaja e t  al. (14), Day (6 ) ,  IfcICenzie 
(12) ancl Davidson ( 5 )  found that  treating niares whicah were in heat with a 
pregriaricy urine extract or pregnancy mare sermn u s ~ ~ a l l y  \vonlcl induce ovula- 
tion within 48 In.. after the injection, if a mature follicle was present in the 
ovary a t  thc time of injection. I11 the bovine, except when clealing with iiyn~pho- 
mania, the gonadotrophic hormones have previously been athniliistcr*ed during 
some phast, of the srxual cycle other than estrus. 

This stucly was luiclc~rtalten to determine the effect of administration of an 
unfractioilated gonadotrophic pituitary extract during estrus on the time of 
ovulation in dairy heifers. 

EXPERIXENTAL XETHODS 

Fourteen heifers, ~oiisist i~lg of thrce groups froin the University herd, repre- 
senting three dairy breeds, were used for this study. Group A included fire 
heifers that  variecl in age from 15 to 18 1110. Group A was observed through 
four iiorinal estrous cycles. IIeifers in group A were confined to pasture lots 
during the experimental period ( Ju ly  12, to Oct. 28, 1930). Group B, consist- 
ing of four heifers ranging in age from 11 to 15 mo., was observed through two 
normal sexual cycles. This group was confined to a barnyard during the experi- 
nlental period (Sept. 1, to Oct. 10, 1050). Group C included fivc Holstein heifers 
that ranged in age from 12  to 13 1110. Four of the heifers were observed through 
s;x normal sexual cycles, ancl a fifth heifer was observed through four norinal 
cyclcs. The sixth consecntire sexual cycle of this heifer was abnormal, and since 
time did not permit the continnatioii of the study, the c~orresponcling control 
caycle also was omitted. These heifers mere confint~l to a pen barn throughout 
the experimental period (Sov. 30, 1950, to Apr. 2, 1951). The estrnal periods 
were altt~rnatc>ly des~gnated as control and experimental. IIeifers in gronps A 
and B mere injectecl intrainnscnlarly with 20 ra t  units, and those of group C with 
10 ra t  units, of an  uiifractionatcd gonadotrophic pituitary extract.' These in- 
jections were made as early as possible after an  estrns chcclr ~vhcn the heifers 
were noted in heat during an expcrimelltal period. 

The animals werr obsrrreci for the onset of estrus tvice daily a t  6 a.m. and 
6 p.m. TVillingness of th(. heifer to stand while being n~ouiltecl by a bull or an- 
other heifer was the only critorioli accepted as inclicating estrns. As soon as a 
heifer was noted in estrus, shc was c~oiifined to the barn. Beginning of estrus 
was dated back 6 hr., midpoint bet~vc~en cherlrs, from the check when the heifer 
was first noticed in estrus. 

3 Vetrophin, a commercial product prepared by A11l)ott Laboratories, mas the extract used 
in these studies. 
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The time of ovulation was determined by the rectal palpation method. The 
heifers were examined per rectum shortly after being noticed in heat. The size, 
position and tone of any follicle in either ovary were determined and recorded. 
If the follicle was turgid, the next examination was made after the animal went 
out of estrus, fro111 which time palpations mere made a t  2-hr. intervals until 
ovulation was detected. If the follicle was soft, rectal palpations a t  2-hr. inter- 
vals were begun immediately. Time of ovulation was established as the midpoint 
between the last exa~niilation when the follicle was intact and the subsequent 
examination 2 hr.  later when the folliclc had collapsed. 

The end of estrus was determined by checking the heifers every 2 hr. with 
other females, with a bull or with both. The heifers were aproned to prevent 
copulation when a bull was used. End  of estrus was dated from the midpoint 
between the last check when the heifer stood quietly for mounting and the sub- 
sequent checlr when mounting was not permitted. 

RESULTS 

The results of the experinlent are presented in table 1. The average time 
interval from the end of heat to ovnlation during all experimental periods for 
groups A, I3 and C was 1.01 hr. compared with 11.74 hr. for all control periods. 
The individual ovulation intervals varied greatly from one cycle to the next for 
all groups of heifers. These heifers were not consistent with respect to time of 
ovulation from end of heat during control periods, as judged froin the liiniteci 
number of observations in this study. The interval between horinone injection 
and rupture of the follicle varied from 10.00 to 27.0 hr., with no apparent con- 
sistency in the length of time required for the hormone to show an  effect. 

As shown in table 1, average length of estrus of all three groups of heifers 
was 23.06 hr. during experimental periods and 23.50 hr. during control periods. 
These data indicate the treatment had no particular effect on the length of time 
that a heifer remained in heat. 

During the course of the experiment, one of the heifers was unintentionally 
serviced by the bull used for checking heat and therefore was excluded from the 
analysis. The heifer was 14 mo. of age and i t  was hoped that  she would not 
settle to the service. It was derided that  conception might be prevented if the 
follicle was ruptured prematurely. The development of the follicle was fol- 
lowed by periodic rectal palpations until it was found to protrude from the sur- 
face of the ovary. A t  this time the follicle was turgid and was approximately 
15 mm. in diameter. Judging from the usual length of time required for a 
follicle to reach a flabby condition when ovulation is imminent, it  was estimated 
that  ovulation would not occur for a t  least 6 hr. The follicle then was clasped 
between the thumb and index finger and sufficient pressure exerted to rupture 
the follicle. The heifer conceived to this service and gave birth to a living calf. 
Kriisa (10) reported conception in  cows after manual rupture of a ripe follicle. 

DISCUSSION 

These data show that the follicle can be caused to rupture earlier than occurs 
naturally if the proper stimulus is applied. Previous work (11) showed that 
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sterile copulation hastened ovulation. The stiiilulus of copulation may contribnte 
to earlier ovulation by inducing a release of factors essential to ovulation. 
Whether copulation hastens ovulation by causing a release of pituitary gonado- 
trophins relnains to be proved. 

Sinw the heifers were checked for estrns only twice daily, some of them may 
have betln in estrus as much as 11 hr. before a n  estrous check. The effect of the 
hormonal treatment depended upon the degree of follicnlar develop~nent a t  the 
time of treatment. Heifers that had only a small amount of follicnlar develop- 
ment in th r  ovary a t  time of treatment ovulated sooner with the respect to end of 
estrus than heifers in which the follicles were well developed a t  time of treatment. 

The hormonal treatment did not produce superovulation. No more than one 
follicle was ever palpated during mid-cycle examinations follo\ving experimental 
periods. 

Considerable variation in  the average length of estrus was noted among the 
three groups of heifers. The heifers in groups B and C were younger, on the 
average, than heifers of group A. \fThcther age or season affect length of estrus 
is not known. 

The effect of the administration of an unfractionated gonadotrophic pituitary 
extravt during estrus on time of ovulation of dairy heifers mas observed. The 
mean time from the end of estrus to ovulation for periods when the heifers were 
treated was 1.01 hr. and for the untreated periods 11.74 hr. Length of estrus 
was not changed by the treatment as mc~asured under conditions of this experi- 
ment. 

The authors are  grateful to Badger Breeders Cooperative, Shall-ano, \Vis., 
for a grant which nladr this study possible. 
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SOME PR.OPER.TLES O F  FREEZE-DRIED MILK1 

T. A. NICKERSON, 2. :{ S. T. COULTER AND R,OBERT JENNESS 

Divisions of Dazry Etisbandrjl and Agrtcel t~nal  R~ocl~emistry 
University of Jfznncaota, St. Paitl 

Spray-clried whole millr p o ~ ~ d e r  has some liniitations for beverage purposes 

(1). The powder is not readily miscible with water and many reconstituted 
;amples leave greasy filills 011 t h ~  cLontainers. Furtherniore, normal whole milk 
3owdrr, even when fresh, has a typical coolred and sorr~ewhat astrillgelit flavor. 
During storagr there is a rather rapid initial decreascl in flavor quality, even 
~nd ' r  the best c.onditioiis. 

During World T a r  11, the preparation of d ry  blood plasnia illnstratecl the 
tpplivability of freeze-drying techniques for the preservation of heat-labile mate- 
*ials. Drying froin the frozen state takes place a t  low temperatnrcls and low 
Ixygen Ie\-el.; so that little chemical change would be expected dn r i i~g  drying. 
[n aciclition, freeze.-(1ric.d products generally are readily soluble in w;ltc1r ( 9 ) .  

S o  published data are available on the physical characteristics and keeping 
lualities of freezca-clrietl millr. This stntly mas undertaken to deterininc~ whrther 
I superior product could bc protluced by freeze-drying techniclues. 

FREEZE-DRYING EQUII'XEXT 

The drier used to prepare all of the frceze-dried po~vclers consisted essentially 
~f a box of &-in. sheet iron, in one enil of which was installed a refrigeration coil 
(12 x 18 x 8 in.) operating on fr'on. The other end of the box consisted of a 
:haniber (9  x 12 x 10 in.) into which a racdlr of five shelves (8.25 x 11.5 in.) could 
b r  placed. The front of the box could be closed by a heavy metal cover which 
was clamped to flanges. The entire box caould be evacuated by means of a Cenco 
Megavac pump to a pressure under 1 min. of mercdury. The vacuum outlet was 
so placed that  air and water rapor had to pass through the refrigeration coil, 
thus freezing out the water and consequently maintaining a low pressure of 
water vapor in the system. 

Sublimation of the water was hastened by supplying heat during the process 
by means of nichroine heating coils strung above each shelf of the raclr. The 
amount of current flolving through this circuit could be controlled by a rheostat 
[Variac) outside of the chamber. 

Preliminary. Lots of freeze-dried milk were prepared from frozen pas- 
teurized fluid milk and from frozen condensed milk of various concentrations. 

Received for publication Aug. 8, 1951. 
1 Paper no. 2687 Scieritific Journal Scries, Minnesota Agricultural Experiment Station. 
2 The data in  this paper :rre taken from a tlicsis presented by T. A. Nickerson in partial 

fulfillment of the requirements for the P1i.D. degree, University of Minnesota, 1950. 
3 Now a t  the University of California, Division of Dairy Industry, Davis. 
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The frozen inilk was pul~erized in a Dazey Triple Ice Crusher before being placed 
in the drier. 

The size and shape of the frozen milk particles do not change during freeze- 
drying and, as a result the density of the powder varies directly with the solids 
content of the milk being dried. The product obtained by freeze-drying whole 
milk is soft and fluffy, whilr that obtaind from condensed milk (40 per cent total 
solids) is hard and brittle. JSirroscopic exanlination showed that freeze-dried 
milk consists of irregularly shapc~tl porons particles in which the fa t  globules are 
dispersed throuphol~t the mass. 

The color of both spray- and freeze-dried whole 111ilk powder is the same, 
namely a light cream. I n  the case of skimmilk, however, the spray-dried product 
is a chalky white, while t h ~  freeze-dried product is a pale yellow. 

S t a t e  of fat. I t  wa\ observed early in the investigation that reconstituted 
freeze-clrircl inilk al~vays produced an  oily film on glassware. Evidently the fat 
emulsion was partially destabilized during processing. Trials were instituted to 
determine the effect of various processing methods on stability of the fat emulsion. 
Freeze-driecl polvders were prepared using various processing techniclues ancl the 
amount of frrc. fat cleter~nined by extracting the powders with petroleum ether 
for 2 hr. in a Soxhlet extractor. 

Data presentecl in table 1 show the effecat of the various rnethocls usecl in 
processing on the amount of free fa t  extractcltl from the powder. The only pro- 
ceclure that greatly reduced destabilization of the fa t  ernulsion was homogeniza- 
tion of the ~nillr before freezing. Freezing the milk a t  a very slow rate (-25' F. 
in still air)  appeared to decrease slightly the amo~mt of free fat. Such factors 
as total solids content and tclmperatnre a t  ~vhich the milk was frozen had no ap- 
parent effect on the emulsion. Other processing methods, such as spray freezing 
or passing the frozen milk through a milling machine to increase the surface for 
faster drying, increased the amount of fa t  extracted from the powder. 

S tandard  nzetlzod of n ~ a ~ z z i f a c t l t r ~ .  As a result of this investigation, the 
follonring proc2edure was adopted as standard to prepare the freeze-dried powders : 
Milk from the 1Jniversity of Minnesota herd was pastenrizecl, co~ldensed to ap- 
proximately 40 per cent total solids and homogenized a t  2,300 and 300 p.s.i. The 
condensed milk w a ~ ,  frozen rapidly in ice-cube trays set in the air stream of a 
large circ.ulating fan at - 18 -t- 2" F. The milk froze solicl in approximately 30 
min. and there was no visible evidence of diffnsion of milk solids during freezing. 
The frozen cnbes \\-ere ground in a Dazey Triple Tee Crusher to increase the 
drying surface before placing them in the freeze-drier. Suffic.irnt heat was snp- 
plied by means of the electric heating element to dry the milk within 24 hr. when 
the chamber was maintained a t  less than 1 nun. merc.nry i ibsol~~t(~  preswre. 

This standard procedure was the most satisfactory fount1 in reclucing the 
anionnt of free fat, but even i t  did not produce as stable a produce as spray 
drying. As shown in table 2, 35 to 73 per cent of the total fat  in the freeze-dried 
milk was extracted with petroleutn ethrr in 2 hr., whil(1 only 12 to 19 per cent 
was extracted from spray-driecl po\vder rnltler the same conditions. 

S ta t e  of lactose. I t  is generally ac.c.c.pt~d that the lacatose in spra)-- and roller- 
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TABLE 1 

Tkr rfrrf of I . ~ ~ . ~ I I I I S  [ ? ~ O ( ' I . S S ~ ? L ~  111et11od~ on the rxtrc~etabilit!l of f a t  f rorll f rr~r,te-clricd 
wlrolc nailk powder 

- . - - - 

Solids Per  c c ~ ~ t  of total f:lt 

f roee1111 
~p -- - -- 

(%) ( ? ~ ~ i n . )  
1. Eff'tbct of ~ n c t l ~ o d  of frecbzing: 

I~'rozc.11 011 tr:iys : 
111 c o ~ ~ t a c t  with dry iet, 2 0 ea ;) 

I n  air strc-:tnl fi - 25" I". 20 c ; ~  30 
As nl~ovc I)ut n~illcd to ])ass 

0.0li2 n1cs11 screen 20 en 30 
I n  still a i r  (ii - 25" F. 20 180-480 
On refrigerntor coil @ 20" F. 20 45 
I n  air stream @ - 4°F.  20 30 
I n  air  strean1 @ - 35" F. 20 30 
I n  still a i r  (ii -4"  F. 20 360 
111 still a i r  f i  -35O F. 20 360 

Slwayed on cold plates @ - 20" F. 20 Instantaneous 
Sprayed in rooill @ - 20" F. 20 C L  

[I. Effect of solids content : 
Froze11 in tr:lys in  air stream 10 30 

@i - 2 5 "  F. 20 30 
30 30 

[I. Effect of l ~ o n ~ o g e ~ l i z a t i o ~ ~  : 
( 'o~~dci~scd n~ilk (40%) l~on l~ge~i ized  
(71 2000 :~nd  ROO 1)s.i. di111t~d to 20 3 0 
20% : I I I ~  frozt'11 on tmys  in air  
strr:un (ii - 2.5" F. 

- -  - - - - -- - 

a 13:strnrtcvl for  2 Ilr. wit11 1)etrolemn e t l~cr  in Soshlrt, nl~lrnmtl~s. 
1)iluted ill rvcLry r:lse  fro^^^ 40% solit18 condrnsc~d inilk. 
lq:acl~ figure rc~l)rcsmts nveragc of i111l)lieatr dc tc rn~ ina t io~~s .  

rstractcd* 
- 

1,ot Lot  1,ot 
1% C U 

TABLE 2 

hr rrtractabilit!/ of f a t  fro111 spray- c~?rcl freeze-drird frlhole n1il7; poicders by prtroleltn~ ether 

Lot Tempnature 
of preheating 

Per  ecnt of total f a t  cstracteda 
-- 

Spray-dried Freeze-dried 

( "  F.1 
I11 163 12.3 

160 11.6 
180 14.9 

IV 143 13.3 
160 17.6 
180 18.0 

E'rrezc-dried, re- 
constitnted anrl 

slw:~y-drictl 
V 143 18.6 

l(i0 18.G 
180 17.3 

- - 

a I"lgares arc nveragrs of dul~lieate tl('tc~r~nin:~tio~ls. 



80 T. A. NICKERSON ET AL 

dried porvclers exists as a coiiceiltrated syrup or glass and that a ant1 /3 lactose 
are present in the equilibrium ratio (3, 13, 19, 20, 21). I t  seemed possible that 
some c*rystallization of thr  lactose could have talwil p1ac.e in the freeze-dried 
powder, brcal~so the tlrying process wits relativrly slow ( 2 1  hr.) ancl the graiinlar 
appc.arallcc of the porvder suggcst,ecl thilt crystals niight be presr~lt. Alpha and 
,8 lilctosc. wcrc. tlrtclrn~ii~ecl c(naiit,itativcly in it i lu~r~bcr  of lots of po~vcler by the 
polilrill~c'tric illc~thod of Sharp and Doob (20). 

Thcl tlitta prcase~~tetl ill titblc 3 are good pvitlence that normally no crystalliza- 
tion of lavtoso takes place in either type of powder. Crystallizatioii takes place 
in both po~vtlrrs \v11(>n the ii~oistnre conteiit is high. Crystallizatioii also occurs 
whrn a portion of the frozen niillc i~zelts during drying. The data shorv further 
that the ratio of /3 to a lactose in the powder is depc~ndent npon the temperature 
of dryiiig. I n  the spray-dricd powders 41.75 to 43.47 per cent of the total lactose 

TARLE 3 

Alplia ant7 brta 7aetosr content8 of spray-  amd freeze-dried t t t i l P  

Total 
Fr:~ction of total 1:lrtose 

S : I I I ~ ) ~ C >  Te~nl). of  resent as Ratio of 
I,ot 111 "." lIe:,ting. nlllly'lrous _______ - - . 

lactose 
Rcta/Alpl~a 

Al1)11:1 Retn 
pp - - - - .- 

(" F.) (%) (%) (%) 
(1)  S ~ G I ~  1 43 34.3 42.87 ;)1.12 1.33 

- - 
34.6 43.47 5(i.51 1.30 

(2)  Spr:~y I f i l l  :14.8 41.75 58.24 
7 .  

1.39 
35.0 43.1 7 .)0.82 1 .:$2 

(3)  Spr:~y 180 34.5 42.16 57.83 1.37 
34.8 42.2(i 57.73 1.37 

(4)  I.~.D. 143 34.7 37.41 (i2.58 I.(ii  
34.5 :37.91 li2.08 1 .(i3 

(5)  17.1). 1 (i l l  34.8 :17.71 62.28 1.65 
37.91 (i2.08 1 .(i:1 

(6 )  F.1). I80 34.8 37.20 fi2.78 1 .(in 
34.8 :<8.:13 (il.67 I.(il 

(7)  F.D. 141 34.8 40.54 50.45 1 .n2 
(7.8% II,O) 34.9 4~.,5:3 51.4fi I .mi 

(8)  F.1). Skim 143 51.8 45.1 9 54.89 1.21 
(melted) 50.7 4ti.20 53.79 l.l(i  
- - - - - - - - - p~ - -  - 

was present in the alpha forin, whereas in the freeze-dried powders 37.20 to 38.32 
per cent of the total lactose rvas present as a lactose. Therefore, the ratio of P to 
a in the spray-i lr i~d powders ~ a r i e d  between 1.30 and 1.37 aiid closely approached 
the 1.33 cluotetl in thc literature as the equilibrium ratio in a lactose solution a t  
212" F. (10). The ratio in the freezr-dried powders varied b e t ~ e e n  1.61 and 
1.69 and approachetl the eclnilibrinin ratio a t  32' F., which has been reported to 
be 1.65 (10).  Troy ancl Sharp (21) suggested in 1930 that "theoretically, a t  
least, an indication of the tc~mperature at which thr powders are dried can be 
gitineil from thr ratio of /3 to a lavtose in the lion-crystallinr clrietl i~iaterial." I t  
is interesti~ig to i1otr that the data obtainrd ill this stndy (.onfirin their statemcmt. 

Ensc of vcco~rsti trctio,~.  The ease with whic*h a millr porvtlt3r ma?- be rccon- 
stitl~ted tleprntls ill part on the rat(. thc po\vtlclr is w(>ttc~l by ~vitter ant1 ill part 
oil the rate and extent to 1vhic.h thc~ indiridual pilrtic.l(ls rr7ill tlispclr.;e after rvc~tting. 
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Wettability of thr po~vders was cletermined by the tinie requirecl for the particles 
to sink below the snrfacde of water on whicah they were dl~sted. In gc~nc.ra1, the 
freeze-tlricvl whole milk po~vd(1rs xettecl inore slowly than the spray-dried powders 
madr fronl the saillcl millr. Wettability and dispc~rsibility charactcbristics of 
freeze-dried ski~nmilli were exc~ell(~nt. The presence of free fat  in the froeze- 
dricd ~vholr inilli powder decreased the rate of wetting arid, as a rewlt, the po~vtler 
ditl not rc~ron\titntr as ea5ily ancl readily in c.01~1 water as did the spraj--drird 
powtler. Ii'reeze-dried powcter disperses more readily in warm than in cold 
water. 1)ispersibility of the powders war determined by noting the time required 
for partic.le5 to lose their identity when in~mersed in water a t  roonl temperatnre. 
Fine particles of freeze-drietl polviler characteristically clisprrsed as they netted, 
but spray-clriecl po~t~cler rarely exhibited such rapid clisintegration. 

Flaz*or and  keeping qzcality of freeze-dried and  spray-dr ied  nlilks. A total of 
four series of po~~~clers  was prepared for keeping qnalitj- tests. In t h ~ ~  first two 
series the nlill; ~vas  preheated a t  160 and 180" F. for 30 niin. An aclditional 
preheating temperature of 143" F. for 30 inin. was inclncled in the last two series. 
The condensed inilk in each case was split into two lots, on(, of which was spray- 
dried in the drier dercribed by Conlter (4)  and the other freeze-dried. 

The tlry nlilli powders \vere packed in cans (200 x 210) at the rate of 3.5 g. 
per can. Thc cans were hermetic.ally scaleti; half mere air-paclied and half 
~litropril-pacliet1 by ineans of the cvlnipnient tlescribcd by Conltcar ant1 Jeiiness 
( 5 ) .  A11 cans \vei-r storetl in an insnlated o v c ~  th(~nnostatiral1.v controllctl a t  
100 & 4" F. 

At intervals tlnring storage, thr  millt powtlers \vcSre re(*oiistit~lt(~d ~ I I I ~  jndgcd 
for flavor by at least two exptxriencc~d ~nillr jntlpes. Initially tlistilltvl \vatc.r at 
room tcnipera t~~rc~ was usrtl for rc.cwnstitutio11, but at this tc~1npc~r:ttut.c. c>scessive 
churning oc*nirrcd in the frcxeze-tlric~d ~ltillis. I%r this reason the po\vtlt*rs wrre 
reconstitntetl at 110 to 120" F. and passed through a hantl honiopc~nizc~r to tlis- 
perse thr  fat. IVhen the sanzples w r e  prclparetl ia  this inannel-. it was not 
possible to distinguish physic~ally betwec~n reconstituted spray-dried and frceze- 
dried niillis. 

Thiamine di\nlfide- and acid ferricya~lide-reducing capacities and fat  peroxide 
determinations vere nsed to measure quantitatively some of the changes in these 
POIT-ders during storage. Acicl ferricya~~ide-redtlci~lg substances were estimatecl 
by the Chapman and AIcFarlane procedure ( 2 )  as modified by Crowe et  al. (6) .  
thianline diwlfide-rednciilg substances by the method of Harland and Ashworth 
(11) and fat  peroxides by the method of IIills and Thiel (14).  

I t  mras not possible to produce a freeze-drietl powder that had a better initial 
flavor than ~pt'ay-dried powder made from the sanle ~nilli. The freeze-dried 
powders usually had a slightly nlore prono~mt+ed ht,ated flavor than thi~ir  spray- 
dried counterparts, but only po\\~ders proc111ced fro111 ~nilli hcated at 180" F. 
were criticized reglllarly as being 'L'roolicld.'' Both types of po~vder were criti- 
cized as having an astringent flavor. 0 1 1  one orcasion, the c.ontlenset1 inilli, nsed 
in preparing the polvtlers, was tlill~tetl to t h ~  solids rontc>rlt of fl11it1 tnilli and 
scorid along with the reconstitutc.d pokv(1t.r~. It miis not possibl(~ to tlistingnish 
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among spray-dried, freeze-dried and condensed milks when thry were recon- 
stituted to the samr, total solids co~itent. The astringent flavor ~vas  detrctrd in 
all of t l i ~  salnpl(1s. It is apparcant, therefore, that drying pcr s ?  Tvas not respon- 
siblc for the prodnctiol~ of this flavor. Therr ~ ~ a s  no correlation between the 
inc~idence of astringc>nt fla\,or ant1 the tc.lilperati~rt~ at mhich the fll~itl ~ililk \i7as 
prc.hratec1. 

The fli~vor scaore data obtainetl f r o n ~  one srries of po\vders stored a t  100' F. 
arr  pres(>nted in table 4 and are typical of thc rt~sults obtained. These po~vders 
\r.c1rcl snbjcct to the same types of flavor deterioration and were rriticizeci for the 
same flavor defec.ts, such as tallowy, stale, "burnt feathers," gluey, astringent 
and coolr(~L The data sho~v that except for oxidation of the fat, the flavor of 
thescl poufders deteriorated at about the same rate. 

TABLE 4 

Flnt -o~  score of splay- and freeze-drictl .~cholr mill; pou3dcrs 

Flavor score after storage at  100" F .  

Snlr~ple Temp. of 
~ o t  111 ~,rc~leat ing '"itin' 111 air for: In nitrogen for: 

2 wk. 4 wk. 7 wk. 9 7vk. 1 2  wk. 
- -- 

( "  F . )  
8pr:ty 143 39 33 32 N3.n X.S. 28 

' I  l ( i O  38 3:' 32 30 N.S. 28 
' 1 180 3'4 31 36 :i 1 2 8  30 

Freclzca-dricd 143 39 34 32 2 8  X.S. 5.8. 
( (  l ( i 0  39 34.5 31; 31.5 29 30 
( 6  180 3') RO 3 ( i  34 32 A 1 

-p~ -- 

;I S .S.  = KO Srorc,. 

The 111ec11~11is111 of oxidation appears to be the salue irl these po\vl.ders, but the 
ratvs of ositlation arc. differ(1nt. Thr freeze-dried polvders neither became tal- 
lowy nor dereloped perositles as rapidly as did the spray-drietl powders. Both 
type's of p o ~ v t l ( ~  becamr tallowy and were inflnencc~cl si~nilarly by the oxygen 
level a t  which they ;.17ere stored and by the temperature a t  ~vhich the flnid milk 
was preheated. Increasing preheating temperatures increased the keeping 
quality of the polvclers 11-ith respect to tallowy flavor, which is in agreement with 
the findings of others (7, 8, 15, 16, 17, 18). The peroxide ralaes presented in 
table 3 are typical and show that, the fat of spray-dried powders had higher 
initial peroxide ~ a l n e s .  

Sevc~ral factors apparently are responsible for the slower rate at which tal- 
lo~vinrss dt.reloped in the freeze-dried po~vdrrs. Thr higher initial peroxide 
values of the spray-t1ric.d milk iili(i(aat(> that th(1 ind1l~'tion period of the fat was 
rctlr~c.etl by oxitlation during spray-tlrying, and, the~vfore, s~lbse(ll~ent oxidative 
changes tll~rinp storapch wonltl br ac~cel(~r;ltecl. The grc1atc.r ea1)iic.ity of freeze- 
drird powtler (160 ant1 180' F.-YO nlin.) to rrducc. thianiine disl~lficle also ]nay 

be a fartor, sil1c.e I I i t ~ l a ~ ~ t l  cf  al.  (12) haw r~port(1d that thiainin~ disulfitle- 
rc.tluc.inp s~~bst i~~~c.c ,s  appear to bc assoc.i;ltcacl wit11 inc.rrast>tl rc1sist;lnc.e to oxidation 
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when present in dr:- ~rhole milk. Thtl data prc.sented in table f i  show the initial 
capt~citirs of the dry rililBs to reduce thiamine disulfidc. No significailt change 
was obscrved in these reduring snbstanc~s during storage. 

Off-flavors associated with the hlaillard reaction were found in both types of 
powder cluring storage. This type of drterioration inanifests itself in high mois- 
ture powders as "gluey," ' L b u r i ~ t  feathrrs" flarors and results in the develop- 
ment of large quantities of acitl fcrricyanide-reducing substances. Data not 

Effect  of  pre71eatingr/, coelkod of  tlrying ant1 ox?ygen lrvcl on peroxide oal~res of  dry ~ul~o lc  mill: 
dirrin(l .stora,qe at 100" F .  

Prroxiclc v:~lues as  0, per kg. po\r7der af ter  storage a t  100" F 
Sample Temp. of 
Lot I11 prellcating I n  air  fo r  : I n  nitrogen for:  

E'rrsll -- 
2 wk. 4 wk. 

( "  P.)  ( e )  (m.eq.) 
Spray 143 0.04 0.11 
Spray 160 0.09 0.09 
Spray 180 0.15 0.06 
F. I). 143 0.10 0.09 
F. D. 160 0.08 0.03 
F. D. 180 0.06 0.04 

presented in cletail show that the acid ferrioyanide-rc.ducing 'apacity increased 
in both types of powder a t  rates dependent upon the rnoistnr~ content. 

Altholigh deterioration of these two types of powder was similar in most 
respects, development of a fruity flavor during storage was characteristic of a 
number of freeze-dried samples, but was not noted in the spray-dried samples. 
Fruitiness usually was evident only after several months of storage, but one lot 

TABLE 6 

T71e effect of pre7hratin.q antd nrt~tlrot7 of c1ryin.q on tlriamine dz~t~lf lde-redirein nlrbstanrce 
in dr.11 zi*hole mill; 

Tl~iamine disulfide-reduci~~g sul)stw~ic.es 
Lot 111 as  eysteine-HC1 per g. potvder 

Temp. of prel~eatillg 
Spray-dried Freeze-dried 

- -. -- 

( "  P.)  (?".(I.) (111g.) 
143 0 0 
I60 0 4.2 
180 11.0 12.7 

berame fruity within 3 ~vk. This defect was not relatetl to thc preheiiting tem- 
perature used in processing. 

SUlI  JIARY 

The effect of freeze-drying inilk 011 thc physicdal statc of c.c~rtaiii inillr con- 
stituents and on the keeping qualities of thc resulting powder has been studied. 
The f a t  e~nulsion of freeze-dried p o ~ ~ - c l ( ~  is ptlrtially destabilizecl. The presence 
of free fa t  in the powder irialres rc~c.oilstitntioli diffic6nlt. 
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No crystallizatioil of the lactose is evident in the spray- and freeze-dried 
polders. The data show that the ratio of /3 to a lactose in these powders is de- 
penclent upon the ternpwatnre of drying. The ratio in spray-clried powder 
closc3ly approaches the ecluilibriunl ratio in a lactose solution a t  212' F., while 
the ratio in freeze-dried powtler closely approaches that a t  32' F. 

Flavor and keeping quality characteristics of freeze-dried nlillr are essen- 
tially the same as for spray-dried whole ~llillr po\~der.  Both dry milks have 
esselltially the same flaror characteristics when fresh and both beeonle tallowy 
in storage. They also ilia>- exhibit deterioration of the typcl associateci with the 
Maillartl rc.action. The freeze-dried powder, however, freclnelltly ac*cjnires a 
fruity flaror which is not apparent in spray-t1ric.d ~riilk. 

Frchchze-tlryillg by the iilethods used in this study cioes not prot1nc.c a more 
satisfitc~tory protlnct than spray-clried milk. 
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ASSOCIATION ANNOUNCEMENT 
TO T H E  MEMBERS O F  T H E  AMERICAN DAIRY SCIESCE 

ASSOCIATION-CALIFORNIA WELCOMES YOU 

The University of California is honored, after twenty-one pears, to welcome 
you again to its Davis campus. We are loolcing forvrard to .June 2G26, with 
much pleasure and are happy that you have chosen to hold your 1932 meeting in 
California, one of the leading states in dairying as in many other fielcls of agri- 
cultnre. 

The Annual Neeting of the American Dairy Science Association provides an  
opportuility for exchange of the latest scientific information in  the many fields 
of dairying. This is the time when new discoveries are reported, when theories 
are debated, and when scientific bases are laid for the advancement of the dairy 
industry. I t  is our hope that  your visit to the Pacific Coast mill be productive, 
stimulating, and pleasant. 

We hope, too, that you will have opportunity to visit other campuses of the 
far-flung University of California, for all which it does for the advancement of 
dairy science is by no means confined to the Davis campus. And we would be 
amiss if we did not attempt to persuade you to save some time in your busy 
sunliner schedule, now that  many of you have travelled so far ,  to enjoy the un- 
surpassed beauties of California's mountains, forests, lakes, and seashore-and 
above all the redwoods, the olclest living organisms of the world. 

We extend to  yo^^ a welcome-physically as well as emotionally, warm. 
Very sincerely yours, 

C. B. HUTCHISON, 
I ) c a ~ f  of tizc ( ' o l l cqc  

of Agriczclt~rre 

PAPERS FOR T H E  1952 ANNUAL MEETING O F  T H E  
AMERICAN DAIRY SCIENCE ASSOCIATION 

The 47th annual meeting of the American Dairy Science Association will be 
held June 24 to 26, 1952, as guests of the University of California on the Davis 
campus. All members planning to present papers should submit the titles of 
their papers accompanied by two copies of a n  abstract of not more than 200 words 
not later than Alarch 15 to the Chairman of the Program Conln~ittee of their 
Section. Terininology used in abstracts should be understandable by the general 
reader as well as the specialist, according to a resolution adopted in 1951. Titles 
and abstracts must be received promptly since abstracts of the final program 
must be macle available in printed form for the annual meeting. The respectire 
committee chairmen are as follows : 

Extension Section: Manzbfactzcring Sect i o ~ t  : 
R. D. Leighton, E .  L. Jack, 
Department of Dairy IIusbandry, Dairy Department, 
T:airersity of AIinnesota, Tiriiversitp of California, 
I7ni~ers i ty  Farm, Davis, California 
St. Paul 1, Biiiznesota 
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Prod~rction Section: 
S. S. Allen, 
nepartinent of Dairy EInsbandry, 
TJniversity of Wiseonsin, 
Maclison, Wiseoilsin 

The general program coinmittee believes that  no person should present Inore 
than two papers, thereby making i t  possible for active participation by inore 
inembers. S o  title will be considered that is nnaccompanied by a suitable ab- 
stract. I t  is desired that  inore contributions be submitted by senior staff inem- 
bers and froin the laboratories of industry. 

Because of problems in slide projection, i t  is desirable for speakers to dis- 
tribute mimeographed copies of pertinent data, together with a brief summary of 
the paper. 
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G. W. SALISBURY, Illi~lois (1 year) G. WERNER, Wiseoi~sin, Clrairnrait ( 3  years) 

TV. I). KNOX, TVisronsin ( 2  years) G. E. GORDON, C:~lifor~lia ( 1  pear) 
J .  K. LOOSLI, S e w  York ( 3  pears) W. CARTER, S e w  York ( 2  pc:rrs) 

Type Classification 

I. W. RUPEL, Tcxi~s, Ckair?nnn ( 3  years) J. G .  CASH, Illinois (1 year) 
TV. J. TYLER, Wisrol~sin ( 1  ~ C : I P )  If. J .  REGAX, 3lissouri ( 2  years) 
S. P. RALSTON, Michigan ( 2  gcnrs) I,. COPELAKD, Te~~nessee  ( 3  pe:~rs) 

OFFICERS AN11 COMMITTEES O F  T H E  EXTENSION SECTION 

SECTION OFFICERS 

R. D. LEIGHTON, 3fillll~sot:l, Ck~il~lIl(ll1 
I. E. PARKIN, Penasylvm~ia, Vice-clrcrirmczn 8. S. GAUNT, M:~ssa~huset ts ,  Secretary 

Dairy Rczrortls 

I,. 11. STINNETT, Okla., Cha i r~~ran  ( 1  pear) AI. E. SENGER, Maryland ( 3  years) 
R. G. CONNELLY, Virginia (1 pear) I). E. VOELKER, Iowa ( 3  ye111.s) 
J. I). RIJRKE, New York ( 2  years) J. F. I<ENDRI('I<, W:lshingtoii, 1). C. (Ex  Officio) 

4-E CCl~tbs 

13. A. T V I L L ~ ~ ~ N ,  S r t r  York, Clrnlrnlan ( 2  years)C. OLSEN, North D:~kot:r ( 3  yc:rrs) 
G. W. VERGERONT, W ~ S C O I ~ S ~ I ~  (1 pear) C. W. NIRLER, K\'cl,rnska ( 3  yews) 

Tcachii~g Nethods 

D. T o u s c ,  Del:~n:nc, Clrrrtr~r~an ( 2  yrnrs) J. TV. FOSTER, K e l ~ t l ~ c k y  ( 1  yc:~r) 
G. E. GORDON, C:~liforni:~ (1 yc:kr) S. G.IIJST, Massachusetts ( 2  pcars) 
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ANIMAL DISEASES sitized ones in all respects. When injections of 

W. D. POUNDEN, SECTION EDITOR 

1. A comparison of the Brucella ring test and 
the blood serum agglutination test in 955 cows. 
H. S. BRYAN, G. T .  WOODS and M. E. MANS- 
FIELD, Univ. of Ill., Urbana. N. Am. Vet., 32, 9: 
618-620. Sept., 1951. 

Results compare simultaneous ring and blood 
tests of 955 lactating cows in 14 different Hol- 
stein herds. Calfhood vaccination with B.A.I. 
strain 19 was practiced in each herd and all cows 
used in the study except a few of the older 
animals had been calfhood vaccinated. Approxi- 
mately 85% were negative to the ring test and 
75% were negative to the blood test. The over-all 
agreement between the ring and blood tests was 
78.7%, indicating considerable discrepancy. Re- 
sults of a comparison of the antigen used for the 
ring test with an experimental ring test antigen 
furnished by the U. S. Bureau of Animal Indus- 
try also are given. R. P. Niedermeier 

2. A clinical pathological study of experimental 
leptospirosis of calves. K. R. REINHARD, 
U.S.P.H.S., Hamilton, Mont. Am. J. Vet. Re- 
search, 12, 45: 282-291. Oct., 1951. 

Six calves were inoculated with 2 strains of 
leptospira which had been isolated from field 
cases. Rectal temperature and blood and urine 
samples were taken daily. Fever appeared begin- 
ning the 4th-9th d. and lasted 2-4 d. Leptospira 
were found in the blood during the febrile period. 
In  2 cases leptospiruria appeared following the 
leptospiremia and persisted until autopsy, when 
leptospira were found in the kidneys. A transi- 
tory anemia appeared with the fever and some 
cases showed hemoglobinuria. At this time ery- 
throcyte fragility was high and lymphocytes and 
neutrophilcs were low. The blood changes are 
particularly significant in diagnosis since gross 
physical signs may be indicative of a number of 
diseases. In all cases the kidneys showed marked 
damage. Small white foci on the surface of the 
kidneys was the most significant gross lesion. 

E. W. Swanson 

3. A comparative study of the intradermal 
johnin test on cattle artificially and naturally 
sensitized with Mycobacteriurn paratuberculosis. 
D. SIKES, H. W. JOHNSON and W. T. Ocr.~snv, 
La. State Univ., Baton Rouge. Am. J. Vct. Re- 
search, 12, 45: 302-305. Oct., 1951. 

Cattle artificially sensitized with M. paratu- 
barculosis were more sensitive than naturally sen- 

johnin were repeated 'at the same site" at 1-, 2-, 
3- and 4-wk. intervals, the respective percentage 
positive response was 56, 75, 82 and 88. Normal 
reaction occurred when previously unused sites 
were injected. A lapse of time exceeding 4 wk. 
is required for repeatable results i f  the same in- 
jection site is used. E. W. Swanson 

4. Attempts to produce bovine hyperkeratosis. 
C. OI.SON and R. H. COOK, Nebr. Agr. Expt. Sta., 
Lincoln. Am. J. Vet. Research, 12, 45 : 261-272. 
Oct., 1951. 

This report is of an extended investigation with 
pelleted fecds previously proved to produce sus- 
ceptibility to hyperkeratosis ( X  disease). A new 
group of susceptible calves was mixed with calves 
already affected by hyperkeratosis and 1 pen of 
new calvcs was maintained separately. Half of 
the calvcs were fed prairie hay and soybean meal 
and half were fed prairie hay plus the pelleted 
feed supplement for 74 d. In  addition, the 
suspected pellets were fed to another group of 
calves at a distant experiment station. Of the 
calves receiving no pellets, none developed hyper- 
keratosis even though they were with calves re- 
covering from previous illness. Hyperkeratosis 
appeared in some of the new calves in all lots re- 
ceiving the suspected pellets. Papillomas of the 
mouth appeared at  40-80 d., dcrmatosis at  60 d. 
and definite hyperkeratosis at  133-164 d. Some 
of the calves only mildly affected, apparently 
recovered. Follolving resumption of the pellet 
supplement feeding to 5 calves, 100% mortality 
occurred. Detailed necropsy findings are re- 
ported. Significant items were anemia, edema- 
tous gall bladder and heart changes. The de- 
velopment of the disease was definitely attributed 
to the feed, but required a longer feeding period 
with 15-mo.-old than bvith younger calves. 

E. W. Swanson 

BUTTER 

0. F. HUNZIKER, SECTION EDITOR 

5. Alfa-Smorets Struktur (The structure of Alfa 
butter). N. KING, Swedish Dairy Expt. Sta., 
Meddelande, 30, 195 1. 

During the ripening of cream over a period of 
scvcral hours the fat globules have time to undergo 
certain changcs. Phase inversion and the chemi- 
cal composition of the globular and free fat are 
affected. The composition of the 2 phases influ- 
ences the consistency of the butter. In  the Alfa 
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process there is insufficient time for the com- 
plicated changes involved during the ripening of 
cream. The crystallization process takes place 
in the Alfa butter mass, where the fat has formed 
a globular and a free phase, with the fat globules 
dispersed in the free fat. 

At a temperature of 11-15O C., phase inversion 
can take place in 80% cream by cooling alone. 

In  the Alfa method phase inversion takes place 
throughout the entire cream mass, whereas in 
usual churning butter passes through the stage of 
granule formation. This results in a very close 
consistency in the structure of Alfa butter, but 
a less close consistency by the normal method. 

At the beginning of working of ordinary but- 
ter, the percentage of globular fat is consider- 
ably higher than in Alfa butter but only a small 
difference exists in the finished butter of both 
types. 

The fat globules in both types of butter appear 
identical after short periods of storage. At low 
temperatures Alfa butter can show larger quan- 
tities of birrfringent fat (crystal-mosaic) in the 
fat globules, indicating a difference in composi- 
tion of the globular fat. In Alfa butter the 
crystallization processes continue after leaving 
the transmutator; in ordinary butter small water 
droplets are enclosed during churning and larger 
droplets during working. Therc are no fat 
globules in the water droplets of normal butter. 

In Alfa butter there are 2 different types of 
water-phase droplets. Since phase inversion takes 
place throughout the whole cream mass during 
manufacture, the water phase is finely dispersed 
in small interstices between the fat globules. The 
diameter of the droplets are 1-3 w, none larger 
than 5-7 w. These droplets increase somewhat in 
size during storage. The other type of water- 
phase droplet in Alfa butter is larger and packed 
with fairly large fat globules (cream droplets). 
This gives the Alfa butter the character of a dual 
emulsion and indicates incomplete inversion of 
phases. The cream droplets disappear to some 
extent during storage. A birefringent sheath en- 
closes the cream droplets in Alfa butter. The 
sheath is part of the free fat and its birefringency 
indicates that it consists of several layers of mole- 
cules of fat fractions of higher melting point, 
orientated perpendicular to the surface of the 
droplets. 

The short period of treatment in the transmu- 
tator may account for the presence of the half- 
moon-shaped droplets occasionally encountered 
in Alfa butter which is an indication of differences 
in the hydrophilic properties of the fat globule 
surfaces. Under certain conditions it is possible 
for air bubbles to be present in Alfa butter, but 
this is not usually the case. G. H.  Wilster 

6. Metallic surface for butter churns. F. J. J .  
J. HENRARD (assignor to Ecremeuses Melottc) . 
U. S. Patent 2,571,573. 4 claims. Oct. 16, 1951. 
Official Gaz. U. S. Pat. Office, 651, 3: 823. 1951. 

The surface of butter workers and other parts 
of churns is so designed that it remains wet with 
water, preventing the butter from sticking to it. 
The  surface is kept wet by water from capillary 

cells, the walls of which converge and intersect in 
lines, presenting a minimum of exposed area. 

R .  Whitaker 

7. Butter-forming device. R. R. STEANS. U. S. 
Patent 2,572,960. 2 claims. Oct. 30, 1951. 
Official Gaz. U. S. Pat. Office, 651, 5: 1368. 
1951. 

A chambcr containing ice telescopes into a 
cylinder containing butter and forces the chilled 
butter through apertures in the top of the but- 
ter holding vcssel to form servings of various 
shapes. R. Whitaker 

CHEESE 
A. C. DAHI.BERG, SECTION EDITOR 

8. En Aktuell Orsak till Roda Prickar i Ost (A  
current cause of rusty spots in cheese). K. E. 
T H O M ~  and B. LINDGREN, Swedish Dairy Expt. 
Sta., Meddelande, 31, 195 1. 

Reddish or rusty-brown spots, chicfly in whole- 
milk Herrg%rd cheese, were not more than 1 mm. 
and generally less, but checsc thus affected was 
not approved for the "Rune Brand." The defect 
was caused by a rod-shaped lactic acid bacterium, 
most closely resembling Lactobacillus planfarum 
var. rudensis. The pigment was produced when 
the bacterium was permitted to form colonies on 
a surface or in an agar stab. Favorable bacterial 
growth temperatures were 13-40° C., with an  
optimum of 25' C. Growth and pigment produc- 
tion wrre dependent on the presence of certain 
sugars, but fairly independent of the p H  and salt 
content of the medium. 

A method was devised for the detection of the 
bacterium, which was found to be present in the 
milk of certain suppliers. The  bacterium was 
present in the feces of certain cows. 

With HTST pasteurization, the lethal tempera- 
ture of the organism was slightly under 72' C., 
and the bacterium thus is destroyed with normal 
pasteurization. 

Growth of thc bacterium in cheese depends on 
the rapidity of the reduction in the redox poten- 
tial. The  defect can be related to low activity of 
the starter bacteria in the milk, caused by peni- 
cillin or bacteriophage. 

Cheesemaking experiments showed that the pig- 
ment was not produced when the lactose concen- 
tration was reduced, for cxample by dilution with 
lactose-free whey. In  large scale cheesemaking, 
such dilution would not be practical. 

The defect occurred before the cheese was 1 
mo. old. I t  remains to be determined how infec- 
tion of milk with the organism responsible for 
the defect may be controlled . G. H. Wilster 

9. Molkenlocher am Kaserand (Whey pockets in 
the rind of cheese). J. LUDWIG. Milchwisscn- 
srhaft, 5, 11 : 376. Nov., 1950. 

Among the most important factors for control- 
ling proper rind formation in cheese are control 
of milk acidity at  renneting time and rate of acid 
drvelopmcnt thereafter. A high milk acidity at  
renneting time and/or rapid acid formation will 
tend to bring about a rough rind containing whey 
pockets in camcmbert cheese. I .  Peters 
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10. ~ b e r  Aromastoffe des Tilsiter KLses (Aro- 
matic substances in tilsit cheese). English sum- 
mary. G. SCHWARZ and J. Tonr~sow.  Milch- 
wissrnschaft, 5, 11 : 376-379; 12: 412-416. Nov., 
Dec., 1950. 

By means of appropriate analytical methods, the 
presence of the following substances was estab- 
lished in 4-4.5-mo.-old, part-skim tilsit cheese: 
( a )  volatile acids: valeric, butyric and propionic; 
( b )  nonvolatile acids: pyruvic, lactic and oxy- 
phenylcarbonic acids are most probable; ( c )  
volatile basic compounds: predominantly am- 
monia, also methylamine and dimethylamine, to- 
gether with traces of trimethylamine; ( d )  non- 
volatile basic compounds: histidine, arginine, 
lysine, ornithine, guanid~ne, tyramine, cadaverine 
and putrescine. The presence of histamine is as- 
sumed; ( e )  volatile carbonyl compounds: methyl- 
ketones and traces of aldehydes. 

Valeric and butyr~c acids, ammonia, methyl- 
amines and methylketones are considered most 
important in aroma formation of the cheese in- 
vestigated. I. Peters 

11. Die Beziehungen zwischen der Tatigkeit der 
Milchsaurebakterien und dem Kochsalz bei der 
Kasebereitung (The  relationship between the ac- 
tivity of lactic bacteria and common salt in cheese 
making). English summary. G. GODBERSEN. 
Milchwissenschaft, 5, 11 : 379-383. Nov., 1950. 

Comparisons were made using single- and mul- 
tiple-strain lactic cultures as to their suitability 
as starter cultures in the manufacture of cheddar 
cheese. Cultures were examined for rapid acid 
production, growth rate at different temperatures 
and growth in the presence of NaCI. 

A considerable difference in activity was found 
in the 8 cultures examined when grown at 37 and 
30° C. in the absence of added NaCl and at 30' 
C. in the presence of 5% added NaCl. 

I. Peters 

12. Cheese handling apparatus. R. MIOI.LIS 
(assignor to The Borden Co.). U. S. Patent 
2,567,957. 8 claims. Sept. 18, 1951. Official 
Gaz. U. S. Pat. Office, 650, 3: 698. 1951. 

A device for handling cheese in curing rooms 
consists of racks each suspended from a wheel on a 
monorail attached to the ceiling. The racks, 
holding a series of chrcsrs one over the other, are 
so arranged that each cheese rests on doubly- 
hinged supports. All cheeses on 1 rack can be 
inverted by lifting or lowering 1 side of each sup- 
port by means of a cable and pulley attached to 
the top of each rack and extending down to the 
bottom support in each tier. R. Whitaker 

13. Roasted cheese products and process for 
making the same. J. J. RUYS (assignor to Eru- 
Kaasfabrick N. V.).  U. S. Patent 2,571,765. 
8 claims. Oct. 16, 1951. Official Gaz. U. S. Pat. 
Office, 651, 3: 875. 1951. 

Cheese, containing less than 15% moisture, is 
roasted to form porous small thin brittle crisp 
pieces. R. Whitaker 

14. Priifung von schimmelverhiitenden Wandan- 
strichen fiir Mauerwerk (Examination of fungi- 

static wall paints). W. KUNDRAT. Milchwissen- 
schaft, 5, 12: 410-412. Dec., 1950. 

Commercial paints, A, B and C were examined 
for fungistatic properties in the laboratory and 
later by application to the walls of curing rooms 
for camembert and tilset cheese. These paints 
varied in their fungistatic properties when tested 
against various strains of molds in the laboratory. 
Of the 2 water-miscible paints, A was much su- 
perior to B in fungistatic properties when applied 
to walls. Paint C was oily in nature, having an 
undesirable odor and therefore was unsuitable 
for plant use, although it exhibited strong fungi- 
static properties in laboratory tests. I. Peters 

DAIRY BACTERIOLOGY 

P. R. ELI-IKER, SECTION EDITOR 

15. Problems created for the dairy industry by 
antibiotic mastitis treatments. C. S. BRYAN, 
Mich. State College, East Lansing. J. Milk & 
Food Technol., 14: 161-162. Sept.-Ort., 1951. 

Mastitic cows treated with antibiotics should 
have the milk withheld from the market for at  
least 3 d. Antibiotics present in the milk are not 
appreciably affected by pastrurization. Humans 
may become sensitive to penicillin injections when 
milk is consumed containing this antibiotic. 

H. H. Weiser 

16. A buffered boric acid lactose medium for 
enrichment and presumptive identification of 
Escherichia coli. R. H. VAUGHN, M. LEVINE 
and H. A. SMITH, Univ. of Calif., Berkeley; and 
Drpt. of Health, Honolulu, T.  H. Food Re- 
search, 16, 1: 10-19. Jan.-Feb., 1951. 

A study of a medium containing buffered boric 
acid as a means of distinguishing betwrrn E. coli 
and members of the Aerobacter and E. freundii 
groups is presented, together with the factors such 
as incubation temperature, concentration of mcd- 
ium constituents, pH, etc. which influence the 
selectivity. F. J. Doan 

17. The numbers and types of bacteria found on 
the hands of food handlers. M. P. Hn~woon  and 
V. A. MINCH, M. I. T., Cambridge. Food Re- 
search, 16, 2 : 133-1 36. Mar.-April, 1951. 

Considerable numbers of bacteria, including 
coliforms, hemolytic strrptococci, hemolytic sta- 
phyiococci and aerobic spore-forming bacilli, 
were found on the hands of food handlers in pub- 
lic eating places. Hemolytic streps and staphs 
were found in 29 out of 30 examinations. This 
study emphasizes the need for brtter personal hy- 
giene among those employed in handling foods. 

F. J. Doan 

18. Bacteriological studies on margarine. V. D. 
FOI.TZ and T .  H .  LORD, Kansas State College, 
Manhattan. Food Rrscarch, 16, 3 : 216-221. 
May-June, 1951. 

The bacterial quality of 50 samples of marga- 
rine was judged to be on a par with other 
processed foods. Plate counts were 100 or less/ 
ml. on 42% of the samples. The general prac- 
tice of adding 0.1% sodium benzoate to thc mar- 
garine doubtless is partly responsible for thc low 
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populations. Fifty four % of the samples were 
negative for yeasts and molds, 58% ncgative for 
mold mycelia and only 8% gave positive results 
for coliform bacteria. F. J. Doan 

DAIRY CHEMISTRY 

H. H. SOMMER, SF.CTION EDITOR 

19. Separation of alpha-casein from whole 
casein. N. J. HIPP, M. L. GROVES and T.  L. 
MCMEEKIN (assignors to the United States of 
America). U. S. Patent 2,572,026. 3 claims. 
Oct. 23, 1951. Official Gaz. U.  S. Pat. Office, 
651, 4: 1020. 1951. 

An aqueous alkaline 0.5-15% solution of casein 
at a pH of about 8 at room temp. is treated with 
a neutral soluble inorganic salt 'at  a concentra- 
tion of 0.05-0.2 and a saturated lower alkanol 
at  a concentration of 25-75% by volume. The 
a-casein is precipitated and removed at  a p H  of 
6-7. R. Whitaker 
20. Studien iiber die Saure-und Salzverhaltnisse 
in Milch und Molke (Studies concerning the re- 
lationship of acid and salt in milk and whey). 
English summary. G. ROEDER. Milchwisscn- 
schaft, 5, 11 : 391-400; 12: 426-428; 6, 1: 91-92. 
Nov., Dec., 1950; 2: 54-57; 3 :  91-92; 5:  165-169. 
Nov., Dec., 1950; Feb., Mar., May, 1951. 

This study is concerned with the relationship 
between titratable acidity and pH in milk and 
whey. This relationship can best be expressed 
by the formula (p, = -log [-SH]) . 

Graphical demonstration of the titration curve 
results at  first in a flat curve followed by a sud- 
den rise in the slope and a final flattening. In  
the case of whey it seemed that the speed with 
which the curve changed direction depended upon 
the point at  which the Ca, originally present as 
Ca caseinate, combined with lactic acid. Thus, 
whey of different acidities behaved differently. 
However, the formula used for milk also may be 
used for whey above p H  4.5, employing the ap- 
propriate constant. 

Due to variation in composition of salts and 
other constituents of milk it seems advisable to 
report values for metals and acids separately. 

I .  Peters 
21. The isolation from beef serum of a survival 
factor for Treponema pallidum. F. A. H. RICE 
and R. A. NELSON, JR., Johns Hopkins Univ., 
Baltimore, Md. J. Biol. Chem., 191, 1 : 35-41. 
July, 1951. 

From beef scrum ultrafiltrate (whole serum fil- 
tered through cellophane) a crystalline com- 
pound (C,,H,,O,~) was isolated which was 
shown to be a survival-promoting factor of viru- 
lent Treponema pallidum. The material was 
designated the TPS factor. After 5 d. at 30° C., 
15 y TPS factor/ml. medium were sufficient to 
permit 8% of T. pallidum to remain motile. 

H. J. Pepplcr 
22. Spectrophotometric analysis of amino acids 
and peptides with their copper salts. J. R. SPIES 
and D. C. CHAMBERS, U. S. Dept. Agr., Washing- 
ton, D. C. J. Biol. Chem., 191, 2: 787-797. 
Aug., 1951. 

Conversion of Cu complcxcs of amino acids to 
the Cu salt of alanine is the basis for a rapid, ac- 
curate and simple spectrophotometric method of 
determining amino acids and peptides. The 
method was used to study the rate of hydrolysis 
of casein. Chromogenic nitrogen found for com- 
plete acid hydrolysates of casein and P-lactoglo- 
bulin compared favorably with values calculated 
from data determined by others. 

H. J. Peppler 

23. Competition in the binding of long chain 
fatty acids and methyl orange to bovine serum 
albumin. G. E. COCIN and B. D. DAVIS, U. S. 
Public Health Service, Cornell Univ. Medical 
College, Ithaca, N. Y. J .  Am. Chem. Soc., 73, 
7: 3135-3138. July, 1951. 

The interaction between albumin and oleic, 
elaidic and stearic acids was studied at  pH 6.6 
in 0.1 M phvsphatc buffer at 6' C. by observing 
the competitive binding by the protein of each 
fatty acid and methyl orange. Little competition 
in the region of small molar ratios of addcd acid 
to albumin indicates the existrncc of more than 
1 binding site. The addition of more fatty acid 
increases competition until 1 fatty acid displaces 
more than 1 dye anion, probably caused by steric 
hindrance at  other sites. I-I. J. Peppler 

24. The binding of organic ions by proteins. 
Optical evidence of cooperative interactions with 
hydrogen ions. I. M. KLOTZ and J. M. URQU- 
EIART, Northwestern Univ., Evanston, 111. J. Am. 
Chein. Soc., 73, 7: 3182-3186. July, 1951. 

Changes in the optical properties of buffered 
solns. of iodinated bovine serum albumin were 
used to demonstrate the uptake of hydrogen ions 
by the protein molecule concurrently with the 
binding on anions. H. J. Peppler 

25. Study of protein-ion interaction by the mov- 
ing boundary method. The combination of bo- 
vine serum albumin with chloride ion. R. A. 
ALBERTY and H. 14. MARVIN, JR., Univ. of Wis., 
Madison. 1. Am. Chem. Soc.. 73. 7: 3220-3222. , , 
July, 1951." 

Crystallized bovine serum albumin in 0.15 M 
NaCl at O 0  C. was found by the moving boundary 
method to bind 8 ,9  and 29 chloride ion? per mole- 
cule of albumin at pH 7, 5.4 and 3.2. The val- 
ues are comparable to those obtained by the mem- 
brane equilibrium and electromotive force meth- 
ods. H. J. Peppier 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

26. Die Verteilung der Milch im Tellerraum der 
Separatoren (The distribution of milk between 
the discs of the separator bowl). English sum- 
mary. F. J. S C H ~ ~ I T Z .  Milchwissen.;chaft, 5, 
12: 418-425. Dec., 1950. 

The author was ablc to verify the theoretical 
a~sutnption that during separation milk is dis- 
tributed uniformly between the conical plates 
in thr separator bowl. This verification was 
tnadr possible by photographing the milk currents 
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with the aid of a stroboscope and glass windows 
in the bowl. Movement of Inilk in the bowl 
was at  a spred similar to that of the discs. 

I. Peters 

27. Method and apparatus for treating mixtures 
to make or  break emulsions. G. J. STREZYNSKI 
(assignor to The  DcLaval Separator Co.) .  U. S. 
Patent 2,572,287. 10 claims. Oct. 23, 1951. 
Oflicial Gaz. U. S. Pat. Office, 651, 4: 1092. 
1951. 

A mrchanical device is described for recon- 
stituting milk or cream from rneltcd butterfat, 
milk powder and hot water, consisting of a cen- 
trifuge, so designed that the Idend is intermittently 
discharged by crntrifugal forcr through a con- 
stricted opening. The samr device, suitably op- 
erated, may he employed to break the fat emulsion 
and produce free milkfat. R. IVhitakrr 

28. Conveying apparatus for milk cans. W. L. 
H. E. WURI)EMANN (assignor to Vrnnootsrhap 
onder firlna Postma 8( Fcenstra). U. S. Patent 
2,572,233. 1 claim. Oct. 23, 1951. OfTicial 
Gaz. U. S. Pat. Officr, 651, 4:  1077. 1951. 

A device is drscribcd for moving milk cans on 
a rail through a straight line can washer. 

R. IYhitakrr 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

I.. (:. THOMSEN,  SECTION EDITOR 

29. Automatic merchandising. R.  Z. GREENE, 
The  Rowe Corp. Milk Dealer, 40, 12: 41-45, 
64-66. Srpt., 1951. 

Auto~natic merchandising has definitely rstob- 
lished itself as a modern marketing mrdiurn. 
Equipment specifically designed to meet dairy in- 
dustry neecls now is available. These mnchinrs 
not only rrfrigeratc milk to keep it fresh and 
palatable hut are adaptable to vari-sized con- 
tainers and are equipprd with a flexible price 
range running from 5-254; a coin changer can 
l)c incorporated to facilitate sales. Milk vending 
offers the dairy these principal considerations: ( a )  
Vendors can be used to open up new outlrts 
where milk is not now sold, 1)uilding extra gnllon- 
age and revenur for the dairy; ( b )  Automatic 
merchandisers can supplcmrnt manual facilitirs; 
( c )  They can do much to build the daily rnilk 
"habit" in a varirty of locales, popularizing the 
product as a betwrm-meals pick-up and thirst 
quenrher; ( d )  Vendors can be utilized to obtain 
what has been termed "paid sampling" for a dairy 
product; and ( e )  Automatic merchandisers are 
valuable as advrrtising medium that pays for 
itsrlf. Milk vending equipmrnt either is operated 
by the dairy or  an independrnt vending concern. 

C. J. Bahcork 

30. Absenteeism can be reduced . . . here are 
some suggestions. P. Loc~wool ) .  Sou. Dairy 
Prod. J., 50, 5: 62-63. Nov., 1951. 

The  following suggestions are madc to reduce 
absentreism in milk plants: ( a )  Idrntify offrnders 
by a system of colorrd time  card^ and remove 
timr card? for third offense. ( b )  Enlarge park- 

ing area for employees' automobiles. ( c )  Thor- 
oughly indoctrinate new workers on company 
policies and procedures by the use of booklets 
and personal instruction. ( d )  I'lace the right Inan 
on the right job. ( e )  Curtail overtime. ( f )  Ap- 
ply the rulcs of good human relations through the 
full cooperation of supervisors. ( g )  Hold contests 
for the lowest rate of absenterism. ( h )  Penalize 
absences. ( i )  Require a complicated return pro- 
cedure such as physical examinations for those 
absent for more than 1 d. F. W. Bennett 

FEEDS AND FEEDING 
W. A. KING, SECTION EI)ITOK 

31. The  influence of nutrition on reproductive 
efficiency in cattle. 1. The  effect of calcium and 
phosphorus intake on the fertility of cows and 
heifers. S. I,. HIGNETT and 1'. (;. HIGNETT, \2Jc11- 
conic Vet. Research Sta., Frant, Sussex. Vet. 
Record, 63,38: 603-609. Srpt., 195 1 .  

Authors studied influrnce of Ca and P intake on 
breeding efficiency in over 800 colvs in 39 herds. 
Herds under varied management conditions !\.ere 
included and fred analyses wcre made. Data 
support the authors' tentative conclusions that 
there is a relationship between P intake and fer- 
tility and between Ca intakc and fertility w h m  the 
I' intake is high or low. R. P. Nirdermeier 
32. The  effect of dried citrus products on the 
flavor of milk. N. P. TAR.ASSUK and C. L. R a m -  
HOUSE, Univ. Calif., Davis. Milk Plant Monthly, 
40, 9 :  38-39. Sept., 1951. 

Feedine ua to 4 Ib. of dried citrus nula ilelnon . .~ 
and graprfrhit pulp) or dried orange pulp/cow 
1-1.5 hr. beforr m~lking did not impart an ohjec- 
tionablr flavor to the milk. Five or more Ib. of 
dried orange pulp impartrd a distinct ferd flavor 
which was considrred undesirable. 

E. R. Collins 
33. Lead poisoning in cattle and sheep. RIJTH 
AI.I.CROFT. Vrt. Record, 63, 37: 583-590. Sept., 
1951. 

A review presents published and unpublished 
investigations by Rlaxter arid Allcroft of lrad ab- 
sorption, rxcretion, retention and general meta- 
bolic effrcts in rattle and sheep. Data show blood 
and tissue Irvels of animals following both single 
dose and cumulative lrad poisoning cases, using 
various lead compounds. Lethal close for calves 
up to 4 mo. of age is reported as 0.2-0.4 g./kg. 
body wright of lead ingested in 24 hr. as th r  ace- 
tate, thr  basic carhonatr or oxide. Older cattle 
rcquired larger doses. In making a tliagno.;is, the 
symptoms, plus thc lead contrnt o f  blood and 
frces, or in case of death the kidney cortex, offer 
hcst evidrncc. Authors rc.xard kidnry cortex 
vnlucs of 40 ppni. or Inore (wet tissue) and liver 
v:1Iues of 20 ppm, or morr ;IS rvidrnce that lead 
poisoning caused death. R. P. Niedrrmeier 

H E R D  MANAGEMENT 
11. A. HERXIAN, SECTION EI)II'OR 

34. ~ b e r  die Beziehunger zwischen den Jahres- 
leistungen und dem Lebensgewicht des schwarz- 
bunten Niederungsrindes (Concerning the rela- 



tionship between the annual production and the 
live weight of the Hostein-Friesian cattle). Eng- 
lish summary. E. LAUPRECHT and H. DORINC. 
Milchwissensrhaft. 5. 11: 383-389: 12: 416-418. , , 
Nov., Drc., 1950. 

About 10,000 Holstein-Friesian cows from 4 dif- 
ferent regions in northern Germany were used in 
determining the correlation between body weight 
and annual milk and milk fat production. Cows 
weighing from 700-800 kg. yicldcd from 900- 
1,500 kg. milk and from 30-60 kg. milk fat more 
than cows weighing from 400-500 kg. The corre- 
lation coefficirnt for yield ranged for milk between 
+0.185 and + 0.248, and for milk fat bet\vecn 
+ 0.183 and + 0.289. 

By means of the rr~ression coeflicient, it was 
found that a 100-kg. inrrriise in body weight re- 
sultrd in an annual increased yield of milk by 
from 300-500 kg. and of milk fat by from 10-20 
kg. I. I'cters 
35. Rolling cart. F. NEAI.. U. S. Patent 2,571,- 
601. 10 claims. Ort .  16, 1951. Oficial Gaz. 
U. S. Pat. Oficc, 651, 3 :  830. 1951. 

A 2-~vhecl undcrslu~~g hand-operated cart for 
tmnsportina cans of milk is dcscribrd. 

R. Whitakcr 

36. Test-milking apparatus. E. R e r ) l ~  and H. 
R S I ~  U. S. Patrnt 2,572,518. 6 claims. Oct. 
23, 1951. OfTicial Gaz. U. S. Pat. Office, 651, 
4: 1156. 1951. 

A vacuum milkrr having a means for taking a 
small representative sample of milk ;is the cowr is 
milked is described. R. TYhitakrr 

37. Teat cup liner for milking machines. F. E. 
RICIIWINI.. U. S. Patcnt 2,57-l,063. 1 claim. 
Nov. 6, 1951. Official Ga7. U. S. Pat. Office, 
652, 1: 179. 1951. 

Structural features arc given for a teat cup 
liner. R. Whitaker 

38. Portable miking machine. J. R. ORELIND 
fassiznor to International fIarvcster Co.l. U. S. 
~ate;;t 2,573,927. 5 claims. Nov. 6, l 9 i l .  Offi- 
cial <;az. U. S. I'at. Office, 652, 1 : 143. 195 1.  

A mechanism is cicscribrcl for causing ~ulsations 
in vacuum-oprmted teat cups. R. iihitaker 

39. Automatic teat cup release device for milk- 
ing machines. A. G. PERKINS. U. S. Patent 
2,572,658. 25 claims. Oct. 23, 1951. Oficial 
Gaz. U. S. Pat. Ofice, 651,4: 1194. 1951. 

A description is givcn of a device, located in 
the vacuum line, which automatically releases 
the teat cup from the teat \vhcn milking is cotn- 
plcte. R. Whitakcr 

ICE CREAM 

(:. D. DAHLE, SECTION EDITOR 

40. Method of making ice cream. R. HORTON 
(assignor to National Dairy Prod. Corp.). U. S. 
Patent 2,571,136. 7 claims. Oct. 16, 1951. 
Official Gaz. U. S. Pat. Office, 651, 3 :  701. 1951. 

Ice cream mix is frozen in the conventional 
manner to at least 125% overrun, then chilled 
until it is sufficiently hard to hold its shape after 

bring compressed to an overrun of not over 100%. 
R. Whitaker 

41. Ice cream disher. B. F. LAWRENCE and E. 
E. LAWRENCE. U. S. Patent 2,571,729. 3 claims. 
Oct. 16, 1951. Official Gaz. U. S. Pat Office, 
651, 3 :  866. 1951. 

An irr crcaln dipper of the conventional bowl 
qhape, has a scraper blade for ejecting the ball of 
ice cream, pivoted on the center of thr bowl and 
rotated by a shaft parallrl to the handle. 

R. TYhitaker 

MILK AND CREAM 

P. H.  TRACY, SECTION EDITOR 

42. Bottle pouring cap and closure. C. P. ZUR- 
LINDEN. U. S. Patent 2.573.3i8. 2 claims. Oct. 
30, 1951. Official ~ a z :  u.' S. Pat. Office, 651, 
5 :  1485. 1951. 

A pivotrd cap attaches to glass milk bottles, 
closing when the bottle is upright and swinging 
to thr open position when the bottle is tilted 
for pouring. R. Whitakcr 

43. Milk can dispenser closure. T. LEWIS. 
U. S. Patcnt 2,574,338. 3 claims. Nov. 6, 1951. 
Official Gaz. U. S. Pat. Office, 652, 1 : 254. 1953. 

A closure attachrs to the top of evaporated 
milk cans, prrmitting easy pouring of the con- 
trnts and a sealing mcchanism to close the pouiing 
and vent holes. R. \Yhitaker 

44. Cream remover. G. SEVERUD. U. S. Patmt 
2,573,500. 8 claims. Oct. 30, 1951. Official 
Gaz.U.S. Pat.Officr.651.5: 1517. 1951. . , 

A small cylinder-shaped scoop for removing 
cream from the top of a bottle of milk which has 
been creamed is drscrihed. R. Whitaker 

45. Strainer. E. J. GALLOWAS (assignor to Nce- 
nah Milk Prod. Co.). U. S. Patrnt 2,572,131. 
4 claims. Ort. 23, 1951. Official Gaz. U. S. 
Pat.Ofice,651,4:  1048. 1951. 

A strainer for milk consists of a nest of prr- 
forated tubes clamped in a step-\vise position be- 
tween 2 partitions. R. Whitakcr 

NUTRITIVE VALUE O F  DAIRY PRODUCTS 

R. JENNRSS, SECTION EDITOR 

46. Some effects of ~rocessing on the nutritive 
properties of proteins. R. R. BALI)WIN, J. R. 
LOWRY and R. THIESSEN, JR.,  Grneral Foods 
Corp., Hobokcn, N. J. Food Research, 16, 2: 
107-1 17. Mar.-April, 195 1. 

Loss of nutritive value of casrin heatrd sufi- 
cicntly in the presence of dextrose to produce a 
"browning reaction" is due to a rapid destruction 
of some of the essential amino acids, especially 
Iysine and arainine, hut apparently also mcthio- 
nine, histidinc and threonine. F. J. Doan 

47. Consumer preference for bread containing 
different levels of non-fat dry milk solids. 1;. L. 
JACK and VESTA M. MASNES, Univ. of Calif., 
Davis. Food Research, 16, l : 57-61. Jan.-Feb., 
1951. 

A study of consumption of bread by 320 boys 
aged 8-16 yr., when differrnt levels of non-fat 
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milk solids were contained therein, revealed that 
consumption averaged 104.4, 107.5 and 1 12.6%, 
rrspectively, when the bread contained 6, 10 and 
14% of the milk product and where 100% was 
used as the consumption figure for bread contain- 
ing no added milk solids. The general diets of 
the subjects were varied and nutritionally adc- 
quate during the study. F. J. Doan 

PHYSIOLOGY AND ENDOCRINOLOGY 

R. P. REECF., SECTION EDITOR 

48. Studies of electrolytes in body fluids of 
dairy cattle. 11. Effects of estrogen on electrolyte 
levels in body fluids in late pregnancy. A. 1:. 
SEI.I.ERS and M. 1-1. ROEPRE. Minn. Agr. Expt. 
Sta., St. Paul. Am. J. Vet. Research, 12, 45: 
292-295. Oct., 1951. 

A 75-100-mg. dosr of dirthylstilbestrol was 
given intramuscularly to 5 cows in late prvgnancy. 
Following the injection, a slight fall in srrutn Ca 
was noted. Following parturition a rnuc.11 largrr 
decline in serum Cla accompanied by a fall in 
inorganic P was observed. Ratios of plasma Mg 
to K did not show significant changes due to es- 
trogen or parturition. Plasma Na and C1 ;~lso 
were not altrrrd. E. IY.  Swanson 

49. Studies of electrolytes in body fluids of dairy 
cattle. 111. Effects of potassium on electrolyte 
levels in body fluids in midlactation. A. F. SEL- 
I.ICRS, T. L. <;ITIS and M. H. ROEPRE. Minn. Agr. 
Expt. Sta., St. Paul. Am. J. Vet Research, 12, 
45: 296-301. Oct., 1951. 

Diuresis was induced in 5 lactating co~vs by 
giving 0.5 g. KCl/lb. body wt. in 1 gal. water, 
0.5 g. NaCl/lb. in 10 gal. watrr, 0.5 g. KCl/lh. 
in water precedecl by 3 mg. biotin/lb., and ~2-ater 
alone. Changes in blood K, Na, CI, Mg and 
inorganic P were dett-rmincd. Ca and Mg showrd 
no regular change. Na and P increased in all 
thr  salt diuresis. Urine excretion of Na increased 
and Ca was slightly increased. Urine excretion 
of Mg was not rhangrd. K excretion following 
NaCl \<,as not increased. Biotin did not alter the 
K pattern in these studies. E. \Y. Swanson 

SANITATION AND CLEANSING 

K. G. WECKEI., SECTION EDITOR 

50. A time and motion analysis of the cleaning 

of dairy equipment. W. E. SIIIFFER~IILI.ER, The  
Bordcn Co., Chicago, Ill. Milk Dealer, 40, 12: 
116122.  Srpt., 1951. 

Time and motion analyses of the cleaning of 
dairy equipment in 3 plants receiving 20,000, 1.0,- 
000 and 100,000 Ib. of milk daily are reported. 
Data show the percentage of the total labor rost 
rcprrscnted by cleaning labor in the 3 dairies and 
percrntages of total clraning labor represented 
by: the assembly and disassembly operation; rins- 
ing equipment before and after washing; washing 
equipment exterior; washing milk contact sur- 
faces; preparing cleaning solutions and getting 
and rrturning hose. Conclusions drat\~n a r r :  ( a  ) 
Use of time and motion study as a means of 
analyzing cleaning operations brings out some 
hidden information that would he difficult to ob- 
serve by any othcr method. (11) Considerable 
time is involved in assembly and disassembly op- 
rrations. ( c )  Simplified design would be ncces- 
sary to reduce this assembly and disassembly time 
much. ( d )  Good plant layout of rquipmcnt, sani- 
tary lines and cleaning equipment aid in rcduc- 
ing cleaning time. ( c )  The cleaning operation 
should be planned in detail for each piecr of 
equipment. ( f )  A considerable number of clean- 
ing aids now available show some promise in 
motion economy. C .  J. Bahcock 

51. Lye solution for milking machine rubber 
parts. C. K. JOIINS, Canada Dept. of Agr., Ot-  
tawa. J. Milk e( Food Technol., 14: 153-154, 160. 
Sept.-Oct., 195 1. 

Lye solution has valuable detergent properties 
in addition to its germicidal activity. Rubber 
parts immersed in lye soak solt~tion accompanied 
by tveekly brush washing will maintain the equip- 
ment in good sanitary condition. The  author lists 
12 advantages of wet storage in lye solution l ~ r -  
tween milkings as an acceptable method to re- 
move milk residue. H. H. Weisrr 

52. Machine for successively cleaning both sides 
of centrifugal separator disks. C. I-I. AHRO?.~.. 
U. S. Patrnt 2,573,173. 7 cl;iims. Oct. 30, 1951. 
Official Gaz. U. S. Pat. Office, 651, 5: 1427. 
1951. 

A motor-driven, cone-shaprd brush for clraning 
separator disks in a wash tank is drscribed. 

R. Whitaker 
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Them All.. . 
DIVERSOL 
The Complete 

Bactericide-Disinfectant 

There are plenty of reasons 

for the overwhelming pop- 

ularity and preference of 

Diversol. Food plant oper- 

ators know that they can 

depend on Diversol for: 

1. Quick action 

2. Non-corrosive effect on metals 

3. Stability 

4. 100 percent solubility 

5. Superior water softening action 

6. Powerful penetrating ability 

7. Ease i n  use 

Diversol protects the high 

quali ty of products by 

keeping bacteria counts low. 

THE DIVERSEY CORPORATION 
1820 Roscoe Street Chicago 13, Illinois 

In Conodo: The Diversey Corporation (Canada) Ltd. 

Lakeshore Road Port Credit, Ont., Canada 

Your advertisement is being rend in 

FRIGIDRY 
Reg. U. 5. Pat. Off. 

DAIRY CULTURES 
Frigidry lyophilhed dairy cultures help take the 
guesswork out of buttermilk, cottaRe cheese and 
Yoghurt production. They arc produced by sub- 
zero, high vacuum techniques resulting in a uni- 
form and quick acting culture for providing 
optimum acidity and aroma in mother culture. 
Save Time-Save Money-Avoid Trouble. 

to give satisfaction or will be replaced free of 

Order through your 
Dairy Jobber or Direct 

Standard Culture $2.75 Postpaid* 

Yoghurt Culture 3.00 Postpaid 

* $2.50 o n  s tanding  orders 

Write for folders ~ i v i n ~  full information 
on and  directions for using Frigidry cul- 
tures-also literature describins G.B.I. 
Ice Cream Stabilizers and Emulsifiers. 

GENERAL BIOCHEMICALS, INC. 
LABORATORY PARK CHAGRIN FALLS, OHIO 

d 

every State and in 46 Foreign Countries 
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Acid-Klenz Is an organic acid de- 
tergent that is highly effective for the 
removal o f  milkstone and the retard- 
Ing of bacterial growth on al l  milking 
and milk producing equipment. 

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

Chem-o-Shot proportioning equlpment 
~ i v e s  accurate control t o  prede. 

lermlned pH level  fo r  guaranteed 
results. 

Wri te for special literature describing 
fully the Klenzade method of main- 
taining Sparkling Clean Milk Cans. 
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Isolation and Cultivation 
of BRUCELLA 

PRELIMINARY ENRICHMENT 
Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For isola- 
tion from samples of infected milk no enrichment is 
required. 

ISOLATION OF STRAINS 
After enrichment the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incu- 
bated at 37' C. Milk samples are streaked on plates of 
Bacto-Tryptose Agar prepared with crystal violet to in- 
hibit the streptococci and other Gram-positive organisms. 

DIFFERENTIATION OF TYPES 
Bacto-Tryptose Agar to which thionin or basic fuchsin 
has been added, is recommended for the differentiation 
of newly isolated strains of Brucella. 

MASS CULTIVATION 
Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all 
Brucella. I t  is an excellent medium for mass cultivation 
of the organisms for preparation of bacterial vaccines or 
antigen%. 

Specify "DIFCO" 
THE TRADE NAME OF THE PIONEERS 

In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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