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A Complete Dairy 
Container Service in , 

I * 
~;bm@g -y-w-?-'yy$ : I 

k i d .  . & - - - I .  

Standard Fami ly-Al l  silt\-all t 
st.tn~l.~rc! bnrslics. 1 h ~ s  11ne can be 
supp!~ed w1t1i Plate Letter~ng. Plain, 
l\lo\vn lettered o r  ACL. ?'lie quart 
weight is 22  oz. 

Handi-Round Line-Streamlined 
hottlcs available in all sizes, all  
standard finishes. Supplied Plain, 
Private Mold. Hlown lettered o r  
ACL. Quart  weighr is  17% oz. 

Handi-Square Line-New modern  
conta~ners-$pace-saving, easv-to- 
handle, easy-to-pour. Available in all  
si7ec. al l  standard finishes . . . plain 
o r  ACL. Quart weight is  1744 oz. 

MILK BOTTLES 
Owens-Illinois offers three full lines 
of high-quality, high-trippage milk 
bottles to fill all dairy container needs. 

Whichever line you choose, you will 
profit by these Owens-Illinois features: 

The exacting D ~ ~ r a g l a s  Tecbniqtre of 
g lass -making  means  addi t iona l  
strength, uniform capacity, practical I 

light weight. 
I 

The exclusiz*e Syncro-Flash Treatment . 
assures maximum shock resistance at i 
the lips of the bottle. 

The broad Customer Service invites 
you to consult with us  about any dairy 
problems you may have. 

OWENS-ILLINOIS GLASS COMPANY 
TOLEDO I, OHIO 

Branches in Principal Cities 
Dairy ConAIw Divlrlon 



UNIFORM RESULTS . . . 
THAT'S \\.hat you get when you use 
Wyandotte C-A-S* (Cream Acidity 
Standardizer) . 

Ryandotte C-A-S is a highly refined 
soda product which is thoroughly and 
readily soluble. Every particle is uni- 
form in composition and quality. 

Because it assures more efficient pas- 
teurization and filtration of cream, 
Wyantlotte C-A-S gives you these im- 
portant advantages, every time: 

1. Smoother consistency of cream 
2. Improved keeping quality 
3. Quick action 
4.  Better texture and flavor of butter 
5 .  Elimination of neutralker flavor 
6. Less curd formation, a saving of butter-fat 

This and other specializecl MTyandotte 
Products for  the dairy industry can clo 
a lot to help build profits for you. So why 
not call your TVyandotte Representative 
today? He's always a t  your service. 

W Y A W D O T T E  C H E M I C A L S  C O R P O R A T I O M  

WYANDOTTE. MICHIGAN . SERVICE REPRESENTATIVES I N  88 CITIES 
Q C G  t , *.- , r  

- 
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MILKING COWS 
IS OUR BUSINESS 

In the short time since production restrictions were lifted ... 
A MILLION MORE COWS WERE ADDED TO THE 
GREAT AMERICAN SURGE MILKED DAIRY HERD. 

Thanks to quality minded dairymen who waited for the 
SURGE, these cows are now receiving safer ... better 
milking ... and ... quality milk production is made easier 
for new thousands of milk producers. 

YOU CAN DEPEND ON SURGE FOR BETTER 
MILKING ... AND BETTER MILK. 

BABSON BROS. CO., Chicago, Illinois 

SYRACUSE • MINNEAPOLIS • KANSAS CITY • LOS ANGELES · HOUSTON • SEATTLE • TORONTO • ATLANTA 



KIMBLE 
BABCOCK 

TEST 
BOTTLES 

1 

FUSED-IN BLACK CLA! 

All calibrations md nu- 
merals on Kimbls Babcock 
T-t Bottlss are filled with 
a durable --IN black 
glass filler that assures 
quick and easy readability 
and withstands severe and 
continuous m c e .  

* * * 
Distributed by leading 
Dairy Supply Dealers 

I 
throughout the United 
Stat- and Canada. 

YIMBLF  GLASS C O M P A N Y  - - \ ' ~ V E I  ^ND *I ' 
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An rnzynie. Iny son, is one of N a t ~ ~ r e ' s  vital chemists. I t  can speetl 
reactions, under favorable conditions, and yet appexrs to  remain unchanged. 

IVitholtt thesr interesting substances, all plant life \vould soon dis;~ppenr. 
I 'hev zo t o  work on the sugars and starches and proteins and f:lts \vliicli t h e  
plant develops :tt \-nrions points. 'l'he enzymes transform these things 
into e:~sily transported and easily digested fortiis 13-liich become available 
\vhere~er  needed. 
. . I hen. too, they work upon the  fruits t o  help create the  delicious aromas and 
flavors \ve all love-vanilla, for instance. 

Hut we cannot depend upon these simple chemists to create 
the compo~rnds which w ~ l l  meet all man's exacting technical r c q ~ ~ i ~ ~ r ~ e ~ t s .  
'I'hat is where our t\vo-lesed "enzymes" take over. 
combin:~tion of the ayicultural  product and tha t  of 
the laboratory is tiner thnn anything 
even t h e  most rrni:trk:~ble enzyme could 

~ l i . r t v a n - " ~ m r r i c c ' ~  ~ ~ a v o r i f / '  
hope t o  achieve alone and onaidetl. o,,d olhlr pgcd<.n.d :a!!i/ln ~ r o d l l ~ ' ~  

DAVID MICHAEL 6 CO* 
< t , : , , , r y  Fa;oriv!g fi('id 

3743-63 D 51.. Philadelphia 24. Pa. - 

Ponr advcrtinrmcnt i n  l u i n g  n a d  in rrcry Ltatc and In 23 P o n l ~ n  Countrlta 



A Great New Jersey Record I t [  
Made by a Little Breeder 

ll*elco~ne Volunteer Sable o\vl~cc\ by 

J. CIIESTER ELLIFF. Tulia, Texas 

At Five Yl'es 2 niolltlis of age 

And in 365 clays Ilns produced 

18998 lbs. milk, testing 6.02% Fat, 1144 lbs. Fat. 

Slrr hceawt~s:-Tesas State Clia~npio~l for Butter fat, 

Tesas State Class Champion for Milk, 

Third High Fat  Producer in Ul~ion for All Time 

This Great Little p r ~ l o c e r  is a tlanpl~ter of the Superior sire VTelco~ne 

Tolonteer now in ser~ice at  High T,am Farm, hfassacllnsetts. 

His tested Sire Average on his first 10 Daughters was 700 lhs. oil 

a twice a day milking, 30.5 day mature eqniralent basis. 

The Search for great production inheritance 

in this Jersey Breed is finding 

Inheritance that Transmits. 

I 

COLUMBUS (15), OHIO 

- - -- -- . ---. -~ 
\.olir ndrrrtisrmnt i s  h c i n ~  r m d  in ex-rw State and in Rl5 F o n i g n  Coontries 
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DE LAVA1 MILKING '11Cacncacnk S d  

of breeding for  mote and At milking time . . . attnched to  the 

in the marvelously complex and highly seems to a pert 
dweloped udder of the modern cow. of it. I t  is uniform and gentle . . . 
I t  has incredibly large milk producing :sf ~ C o ~ ~ ~ ~ T . ~ d ~ & ~ m ~ ~  cspacity . . . it is sensitive . . . equally undue tension or distortion of the sensi- 
responsive to both proper and improper tive tissues . . . the suspensory ligaments 
handling and conditions. It cannot func- are not smined or distorted, uni- 
ti0n notmally or at  full prdutt ivity un- form, gentle causes most mpid 
less it is kept in sound, healthy condition. milk "let down." 

I'rrst :111<1 wliform milking Tho11~9nds ol 1% JA\-al 
g ~ t s  rho F s t  milking re- Sterling Milker 1 1 ~ 1 3  a1.c 
alrlts. It 1s a proved fact ~loinc a clean. fast a114 

-- . . . aud can be dernoll- nl-ofttable iob of t~~ilkinc. 
xtrated hy any dairyman 'rho f n m o c  Sterling 1'111 
lor himself. sator hn* onlv two n8o?11r~ 

Tour 8dvertisrmrnt is  k i n g  w a d  In rrrry State and In 25 Pomlgn Cosntri~n 



Tubular Heat Exchanger 

1 Uses live or exhaust steam reduced to 
required operating temperature directly 
in the jacket a s  heating medium. 

New tangent ia l  steam en t ry  effects 
automatic d e s u ~ e r h e a t ~ n a  bv allowina in- - > 

coming steam io absorb condensate, thus A compact, efficient tubular heater for making possible lower operating 
liquid dairy products. temperature and more uniform control of 

Widely used in many applicationswhere product temperature. 
continuous, rapid heating is required. Designed in streamlined stainless steel 

Occupies small floor space. to meet most exacting sanitary require- 
Controls a r e  few and.simple to operate. ments. 
Contains no stuffing boxes only one Made in wide variety of sizes to suit 

round rubber gasket in each door. any capacity and range. 

M O J O N N I E R  S R O S .  CO.,  4601 W. O H I O  ST. C H I C A G O  44 ,  I L L .  
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COMPARISON OF SUCROSE, HIGH CONVERSION CORN 
SIRUP, &ID DEXTROSE IN THE PRESEliVATION 

OF PEACHES BY THE FROZEN-PACK 
METHOD FOR USE IN ICE CREAM 

P. H. TRACY,¶ JOHN J. SHEUBINQ,l AND M. J. DORSEY2 
Umivers-ity of Itlinoib, Urbana, Illin& 

The use of frozen-pack fruits in the ice cream industry has been gaining 
in popularity in recent years. This has been due largely to the superior 
flavor of the frozen fruit as compared with the canned. The favorable 
experiences with frozen foods gained during World War I1 undoubtedly 
will place even greater emphasis upon the method of preserving and trans- 
porting fruits in frozen form. - 

While many ic6 cream n~anufacturers prepare much of their own pack 
of peaches, a considerable portion of their supply is purchased from com- 
mercial dealers. The peeled peaches are sliced or made into puree and 
mixed with sugar (cane or beet) in varying proportions, though three parts 
of fruit to one part of sugar commonly is used. This mixture then is placed 
in containers, rapidly frozen and stored a t  temperatures below zero degrees 
Fahrenheit until used. The sugar shortage during World War 11, however. 
made i t  important that some consideration be given to the use of other types 
of sweetening agents, such as dextrose (corn sugar) and corn sirup, in the 
preparation of frozen fruit to be used in ice cream. 

PROCEDURE 

The studies were made during late 1941 and early 1942. The fruit was 
obtained from the peach-breeding plots of the University of Illinois experi- 
mental farms at Olney, Illinois, and represents the 1941 crop. The types 
chosen for study, as listed in table 1, are eight of the most promising selec- 
tions in the Station peach-breeding project. Observations were made of the 
flavor, degree of ripeness, and texture of the fruit when received. The 
peaches were immersed in boiling water for a period of 30 seconds, followed 
by dipping into cold water. After the fruit skins were removed and the 

Received for publication October 21, 1946. 
1 Department of Dairy Hnsband~.  
2 Department of Rorticulture. 

Copyright. 1947. by the Armrcas D.\:nr c 
'" Lu* 



130 P. II. TRACY, ET AL. 

peaches iial\.ed all11 stoned, the fruit was imnlersed in ice water until pack- 
ing, which mas accomplished within 1 hour after the hot-water immersion. 

The fruit was packed in pint paper cartons, using various conlbinations 
and types of sugar. Immediately after packing, the cartons were placed 
in a 40' F. room for a period of 2 hours; the fruit was shaken at intervals 
to aitl in the blending of sugar and fruit. The cartons of fruit tlien mere 
stored at  a temperature of approsiinatelp -2O to -20' F. for periods of 
4 to 8 months. At the end of the storage period, the samples mere removed 
to a 10° F. room and permitted to tha~v slo~vlp, after which they were judged 
for color, flavor, texture, and sugar crystallization. 

TABLE 1 
Varieties, faror and degree of ripeness of peaches when packed 

Variety (cross) I Quality I Acid* I 2 ~ : : ~  

J. H. Hale x Gage 

Sept. 1 

* Data on acid content supplied by Dr. R. V. Lott. Valaes represent percentage mnli* 
acid in the fruit juice. 

Cane sugar, enzyme converted corn sirup: and dextrose hydrate were 
the sweetening agents used in the preparation of the experimental packs. 

Heath x MarigoM-K 
This variety of peach is white. It was packed using fruit-sugar con- 

centrations of (2 + I) ,  (2.5 + I) ,  and (3 + 1). The following combinations 
of sveetening agents were used in the three concentrations listed abore : 

1. 100 per cent sucrose 
2. 100 per cent dextrose 
3. 100 per cent enzyme converted corn sirup 
4. 25 per cent sucrose plus 75 per cent dextrose 
5. 50 per cent sucrose plus 50 per cent dextrose 
6. 75 per cent sucrose plus 25 per cent dextrose 
7. 25 per cent sucrose plus 75 per cent corn sirup 
8. 50 per cent sucrose plus 60 per cent corn simp 
9. 7.5 per cent sucrose plr~s 25 per cent corn sirup 

10. 25 per cent dextrose plns 75 per cent corn sinip 
3 This product will be referred to as corn sirup, and contained approximstrl?- IS% 

moisture, 10% dextrins, 41% maltose and hi~ l i cr  sugars, and 31% dextrose. 
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11. 50 per cent dextrose plus 50 per cent corn sirup 
12. 75 per cent dextrose plus 25 per cent corn s i n ~ p  

The peaches were slightly green bnt had a fair flavor when packed. The 
fruit was judged after approximately 5 months of storage. 

The (2+1) ,  (2.5 + I ) ,  and (3 + 1) packs were placed in that order 
when jndged for color. Of the packs prepared with a single type of sweet- 
ening agent, the sucrose samples had the best color, the packs prepared with 
corn sirup were second best, and the dextrose samples had the least desirable 
color, being very brown. The color of the peaches using the different com- 
binations of sucrose and corn sirup was about the same, though some prefer- 
ence mas shown for those packs prepared with 50 per cent corn sirup and 
50 per cent sncrose in a concentration of two parts of fruit to one part of 
sugar. 

The best-flavored packs were the (2 + I ) ,  (2.5 + I ) ,  and (3  + 1 )  in that 
order. Of the packs prepared with a single sweetening agent, the sucrose- 
packed fruits were best, the corn simp packs were second best, and the 
dextrose-packed samples were third. Considering all lots, the samples hav-. 
ing the best flavor contained 50 per cent corn sirup plus 50 per cent sucrose 
in a concentration of two parts of f n ~ i t  to one part of sugar. 

Dextrose was most soluble in the (3 + 1) packs. It was less solubIe in 
combination with corn sirup than with sucrose. There was evidence of 
crystallization of the dextrose in all of the corn simp and dextrose combina- 
tions. 

Heath x Marigold 

This variety of peach was packed using fruit-sugar concentrations of 
(2 + l), (2.5 + I ) ,  and (3 + 1). The same combinations of sucrose, destrose, 
and corn sirup were used as in the previous experiment. 

The (2 + I ) ,  (2.5 .t I ) ,  and (3 + 1) packs were placed in that order when 
judged for color. The corn simp pack had the best color of all lots con- 
taining a single sweetening agent, followed by the sucrose pack and the 
dextrose pack. The all-dextrose pack was very brown. The colors of the 
peaches in combinations of corn sirup and sucrose were about the same 
except the 50 per cent sucrose and 50 per cent corn sirup sample Sn a 
(2.5 + 1)  concentration, which was the best of all packs, follo\~ed by the 
same sweetening agent combination in a (2 + 1)  pack. 

The best-flavored packs were the (2 ~ l ) ,  (2.5 + I), and (3 t I),  in that 
order. Of the packs containing a single sweetening agent, the sucrose- 
packed fruits were best, followed by corn sirup and dextrose snpar packs in 
the order named. The best-flavored frnit of the entire pack was the 75 
per cent sucrose plus 25 per cent corn sirup sample in a (2.5 + 1) concentra- 
tion, followed by the sample containing 25 per cent sucrose plus 75 per cent 
corn sirup in a (2 + 1)  concentration. There was evidence of crystallization 
in all packs bhere dextrose mas nsed. 
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Gage x Elberta 

This variety of peach was using fruit-sugar concentrations of 
(2+1) ,  (3+1),  and (4+1).  

The sweetening agents used in this pack were added in the form of sirup 
and were compared with samples packed using sugar and corn sirup added 
on a weight basis as follows: 

1. 100 per cent sucrose 
2. 100 per cent corn sirup 
3. 50 per cent corn sirup plus 50 per cent sucrose 
4. 40 per cent corn sirup 
5. 50 per cent corn sirup 
6. 60 per cent corn sirup 
7. 40 per cent sucrose sirup 
8. 50 per cent sucrose sirnp 
9. 60 per cent sucrose sirup 
10. 20 per cent sucrose sirup plus 20 per cent corn sirup 
11. 25 per cent sucrose sirlip plus 25 per cent corn sirup 
12. 30 per cent sucrose sirup pins 30 per cent corn sirup 

These peaches weye very ripe and had an excellent flavor when packed. 
The fruit was judged after 4 months of storage. 

The (2 + 1). (3 + 1). and (4 + 1)  packs were placed in that order when 
judged for color. In those samples packed with sirup, the best-colorecl 
fruits were obtained using sirups of high sugar concentrations. Of the 
samples containing a single sweetening agent, the sucrose pack had the best 
color, follo~ved by the 100 per cent corn sirnp pack. Both packs were of 
excellent color, however. 

The best-flavored packs mere those of a (2 + 1)  concentration, followed by 
the (3 + 1 )  and the (4 + 1) packs. The (4 ; 1) packs all mere bitter. The 
all-sucrose pack had the best flavor, followed by the 50 per cent sucrose plus 
50 per cent corn sirup pack, which was second, and the 100 per cent corn 
sirup pack, which was third. Of the packs usinz sirup, the best-flavored 
samples were prepared with simps of hiph (60 per cent) sugar concmtra- 
tion. 

J.  H. H& x Gage 

This variety of peach was packed using frnit-sugar concentrations of 
(1 + I ) ,  (2 + l),  (3  t- I ) ,  and (4 + 1). The sweetening agents used were 
added in the form of a 50 per cent sirup and were compared with both dry 
sucrose and 100 per cent corn sirup as follow: 

1. 100 per cent sucrose-dry 
2. 100 per cent corn sirup 
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3. 50 per cent corn sirup plus 50 per cent sucrose (heated 
to boiling and cooled before adding to peaches) 

4. 30 per cent corn sirup plus 50 per cent sucrose (mixed 
cold before adding) 

5. 50 per cent corn sirup plus 50 per cent sucrose (mixed 
as added to peaches) 

These peaches mere well ripened when packed and had a good flavor. 
The fruit was juclged after 5 months of storage. 

The pack in general had a goocl appearance, with the color becoming 
slightly less desirable as the concentration of sugar sirup decreased. The 
all-sucrose pack had the least desirable color. The (1 + 1)  pack resulted 
in a slightly pulped fruit. All of the samples lacked flavor, with no dis- 
tinct differences noticeable. In general .the pack was not satisfactory. 

Elberta x Early Elbertu 

This variety of peach was packed using fruit-sugar concentrations of 
(1 + I ) ,  (2 + I), (3 1 I), and (4 + 1). The sweetening agents used were 
added in the form of simp or on a dry basis in the following combinations: 

1. 100 per cent sucrosedry  
2. 100 per cent corn sirup 
3. 50 per cent corn sirup plns 50 per cent sucrose (heated 

to boiling and cooled before s'dding) 
4. 50 per cent corn sirup plus 50 per cent sucrose (mixed 

cold before adding) 
5. 50 per cent corn sirup plus 50 per cent sucrose (mixed 

as added) 

These peaches were well ripened and had an excellent flavor when 
packed. The fruit was judged after 6 months of storage. 

The 100 per cent corn sirup packs had the best color, followed by 100 
per cent sucrose, and 50 per cent corn sirup plus 50 per cent sucrose com- 
binations. The boiled sirup combinations were the least desirable. The 
natural fruit color increased with the increase in sugar concentrations 
throughout the pack. 

The body and textnre of the peaches became less desirable with a decrease 
in the sugar concentratiol~~, except the (1 + 1)  pack, in which the fruit was 
pulped and the sugar was crystallized. 

The best-flavored groups were the packs containing 50 per cent sucrose 
plus 50 per cent corn sirup, mixed before adding, followed by the packs pre- 
pared with 100 per cent corn sirup, 100 per cent sucrose, and 50 per cent 
corn sirup and 50 per cent sucrose mixed as added. The boiled sirup sam- 
ples were the least desirable. The intensity of the fruit flavor increased 
with the increased sugar eoncentrations. The best individual sample was 



the (1  + 1) pack using 100 per cent, corn sirup, followed by the (2 + 1)  con- 
centration prepared with 100 per cent sucrose, and the sample containing 
100 per cent corn simp in a (3 + 1)  pack. 

The same results were obtained using the same types of packs with a 
J. H. Hale and Gage-K50. 

These peaches were packed in 1-gallon containers 11sing fruit-sugar 
concentrations of (2 -F I ) ,  (3 + I ) ,  and (4 -1 1). The sweetening agents used 
were 80 per cent sucrose sirup, 80 per cent corii sirup, and '70 per cent corn 
sirup. 

The fruit was well ripened when packed and 11ad an excellent flavor. 
The different packs all mere judged to be excellent in color with no dis- 

tinct difference in appearance. All samples also rated excellent in flavor, 
with the (2 + 1 )  pack using 80 per cent sucrose sirup best, the (2 -+ 1) '70 per 
cmt  corn sirup pack second, and the (3 + 1)  80 per cent corn sirup pack la&. 

J.  H. Yi& x Elbcrtn 

This variety of peach loas packed using fruit-sngar concentrations of 
(2 + I ) ,  (3 + I ) ,  and (4- 1). Tl~e  sugars used in this pack were added in 
the form of simp or on a clry basis in the combinations given beIow : 

100 per cent sucrose 
100 per cent corn sirup 
50 per cent cborn sirnp plns 50 per ceilt sucrose 
40 per cent corn sirup 
50 per cent corn sirup 
60 per cent corn sirup 
40 per cent sucrose sirup 
50 per cent sucrose sirup 
60 per cent sucrose simp 
40 pcr cent sirup--half sugar and half corn sirup 
50 per cent sir~ll+half sugar and half corn sirup 
$0 per cent s i r n l j 5 ' i  pel, cent sngar and 43 per cent 

corn sirup 

Tllese peaclies were ripe and Iiad a good flaror when packed. The fruit 
was jndped after 4 months of storape. 

The (2 + l ) ,  (3 t. l ) ,  ant1 ( 4  - 1) packs were placed in that order when 
judged for color. The best colors were evicleut when sirups of high sugar 
conceutrations were used. Of the lots containing a single sweetening agent, 
the corn sirnp pack was considered to hare a better color than the slicrose 
pack. In the paclts contaiuiiig sucrose plus corn sirup combinations, there 
was little difference in the color of the various samples. 
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The best-flavored samples were the (2  + 1) packs, followed by (3  + 1) 
and (4+ 1) packs. The all-sucrose packs had the best flavor, followed by 
the 50 per cent sucrose plus 50 per cent corn sirup packs, and the all-corn 
sirup packs. The flavors of the peaches packed with different concentra- 
tions of sirups improved with the increase o j  total solids in the sirup used. 

DISCUSSION 

Of the varieties of peaches used in this study, the Gage crossed with 
Elberta proved to be most satisfactory from the standpoint of flavor, color, 
and body. 

I11 the selection of a peach to be frozen-packed for later use in ice cream, 
it was found to be important that the fruit be well ripened, firm yet juicy, 
of golden yellow color and of distinct fla~ror. High sugar concentrations 
did not cause as excessive bleeding of the peach as it does in the case of 

' 

fruits such as the strawberry. The best flavor usually resulted from the 
use of a high sugar concentration of two parts fruit and one part of sugar 
(2 + 1) ; however, satisfactory results were obtained with (3  t 1) packs. 
Packs containing only 20 per cent sugar (4+ 1) were not satisfactory be- 
cause of the loss in flavor during storage. 

Dextrose, because of its low solubility, crystallized when used alone. In  
combination with sucrose or corn sirup, little crystallization occurred in 
(3 + 1) packs when the proportion of dextrose was not greater than 50 per 
cent. 

Corn sirup produced satisfactory results when used to replace 50 per 
cent of the sucrose. Such combinations were in some cases superior in flavor 
to the all-sucrose packs. When the corn sirup was used to replace all the 
sucrose, the flavor usually was considered less desirable. 

Better fruit color resulted from the use of a combination of corn sirup 
and sucrose than when sucrose was used alone. 

In  comparing the different methods of adding the sugar and sirup to the 
fruit, it was found that adding the sugar in dry form gave best results. 
When sugar and corn sirup both were used, adding the fruit, sugar, and 
sirup in alternate layers was most satisfactory. Inverting of the containers 
at  least once before final storage was found to aid in unifprm mixing of the 
sugar and sirup with the fruit. 

CONCLUSIONS 

1. Peaches vary a great deal from the standpoint of their desirability 
for storage in frozen form. 

2. Peaches to be frozen-packed should be well ripened, firm, juicy and 
of a golden yellow color. 

3. For best flavor and color, the proportion of fruit to sweetening agent 
should be (2 + 1). 
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4. From the standpoint of flavor and color, a combination of 50 per cent 
cane sugar and 50 per cent corn sirup proved to be most satisfactory. 

5. Because of its low solnbility, dextrose should not be used in greater 
proportions than 50 per cent of the sweetening agent used and should not be 
used in fruit-sugar ratios in which the proportion of fruit to sugar is less 
than 3 to 1. 

6. When using a combination of sugar and corn simp, the fruit, sugar, 
and sirup should be added in alternate layers. There is no particular 
advantage in combining the sugar and sirup before adding to the fmit. 

REFERENCE 
(1) TRACY, P. H., RAMSEY, R. J., and RUEHE, H. A. A Study of the Cauaea of a Stalo 

Metallic Flavor in Strawberry Ice Cream. Ill. Agr. Expt. Sta. Bul. 407. 1934. 



HERITABILITY OF HEAT TOLERANCE IN DAIRY CATTLE 

D. M. SEATRl ' 
h i a i a n a  Agricultural Rrperiment Station, Baton Bonge 

Dairy cattle with a high degree of tolerance to heat are especially desir- 
able in southern regions of the United States. Those possessing this heat- 
tolerance characteristic would be in special demand if they transmitted 
portions of it to their offspring. Otherwise, little permanent gain would 
be made in selecting animals possessing a high tolerance to heat. 

Previous studies by Freeborn el a!. (2) and Seath and Miller (9) have 
shown that Jerseys appear to be more tolerant to heat than do Holsteins. 
KO attempt was made, however, to measure the degree to which heat toler- 
ance is heritable. The present study was undertaken in an attempt to 
answer that question. It also was conducted in an effort to determine, if 
possi?le, what particular type of observation and how many observations 
should be made in order to best measure heat tolerance in dairy cattle. 

MATERIAL ASD MEFIZODS 

A description of the cows used and the method of securing the data 
have been covered in a previous paper (8). In  brief, the procedure in- 
volved taking body (rectal) temperatures and respiration rates (from flank 
movements) of milking cows soon after they entered the milking barn at  
appproximately 3 : 00 p.m. In  1944, records were taken twice weekly over 
a period of 13 weeks between duly 28 and October 24. During 1945, fifteen 
observations were made between July 16 and August 24. 

The cows were handled in two separate dairy units, thus necessitating 
observations on separate days. Each unit consisted of both Jersey and 
Holstein cows. In 1944 there were 36 Holsteins and 16 Jerseys, while in 
1945 there were 41 Holsteins and 27 Jerseys. Only 13 Holsteins and 8 
Jerseys were the same for the 2 years. 

Sire progeny rank and repeuf&ility for two yews. Body temperature 
and respiration rate averages for sire progeny groups (table 1) g' ~ v e  some 
evidence that data taken duing one year are a reasonably good indication 
of what can be expected another year from groups of cows by the same sire. 

Reeeived for publication Noremher 18, 1946. 
1 Dr. J. L. Lush of Iowa State College gave much help and mnny snggestiona on how 

best to conduct this study and aided in analyzing the data secured. Dr. G. E. Dickemn 
of the Regional Swine Breeding Laboratory, Amen, Iowa, also assisted with statistical 
mnalyms. G. D. Miller and Dr. L. L. Rusoff of the Dairy Reseaxh Department, Louisiana 
State TTniversity, assisted in gathering tlie data and gave valuable suggestions in prepa- 
ration of m m u d p t .  
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In 1944 records were averaged on 52 daughters of 7 sires, the number of 
daughters varying from 4 to 11 per sire. During 1945 the number of daugh- 
ters by these same 7 sires, plus one new one, totaled 68 and varied from 
4 to 17 per sire with only 21 of them being the same as those observed ih 
1944. 

The relative ranks of the respective sire progeny groups are much the 
same for the 2 years, with body temperatwe ratings more nearly alike than 
those for ~.espiration rate. Of special interest are the high ratings on the 
basis of average body temperature for Holstein groups, with Jersey gronps 
sharing the top ratings on the basis of respiration rate. I t  will be noted 
that daughters of Jersey sire no. T ranked highest in respiration rate for 
each of the 2 years, with over 100 respirations per minute. In  contrast, the 

TABLE 1 
Body temperature and respiration rate acerages and rank of &re progeay gronps 

(Progeny of 7 sires, using data on 8 warmer days) * 

Air temperature averaged approximate17 89O F. for 8 days observed. 

daughteis of this same sire ranked sixth for each of the 2 years on the basis 
of body temperature. In reverse order, the progeny of Holstein sire no. 4 
ranked highest in body temperature for both years; yet, on the basis of 
respiratioil rate, they ranked sixth in 1944 and seventh in 1945. Likewise, 
the progeny of sire no. 1 ranked second highest in body temperature each 
year, yet were seventh and fifth, respectively, in respiration rate for the 2 
years. 

Correlation coefficients between the average records for the 8 warm days 
in 1944 with those for 1945 were computed for the 21 cows common to the 
study for both years. Results of this study, when considered on an intra- 
breed-herd basis, yielded r values of 0.37 for body temperature and 0.64 
for respiration rate. This shows that cows tend to react to warm weather 
in a given year similarly to the way in ~ h i c h  they reacted the previous year. 

The use of components of vananalace in the analysis. Analysis of variance 
(10) was used to segregate differences (a) between herds (included differ- 
ences between days on which herds were observed), (b) between breeds 
within herds, (c) between sires within same breed and herd, (d) between 

Sire 
no. 

1 
2 
3 
4 
S 

Bveed 

I 6 
Holstein 

I L 

11 

Jersey 

Body temperature 

6 
7 

Respiration rate per minute 

Relative rank 

88.2 
79.2 
79.5 

Av. 

1 

94.2 
80.0 
80.7 

79.3 
100.2 

1944 
104.27 
104.19 
103.79 
104.40 
103.18 

Relative rank 

92.9 
100.9 1 

194s 
104.26 
103.91 
103.89 
104.26 
103.16 

4 I 

c c  1 : 

1944 
2 
3 
4 
1 
5 

103.90 
103.51 

194.5 
2 
3 
5 
1 
7 

7 
6 

4 
6 
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cows within same sire, breed, and herd group, and (e) between records of 
the same cow. 4 n  example of this method of segregating portions of the 
total variance can be seeu in table 2. The procedure wed in deriving an 
estimate of heritability of heat tolerance and the repeatability between singlc 
records of the same cow also is shown. This procedure in\-olved, in prin- 
ciple, the computing of intra-cIas correlations (10)-in one case that be- 
tween single records of paternal sisters, which was multiplied by 4 in order 
.to secure an estimate of heritability of differences between single records 
(4), and in the second case that between single records of the same cow, 
which gave an estimate of average repeatability of single records (5). 

TABLE 2 
Analysis of wriome for body temperature 

(Data for milking cows observed on 8 warmer days in 1944) 

aquare 

Between berds .....-.----..-.---.--...-.--..-.-.- .......... --.- 
Between breeds within herds 45.65 , , . . , . . . . . . . .. . . - 
Retween aires within herd and breed 

1.43 R+cC 
0.688 

E = Variance between reeords of same cow 
c = Number of records per cow 
s= Computed number of records per sire group (4) 
C=Variance between ww8 within ssmo sire, breed, and herd = 

( E  + cC) - E - 1.43 - 0.688 
c 8 

= 0.0527 

S =Variance between mrea within name breed and herd= 
( E  t cC + 8s) - ( R  + cC) - 2.296 - 1.43 

8 - 28.32 
Repeatability between single records of the same cow = 

C + S 0.0927 + .0306 
-= 0.688 + 0.0927 + 0.0306 

Estimate of heritable  ort ti on of the variance = 

Days selected for measuring hecrt tolerance. A preliminary study was 
made to determine whether data for all test periorls sliould be used for each 
year as a measurement of lieat tolerance or \vhetlier data showing reactions 
of cows during the warmer clays only \vould give the most accurate informa- 
tion. To determine this answer it was necmqary to compare the repeat- 
ability of individual cow lrcords when all data were used to that computed 
using the 8 warmer days, as shown for 1944 in table 2. These comparisons. 
as given in table 3, show in all cases that body temperature and respiration 
reactions tended to repeat themselves more closely on the 8 warm days than 
during the entire test periods. I t  is probable that this took place because 



TABLE 3 

Comprrison of repeatability o f  a'ngle records of same cow for 8 unwmcr days 
versus entire period o f  test 

Air temperatures for test periods 
Range ................. ................... 
Average ....................................................... 

Repeatability of single records 
Ikdy temperature . . . . . . . . . .  
'Respiration rate . . . . . . . . . . . . . . . . . . .  

Using entire test period 1 194.5 

of the threshold effect, which causes cows to react differently and more as 
individuals when air temperatures rise above a certain level. 

Data for the 8 warmer days also were the most useful in estimating- the 
degree to which heat tolerance is heritable. As with repeatability between 
single records, it was found that the higher air temperatures as they existed 
on the 8 warmer days tended to increase the portion of the variance attribut- 
able to differences in heredity by from two to four times that found when 
data for all observation days were considered. 

Hehtabildty of body temperatrire changes. Analysis of the 1944 data 
for body temperature taken on the 8 warmer days is presented in table 2. 
Data taken in 1945 have been subjected to the same analysis. Results for 
the two years are shown in table 4. In general, it appears that the year 
195 pmduecd greater variations that were attributable to differences be- 
tween cows. As evidence of this, the repeatability between single records 
of the same cow was 0.385 or 38.5 per cent for 1945 as compared to 15.2 
per cent for 1944. 

Repeatab4ity and heritability of respiration rate. When the analysis 
of variance procedure was applied to the respiration data taken on the 8 
warmer days, the results (table 5) gave an estimate of repeatability. As 
shown in table 5, the repeatability in 1945 between records of the same cow 
was 0.481 or 48.1 per cent. The corresponding value for 1944 was 42 per 

Using 8 warmer days 

1944 1 1945 

TABLE 4 . 

Two-year comparisoru of portions o f  variance concerned with heritobility 
of body temperature 

C  = Variance between cows of m e  sire, breed and herd .......... 
S = Variance between sires witbin same breed and herd . . . . . . .  

C + S -----=Repeatability between single records of came cow..  .. 
E + C + S  

4s 
............................ -=Eathate of heritable portion of variance B + C + S  

1944 

0.0927 
0.0306 

0.152 

0.151 

1945 , 

0.2030 
0.0508 

0.385 

0.309 
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cent. The estimates of heritable portions of variance were surprisingly 
high, i.e., 84.3 per cent for 1945 and 76.6 for 1944. 

Analysis of oanbnce for respiration rate 
(Data for milking cows observed on 8 warmer days in 1945) 

Source of variance 
Composition 

Mean , of mean 1 1 1 q u a n  

I I I . E = Variance between recorda o f  aame cow = 143.8 
c =Number records per cow = 8 
s = Computed number records per sire group = 29.12 
C =Variance between cows within same aire, breed, and herd = 75.00 
S = Variance between sires within mme breed and herd = 58.40 
Repeatability between single records of the Rame cow = 0.481 
Estimate of heritable portion of the varianec = 0.843 

DISCUSSION 

Between herds 

Similarity between the ratings in 1944 and 1945 of seven sires on the 
basis of the response of their daughters to warm weather was quite striking 
(table 1). These ratings, on the bases of both body temperature and respi- 
ration rate, were enough alike for the 2 years to suggest that inheritance 
must play an important part in causing differences to exist in heat tolerance 
among dairy cows. Discrepancy between the ratings on the basis of respira- 
tion rate as compared to those for body temperature, however, leaves doubt. 
as to the emphasis that should be placed on each of the two heat-tolerance 
measurements. As was pointed out, the progeny of certain sires ranked 
near the top in respiration rate, yet near the bottom in body temperature, 
with the reyerse true in one or two cases. This took place even though studies 
show (3, 8) that both body temperature and respiration rate are correlated 
closely with air temperature. I t  would seem that body temperature is prob- 
ably the safer index on which to judge heat tolerance, since this is no good 
reason for wanting cows to have high body temperatures. On the other 
hand, the inheritance of fast breathing by a cow may aid her considerably 
in quickly eliminating excess heat, which contributes to her comfort (and 
possibly her health) by more nearly maintaining a normal body temperature. 

Repeatability between the averages of warm-weather records for con- 
secutive years among cows of the same breed, based on only 21 cows common 
to the study for the 2 years, was highest for respiration (r = 0.64) and lowest 
for body temperature (r = 0.37). In the case of both respiration and body 
temperature, these results show that the cow as an individual reacts to 
warm weather in a manner which is similar from pear to year and suggests 

123.0 
504.5 

2444.5 
743.8 

. 143.8 

Between aires within herd. and breed ................... .. 
Between cows within sire, 
netween record8 of game 

- - 

- 
- .... .. 

E + OC + sS 
E+cC 
B 

12 
52 

473 



that the reason for the similarity in reactions inust be due, at  least partially, 
to iuheritance. 

Itesiilts of this study are in lilv with findings by Regan and Freebor~~ 
(7) and the general practice of making heat-tolerance observations on \van11 
days only. When 8 warm days were used, the individual records of eacli 
con- show repeatability averages for body temperature of 15.2 per cent ant1 
38.5 per cent, rcs l~~t ively,  for the 2 years. For respiration rate the reprat- 
ability was higher. heiiig 42 per cent and 47.8 per cent, respectively. 

Efforts to estimate heritability of individual body temperature records 
on the basis of sire-progeny differences, although subject to much sampling 
error, Rare results which appeal* reasonable, C.C., 15.1 per cent in 1944 aad 
30.9 per cent in 1945. These arc approximately the same as the 15.2 per 
cent and 38.5 per cent which represent the estimates for repeatability of 
individual records of the same cow for these 2 years. In  general, one woultl 
expect the repeatability percentage to exceed that for heritability (5), for 
a cow tends to repeat her performance, not only because of her swific 
illlleritanee but also because of certain factors peculiar to herself, inclndiiig 
those involvecl in her cnvironment. 

If 15 to 30 per cent is a reasonable esti11lat.e of heritability, then one call 
closely predict what progress can be made through breeding toward more 
tolerance to high air temperature. For example, if selection in a herd 
results in saving, as parents, cows (and a bull) that average lo F. lower in 
body temperature (\vhen tested on a war111 clay) than the average of thc 
entire herd, the11 one \voultl expect offspril~g from these selected parents to 
average from 0.15 to 0.3' F. lower than the herd average when subjected 
to a similar test. This degree of heritability is in line wit11 that found 
when considering single production records of dairy cows (5, 6). In  both 
cases, as explained by Lush ( 5 ) ,  the nse of more than one record increases 
the heritable portion of thc variance, although it does lower slightly the 
spread between the average of those saved and the average for the herd, 
which is spoken of as the selectioll differe~itial. Even so, the increase is 
\vorthmhile. Using two records vith an average heritability of 20 per cent 
\rould increase progress from selection by 29 per cent over that secured 
when only one record is used. The increase would be 58 pels cent using 
four records, and 83 per cent when eight records are used. 

Mention already has been made of the unexpected results secured from 
a study of respiration rates. The estimates for heritability of 76.6 per 
cent for 1944 and 84.3 per cefit for 1945 greatly exceml those for repeat- 
ability of single records, which wcre 42 per cent and 48.1 per cent, respec- 
tively, for these 2 years. In general, one can expect repeatability per- 
centages to exceed those for heritability for reasons already explained in 
connection with body temperature eomparison~. Cases where this does 
not occur can be explained by sampling errors, c.g., calciilation of fidneial 
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limits for heritability2 inpicates that resnlts secured are \re11 within the 
range of expectation, considering nlunber of animals tested and number of 
sires involved in the estimates. 

In  general, this experiment has yielded results which indicate that 
respiration rate as a measure of tolerance to heat, while highly repeatable, 
gives results which are hard to explain and d m  not appear to coincide 
closely enough with body temperature as a measurement to permit general 
use of respiration rate, to the exclusion of other tests. On the other hand, 
body temperature? while slightly less repeatable, does appear to be a good 
test for heat tolerance and yields r e s ~ ~ l t s  which are reasonable. 

SUMMARY 

Tests of Jerseys and Holsteins involving 52 cows by 7 sires in 1944 
and 68 corn by 8 sires in 1945 with respect to the heritability of heat toler- 
ance as indicated by variations in body temperature and respiration rate 
gave results as follows: 

1. Ranking of sire progeny by years showed a great similarity for the 2 
yeais, although there was discrepancy between rank on basis of body tem- 
perature and that for respiration rate. Some sire p11ps ranked h i ~ h  on 
one basis and low on the other and  ice versa. 

2. Twenty-one coivs included in study for both years showed correlations 
between average records for 8 warmer days (on an intra-herd-breed basis) 
of 0.37 for body temperature and 0.64 for respiration rate. 

3. Using records for 8 warmer days gave a repeatability for individual 
body temperature records of same cow of 15.2 per cent for 1944 and 38.5 
per cent for 1945, as compared to 8 per cent and 6.7 per cent for the 2 years 
~vhen all obsenation days mere used. In like manner, respiration rates were 
more highly repeatable using only the warmer days. 

4. Estin~ates of heritability of individual records base$ on sire-progeny 
differences mere for body temperatnre 15.1 per cent and 30.9 per cent for 
the 2 years, and for respiration 76.6 per cent and 84.3 per cent. Figures 
for respiration appear out of line, as they greatly exceed the estimates of 
repeatability and the reverse condition. was expected. 

5. Body temperatnre appears to be a safer measuring stick for heat 
tolerance than does respiration rate. 

G. The estimate of heritability of body temperature (15 to 30 per cent) 
is ill line with that fonnd for individual production records of cows. In 
practice this would mean that the offspring from parents selected became 
gf their tolerance to heat wonld bc expected to retain from 15 to 30 per 
ccnt of the advantage that the parents had over the average for the herd 
or breed. 

2 Fiducial lintits at tlle 5 per cent level of aiplificnncc compntcd ns per mcthda out- 
lined by Fisher (1) resulted in otrtirnatcs af hcritabilitv of single respiration records 
nnging  from 22 to 177 prr cent in 1944 and froin 25.0 to 932 per colt in 194.7. 



7. Using more than one record greatly increases progress through selec- 
tion. If heritable portion of variance between single heat tolerance record 
is 20 per cent, then progress through selection would increase by 29 per cent 
using two records, 58 per cent with four, and 83 per cent using eight records. 
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A COMPARISON O F  THE BABCOCK, UERBER, MINNESOTA, 
PENNSYLVANIA, AND MOJONNIER METHODS FOR 

DETERMINING THE PERCENTAGE OF FAT 
IN HOMOGENIZED MILK1 

G. Ed. TROUT AND P. S. LUCAS 
Michigan Aglicultural Ezpwiment Station, Em# Lamsing, Mioh. 

The general acceptance of homogenized milk today has made imperative 
a study of the existing methods for testing i t  for butterfat. Extensive 
studies have been made by several workers on athe various methods of testing 
nonhomogenized milk for butterfat, but the data are somewhat limited when 
the methods are applied to homogenized milk. 

Tlte Roese-Got blieb (Mojon~ier ) Method 
Burr ( 6 ) ,  comparing several methods for testing homogenized milk for 

fat, found the Roese-Gottlieb method the most accurate. This test was so 
considered by all the chemists at  that time. Richmond (28) pointed out 
that for ease and accuracy the We-Gottl ieb method appeared to be the best 
method for determining the percentage of fat in homogenized milk. Mar- 
qnardt (23) stated that ether extraction methods gave the most reliable 
results when testing homogenized milk for fat. Doan (12) stated that the 
homogeni~ation process did not influence the accuracy of the Roese-Gottlieb 
or the Mojonnier methods. Mojonnier (25) reported the results of nine 
tests made by the Kohler and Kohler Laboratories showing that homogenized 
milk tested by the Mojonnier method averaged 0.012 per cent less than the 
same milk not homogenized. Dahlberg, Holm, and Troy ( l l ) ,  in comparing 
the Roese-Gottlieb tests of milk made by five different laboratories, double 
homogenized one sample a t  2,500 lbs. pressure to render it homogeneous for 
all laboratories. The sample of homogenized milk did not yield tests with 
the least variation b e t ~ e e n  duplicates or between laboratories. 

The Babcock Method 

The literature on the Babcock method for testing homogenized milk has 
been reviewed by Herreid (15) and by Trout and Lucas (34) and need not 
be repeated in full here. However, some review seems necessary to point 
out the relationship of the procedure in question with the Mojonnier method. 

Nonhomogenized milk. Dahlberg ( 9 )  showed, in a comparison of 32 
tests of nonhomogenized milk varying in fat  content from 4.42 to 4.92 per 
cent, the Babcock test to be an average of 0.1 per cent high, reading from 

Rewived for publication November 21, 1946. 
1 Journal Adicle no. 841 (na.), Michigan Agricultural Experiment Station. 
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the bottom of the lower meniscus to the extreme top of the upper meniscus. 
Phillips (27) on 50 trials observed that the Babcock tests of nonhomogenized 
milk ranged from 0.005 to 0.126 and averaged 0.0588 per cent higher than 
the Roese-Gottlieb tests. Wilster and Robiclians (36) found in testing 1,380 
samples that the Babcock test of nonhomogenized milk ranged from 0.074 to 
0.077 per cent higher than the Mojonnier tests. They reported no studies 
on homogenized milk samples. 

Hileman et al. (18), surveying the literature, reported that twelve of 
fourteen investigators secured results with the Babcock test on nonhomogen- 
ized milk slightly higher than the Mojonnier, the over-all average being , 

+ 0.076 per cent above that of the Mojonnier. Fahl, Lucas, and Baten (13) 
found the Babcock tests higher than those for the Mojonnier. Herreid et al. 
(16), in accounting for milk fat, secured results by the Mojonnier method 
on unpreserved milk which agreed with those obtained by the Babcock 
method. 

On the other hand, some investigators reported lower tests by the Bab- 
cock method than by the Mojonnier. Dahlberg (9), although securing 
hidler results by the Babcock method when the fat column was read accord- 
ing to standard technic,  levert the less did secure lower tests when oil was 
applied to destroy the meniscns. Dahlberg, Holm, and Troy (11) did not 
rerify the results of several previous ilivestigations which tended to show 
that the Babcock test pave slightly but nniformlp higher percentages of fat  
than the Mojonnier. 

Mojonnier and Troy (24) reported data showing that the difference 
between the Babcock and Mojonnier tests was not constant in one direction 
bnt that the Babcock test varied both above and below that of the Mojonnier, 
Later, Mojonnier (25) reported the results of Babcock tests on nine samples 
of homogenized milk which averaged 0.072 per cent higher than the Mojon- 
nier tests. Other tests indicated a higher percentage of fat  in the fat 
coli~mns of test of ltomogenized milk than in those on nonhomogenized milk. 

From calculatio~~s of the data presented by Babcock (3) in introducing 
his test, of 30 samples of whole milk tested by the Babcock and grax-imetric 
methods, 15 Babcock tests were above and 15 were below those of the ether- 
extraction method. The nabcock test results varied from -0.16 to + 0.30 
per cent from 1-esults of the gravimetric procedure. The average tests 
differed by 0.01 per cent, the Babcock mctlid being higher. 

Homogenized milk. Generally the Babcock test of homogenized milk 
yields results slightly lower than on the same milk not homogenized, being 
within the 0.1 per cciit tolerance for the test. Workers of the Arizona Ex- 
periment Station (1) reported comparison of some 30 samples of homogen- 
ized milk from (1ifft~rt.nt sources, and homogenized a t  different pressures, 
indicated that the Bfojonnier test was from 11 to 25 per cent higher than the 
Babcock test. Later ( 5 )  they reported data on six trials of milk homogen- 



ized from 2,000 to 4,000 lbs. pressure which sho\veci that tlic Mojomier test 
consistently gave results higher than the Babcock and that the difference was 
believed sufficient to justify a correction when tlie Babcock methwl \yas used 
for homogenized milk. 

Doan (12), using a modified Babcock method, secllred reslilts from 0.084 
to 0.11 per cent higher than those by the Mojonnier method, the differences 
being only insignificantly higher than the average in the literature for non- 
homogenized milk. Lampert and Brandon (21) secured restilts on homopen- 
ized milk within an average of t- 0.03 per ceilt of tlie ?tIojonnicr results rvhen 
using the regular Babcock method on unpreservcd samples. This was 
within 0.01 per cent of the Babcock tests on nonhomogenized milk. Ho- 
mogenized samples preserved with formalin averaged 0.13 per cent less than 
by the extraction method. They concluded that the rwlar Babcock pro- 
cedure gave accurate results on unpreserved homogenized milk, but a ion-er 
test when the sample was preserved with fornialdehycle. Trout and Lucas 
(34) reported that inany li~odifications of the Bahcock method existed. Aver- 
ages of results of five trials on each of eleven ~nodifietl Babcwk tests varied 
from those of the Mojoniiier test from -0.03 to - 0.15 per cent, depending 
chiefly upon the modification. 

Webster (35) observed in four trials on homogenized milk that the Bab- 
cock test averaged 0.088 per cent lower than the Mojonnier test. He reported 
that the variation between the Babcock and Mojonnier nlethods was affected 
directly by the size of the fat  globules or, more particularly, by the relative 
number of small fat globules preseut. He conclndecl that the statement that 
the Babcock test over-reads the ?rIojonnier or gra~imetric method by some 
stated percentage seenis of little valiie unless the size of the fat  globliles is 
considered. 

The Gerber Method 
Nosalcomogenized milk. Fisher and malts (14) found the average vari- 

ation from the Roese-Gottlieb was -c 0.137 per cent for the Babcock anci 
+ 0.122 per cent for the Gerbcr method in testing nonhomogenized ~nilk. 
Both the Babcock and the Gerber tests for nfilk in 11 instances (68.75 per 
cent) gave results which were slightly higher than the Roese-GFottlieb. They 
believed there mas no advantage in introducing to the industry a~lotlier 
method, the Gerber, which \van not more accurate than the Babcock method. 
Dahlberg, Ilolm, and Troy (11) and T)ahlbaly (lo),  appl?.i~ig the test to 
nonhomogenized milk, found that the Gerber ~ i l t l  Wabctwk tests were com- 
parable from the staudpoint of accuracy but recommendetl that one good 
practical test for fat  in Inilk was better than two of equal merit. 

Van der Burg (5) compared the Gerber with other fat tests, including 
the Roese-Cfottlieb, on 85 samples of milk. Generally tlie Gerber gave 
slightly higher results than the other methods. In 12 samples the Gcrber 
fat  values were identical with other values, in 31 sainples they were 0.005 
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to 0.025 per cent higher, and in 24 samples 0.005 to 0.025 per cent lower. 
Fourteen samples varied & 0.030 to + 0.050 per cent and 4 samples 0.055 
to rt 0.100 per cent. 

Homoge?tizecl milk. . Buttenberg (8) pointed out that the determination 
of the fat  content of homogenized milk by the Adams method, commonly . 

used a t  that time, could not show results comparable with the Roese-Gottlieb 
method; even when the extraction was prolonged purposely from 10 to 12 
hours, the results were much too lo'w. 

Siegfeld (29) used the Gerber method for testing homogenized milk with 
excellent results, but pointed out that i t  was necessary in testing homogen- 
ized milk by this method to centrifuge 12 minutes instead of the customary 
3 minutes. Burr (6) ,  comparing several methods, found that the Gerber 
method, while fairly satisfactory, gave results which varied with the time of 
centrifuging. The homogenized milk examined was processed a t  60 atmos- 
pheres (approximately 900 lbs.) pressure. Average results of 11 trials 
showed the Gerber test centrifuged 10 minutes varied from the Roese-Gott- 
lieb by t 0.02 per cent, -0.08 to +0.125 per cent being the range of 
variation. 

Richmond (28) found the Gerber test gave good results with homogenized 
milk, but that "the advent of homogenized milk rendered i t  necessary to 
remove the Adams method from the position i t  had so long occupied as a 
standard method." Six trials showed that the Gerber test varied +0.008 
per cent from the Roese-Gottlieb tests of the same milk. Istaz and Van Soest 
(20) observed that the results secured on homogenized milk by the Gerber 
method were verified by the gravimetric method in many cases. 

Hoyberg (19) had difficulty securing results by the Gerber method com- 
parable with those of the h e - G o t t l i e b  method, even when centrifuging as 
long as 45 to 60 minutes, or when prolonging the holding time in the water 
bath after centrifuging. By heating the milk to 60-65' C., holding i t  5 
minutes and then making the Gerber test, results identical with those ob- 
tained by the Roese-Gottlieb method were secured. He advised pouring 
heated milk directly into the sulfuric acid and amgl alcohol mixture rather 
than letting i t  run down the side of the butyrometer. This resulted in an 
increased amount of heat liberation, which was deemed important in testing 
homogenized milk. Milk heated to 15O C. increased to 75' C. during its 
reaction with the sulfuric acid and amyl alcohol. At  25O C. it increased to 
82', a t  40' to 86O, and a t  45O to 8B0 C. BIillr heated to 6M5O C. would 
reach a temperature of 105' C. when added to the acid. 

Burr and IVeise (7) found that the Gerber method gave comparable 
but slightly higher fat tests of homogenized milk than the Roese-Gottlieb 
method. However. in using the Gerber test, double centrifuging was neces- 
sary. In  18 trials the Gerber method gave results 0.03 per cent higher than 
the Roese-Gottlieb method. Von Sobbe (30) found the Qerber method very 
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satisfactory for testing homogenized milk, but noted that centrifuging had 
to be repeated at  least twice, and that the mixture of sulfuric acid and milk 
plasma had to be clear and transparent. In making the test he warmed the 
milk to 60-65" C., then cooled i t  with agitation to remove the disturbing 
effects of homogenization, Herrington (17) pointed out that the amyl 
alcohol used in the Gerber test was a possible source of error in the test. 
The error caused by the test might be 0.1-0.2 per cent or even higher. He 
recommended that boiling between 128" C. and 132" C. was the best method 
of identifying any sample of amyl alcohol to be used in making the Gerber 
test. 

The MinnesotsBabwck Method 

While the Minnesota-Babcock test is used for the fat determination of 
all dairy products (26), few data were found in the literature on its use in 
testing homogenized milk. Trout, Halloran, and Gould (33) and Trout 
(32) studied the possibilities of the Minnesota reagent for overcoming char 
formation in testing homogenized milk. They reported results comparable 
in appearance with the best results obtained by the Babcock method but 
presented no data comparing the accuracy of the two methods. 

Lampert and Brandon (21) on two trials secured tests on homogenized 
milk by the Minnesota method which ranged from 0.22 to 0.26 per cent less 
than the Mojonnier tests. The samples were preserved with mercuric chlo-' 
ride. They stated, "Samples preserved with mercuric chloride reacted with 
the reagent so that a black precipitate, probably finely divided mercury, was 
formed. This material entered the fat column, but in a number of cases the 
fat column dropped through this material, leaving it adhering to the neck 
of the test bottle. Although the fa t  tests appeared excellent, the results 
were lower than those obtained with the other procedures (Mojonnier, Bab- 
cock, and Pennsylvania), and the use of the Minnesota test was not con- 
tinued." They concluded that the method could not be recommended for 
the testing of homogenized milk. Bird and Breazeale (4) observed wide 
\.ariations in the fat content of the same sample of buttermilk tested by 
three Minnesota reagents. 

The Pennsylvania Method 

Few data were found on the use of the Pennsylrania method for testing 
homogenized milk. Swope (31) recommended it for the testing of homogen- 
ized milk. He reported several tests on two samples of homogenized milk, 
one sample of which showed an average arithmetical deviation from the 
Mojonnier test of 0.036 per cent and an average algebraic deviation + 0.024 
per cent. The second sample showed an arithmetical deviation of 0.047 per 
cent and an average algebraic deviation of + 0.041 per cent. The range in 
deviation of the Pennsylvania tests from the Mojonnier tests was from 
- 0.009 to 0.091 per cent. 
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Lampert and Brandon (21) found the Pennsylvania test yielded an 
average of 0.10 per cent less fa t  on the hoinogenized mill; than on the same 
milk not homogenized, tlic tests of the nonhonlogeiiized and lioinogenized 
milk being + 0.22 and +0.17 per cent higher, respectively, that1 those ob- 
tained by the JIojonnier method. Difficulty was enconnterecl in making 
satisfactory tests of homogenized milk to which preservatives 11ad been 
added. They concluded that the Pennsylvania test colilci not be recoin- 
mended for the testing of homogenized milk. 

SCOPE O F  TIIE INlTSTIGATION 

Iuasmucl~ as l~omogenized milk is of increasing importaiic' in ularket 
milk distribution, a comparative study of the various more common inethods 
of testing milk for fa t  scrmccl atlvisable. In this investigation the follo\ving 
~netliods were eonlparetl : 3lojonnier, ~iiotlifictl llabcock, Gerber, Minnesota- 
Babeock, Pennsylvania, and a modified Pennsylvania method. Data were 
secured froin duplicate tests on 22 samples for each of the above methocis. 
These tests were not necessarily designed for testing homogenized milk. 
However, i t  seemed desirable to include all of tlicm in the stndy since rionle 
of them (a )  arc more or less common tests in testing laboratories. (b) are 
nsed in testing milk in vocational high scliwls. (c) employ chemicals other 
than sulfuric acid. which might tlius prevent char fornlation. (d)  are 
readily available, (e) are moclcratel~~ pricetl, and ( f )  itre not too difficnlt for 
routine analyses. 

PROCEDURE 

The milk tested was that regularly processed in the College Creamery. 
The nonhomogenized samples were taken from the vat after pasteurization 
and prior to homogenization. The milk had been kept thoroughly mixed 
during pasteurization and homogenization in order to insure uniform fa t  
distribution. The homogenized samples were taken from the cooled bottled 
product after homogenization was well under may. Mojonuier tests showed 
that the ilonhomogenizecl and homogeni7~d sainplcs contained similar per- 
centages of fat. 

Homogenization was done by means of a 500-galIon-per-hour viscolizer 
at  2,500 lbs. pressllre at  130' to 140° F. following pasteurization. The col- 
lected samples were cooled adequately, stored and tested as rapidly as time 
would permit. Pipetting of the portions of milk into the test bottles was 
clone for all tests a t  one time to assnre correct sampling. This was done 
after the milk had been tempered a t  70' F. for 2 hours. These charged test 
bottles were then storecl a t  40° F. until the tests Ivrre made. 

The Mojonnier test was used as a standarc1 for accuracy. Instead of 
using an approximately ten-gram portion measured volumetrically, dupli- 
cate samples of milk previollsly tempered a t  70' F. were \\-eighed carefnlly 
on a clieinical balance directly into a fat-extraction flask. 



Tlie twts using Rahcock test bottles were made in bottles which had been 
recalibrated for arcliracy. Any bottles showing 0.1 per cent or more vari- 
atioll from exntat Z I C C I I ~ ~ C ~  were discarded. The modified Babcock proce- 
dure cmploy~l  17.5 ml. of 1.835 specific gravity sulfuric acid added in three 
portions. 8.0. 5.0 arici 4.5 ml., respectirely. Mixing was prolonged for at  
least 2 millutes after fiml addition of the acid, as suggested by Lucas and 
Tro~it  (E) : lion-eyer, the water-alcol~ol solation mas not added to support 
th(. fat colunai for rentling. Tlre (ierher (Fticoma) test was c a ~ ~ ~ i e d  out 
accordinp to the directions of the Fucomu Company. Tlie reagents used in 
the Ilinnesota-Babeock method were from the Kimble Glass Co. The modi- 
fication of the Pennsylvania test consisted in the use of sulfmic acid having 
a specific gravity of 1.81 instead of 1.73, as recommended and as nsed in the 
regnlar piwdure.  

RGSVLTS 

The No jo~z~ i i e~ .  nt.ctkod. The data secured on testing nonhomogenized 
and Iromogenized milk by the Mojonnier metl~ocl are presented in table 1. 

TABLE 1 
.lfn.$onnicr fn t  teats of nonhmnogenized and homngmizcd milk 

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

- - - 
Variation 

from test of 
nonhomo- 

genized milk 
-- - 

19 4.606 4.627 4.62 4.641 4.644 
?O 4.i68 4.761 4.76 4.759 4.768 
21 4.786 4.789 4.79 4.783 4.777 
00 4.956 4.873 4.96 4.936 4.934 
83 5.019 5.038 5.08 5.049 5.04 
21 5.124 5.0S2 5.10 5.04 5.08 
-\T. 4.344 - 

. i r r a ~ ~ g c ~ l  ncrordin~ to inermsing perrentages of fat. 
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The average test was 4.344 per cent for nonl~omogenized milk and 4.347 per 
cent for homogenized milk. Of the 24 samples, 6 tested exactly the same 
as the nonhomogenized; 8 tested lower, ranging from -0.01 to -0.04. per 
cent ; and 10 tested higher, ranging from + 0.01 to + 0.04 per cent, Thus it 
appears that homogenized milk may be tested reliably by the Mojonnier 
method. 

The modified Babcock method. The same samples of milk tested by the 

TABLE 2 . 
Comparison of ntodijied Babcock and hiojonnier testa of homogenized milk 

- 
- 

I Modified Babeoek method I Varixtiona from ~ o j o n n i e r  

Variation of 

homoeenized 

Mojonnier method also were tested by the modified Babcock method. The 
nonhomogenized and homogenized milk averaged 4.402 and 4.390 per cent 
butterfat, respectively (table 2). Of the 24 samples tested, 10 tests were 
identical with those of the nonhomogenized milk ; 12 'were lower, ranging 
from - 0.02 to - 0.07; and 2 were higher, e 0.02 and + 0.05. The non- 
homogenized milk averaged 0.057 per cent higher by this method than by 
the Mojonnier ; the homogenized averaged only 0.043 per cent higher. 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Av. 

The tests reported in this table were included among the data on the 36 trials 
previously reported by Lucns and Trout (22). 

t Highly signitlcantly different from zero. 

3.90 
3.85 
3.90 
3.98 
3.95 
4.48 
4.53 
4.58 
4.63 
4.67 
4.65 
4.63 
4.67 
4.70 
4.68 
4.80 
4.80 
5.00 
5.08 
5.17 
4.402 

3.88 
3.85 
3.88 
3.93 
3.93 
4.48 
4.53 
4.58 
4.63 
4.60 
4.63 
4.63 
4.65 
4.70 
4.70 
4.80 
4.80 
4.95 
5.13 
5.15 
4.390 

+ 0.06 
+ 0.04 
+ 0.05 
+ 0.04 
+ 0.02 
+ 0.07 
+ 0.03 
+ 0.03 
t 0.06 
+ 0.01 
+ 0.04 
+ 0.04 
+ 0.01 
f 0.09 
+ 0.06 
+ 0.04 
+ 0.02 
+ 0.01 
t 0.09 
+ 0.09 
+ 0.043t 

- 0.02 + 0.09 
0.00 I + 0.03 

- 0.02 
- 0.05 - 0.02 
0.00 
0.00 
0.00 
0.00 - 0.07 

- 0.02 
0.00 

-0.09 

+ 0.04 
+ 0.08 
+ 0.04 
+ 0.09 
+ 0.06 
+ 0.05 
+ 0.05 
+0.10 
+ 0.06 
+ 0.04 
+ 0.07 
+ 0.09 

O.OO I + 0.02 + 0.06 
0.00 +0.04 , 
0.00 - 0.05 

+ 0.05 - 0.02 
- 0.012 

+ 0.01 
+ 0.04 
+ 0.05 
+0.07 
+ 0.057t 



TESTING HOMOGENIZED MILK 153 

The Berber method. The average Gerber. tests of the nonh~mo~enized 
and homogenized ,milk were practically identical, the average test on homo- 
genized milk being 0.003 per cent higher (table 3).  Of the 24 comparisons, 
12 were the same; 5 of the homogenized mere lower, ranging from - 0.02 to 
- 0.07 per cent ; and 7 were higher, ranging from + 0.02 to + 0.08 per cent. 
The average tests of both the nonhomogenized and the homogenized averaged 

TABLE 3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Av. 

Comparison of Gerber and Mojonnier tests of homogenized milk 

Highly significantly different from zero. 

0.09 per cent higher than the corresponding Mojonnier tests. I n  making 
the Gerber tests of homogenized milk the following factors were striking: 
(a) the clarity of the fa t  column and supporting liquid, (b)  the identical 
reading of the duplicate tests, (c) the consistent check with tests on the non- 
homogenized milk, and (d )  the complete freedom of any char formation. 

The Minnesota method. While the Minnesota-Babcock test of homogen- 
ized milk varied from that of the nonhomogenized milk by an average of only 
+0.027 per cent, the range of variations between the tests extended from 
- 0.32 to + 0.40 per cent. Only 2 of the 24 tests were identical with those 

Series 

Gerber method 

Variation of 
homogenized 

genized from non- 
homogenized 

Variations from Mojonnier 

Nl$Ez- Homogenized 
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of the nonhomogcnized millr, while 12 were below, ranging from -0.02 to 
- 0.30, and 10 mere above, ranging from + 0.07 to +- 0.40 per cent (table 4).  
Tests of both nonhomogenized and homogenized milk were consistently 
under the Mojonnier tests, the tests on the homogenized milk ranging from 
- 0.04 to -0.85 and averaging - 0.433 per cent. 

Tlte Pewnsylrnnia ~iaethod. The Pennsylvania tests on homogenized milk 
consistently were under those of the nonhomogenized milk, - 0.07 to - 0.72 

TABLE 4 

Comparison of Minnesota and Mojonnier tests of homogenisecl milk 

I Minnesota method I Variations from Mojo~lnier 

Variation of 
Hmogenized homogenized Nonilorno 

from non- I I g e n i r e d  

Series 

( homogenized ( 

~ ~ ~ h ~ ~ , ~ .  
genized 

" H i g l ~ l ~  sipnificmltly different fro111 zero. 

and averaging - 0.538, and mere under the Mojonnier readings in 18 of the 
24 trials. or 75 per cent (table 5).  The readings ranged from -0.31 to 
- 0.50 per cent ~ inder  those of the Mojonnier and from + 0.03 to + 0.16 per 
cent abore, and averaged - 0.29 per (*eat. Nevertheless, the same tests on 
the  onho homogenized mill< consistently were above those of the Mojonnier, 
averaging + 0.255 per cent higher. 

a. T h e  modificd Pen,lsyltsa?~ia ?netllod. Since the average Pennsylvania 
tests on the homogenized rilillc were lower than both the Pennsylvania test 

# 
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and the Mojonnier test for nonhomogenized milk, attempts'were made to 
improve the test for homogenized milk by increasing the specific gravity of 
the acid used from 1.73 to 1.81. This modification increased the reading on 
the nonhomogenized milk slightly, averaging about 0.02 per cent, and that 
of the homogenized milk about 0.53 per cent, bringing the average readings 
of the nonhomogenized and homogenized milk within 0.032 per cent of each 

TABUE 5 
Comparison of PcunqlrlcanM and Mojmnlcr tests o f  honwgcniacd milk 

Highly significantly different from zero. 

1 
2 
3 
4 
3 

6 - 
;I 
9 
10 
11 
18 
I3 
14 
15 
16 
17 
18 
19 
-00 
2 1 
-0" 
-03 
14 

A v. 

other (table 6). The tests on the homogenized milk became consistently 
higher than those of the Mojonnier, averaging + 0.238, whereas the r w a r  
Pennsylvania tests were under those of the Mojonnier in 75 per cent of the 
cases. The wide variation encountered between the tests of nonhomogenized 
and homogenized milk when made by the Pennsylvania method were nar- 
rowed appreciably when sulfuric acid of 1.81 specific gravity was used in 
the test (table 6 and fig. 1) .  Nevertheless, the average readings were con- 
siderably above those of the Mojonnier ( f i ~ .  1).  

The data for all tests are summarized in table 7 and figure 1. 

Pennsglrania method 

Variation of 
Nonhomo- Homopenid homogenized 

g e m 1  1 from non- 
homogenized 

Variations from 

N 

+ 0.23 
+ 017 
+ 0.34 
+ 0.33 
+0.34 
+ 0.21 
+ 0.34 
+ 0.30 
+ 0.26 
+ 0.26 
+ 0.50 
+ 0.27 
+ 0.24 
f 0.25 
+ 0.23 
+ 0.26 
+ 0.30 
+ 0.19 
+ 0.23. 
+ 0.24 
+ 0.21 
i 0.86 
+ 0.24 
+ 0.22 
t 0.255- 

% 
3.88 
3.87 
4.05 
4.05 
4.15 
4.03 
4.20 
4.20 
4.17 
4.65 
4.67 
4.80 
4.82 
4.88 
4.82 
4.85 
4.90 
4.80 
4.85 
5.00 
5.00 
5.22 
5.27 
5.32 
4.599 

Mojonnier 

AmOganid 

- 0.39 - 0.50 + 0.13 
+ 0.15 + 0.03 - 0.43 
+ 0.05 
+ 0.11 - 0.36 - 0.43 - 0.40 
- 0.47 - 0.47 - 0.39 
+ 0.16 - 0.44 - 0.34 - 0.46 
- 0.46 - 0.46 - 0.45 - 0.44 - 0.39 
- 0.31 
- 0.?90* 

% 
3.28 
3.20 
3.83 
3.88 
3.85 
3.38 
3.88 
4.00 
3.55 
3.98 
4.10 
4.08 
4.10 
4.80 
4.73 
4.13 
4.30 
4.15 
4.18 
4.30 
4.43 
4.50 
4.65 
4.75 
4.061 

- 0.60 
- 0.67 - 0.22 
-0.17 - 0.30 
- 0.65 
- 0.32 
- 0.20 
- 0.62 - 0.67 - 0.57 
-0.72 
- 0.72 - 0.62 
- 0.0; - 0.70 
- 0.60 - 0.65 
-0.67 
- 0.70 
-0.57 
-0.72 
-0.62 
-0.57 
- 0.538 
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TABLE 6 

ComparisoA. of modified PcnclsyZvania and Mojonnier tests on humogeaized milk 

*Highly significantly different from zero. 

TABLE 7 

Conparison of various fat tests of nonhmogenized and homogenized milk ( d v .  24 triak) 

1 
2 
3 
4 
J 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
I6  
17 
18 
19 
20 
21 
22 
23 
24 

Av. 

Variations from Mojonnier 

.................... Mojonnier 
Bahcoek* .................... 
Gerber ... ........ 
Minnesota . . . . . . . .  
Pennsylvania ............... 
Pennsylvania# .......... 

Ng","a;o- 

+ 0.25 
t 0.25 
+ 0.34 
t 0.36 
+ 0.34 
+ 0.20 
+ 0.29 
+ 0.32 
+ 0.31 
+ 0.24 
t 0.31 
t 0.24 
+ 0.20 
t 0.28 
+ 0.28 
+ 0.24 
t 0.30 
t 0.26 
+0.28 
+ 0.27 
t 0.24 

+ 0.27 

Modified Pennsylvania method 

Variation of 
Nonhomo- Homogeniud homogenized 

genized 1 1 from non- 
homogenized 

Test 

Aeid and milk at 70° F., 17.5 ml. of 1.835 np. g~. acid added in 3 portions, shaken 
by hand after each addition and finally ahaken in shaking machine for a t  least 2 minutes. 

t Highly significantly different from zero. 
2 Specific gravity of acid adjusted to 1.81 instead of the recommended apecifle gravity 

of 1.73. 

AomogenM 

+ 0.21 
+ 0.20 
+ 0.30 
+0.35 
+ 0.31 
+ 0.19 
+ 0.32 
t 0.31 
+ 0.24 
+ 0.14 
+ 0.18 
+ 0.20 
+ 0.23 
+ 0.25 
+ 0.26 . f0.24 
t 0.10 
+ 0.21 
t 0.24 
+ 0.17 
t 0.25 
k 0.26 
+ 0.19 + 0.25 + 0.29 

+ + O 0.274. l7 1 +O.?38* 

- 0.02 - 0.05 
- 0.05 

0.00 
- 0.02 
- 0.02 

0.00 - 0.02 - 0.05 
- 0.08 - 0.10 - 0.02 
t 0.02 
+ 0.02 - 0.02 

0.00 - 0.10 
- 0.05 
- 0.02 
- 0.10 

0.00 
- 0.03 - 0.07 

0.00 

% 
3.90 
3.95 
4.05 
4.08 
4.15 
4.02 
4.15 
4.22 
4.20 
4.63 
4.78 
4.77 
4.78 
4.85 
4.87 
4.83 
4.90 
4.87 
4.90 
5.03 
5.03 
5.23 
5.30 
5.35 

% 
3.88 
3.90 
4.00 
4.08 
4.13 
4.00 
4.15. 
4.20 
4.15 
4.55 
4.68 
4.75 
4.80 
4.87 
4.85 
4.83 
4.80 
4.82 
4.88 
4.93 
5.03 
5.20 
5.23 
5.35 

Percentage fa t  in 
--- 

4.618 

Variation of 
test of homo- 
genized milk 

from nonho,no- that Of 

genized milk 

Nonhomo- 
genized milk 

4.585 1 - 0.032 

Variation of 

~ ~ ~ , " ~ ~ ~  
from Mojonnier 

teat 
Homogenized 

milk 



TESTING HOMOGENIZED MILK 157 

MOJ, BAB. GER. MINN. PA.. 

5.5 

TEST 

- 5.0 
t- 
7 

Wo. 1. Fat pereentage in milk as determined by the Mojonnier, modified Babcoek, 
Oerber, Minnesota, and Pennsylvania method (average 24 trials). 

Homogenization does not affect the Mojonnier fa t  test of milk. 
The modified Babcock method (17.5 ml. of 1.835 sp. gr. sulfuric acid 

added in three portions, 8, 5, and 4.5 ml., respectively, and shaken for a t  
least 2 minutes before centrifuging) may be used with much assurance of 
accuracy in testing homogenized milk. Twenty-four tests in duplicate aver- 
aged within - 0.012 per cent of those of nonhomogenized milk made by the 
same method and within + 0.043 per cent of the Mojonnier average. 

NOT HOMOGENIZED 
- 

HOMOGENIZED ' 
' 
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Homogenization does not affect. the Gerber test. The average Gerber 
tests, both of nonhomogeni7A aud homogenizecl milk, were found to be 0.09 
per cent higher than those seemed by the 3Iojonnier method. Aside from 
the necesity of introducing anotlier test and the fact that the readings were 
approximately 0.1 her cent higher than the Mojonnier, the Qerber test was 
by all odds the most satisfactory test studied for making fat tests of homogen- 
ized milk. 

While the Minnesota method yielded average tests of homogenized milk 
within +0.m per cent of those of nonhomogenizd milk, the tests varied 
from those of the Mojonnier on tile ayerage by - 0.433 per cent. It would 
seem, therefore, that the test could not be recommended for testing homogen- 
ized milk. 

The Pennsylvania metl~od, yielding tests on homogenized milk in these 
studies markedly lower than the 3Iojo11nier method, cannot be recommended 
for testing homogenized milk. 

Credit is due Mr. Robert Frantz for the making of the tests and Dr. 
IfT. D. Baten for the testing of significance of some of the.data reported 
herein. 
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A METHOD FOR MEASURING THE BODY OF CULTURED CREAM 

LUTHER D. HILKER 
National Dairy ProdsLds Corpmatim Research Laboratories, Baltimore, Maryland 

The body or viscosity of cultured cream has been measured by various 
investigators. After uniform agitation of the cultured cream, Guthrie (2) 
u ~ e d  a MacMichael viscosimeter to determine differences in the body of the 
prodnct. Two methods were employed by Doan and Dahle ( I ) ,  namely: 
(a) a viscosimeter of the rotating type and (5) "a special plunger test where 
the penetration of a suitable plunger falling a unit distance into the product 
was measured". No details were given as to the plunger or method of test- 
ing. Joffe (3) describes a method of testing the consistency of mayonnaise 
and salad dressing, two products which have a consistency similar to cul- 
tured cream. He used an instrument called a "plnmit". This is a gradu- 
ated rod of aluminum, bearing a pointed and weighted head of larger 
diameter than the rod. The total weight is 14.5 g. and the over-all length 
13 cm. The plumit is held twt11-een the thumb and forefinger and dropped 
into a jar of mayonnaise from a height of 12 inches. When the plumit is 
released and drops into the sample, it should remain perpendicular, and a 
reading of the depth of penetration is taken at  once. 

Bod' structure or the apparent viscosity of cultured cream, developed 
without the addition of stabilizing agents, may be reduced readily to a basic 
viscosity by means of gentle agitation. I t  seems desirable to evaluate the 
uniformity of the product as sold to the consumer by measuring the body 
of the cultured cream while in the final container and without reducing the 
apparent viscosity. An aluminum rod, drilled, tapered, and graduated, has 
been constructed for this purpose. The size of the hole (13/32"x 3 3/47 
was selected to provide a desirable ratio of 'weight to volume displacement. 
The dimensions and mode of constnletion of this device, called a plummet, 
are given in figure 1. A release for the plummet (made from a glass tube 
and a board), a stop watch with a second hand, and a ring stand and clamp 
also are needed. 

The procedure for conducting the test is as follows: 

(a) Hold samples to be tested overnight a t  40' F. If the retail con- 
tainer is less than 4 inches high and the exposed surface less than 
2 inches in diameter, suitable containers (such as an 8-02. mayon- 
naise jar) should be employed and filled and handled in a manner 
identical to the commercial product. Avoid agitating the product 
prior to testing. 

(b) Firmly secure the glass tube in a vertical position with a suitable 
Received for publication November 22, 1946. 
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clamp, having the end of the tube exactly 12 inches above the center 
surface of the cultured cream. 

(c) Insert the plummet, point downward, in the glass tube and hold in 

Fro. 1. Constrnetion of plommct. 

place with the smooth surface of the small board, maintaining a 
horizontal position against the bottom of the tube. 

(d) Release the plummet by sliding the board quickly to one side. 
(e)  Lift the plummet from the cultured cream 5 seconds after its 

release. 
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(f) The cream will adhere to the plummet to a distance depending on the 
depth of penetration. Observe the cream line reading to the near- 
est quarter division of the scale. The cream line mark may not 
correspond to the true depth of penetration, due to the meniscus. 

(g) An average of three tests is used as the measure of the. body of the 
product. Use a ditrerent container of product for each test. 

(h) The plummet should be washed and dried after each test. 

TABLE 1 
The body of mltnrcd meom as meamred by the plzcmmet method 

Plummet rending 
.- Maximum deviation 

Coutaincr no. , AT. 1 between individual 
sample containers 

1 
- - .- - 

I .a0 7.25 1 7.25 1 7.33 
7.73 " m -  

( . I 3  
- -- 
I a 1 7.75 

7.03 7.50 7.50 7.43 
8.00 8.25 8.25 8.l i  - -- 
1 . 1 . )  8.25 8.00 1 8.00 
7.50 7.50 7.50 7.50 

Data presented in table 1 give the body of cultured cream as produced 
by six dairy plants located in eastern United States. Examination of these. 
data indicates that tile variations existing between measurements of indi- 
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vidiial containers of the same lot of cultured cream are within the practical 
limits of controlled testing. A variation of + 0.5 division is considered a 
suitable tolerance range. Daily tests on the body of cultured cream may 
be observed to indicate any variations from a predetermined standard. 

The consensus of three experienced judges in correlating the visual vis- 
cosity of cultured cream with the plamnlet reading may be found in table 2. 

TABLE 2 
B e b t h  of plummet readings to &a1 tiscoaity of cultured cream 

piurnmet reading 1 Visual viseoaity 

0 - 2  
2 - 4  
4 - 6  
6 - 7.5 
i.5- 8.5 
8.5-10 
Over 10 

Very thin 
Thin 
Medium 
Good 
Slightly heavy 
H e n w  
Very heavy 

SUM MARY 

A simple method has been developecl for measuring the body of cultured 
cream. The resistance of this product to the penetration of a plummet is 
taken as an indication of the body. 
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T H E  FLAVOR, YOLATILE ACIDITY, .\SD SOLUBLE PROTEIN 
O F  CHEDDAR ASD OTHER CIIEESE1 

The method of nianufactnrinp Clietldar checsc has been knoll-n fo r  many 
geaerations. About 50 years ago scientists begail a n  intensive s tudy of the 
factol-.; a f fec t i~~g  the flayor of this clleese with the idea that the sollrce and 
identity of the flavoring sul~stances co111d be establishetl. Althongh much 
scientific knowlrd.ze has been accumnlated from these studies. the specific 
flavorinp materials are  still i t n l i n o ~ ~ n .  The l)rese~lt trentl to\vartl the mann- 
facture of Chedtlar chcrsc from pasteurizetl illilk has aeeen t~~a ted  the need 
f o r  this kno~~let lgc,  a s  pasteurized milk cheese has less flavor and slightly 
different cliarartcristics than that  fount1 in raw milk cheese. 

The literature is  rnltirninol~s and only a few references will be cited. The 
fundamental chemical changes that occur d u r i l l ~  the ripening process as 
kno\m in 1891 were stated 1)y Van Slykc (IT).. H e  wrote tha t  there was a , 
slow evolution of carbon dioxide from the casein or  fat. o r  both. Volatile 
and nonrolatile fat ty  acids tlevelopetl from the fat. The nitrogen com- 
po~untls. especially casein, broke clo\v11 into soluble compounds, some crent,u- 
ally brt*ominy a~~iiiioiiirl. C ~ i r e d  cheese was more alkaline than fresh chcese. 
The formation of the free fat ty  acids was tlie principal cliemiral chrtnae 
t111ri11g ripening. 

Van Slyke, IIardinp, and I l a r t  (18) eoncludetl from their study of rennet 
that. this cnzynle (lid not decompose protein into compounds that  produced 
flavor in cheese. S n z ~ ~ k i ,  IIastings, and H a r t  jlG) stndied the origin ancl 
composition of steam distillate from cheese whir11 contained the flavor com- 
ponnds. They folintl bacteria to be the p~.incil>al ripening agent. The 
lactose tlimppearrtl from cheese in 3 to  6 clays but some of the lactates were 
fermented into rolatile fat ty  acids, especially acetic and propionic. Bntyric 
and eaproic arirls lvere tlerirecl from the fat< and proteins. Succinic acict, 
alcohols, and esters also were present in tlie steam distillate. 

Improretl Chetldar clicese flavor lias been reported with special cultures 
in Cl i~d t la r  cheese ~naliing in adclition to the nsnal lactic starter. I I ~ ~ c k e r  
antl 3Iar(11iardt f 7) found t11:tt a Strcptororc~tz pnrnritrovor~rs culture used 
wit11 IIansen's commercial starter protl~icetl vl~aracteristic cheese flavor of 
siiperior quality from pastenrized milk. Proteolytic c o c c ~ ~ s  cultnres pro- 
d ~ ~ c e d  bitter flavor, as  did the culture of P. pnrncifrovorvs when used with- 
ont starter. Hansen, nen(lixen, antl Tl~enphil i~s  (3) confir led that  cheese 

Rercivcd for pul+lirntion Dccember 4, 1946. 
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made with S .  paracitrovot-tts alone became bitter, and they obtained similar 
results with Streptococczrs citrovortts. However, the quality of cheese made 
front r a v  or pasteurized milk with lactic starters was not improved by the 
addition of S. paracitrovorzts or 8. cit~~ot.or~cs. Definite improvement in the 
quantity and quality of Cheddar cheese flavor was obtained by Lane and 
Hammer ( 8 )  ~rlien cultures of selected strains of Lactobacillus cnsei were 
nsed in pasteurized milk to which commercial lactic starter had been added. 
The protein decomposition was greater and the flavor improved due to this 
bacterium. More recently, Sherlvood (13, 11)  isolated 720 strains of lactic 
acid bacteria from pasteurized milk Cheddar cheese in New Zealand. The 
dominant organism was lrclctobacill~is (Strcpfobacterirtm) pln?itor?rm, with 
Lactobacillus (Strcptobacleriutn) casei occurring less frequently. Betabac- 
teria and betacocci were found in small numbers. Some strains of these 
bacteria produced good Cheddar cheese flavors. Studies in the laboratory 
and in factories verified Lane and Hammer's good results (8) with a special 
strain of L. casek, but best cheese flavor mas obtained by the addition of 
10 ml. of culture of L. pkntarztm to 80 gallons of milk to give an inoculation 
of about 12,000 organisms per ml. of pasteurized milk. 

The r6le of the hydrolysis of milk fat  and the development of volatile 
acids in relation to flavor has been emphasized by the studies of Lane and 
Hammer (9, 10, 11) .  The homoge.enization of milk for the manufacture of 
blue cheese improved the texture and increased volatile acidity and flavor. 
111 Cheddar cheese the volatile acidity aucl flavor mere greater for raw milk 
cheese than for pastel~rized milk cheese. Hoxnogenization of the milk or the 
addition of lipase from several sources ge~ierally produced rancid, bitter 
cheese, but these flavors tenclecl to disappear with age. Desiccated mammary 
tissue added to cheese milk often produced desirable Cheddar flavor. Babel 
and Hammer ( 1 )  found that the lipase in mulberry juice or rennet extrabt 
often did improve the flavor of Cheddar cheese, but too much of the enzyme 
plsduced bitter flavor. Dahle and nratrous (2) based their new procedure 
for making Parmesan-type cheese on the fact that homogenization of the 
milk promoted the development of the rancid flavor and aroma desired in 
tliis grating cheese for fla~oring spaghetti and soups. 

Cheese ripening generally is followed by increased volatile fatty acids 
and increased solnble nitrogen. Both chemical changes are used to indicate 
the degree of ripening as associated with the development of flavor, and 
increased soluble nitrogen with the development of a mellow, wavy body. 
The 11sual steam distillation of cheese for rolatile acids does not give correct 
l*rn.sults, according to Hiscou, Harrisnu. and Wolf (4, 5, 6) who developed 
a long, accurate method for estimating these acids. Tlle accurate, rapid 
technic of Smiley, Rosikowsky, and Dahlberg ( 1 5 )  has made it possible 
easily to analyze commercial cheese for total 1-olatilc acidity and to compare 
such vah~es with flax-or scores and intensities. 



CHEESE FIAVOR, ETC. 167 

This study was'undertaken to show the relationship of .total volatile 
acidity to flavor, and consideration also was given to several other chemical 
determinations, including soluble nitrogen. 

' 
Five cheese manufacturers 01. processors in New York aud Wiscolisili 

were requested to select three Cheddar cheeses that represented mild, medium, 
and sharp f la~ors  of excellent quality. Each sample was to be selected as 
being 8 t?.pical good Cheddar cheese. The cheese selectors were cautioned 
to avoid choosing the cheese on the basis of age and to depend solely upon 
exainination of the cheese. In one case the three cl~eeses received from one 
manufacturer were made at  one plant. 

As the 15 samples were received, they were classified as mild, medium, 
or sharp in flavor. After all had been received, they were arranged in order 
of the intensity of the Cheddar fla\-or by the authors working inde~~ndent ly  
and then together. The samples were analyzed for volatile acidity, solnble 
protein, pH, moisture, and salt. 

Samples of cheese of several varieties other than Cheddar were purchased 
at  a retail grocery store. These saiiiples were classified as to flavor intensity 
and analyzed chemically. They were rated on the basis of intensity of flavor 
within their respective varieties and also without regard to variety. 

Finally, a manufacturer of Camembert cheese was asked to select several 
samples that were approximately the same age and had been treated simi- 
larly bnt which showed differences in the degree of ripeness and intensity 
of flavor. The four samples were scored and classified by the manufacturer 
and his comments were confirmed by the authors. 

The total volatile acidity was deterinined by the method of Smiley, Kosi- 
k o k k y ,  and Dahlber:: (lfi), and the pH hp the Beckman p H  meter, usin=. 
glass electrodes. 

The solution of the soluble protein followal a technic based upon the 
method of Sharp (12). The priiiciple of the ~nethod is to maintain the p H  
(approximately 5) and the salt content comparable to that of Cheddar cheese 
by a buffer salt solntion while the soluble protein is being dissolved in the 
water. The soluble protein was extracted as follows : Three grams of cheese 
are weighed within 0.01 g. error and placed in a porcelain mortar. A small 
amount of extracting solution at 50" C. is added and the cheese is gronnd 
to a thick paste. Additional solutioll is added to dilute the paste. The 
dilute suspension of cheese is transfcrretl to a' 100-ml. flask. The mortar is 
riiiseil with additional portions of the solution. The flask is placed in a 
water bath at  50° C., filled to the mark with extracting soliltion, and, with 
occasional shaking, maintained a t  this temperature for one hour. The $0111- 
tion is filtered through a fliited filter. and 50 ml. of the filtrate is placed in a 
ICjeldahl flask. 
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' The soluble protein extraction sol~ition is prepared'as follows: 

A. Stock solution 
57.5 ml. glacial acetic acid 

136.1 g. wlinm acetate ( Y  H20) 
47.0 g. soclium chloride 
8.9 g. calcium chloride (anl~yilrous) 

Adcl water to make 1 liter. 
R. Extraction solution 

Make 250 ml. stock s o l ~ ~ t i o ~ l  up to 1 liter wit11 water. 

RESULTS 

Selected Ch.e&ar Clrecse 

The data on Cheddar cheese, presented in table 1, do not shorn any 
striking relationships of iate~lsity of cheese flavor with an!- of the factors 
studied. I n  a general n-a- it may be stated that the commeilts of the mann- 
facturers of the cheese agreed well with those of the anthors as to the iaten- 
sity of the cheese flavor. The scores of the cheese showed that all samples 
were good Cheddar cheese but the scores were not related to intensity of 
flavor. 

I t  was true that the two oldest samples of cheese ( E l  ant1 8 2  which were 
13 and 14 months of age) Rere the highest in flavor intensity. However, 
age of cheese cannot be -regated from temperature of storage, for curing 
cheese i s  a time-temperature problem and this temperature was not reported. 
This probably explains the reason that the cheese (B3 and B4) which rated 
third and fourth in strenptll of flaror were among the youngest, 2 and 3 
months old, for the buyer of this cheese often force-cures it at  about 60" F., 
a s  compared with the usual storage temperature of 32 to 35' F. For this 
reason and others, flavor intensity and ape of cheese were not associated 
closely enough to be able to state that a given cheese \\-as strong in flavor 
because it was old (10 to 12 months) or that another was mild in flavor 
because it was young (2 to 4 months). 

The principal object of this study mas to establish tlie relationship 
between the intensity of Checldar cheese flavor and total volat.ile acidity. 
There mere two samples with volatile acidities below 20 n11. S,;10 acid per 
100 g. of cheese. These samples were 13 and 7 montlis old and were first 
and fourteenth in flavor intensity. There were three samples wit11 volatile 
acidities over 40. These samples were 14, 2, and 2 months old and mere 
second, seventh, and eleventh in intensity of flaror. .With tlie two cheeses 
of lowest volatile acidity representing the most and next to the least flavor 
intensity, and the cheeses of hiphest volatil6acidit.y also scattered as to flavor 
intensity, i t  is evident that a sample of Cheddar cheese could not be clased 
as to flavor intensity on the basis of total volatile acidity. There appears 
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to be almost no general trend in the relationship between volatile acidity and 
flavor intensity. 

The data on the relationship between soluble protein and flavor intensity 
did not happen to be so strikingly negative as was the case for total volatile 
acidity. Samples E l  and 82, with the greatest amount of soluble protein, 
8.40 and 8.88 per cent, respectively, were oldest and ranked first and second 
in intensity of Cheddar cheese flavor. However, the relationship between 
the two factors appeared to end with these two samples., Samples with less 
than 5 per cent soluble protein were seventh, eleventh, and thirteenth in 

PERCENTAGE O F  SOLUBLE PROTEIN 
FIG. I. Relation of percentage of soluble protein to age of Cheddar cheese. 

flavor. Samples with 5 to 6 per cent soluble protein were third, fourth, 
tenth, and fifteenth in flavor intensity. There was no obvious trend in the 
relationship between these two factors. 

The percentage of soluble protein increased with increased age of the 
cheese (&. 1). This trend had some exceptions but i t  was reasonably good 
considering the varied character of the cheese. A similar relationship did 
not exist between total volatile acidity and age of the cheese. 

There is nothing in the data to suggest any correlation of flavor intensity 
with the pH, moisture, and salt content of the cheese. 

Miscellaneous Cheese Varieties 
The miscellaneous varieties of cheese pnrchased a t  a grocery store gave 
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TBBLE 2 

The relationship of volatile acidity, pH, and thc quality a i d  intensity 
of flavor of various types of cheese 

Cheese rariety 

Camembert ....................................... 
Blue ................................................... ..... 
Kaukauna Klub Cheese Food 

Clt(1ese characteristics 

Strong 
Medium 
Medium 
Strong 
Strong 
Medium 
Mild 

Relative 
i11tellsity 
of flavor 

of all 
cheese 

Overripe 1 39.9 
Good , 40.4 
Good 30.8 

102.8 
Fair 
Fair 
Good 

Flavor in each indi- 
vidual cheese class 

Quality %gti I remarks 

* M1. N/10 acid per 100 g. clleesc. 

very interesting data (table 2) .  A high-flavored, overripe, soft Camembert 
cheese with an ammonia odor was rated as having the strongest flavor. It 
was alkaline in pH. A green, mild but good-flavored Swiss cheese was rated 
lowest in flavor; yet the total volatile acidity of the Swiss was greater than 
that of the Camembert. A blne cheese of medium-strength flavor of good 
quality was rated second in flavor intensity and its volatile acidity was the 
same as that of the Camembert. A stkong-flavored Liederkranz cheese that 
was slightly alkaline contained more than twice as inucll volatile acidity as 
any other cheese ; yet i t  was not the strongest-flavored cheese. I ts  flavor was 
very much the same as the D'Oka cheese with only half the rolatile acidity. 

It is appreciated that this attempt to rate cheese of different varieties on 
intensity of flavor is subject to criticism. The flavors are so different that 
intensities cannot be compared closely. After making allowances for such 
discrepancies, there can be no doubt concerning the lack of relationship 
between total volatile acidity and intensity of flavor. 

TBBLE 3 

Analysis of four dol~lcstic Camembert cheeses from different lots 
made in the same plant 

Mnllufaeturer 's grade 

Mild flavor 
' 

20.4 
Slight flat I I 

Poor breakdowii 
Mild flavor , 16.1 
Fair  breakdown 
Fair  flavor I 18.6 
Fair  breakdown 1 
Good cheese 1 21.4 

Soluble 
protein 

*MI. N/10 acid per 100 g. cheese. 
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Selected Camembert Cheese 

The ripening of Camembert cheese is sometimes subject to unexpected 
flavor variations which might be associated with total volatile acidity and 
soluble protein. I t  is recognized that the softening of the cheese is depend- 
ent upon protein solubility. A manufacturer of Camembert selected four 
cheeses of approximately the same age but with marked variation in thc 
amount of good Camembert flavor (table 3). The manufacturer's score and 
comments on the cheese were 11sw1 for comparisons with analysis. 

The total volatile acidities of the cheese with the least flavor and with the 
most flayor were practically identical. The percentage of soluble proteiu 
and the pH value increased as the flavor increased in intensity and the 
cheese became softer in h l y .  It is possbile that the relationship between 
intensity of flavor and changes in soluble nitrogen and pH were incidental 
to the obviorls change in the body of the cheese, which must be related to 
these changes. 

DISCUSSION 

The tendency toward the manufacture of cheese from pasteurized milk 
tias emphasized the lack of knowledge of those chemical entities which are 
responsible for the characteristic flavor of cheese. The literature of the last 
century gave the two major chemical changes that occur during ripening. 
namely, the increase in total volatile and norlvnlatile acidity, and the in- 
crease in soluble protein. The emphasis was given to volatile acidity more 
than to the decomposition products of protein. Many investigators halve 
endeavored to increase cheese flavor by the bacteria and enzymes which 
affect the fat and the casein. 

This research has established that the magnitude of these chemical 
changes is not related to the intensity of the flavor of Cheddar cheese. The 
increase in total volatile acidity and soluble nitrogen during ripening is 
interesting and valuable information to obtain on cheese ripening, but flavor 
developmel~t is not related to these characteristics. This means that much 
of the research on the development of cheese flaror has been based npon a 
fundamental misconception. It map be that the cheese flavor is a result of 
the decompositiou of milk fat or protein, but, if such is the case, the flavor 
compounds are developed without regard to the total changes in these two 
materials. In other words, if the flavor componnds of Cheddar cheese are 
volatile fatty acids, then the quantity of the flavor-producing acids is not 
 elated to total volatile acidity. I t  has been assumed fallaciously that these 
two were synonymous, as the volatile acids contain most of the cheese flavor. 

Cheese flavoring componnds are developed during ripening incidental 
to the common chemical changes with which investigators often are con- 
cerned. This means there is need for a widening of the concept behind the 
studies of cheese flavor. More rapid progress may be made by new manu- 
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facturing technics or by identification of the flavor compounds. There is 
real hope for producing higher flavors in pasteurized milk cheese. For 
example, sample A2 was a pasteurized milk Cheddar cheese that possessed 
second highest flavor and the highest volatile acidity and soluble protein. 
This cheese may have been an exception for the plant that made it, but the 
fact is that it was produced. 

As cheese ripens there is an increase in flavor, volatile aciditr, and soluble 
protein. The lack of any correlation among these progressive changes in 
Cheddar cheese, except for a general relationship between age and soluble 
protein, does not disprove their occurrence. Instead, it emphasizes that 
there are a number of factors which affect each of these changes in varying 
degrees and partially obscure the effect of age alone. The direct relation- 
ship between age and soluble protein might be explained as being due chiefly 
to the action of rennet as affected by time, with other factors being less im- 
portant in their total effects. The effect of microorganisms on the develop- 
ment of flavor is of major impol;tance and is influenced greatly by a number 
of factors other than variations in time. 

CONCLUSIONS 

Cheese manufacturers and processors in New York and Wisconsin 
selected 15 Cheddar cheeses with typical good flavors that were mild, 
medium, and sharp in intensity. The cheese varied from 2 to 14 months 
of age. There were no relationships among intensity of flavor, total volatile 
acidity, soluble protein content, pH, and age of the cheese, except for a 
direct relationship bet%een age and soluble protein. The flavor compounds 
were distilled with the volatile acids but apparently l-iere not directly corre- 
lated as to total amounts. 

No relationship was found between intensity of flavor and total volatile 
acidity in seven different varieties of cheese secured at  a retail store. 

Four samples of Camembert cheese made in one factory were selected 
to show difference in flavor and texture. There was no relationship between 
intensity of flavor and total volatile acidity but there was a direct relation- 
ship between flavor intensity of this cheese and its soluble protein and pH 
values. 
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THE VALUE OF SUPPLEMENTARY VITAMIN FEEDING IN THE 
REARING OF DAIRY CALVES 

W. B. NEVENS AND K. A. KENDALL 
Illinois Agricultural Experiment Station, Urbana, Illinois 

Widespread interest in the vitamin needs of dairy calves was aroused 
through several reports (5, 6, 9, 10) that supplementary vitamin feeding 
during the first few weeks of life prevented so-called "nutritional scours", 
lessened navel infection, and reduced the death rate. The studies pointed 
to vitamins A and C and nicotinic acid as essential components of the ration 
of the young calf. The reported beneficial effects of vitamin supplementa- 
tion were so striking that it was considered desirable to test the value of snch 
a procedure in a dairy herd in which good feeding practices are followed 
througllont the year. On the basis of a number of published studies show- 
ing a relation between the character of the ration and the vitamin content 
of colostrum milk, it was assumed that the mother's ration during the gesta- 
tion period also may affect the store of vitamins in the body of the calf at  
birth. Recent reports (3, 11, 14) tend to substantiate the validity of snch 
an assumption. 

A further assnmption based on numerous calf-raising trials is that the 
' most critical period in the life of the hand-fed dairy calf is within the first 

30 days after birth. An early investigation in the feeding of dairy calves 
conducted at  this Station (1) indicated that the character of the ration dnr- 
ing the first 3 weeks is of prime importance. The data reported in this 
paper, therefore, cover only records up to 30 days of age. Histories of 299 
calves, approximately one half of them males, are summarized. 

PROCEDURE 

The study was carried out with calves born in the Station dairy herd. 
The cows in this herd were fed hay, silage, and grain mixture thronghont the 
year, with limited access to pasture during the growing season. The quality 
of all feeds, as a rule, was much above average. Alfalfa hay was the chief 
dry i-onghage, with smaller amounts of red clover hay and Korean lespedeza 
hay. The calves usually were left with their mothers for 2 days after birth, 
but some weak calves were left as long as 4 days. After separation from 
their dams they were kept in special quarters at  two different locations. 
Feeding of whole milk (Holstein) was continued throughout the 30-day 
period of observation covered by these records. The caLves were given free 
access to adequate amounts of red clover hay and a grain mixture. Live- 
weights were taken as early as possible after birth. However, some calves 
were born when no attendant was present, and probably a part of these had 
opportunity to nurse before they were weighed. These weights, therefore, 
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are termed first-day weights, rather than birth weights. Liveweights also 
were taken a t  15 days and at  30 days of age. 

The vitamin suppleruents were supplied in two forms. Nopco special A 
and D feeding oil with a potency of 2,000 units of A and 800 units of D per 
gram was supplied a t  the rate of approximately 2 ml. per head daily to all 
calves a t  one barn for the first half of the experimental period and none was 
given during the second half of the period. At the other barn the practice 
was reversed. Approximately equal numbers of calves were included in the 
groups fed oil aiid no oil. The other form of supplement consisted of vita- 
min capsules, the formulae for which were as follows: 

Black Wkftc 
capmb capsule 

Vitamin A, U.S.P. units ........................................................................ 5,000 5,000 
Vitamin D (Irradiated ergosterol), U.S.P. units 500 500 
S i e o t i ~ c  acid, mg. .................. 50 50 
Vitamin C (Ascorbic acid), mg. ..- 250 ......... 

Random selection of the calves to be fed the vitamin capsules was 
achieved by following the rule that the first calf born was to be fed vitamin 
capsules, the next one to be given no vitamin capsules, and so on. Thus 
one half of the calves were fed vitamin capsules and the remainder served 
as controls. One capsule c'ontaining vitamins A and D, nicotinic acid, and 
ascorbic acid was given daily per calf from 1 to 10 days of age and one . 
capsnle containing only vitamins A, D, and nicotinic acid was administered 
daily from 11 to 30 days of age. 

Four experimental groups were established. Group I received no vita- 
min supplement, grollp I1 received the vitamin capsules, gronp 111 receivd 
the vitamin A and D oil supplement and group I V  received both the vita- 
min capsules and the oil supplement. 

An individual record sheet for each calf was posted on a bulletin board 
and records kept of the vitamins and milk fed, liveweights, condition of 
the calf, and, in the event that scours occurred, the treatment given and the 
duration of the ailment. The trials reported in this paper began early in 
1944 and extended through September, 1946. 

A summary of the records of all calves which survived the 30-day ob- 
servation period is given in table 1. Characteristic breed differences were 
noted in the firstday weights of the calves. The average weights were: 
Ayrshires, 76 lbs. ;. Brown Swiss, 98 lbs. ; Guernseys, 66 lbs.; Holsteins, 96 
lbs. ; and Jerseys, 50 Ibs. The average gains in liveweight were somewhat 
greater for the Brown Swiss and Holsteins than for the other breeds. All 
of the average gains, however, were satisfactory for the breeds represented 
with the exception of those for the Guernseys in group 11. This group 
included three calves which made very small gains. The average 30-day 
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gain for the 11 other Guernseys in this group was 16 lbs., a satisfactory 
figure. The gains for the calves in groups I11 and IV were larger than those 
for groups I and 11, but the amounts of milk fed to groups I11 and IV also 
were larger. 

The four groups of calves were similar with respect to the number of 
cases of scours, age at which the attacks of scours occurred, and the duration 
of the ailment. 

A summary of the records of calves which snrvived the 2-day nursing 
period and were started'on hand feeding but which failed to complete the 
30-day experimental period is given in table 2. Records of calves born dead 

TABLE 2 
Hiatoq  ard npporent caqrse o f  death of calves which failed to  suruiz.e the 30-day 

observation period 

I Group and kind of vitamin supp1emeut:rtioll 

None I I 

Drnth attributed to:  

Too weak to stand or nurse 
Very'weak a t  birth ................ 
?Veak a t  birth; died from 

bloa 

I1 
Vitamin 
capsules 

6 
9 

1 
1' 

. . 

1 
1 
2 

111 1 A a n d D  
feeding oil 

6 
14 

1 
2 

. .. . 

1 
It 

1 

IV 
Capsules and 

A and D 
feeding oil 

" Mother had mastitis. 
t Mother had prcparturient mastitis. 

and of those that died within 48 hours are not included. Death was at- 
tributed to a nn~nber of causes, among which pneumonia alone and also 
scours accompanied by or followed by pneumonia were important. There 
was little difference between the groups, however, in the number of calves 
affected. Only two of the calves in group I died at  less than 12 days of age. 
One calf in gronp I and one calf in gronp IV died of pneumonia on the 30th 
clay. I t  was noted that in a considerable number of cases scours did not 
occur until the calves had reached an age of 2 to 3 weeks. 

DISCUSSION 

Considerable variability in liveweight gains occurred among the calves 
of the four groups. The gains to 13 days of apc showed greater variability 
than the gains to 30 days. This was an expected difference becanse more 
cases of scours occurred prior to 15 days of age than between 15 and 30 days 
and, also, some calves which were weak at birth and made a s l o ~  start made 
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good gains after 15 days. The variability of the gains to 30 days of age was, 
surprisingly, somewhat less than that found at this Station for pasture-fed 
yearlilig dairy heifers (7). 

The use of vitamin supplements was not effective in reducing the number 
of cases of scours, the duration of the ailment, and the mortality rate below 
those of the controls (group I). It appeared that weakness a t  birth and 
inability to stand or nurse, the presence of infectious mastitis in the udder 
of the mother, accidents, and exposure to cold followed by pilelimoilia were 
important contributing dauses of illness and death. 

The use of capsules containing vitamins A and D, together with nicotinic 
acid and ascorbic acid, was no more effectual in promoting gains in weight 
or in 'educing scours than the use of the special feeding oil containing only 
vitamins A and D, as judged by the records of calves included in groups 11, 
111, and IV. It  is concluded, theyefore, that the supplementation of the ' 

whole inilk ration with ascorbic acid and nicotinic acid was ineffectual in 
promoting the well-being of the calves in this herd. This finding is in agree- 
ment with recent investigations a t  this Station (4, 12) which showed that 
ascorbic acid and nicotinic acid are not required by the dairy calf. On the 
other hand, the same technics used in these investigations disclosed the fact 
that riboflavin is required by dairy calves (13). These several experiments 
lend no support to the inference given in a recent report (2) that the sup- 
plementary effect of nicotinic acid is dependent upon the level of vitamin 
A intake. 

Our investigations lead us to the conviction that a measure of the prog- 
ress of the calf during the first 30 days after birth is a better index of 
nutritional status in early life than is any other period. The character of 
the ration after 30 days of age may be much more varied than prior to that 
time. The consumption of high-quality hay and special grain mixture, both 
of which may be good sources of vitamins and other nutrients, tends to cor- 
rect nutritional deficiencies incurred during the first few weeks of life. I n  
a recent report of controlled experiments with young calves (8), i t  is shown 
that 35 of 57 calves developed cases of scours, but only one of the cases that 
occurred after 4 weeks of age affected a calf not previously afflicted with 
the ailment. 

Our results do not preclude the possibility that nutritional deficiencies 
may have been responsible for the onset of scours and other ailments in the 
case of some calves, particularly those which were too weak at birth to nurse 
and those which were not strong enough to obtain adequate amounts of 
colostrum milk. Further, the desirability of vitamin A and D snpplementa- 
tion in the rations of calves born in herds where the rations are low in 
vitan~in value is not disproved. I t  is assumed on the basis of recent reports 
(3, 11, 14) that one of the important reasons that vitamin supplementation 
mas of questionable value in our trials mas that the cows in the herd were 
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a t  all times well fed and that such feeding provided vitamin reserves in the 
new-born calf. 

SUMMARY 

Individual records were kept of 299 calves of the Station dairy herd. 
These were divided a t  random into four groups to determine the value of 
vitamin supplementation of the ration during the first 30 days, the critical 
period in the life of the calf. 

The vitamin supplements were of two kinds. ,One consisted of vitamin 
capsules containing vitamins A and D, together with ascorbic acid and nico- 
tinic acid. Ascorbic acid was omitted after 10 days of age. The other was 
a special feeding oil containing vitamins A and D. 

The criteria used in  evaluating the results were gains in liveweight to 
15 days and to 30 days of age, number of cases of scours, age a t  which scours 
occurred, duration of scours, number of deaths, and cause of death in those 
which failed to survive the 30-day period of observation. 

The use of vitamin capsules containing ascorbic acid and nicotinic acid 
in addition to vitamins A and D was not found superior to supplementation 
with only vitamins A and D, and vitamin supplementation on the whole was 
of doubtful value, as shown by the bases of measurement used. 
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THE EFFECT OF CONTINUOTJS INTRAVENOUS FEEDING OF 
VARIOUS SUBSTANCES UPON THE SECRETION 

O F  MILK FAT1. 

A. I. MANN AND J. 0. SHAW 

Departinei~t of Dairy Industry, University of Connecticat m d  Storrs Agrioult~lral 
Experiment Station, Storrs, Co-nneoticut; and Department of Dairy Husbandry, 

~ a r y l a n d  Agricultural Experhnent Station, College Park, Maryland 

Kaufmann and Shaw ( 7 )  showed that carbohydrate when fed as the sole 
diet provides the precursors of the lower fatty acids of milk fat. As marked 
hypoglyceniia does not in itself produce a decrease in the lower fatty acids 
(16), it was suggested that dietary carbohydrate acts indirectly either by 
exerting a sparing action on the utilization of the precursor substances by 
other body tissues or by being converted into the necessary precursors in the 
runien by the action of microorganisms. 

I t  appeared that the best test of the alternative hypotheses would be that 
of the intravenons and abomasal feeding of glucose to fasted cows and goats. 
Accordingly, methods mere devised for the continuous intravenous and 
aboniasal feeding of ruminants. Using these methods, a study was made 
of the effect of the aclministration of glucose and other sitbstances upon the 
secretion of the lower fatty acids of milk fat. \ 

METHODS 

Tlle approach to the problem of ascertaining the blood precnrsors of the 
lower fatty acids was similar to that employed in earlier studies (7) in which 
advantage was taken of the well-known fact that inanition decreases the 
lower fatty acid content of milk fat. As a marked decrease in the lower 
acids always occurs within a period of 24 honrs of fasting, it was assumed 
that if the proper precursor or precursors were fed either intravenously 
or abomasally to a fasted lactating ruminant, the usual decrease in these 
lower acids would be retarded or prevented. Several substances were ad- 
ministered in this fashion and the effect upon the lower fatty acids of milk 
fat  noted, as shown by the Reichert-Meissl value and, in some cases, the 
Polenske value. Iodine numbers also were obtained on the milk fat. 

In order to maintain a relatively high level of the various substances in 
the blood and thus insure that these substances would be available in above- 
normal quantities for the possible synthesis of milk fat, it was deemed 

Received for publication December 24, 1946. 
1 Scientific Journal Article no. A151, Contribution no. 2044 of the Maryland Agricul- 

tural Experiment Station (Department of Dairy Husbandry). 
2 This paper is a part of a thesis to be presented by A. I. Mann to the Graduate 

School of Cornell University i11 partial flllfillment of the reqniremcnts for the degree of 
Doctor of Philosophy. 
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atlrisable to administer such substances continuously for a period of 24 or 
more hours. The technic used for intraveiious alimentation proved so satis- 
factory that it is described in some detail. 

The technic consists of fixing a no. 8 or no. 10 rubber catheter i11 the 
subcutaneous abdominal mammary vein and connecting this catheter to a 
drip bottle by means of a gum rubber tube. I t  appeared advisable to 
anesthetize the cow. Accordingly, from 3 to 5 g .  of nembutal were injected 
into the jugular vein at a rapid rate. The aiiinial may be thrown or allowed 

FIG. 1. The rubber catheter fixcd i n  tlie vein fo r  continuous intravenous feeding. 

to fall in a well-bedded stall. I t  is sometimps necessary to inject an addi- 
tional gram or so after the cow is in a prone position, particularly if the cow 
is allowed to become excited. I n  most cases the operation can be completed 
without necessitating more than one additional injection. 

A small area of the slrin, which has been clipped previously, is shaved 
and an incision approximately 3 em. in length is made i11 the skin over one 
of the sllbcutaneous abcloniiiial mammary veins. The muscles covering the 
vein are dissected carefully until a small area of the vein is exposed and a 
portion is picked u p  by means of a hemostat. A transverse incision is made 
in the vein close to tlie hemostat by means of a small scissors, and approxi- 
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ini~tely two-tl~irds of the Ie11gtl1 of the cathettbr ir itirertetl illto tlte win.  I f  
the open in^ i n  the rein is s~ifficiently small so that tltc catlletrr fits snnsly, 
l~c~niitomil will bc 11(.I(1 to a I I I I I I ~ ~ ~ I I I ~ I ~ .  Pr ior  to 11ezi111ii11c the opt*ration, the 
 lani nip on tllr t n l ~ c  Ieadinz from the dr ip  1)ottle i \  loosr~irtl qn that fluid is 
dripping slowly from the elit1 of tlie rathetcr when it is iilrerted. Three to 
f o l ~ r  s i i t~ircs  a r t  st~ffic.ier~t to close tilt incir io~.  The first s i i t ~ ~ r c  i ~ ,  made 
claw to the cat11ctc.r. k ~ o t t c d  ant1 then tird around the c a t l ~ e t e r ~ t o  Ilold it in  
pli3c.e. T l ~ c  catlleter is s11o1111 in place in firure 1. 

The tube leadin= to the tlrip tmttle iq attacllrtl to tltc skin by means of 

sntnre.;, one in tlie rezio~l  of tllc flanl; and the other over the last ril,, ap-  
proximatel?- Ilalf' the tlixtancr to t h r  l)ar*ltho~lr. Af t r r  the cow regains her 
feet, a v ide  cloth surcinrle is tied arolll~d the mic1section ill o r d ~ r  to corer 
the catheter aiitl the fltl)c Ica t l i~~g  10 t 1 1 ~  tlrip I~ottle. Tlte rl11)l)cr tul)t. i.; tietl 
firmly to tlttl s~i~.cinzlc in tllr ~ . c ~ z i o i ~  of thc l o i l l  so that all pi111 o i l  the tnhe 
trill he on the .rn.ci~iple a~icl not on tllr catlletrr. Fron1 t11r st~rc.it~r.le t l l ~ '  
t11l)c 1)il'ses fl1ro11~11 a fisctl 1)111Iey IS to 24 inchcs i11)ort tlic 1)aclil)one of 
the animal. slidinz t ~ c i p l ~ t  is  placed on tlte tulw bct~vcen the pl~lley and 
the dr ip bottle tvitl~ sufficient slack so that  the animal call move about and 
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lie dow11 and get up at  will. The details of this arrangement are shown in 
figwe 2. 

In the initial studies, goats were fed abomasally by means of a Pezzar. 
catheter fixed in the abomasum and attached to a drip bottle ill the manner 
described above. Tllc abdominal cax-ity was opened along thc ventral mid- 
line just posterior to the stemiim and thc catheter fixed in the abo~iiasilm by 
means of H ptti)ie-string stltitre. The catheter was brought to the exterior 
tlirough an opening made between two ribs approximately halfway between 
the midventral line and the clomal midline, after wliicll the incision along 
the ventral midline was closed. 

The iodine mmbers (Haniis) and the Reicliert-Meissl ancl Polenske 
valties were determined 011 milk fat according to the metliocls o~itlined in 
the Oficial nncl Tentative Methoils of Analysis (I). 

RESULTS 

Two goats in milk were fed abomasally. One receive11 glucose ancl t l ~ e  
other triacetil~. Nine colvs were fed by the intravenons ronte. The sub- 
stances aclmiliisterecl included glucose, " Pepticase" s (a protein liydrolp. 
sate), sodium oleate, soilium acetate, and sodi~iin butyrate. The animals 
usually received grain bnt no rotighage in the last feeding prior to the 
beginning of the period of intravenous or abomasal feeding. 

Fa t  constants ?wre determined on tlie pnrified fat  prepareci from milk 
obtained at  the beginning and a t  the nsiial milking intervals during the 
esperimeiital periods. 

Cfl?icose. Oli~cose was fed abomasally to a fasted goat and intravenously 
to two fasted cows, one of which receired a protein hydrolysate in addition 
to the glucose. That the blood glucose level was maintained above normal is 
evidenced b?- the fact that in each of the three cases the glncose intake was 
maintained just slightly below that which prodilced a mild glucose shock. 
I t  is apparent, therefore, that no blood glucose deficiency existed during the 
fasting periods. In experiment 2 a total of 1985 g. of glucose was in ject4  
in 31 hours. I t  will be noted from the data on experiments 1, 2, and 3 in 
table 1 that neither the decrease in the Reicliert-lleissl values nor the in- 
crease in tlie iodine values was prevented by the administration of glucose. 

Proteb k!rdrolpnfe. Pepticase mas administered to one cow by the 
intravenous route to test the possibility of certain amino acids being inyolved 
in tlie synthesis of the louver fatty acids of milk fat. As blood gli~cose does 
not appear.to be one of the precursor snbstances, glucose was administered 
with the protein liydrolysate with the object of providing ad(1itioilal energy 
so that the protein hydrolysate woiild not be 11tilized too rapidly for energy 
pnrposes. During an injection period of 31 hours, a total of 464 g. of Pepti- 
case and 1392 g. of glucose was administered. 171e Reichert-Meissl value 

3 Snpplicd tl~ror~gl~ t l~c  coortcsy of Shefield F n m s  Campnnp. 
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decreased gradnally from 24.83 to 14.99. The iodine value increased from 
22.08 to 27.37. These values are fairly representative of changes which 
would be expected from inanition alone. 

Oleic acid. After fasting a cow for 17 hours, 150 g. of sodium oleate in 
a 5.5 per cent solution were injected by the intravenous route within the 
following 16 hours. The experiment was terminated when excessive hemo- 
globinuria was observed. The data presented in table 1, experiment 7, do 
not indicate that oleic acid had any influence in arresting the changes in the 
milk fat  constants which are typical of fasting. 

Acetic acid. Four experiments were collducted to study the possible r6le 
of acetic acid in the synthesis of the lower fatty acids of milk fat. In one 
experiment acetic acid was administered abomasally to a milking goat as 
triaeetin. Three cows received sodium acetate intravenously, one receiving 
sodium butyrate with the acetate. It is evident from the experiments in 
which acetate was administered alone (experiments 4, 5, and 6, table 2) that 
the intra~enous injection of acetate did not prevent the changes in the milk 
fat  which are typical of fasting. a 

The amounts of acetate administered are believed to be considerably in 
excess of that which is normally absorbed into the circulatory system after 
being produced in the rumen. In experiment 6, a total of 1984 g. of acetate 
was injected within 22 hours. This experiment was terminated when the 
cow suffered a temporary collapse resembling tetany. The collapse appar- 
ently was due to an alkalosis caused by the metabolizing of the acetic acid, 
thus freeing an excess of sodium ions in the blood. 

B t ~ t y ~ c  acid. Four COWS received sodium butyrate intravenously. Two 
of the cows received butyrate alone during a period of complete fasting, one 
received a combination of butyrate and acetate while being fasted, and one 
received butyrate while on full feed. These animals (nos. 9, 10, 11, and 12, 
table 3) had been receiving a ration of mixed hay, corn silage, and a 16 per 
cent concentrate prior to being placed on experiment. To avoid any possible 
effects of inanition, all four mere fed in excess of requirements for a week 
prior to the experiment. One of the four, no. 12, was fasted without receiv- 
ing injections of any kind in order to serve as  a control for the other three. 
The fifth cow, no. 8, had been on a regime completely different from the 
others. 

In the first test of butyrate, the results were startling. Cow no. 8 re- 
ceived a total of 1057 g. of sodium butyrate during a period of 29 hours. 
Not only mas the Reichert-Meissl value of the milk fa t  maintained, but the 
Polenske value, representing primarily the octanoic and decanoic acids, actu- 
ally increased from a normal of 2.40 ant1 2.36 to 2.89 and 2.75. These fat  
samples were checked repeatedly, without any substantial change in the 
original values. I t  will be noted, however, that the iodine values increased 
by about the same magnitude as that of the milk fat of the control cow. 
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When the experiment was =peat& on cow no. 9, the resnlts on the Reichert- 
Meissl and Polenske values were not duplicated. Instead, the Reichert-Meissl 
and Polenske values decreased. Similar results mere obtained on cow no. 10, 
which received 975 g. of butyrate and 1092 g. of acetate over a period, of 
22 hours. Cow no. 11 received a total of 786 g. of bntyrate over a period of 
34 honrs, during which time the animal was on full feed. The bntyric acid 
did not alter the fat  constants from the normal values. 

Cow no. 12, which had been o ~ i  a regime identical to that of cows 9 and 10, 
was fasted completely for 35 hours. The decrease in the' Reichert-Meissl 
valne was similar to that observed in cows 9 and 10. The Polenske value 
showed a more markecl change, however, decreasing from 2.82 to 0.92, 
whereas the fasted cows receiving butyrste decreased from 3.35 to 2.17 in 
one case and from 2.81 to 2.14 in the other. 

DISCUSSION 

With neither blood lactic acid nor blood pyn~vic acid being utilized in 
measurable quantities by the active mammary gland of the normal cow 
(8, 12), the only possible blood carbohydrate which conld supply sufficient 
carbon to account for the lower fatty acids of milk fa t  is that of blood glu- 
cose. The experiments dpscribed herein show that when a continuous flow 
of glucose is administered intravenously a t  the highest possible rate tolerated 
by the COW for a period in escess of 2 days, the decrease in the lower fatty 
acids of the milk fat  caused by inanition is not prevented. It must be con- 
clnded that blood carbohydrate per se is not the precursor of the lower fatty 
acids of milk fat. 

It appears clear that carbohydrate administered orally is not a direct 
precursor of the lower acids (7), but probably exerts a sparing etrect or is 
converted into the necessary precursorc: in the alimentary tract. 

It is known that the active ammmary gland produces urea (4) and con- 
tains arginase (14) which may be n s d  by the gland for the deamination of 
amino acids. -The quantities of amino acids taken up by the gland are mffi- 
cient to account for the carbon in the lower fatty acids. This appeared to 
be a possibility when it was shown that the active gland of the fasted n ~ m i -  
nant did not take np the free amino acids from the blood (10, 16). Hom- 
ever, the failure of an intravenous administration of a protein hydrolysate 
to prevent the decrease in the lower fatty acids of the milk of the f&ed cow 
appears to rule out this possibility. 

Soclinm oleate was fed by the constant flow method to test the earlier 
hypothesis of Hilditch and Pa111 (6) and of Shaw and Petersen (15) that 
the lower fatty acids are der i~ed from the degradation of the longer chain 
fatty acids. The resiilts do not indicate that the lower acids are derived 
from oleic acid. However, the amonnt of oleate injected was necessarily 
small and definite conclnsions probably are not warranted. 
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In view of the recent work showing that acetic acid is used in the sp the-  
sis of fatty acids, this substance appeared to offer considerable promise as 
a precursor of the lower fatty acids of milk fat, since it is formed in the 
rumen in considerable quantities. Further, such synthesis would explain 
the ability of food carbohydrate but not blood carbohydrate to serve as the 
precnrsor of the lower acids. However, the Reichert-Meissl and Polenske 
values on milk fa t  from fasted ruminants receiving considerable acetic acid 
abomasally and intravenously were typicaI of fasted animals. 

Butyric acid, being produced in the rumen by the fermentation of carbo- 
hydrate, appeared to be another possible precursor substance. Four cows 
received relatively large quantities by the intravenous route. The results 
are conflicting. In  one case there ~vas actually an increase in the Polenske 
value, and the normal Reichert-Meissl value was maintained even though the 
cow was fasted. These results were not duplicated in succeeding experi- 
ments, although the Polenske value of the milk fat of the two additional 
fasted cows receiving butyrate did not decrease nearly so much as in the 
case of a fasted control cow. TVhile no conclusions appear to be warranted, 
the data do suggest some interesting possibilities. 

I t  may be that the butyric acid was being converted to acetone bodies 
and burned at  such a rapid rate that little reached the mammary gland 
except in the one case. The same could also apply to acetic acid. On the 
other hand, if butyric acid was being made available to the gland in these 
experiments and was not being incorporated into the triglyceride, it will 
necessitate thinking in terms of something more complicated than a simple 
recombination of glycerol and fatty acids in the formation of the triplycer- 
ides of milk fat. 

There has been considerable disagreement as to whether blood carbo- 
hydrate is the precursor of the lower fatty acids of milk fat. Because of 
the considerable amount of data rrhich has been accumulated in tbe past few 
years in studies concerned with this possible relationship, and because of the 
rather conclusive negative data reported in this paper, it may he well to 
examine and summarize the data collected to date. 

The suggestion that the loner fatty acids of milk fat  are synthesized 
directly from carbohydrate is based entirely upon the reports that the 
respiratory quotient of the normal active gland of the ruminant exceeds 
unity (3,9,12) and that the respiratory quotient of the gland of the fasted 
ruminant is less than unity (9, 16). I t  is pointed out that these two find- 
ings coincide with the fact that fasting decreases the short-chain fatty acids 
as well as the carbohydrate content of the body. The high respiratory 
quotient (RQ) of the active normal gland, which mas first reported by 
Graham et d. (3) ,  appears to be established fairly well. The reports by 
Reinecke et al. (9) and by Shaw et al. (16) that the RQ of the gland of the 
fasted ruminant is less than unity, are based on only a few observations. 
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Because of the difficulty involved in obtaining representative RQ's on the 
gland, many more data are needed to establish the latter with certainty. 
In addition, Reinecke et  al. reported that 48 hours or more of fasting were 
required to produce a low RQ. I t  is difficult to correlate this with the fact 
that the greatest decrease in the lower fatty acids occurs withiu the first 24 
hours of fasting. However, assmming that the RQ of the gland of the fasted 
ruminant is low, what does it represent in terms of the metabolism of the 
gland ? 

In the first place, most investigators have been nnwilling to accept the 
RQ alone on any ],articular organ as proof of the type of metabolism taking 
place within that organ. Recent work showing that carbon dioxide actually 
is used in synthesis within the body has tended to confirm this view. Sec- 
ondly, there is considerable doubt of a true metabolic relationship between 
the decrease in the lower fatty acids and fasting on the one hand, and the 
lowering of the RQ of the gland reported for the fasted ruminant on the 
other, since it has not been possible to demonstrate a consistently low RQ 
for the glands of cows in which the lower acids had been decreased markedly 
by the feeding of cod-liver oil (12). 

Even if it were possible to establish such a relationship, it must be kept 
in mind that neither the feeding of cod-liver oil nor fasting decreases the 
lower acids more than 35 to 40 per ceat. If the lower fatty acids are synthe- 
sized from carbohydrate, how then can we account for a low RQ with 60 
per cent or so of these acids still being so synthesized? 

The amount of glucose available to the gland for the synthesis of fat 
appears to be entirely insufficient for the synthesis of the lower fatty acids. 
Graham first attempted to measure the blood flow in relation to glucose 
uptake by the gland, using the thermostromuhr method, and concluded that 
the glucose uptake was insufficient to account for more than 50 per cent of 
the milk lactose (2).  At the time it waq believed that the thermostromuhr 
method of measuring blood flow in viro was quite accurate. However, very 
exhaustive experiments by Gregg et al. (5), Shipley e t  01. (18), and Shipley 
and Gregg (17) have shown that such is not the case. They obtained errors 
as great as 300 per cent and stated that " . . . the flow of blood in an artery 
of an animal can only by chance happening be determined from a unit 
applied to i t  which had been previously calibrated in an artificial circulation 
system . . . this is so, because, for the same unit it is indeed an accident 
when in vitro and in vivo environn~ents influence the differential tempera- 
tnre-flow relations in the same direction and to the same extent." 

By determining the calcium. inorganic phosphonis, and glucose uptake 
by the gland and the total amount of calcium, phosphorus, and lactose 
secreted during a 24-hour period, it was possible to calculate the blood flow, * 

the total amount of glucose utilized by the gland, and the amount of glucose 
available for other purposes after acconnting for lactose (16). Five such 
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experiments showed a blood flow of 494 volumes for each volnme of milk 
formed, with a range from 408 to 561. The glucose uptake was sufficient 
to account for 105.5 per cent of the milk lactose. In the five experiments 
it was found that the glucose uptake mas sufficient to account for 81.4, 101.2, 
115.4, 115.3, and 97.9 per cent of the lactose secreted. 

As any mammary gland balance milst depend upon the accuracy of the 
arteriovenous determinations in representing the true metabolism of the 
gland, this method of approach is subject to a great deal less error than the 
thermostromuhr method. The accuracy of a mammary gland balance based 
on the thermostromul~r method is dependent lipon whether the arteriovenous 
differences represent the true average uptake by the gland as well as the 
accuracy of the determination of the rate of blood flow. The large errors 
reported for the latter method are much greater than that which wolild be 
expected where the rate of blood flow is calculated from the uptake of calcium 
and phosphorus and the total amonnt of calciuln and phosphonis secreted in 
the milk as shown by the actual analysis of the milk. 

Data obtained by Shaw and Petersen (15) and Shaw, Boyd, and Petersen 
(13) can be used to make similar calculations, although in this case the 
average analysis of milk must be used, and the blood calcium and gllicose 
uptake do not necessarily represent the same cow or experiment. However, 
the values are sufficiently numero~is and uniform to obviate gross errors. 
Twenty arteriovenons differences for plasma calcium averaged 0.31 mg. per 
cent. Converting this to whole blood valnes on the basis of a 30 per cent cell 
volume, the difference becomes 0.217 ma. per cent. Assuming that the aver- 
age calcium content of the milk is 120 mg. per cent, the ratio of calcium in 
the milk to calcium uptake becomes 553 to 1. The average of 40 determi- 
nations of the glucose utilization by the gland was 9.3 mg. per cent. At a 
ratio of 553 volnmes of blood to one unit volume of milk, the glucose uptake 
could account for 5142 mg. per cent of lactose. With an average lactose 
content of 4900 mg. per cent in milk, this represents sufficient glucose to 
account for approsinlately 105 per cent of the lactose. The five complete 
balances of $haw et a!. (16) are iu good agreement nit11 these calculations. 
The complete balance experiments included fat. To account for the lower 
fatty acids in these trials, the data show that from 25 to 30 per cent of the 
glucose moulcl be needed if we are to postulate that the lower fatty acids are 
formed from carbohydrate. Even with the small amount of glucose taken 
a p  as glyco-protein (lo), it appears obvious that with neither blood lactic 
acid nor pyrnvic acid being utilized by the gland, the gland does not remove 
sufficient carbohydrate from the blood to account for both lactose and the 
lower fatty acids. 

Also opposed to the suggestion that fasting causes a decrease in the lower 
acids by depleting the carbohydrate available for the synthesis of these acids, 
is the finding that the gland of the colr with ketosis conti~iues to remove a 
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normal amount of glucose from the blood even when the blood glucose falls 
as much as 50 per cent ( l l ) ,  a value much lower than would be attained 
by two days of fasting. Further, i t  was observed that even such low values 
were not associated with a decrease in the lower fatty acids in those cases 
cf ketosis in which the animals retained their appetites, indicating a relation- 
ship between feed intake and the lower acids, but not between blood glucose 
and these acids. 

Finally, with the data reported in this paper to the effect that the mainte- 
nance of the blood glucose of the fasted cow a t  a high level does not prevent 
or retard the decrease in the lower fatty acids, the evidence against the 
postulation that these fatty acids are synthesized in the gland from carbo- 
hydrate appears to be conclusive. 

SUMMARY AND CONCZUSIONS 

1. A technic was developed for the continuous intraveno~~s feeding of 
ruminants. 

2. The continuo~is intravenous injection of cows with a proteia hydrolg- 
sate, glucose, oleic acid, and acetic acid failed to prevent the decrease in the 
lower fatty acids-of milk fat causer1 by fasting. As much as 19M g. of 
sodium acetate was administered in 22 hours and as mnch as 1985 g. of 
glucose was administered in 31 hours. 

3. A summary of the work to date reliders the theory of a blood carbo- 
hydrate origin of the lower fatty acids extremely unlikely. 

4. The data obtained from the continuons injection of but.ec acid are 
inconclusive. 
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THE R.EMOVAL OF THE SORBED GASES IN DRIED MILKS1 
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The results of experiments initiated in 1942 (2) on dried milks packed 
in air and in inert gas indicated that the keeping quality of the products 
packed in an inert gas atmosphere of which the final oxygen concentration 
was 3 to 4 per cent was considerably greater than that of the products packed 
in air (20.9 per cent oxygen). Although the keeping quality of dried milk 
depends to a great extent on the freshness of the liquid milk used and the 
methods employed in its desiccation, the improvement in keeping quality 
that was effected by reducing the oxygen concentration of the containers was 
so marked that recoinmendations were made for the consideration of this 
method of packing for all dried milks which had to undergo rigorous con- 
ditions of storage, especially those destined for overseas use (4). Reduction , 

of the oxygen concentration in the commercial containers to values of less 
than 3 per cent did not seem practical at  that time. The results of Lea, 
Moran, and Smith (3) published in 1943 indicated also that the keeping 
quality of dried milks was increased when the oxygen concentration within 
the dried milk containers was decreased. Subsequent studies (1, 5, 6) con- 
firmed these observations and indicated the methods necessary to obtain 
oxygen concentrations of different values. 

Although the practice of packaging dried milk in atmospheres of reduced 
oxygen concentration had been used to a limited extent for some time in the 
industry when this work was begun, information was lacking on the amounts , 

of gases held in dried milks by various forces, the factors that are concerned 
in the removal of these gases, and the relative effect of different oxygen 
concentrations on keeping quality. 

Spray-dried milks are composed of finely divided and very porous parti- 
cles and, therefore, have enormous total surface areas (internal as well as 
external) per unit weight of product. Thns i t  seems that gases may be held 
by the particles by adsorption and by occlusion, and in the fat  by absorp- 
tion. In the following discussion these gases, however held, will be con- 
sidered together under the designation of sorbed gases. 

Aside from the specific characteristics of a porous material, the tempera- 
ture, time, and degree of evacuation are important factors in the removal of 

Received for pnblication January 10, 1947. 
1 Data presented at the Technical Conference of tbe Dry Whole Milk and Ice Cream 

Mix Indnstry nnder the auspices of the QMC Sulnidmee Research and Development 
Laboratory, January 23-25, 1945, Chicago, Illinois. 
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sorbed gases. Hence, the effect of variatioils in these factors, as well as of 
the moisture content, on the amount of sorbed gases was studied to determine 
the relative importance of each factor and to determine the practical con- 
ditions that may be employed to remove these gases from dried milks. 

APPARATUS AND ITS OPERATION 

A diapr'am of the apparatus used throughont these studies to remove tlie 
sorbed gases, measure their volrlme, and determine their composition is 
shorn in fip11.e 1. 

FIG. 1. Twpler pump nnd gas analysis system. 

A is a 500-milliliter po~ind-gIass-joiut flask that may be immersed ia ;I 

constant-temperature bath. R is a mercury manometer, C a Toepler pump. 
D the gas burette, R the gas-collectii~g chamber of the gas analysis apptl- 
ratus, and F the absorption system, collsisti~~g of a carbon-dioside absorption 
bnrette containing potassium hydroxide and an oxygen-absorption burette 
containing alkaline pyrogallol solution. The manifold systea~ is made of 
capillary tubing and the horizontal portion is mercury filled. The absory- 
tion burettes and the gas burette are conliected to the manifold by three-ma>- 
T stopcocks. 

The flask A containinz the 225 g. sanlple mas immersed in a bath held at 
the desired temperature. The oil \-acnulll pump was then operated and the 
sample evacuated for the desired period of time a t  the clesired degree of 
vacuum. When the vae~lnrn required \\.as less than the full vacuum'of the 
pump, i t  was obtained by adjusting stopcock 1 and observing the manometer 
B, stopcock 2 being open to the Toepler system. After the desired vacuum 
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treatment, stopcocks 1 and 2 were,closed and the Toepler system completely 
evacuated by operating stopcock 3. Stopcock 2 then was opened and the 
residual sorbed gas in the sample mas desorbed over a period of about 6 honrs 
by heating the sample in A to 70' C. (or higher) and operating the Toepler 
pump at intervals of about 30 minutes to remove the gas and store it in 
burette D, where it was measured. When i t  was desired to analyze the 
desorbecl gas, it was transferred to burette E, where i t  was then measured 
both before and after absorption of the carbon dioxide and the oxygen in 
the appropriate solutions. 

EXPERIMENTAL 

In  the following discussioii the term "residual gas" has been used to 
designate the gases which can be removed from the system as indicated 
above after a given evacuation procedure has been used. The total amount 
of residual gases consists of the free gases remaining in the system plus the 
sorbed gases which can be removed from the product. After an evacuation 
at  a vacuum of 3 to 5 mm. pressure, the amount of free gas in the container 
is but a small proportion of the total amount of residual gas. The propor- 
tion increases as the degree of evacuation decreases. 

The amount of residual gas in a container varies with the efficiency of 
the evacuation process, i.e., degree, temperature, and time of evacuation. 
The amount of residual gas which can be removed with a Toepler pump 
varies with the temperature at which the product is held, the time of evacn- 
ation, and the physical structure of the product. 

At a given temperature the amount of residual gas obtained with a 
Toepler pump during the first interval of time is relatively large and de- 
creases with each successive interval. After 6 hours the amount obtained 
at  each interval is very small and practically a constant. The total amount 
obtained durihg 6 hours was considered the residual gas content of the 
product. 

If the temperature of the product during desorption is increased, the 
amount of residual gas increases as indicated in figure 2. 

At temperatures greater than 70° C., although larger volames of gas are 
obtained, slight discoloration of the product occurs, suggesting slight decom- 
position. A temperature of 70" C. was therefore chosen as that at  which 
desorptions were to be carried out. 

Although the total amount of sorbed gases was not removed under these 
conditions, the values obtained are comparable. From data obtained it was 
estimated that approximately 80 per cent of the residual gas was removed 
in the manner prescribed, at 70' C. 

The Efect of the Temperature of the Product during Evacuation 
I upom the Amount of Residual Gas 

An increase in the temperature usually decreases the amount of gas 
adsorbed by a porous material. Samples of dried milk were treated at a 
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vacuum of 10 nlm. pressure for 10 minutes a t  temperatures of 20°, 30°, and 
40" C., respectively, and the amount of residaul gas then determined as 
previously described. The amounts of residual gas obtained a t  30' and 
40' C. were slightly but not significantly less in each case than the amount 
obtained a t  20" C. However, when short periods of evacuation and products 
of moisture contents greater than usual are concerned, tlie efficiency of 
evacuation will be affected by the vapor pressure of the product, this pres- 
sure increasing with temperature. Under these conditions the efficiency of 
the process may be less a t  the higher temperatures. One-half-pound samples 

TEMPERATURE OF DESORPTION (%. 

FIG. 2. Amounts of gas obtained a t  different temperatures of desorption. 

of a commercial dried milk were subjected to the vacuum of an oil pump for 
3 minutes at 20°, 30°, 40°, and 50" C., respectively, and the actual vacuum 
attained in the system was noted. The values are shown in figure 3. Under 
similar conditions of evacuation, a number of tins of dried milk were pack- 
aged in nitrogen. After storage of 3 days a t  room temperature, the gases 
in  the head space of the cans were analyzed. The average oxygen percent- 
ages of the gas in the cans evacuated a t  the different temperatures are shown 
in  figure 4. It is evident that the values obtained are those ~ ~ h i c h  can be 
obtained only under the conditions used. They will differ with the moisture 
content of the product, the time of evacuation, the capacity of the pump 
used, and other factors. However, the results do emphasize the fact that 
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increasing the temperature at  which the product is held does not necessarily 
intrease the amount of gas removed by evacuation. 

The Efect of the ~ i m e  of Evaettation wpon the Amount 
of Residual Gas 

It is logical to assume that the longer a dried milk is held under a vacuum 
the leas will be its residual gas content. 

Figure 5 shows the results on a n  old sample of dried milk after treatment 
at various degrees of vacuum at room temperature. The values shown indi- 
cate that from 15 to 30 minutes is required to evacuate dried milks to a 
point where additional evacuation will produce only a small regular decrease 
mith increase in pumping time. As expected, the amount removed increases 
mith the time of evacuation. and increases more at the higher degrees of 
evacuation. 
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FIO. 4. Oxygen percentage in dried milk containers eracuated for 3 minutea at 
~arions temperatures. 
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Effect of the Degree of V a c u u m  Used qcpon the Bmount  
of Residual Gm 

Tlie time of exacnation used in these esperiments was 10 minutes, the 
temperatnre 25' C., and the degree of vacnnm 10 mm. pressure of mercury. 
The results are given in figure 6. 

I t  is apparent from these data that the amount of sorbed gas decreases 
but slightly as the degree of vacnnm increases from 51 to 3 mm. of pressure. 
The amounts of gas removed (B) at  25' C. represent the gas in the free 
space of the container after evacuation under the given conditions. The 

5 0  - A GAS REMOVED BY DESORPTION AT 70°C. 

0 
B GAS IN SPACE NOT OCCUPIED BY DRIED MILK 
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a 10- A / /  
- 

/ / 

// 
RR0 

5 I0  15 i 0  2'5 3 0  35 4 0  45 50 
PRESSURE ( ML. ) 

FIG. 6 .  Amounts of residual gas in dried milks cvaeunted nt different degrees of 
vacuum. 

values represented by A are the amounts of sorbed gas obtained when the 
temperatnre was increased to 70' C. The total amounts of residual gas aye 
represented by A + B. 

From the data presented it is evident that increases in time, temperature, 
and pressnre of evacuation beyond practical values do not decrease greatly 
the amount of the sorbed gases held by the product. However, the desira- 
bility of the use of as complete a vacuum as possible is indicated in figure 6. 
At vacuums of several millimeters pressure, the amount of gas in the free 
space is, of course, very small. At 25 mm. of pressure it is approximately 
17.50 ml. or 3.65 per cent of the free wace in a 1-lb. container and is approxi- 

' 

mately equal to the am6nnt of residual gas in the dried milk which can be 
removed by heating the to 70' C. Upon evacuation at a vacuum of 
51 mm. pressure, the amount of gas in the free space is approximately twice 
that of the residual gas. 
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Eflect of the Concentration of the Milk u p o n  .the Residual ' 
Gas of I t s  Dried Product 

I t  had been noted in preliminary experiments that dried milks made by 
different methods and of different degrees of fineness differed greatly in the 
amounts of residual sorbed gases. Samples of dried milk therefore were 
prepared from milks of different degrees of concentration varying from 

FIG. 7. Reaidual gas in dried milks prepared from milks of different concentration. 
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13 per cent to 38 per cent solids. The product made from milk of 13 per 
cent solids was finely divided and of low apparent density. As the concen- 
tration of the milk increased, the dried milks became coarser in texture and 
of greater apparent density. The results on determinations of residual 
gases in these samples are given in figure 7. 

The amounts of residual gas, or gas which remained in the products after 
treatment at full vacuum of an oil pump for 1 hour at 25' C . ,  decreased 
rapidly with increases in the solids concentration of the milk used. The 
decrease in the amounts of oxygen was relatively smaller. 

EfSect of Moisture Content upon  the Amount  of Sorbed Gases 

A series of experiments was conducted to cleter~nine the effect of vari- 
ations in the moisture content on the amount of sorbed gases remaining in 
dried milks after vacuum treatment. Samples of t ~ o  dried milks containing 
less than 2 per cent of moisture were allowed to absorb moisture from rela- 
tively humid atmospheres until the desired moisture content was obtained 

I I I I I I I 

MOISTURE (PERCENT) 
FIG. 8. The residual gas in dried milks of different moisture percentage. 
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in each case. Samples ranging in moisture contentfrom the original amount 
. to over 7 per cent were obtained in this manner. Each sample was subjected 

in tnrn to the full vacuum of an oil pump for 1 hour at  25O C., lvith an 
anhydrous magnesium perchlorate desiccant inserted between the sample 
and the remainder of the system. The residual gas of each sample was then 
determined with the temperature of the saniple maintaiaed at  70' C. The 
results are shown in figure 8. 

Withi11 the 'ange of moisture content of commercial dried milks the 
amount of sorbed gases differed but slightly with differences in the moisture 
content. However, if the products absorbed moisture to amounts greater 
than 4 per cent, there was an abrupt decrease in the amount of sorbed gases. 
Whether the absorption of moisture facilitates in some manner the removal 
of gases during evacuation or whether the moisture is adsorbed preferentially 
has not been determined. 

Diffusion, of Sorbed Gases 

To what extentthe sorbed gases can be removed by the removal of nitro- 
gen into which these gases have been allowed to diffiise for a period of time 
was determined. 

TABLE 1 

Percentage composition of gas in container af ter  srcccessive evacuations, filling wit15 
nitrogen, and storing for different periods o f  t h e  

A freshly made sample of 225 g. of dried milk quickly was brought to 
full vacuum with the oil and Toepler pumps. Nitrogen then was bled into 
the system until the system was brought to atmospheric pressure ; the sample 
was allowed to remain under these conditions for 3 days. A sample of the 
gas in the system then was withdrawn and analyzed, and the system again 
evacuated and filled with nitrogen. This cycle of procedure was repeated 
until the percentage of oxygen content of the nitrogen admitted was practi- 
cally zero. The results are shown in table 1. 

af te r  five stages of evacuation the system containing the sample was 
evacuated quickly again with the oil and Toepler pumps to rid it completely 
of free gases. The sample container then was immersed in .a bath main- 
tained at  70' C. and the liberated gases were removed with a Toepler pump 
and analyzed. 

The amount obtained was 6.15 ml., which is equivalent to 70.1 per cent 

Period Nitrogen Oxygen 

1st (3 days) ............ 
2nd (3 days) .......... 0.4 
3rd (4 days) ............ 0.2 
4th (3  nays) ........... 100.0 Trace 
5th (4 days) .......... '100.0 Trace 

Carbon dioxide 

(%) 
Trace 
Trace 
Trace 
Traee 
Trace 



of the amount of sorbed gases that were removed from another sample of tlie 
same milk under similar conditions, except that no diffusion was allowed to 
occur. The composition of the residual gas obtained after the five successive 
evacuation and diffusion periods mas as follows : Nitrogen, 95.9 per cent; 
oxygen, 4.1 per cent; carbon dioxide, trace. Hence, it is indicated that 
although all of the oxygen cannot be removed except by continued exhaustive 
removal by desorption and evacuation extending over a long period of time, 
the amount of oxygen which remains in the residual gas after two cycles of 
this process is relatively small. 

Peroentage Composition of the Residual Gas 

Aside from the amounts of gas retained by the dried milks after evacn- 
ation, the oxygen concentration in this gas is of interest. In  table 2 are 
shown the results of analyses of the residual gases from two freshly made 
ancl three relatively old samples of dried milk. 

TABLE 2 

Colnpositwn of residual gases from representative samples of  dried milk 

NO. 1 ' Description of sample 
i 
I 

1 Freshly made. i Evac. 29.6 in., 10 min., at 25O C .  
2  Freshly made. 

Evac. 29.6 in., 15 rnin., at 25O C. 
3 Old sample. 

Evac. 30 in., 5 rnin., at 2 5 O  C. 
. 

4 Same as no. 3. 
Evac. 30 in., 10 rnin., at 25O C. 

3 Same as no. 3. 
Erac. 30 in., 43 rnin., at 25O C. 

Oxygen Nitrogen zgg I 

The values in table 2 indicate that the amount of residual oxygen is 
relatively high and that of carbon dioxide is practically nil in freshly made 
dried milk. In  aged samples the proportion of oxygen is less and tlie carbon 
dioxide considerably more than in freshly made dried milks. Also, the pro- 
portion of carbon dioxide in the residual gas is considerably more than would 
be expected if only the partial pressures of this gas in the atmosphere mere 
concerned. However, carbon dioxide is adsorbed more strongly than the 
other gases concerned and therefore seems to concentrate in the product with 
a resulting displacement of other gases, in this case evidently oxygen. 

These results support the belief that adsorption is a vital factor in the 
retention of gases by dried milks. If occlusion alone were concerned, the 
percentage composition of the gases would be that of t h e  air used in the 
drying procedure and also would not vary greatly with the age of the prod- 
uct. The release of oxygen by the product with age is of interest. To what 

\ 
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extent i t  can eater into consideration in practical procedures requires 
further study. 

DISCUSSION AND SUMMARY 

The amount of sorbed (occluded, adsorbed, and dissolved) gases in dried 
milks varies greatly with the heness  of the product. Dried milks made 
from milks of normal concentration contain a relatively large amount of 
sorbed gas, which decreases greatly as the concentration of the milk used 
is increased from 9 to 38 per cent solids. 

A large perceiitage of the sorbed gases can be removed by evacuation for 
relatively short periods of time within the practical range of temperatures 
of 20" to 40' C. The remainder only can be desorbed very slowly as the 
time of evacuation is extended. 

The composition of the sorbed gas varies with the storage time of the 
dried milk in an atmosphere of air. Freshly made products seem to have 
percentage concentrations of oxygen greater than air and very low percent- 
age concentrations of carbon dioxide. I n  older products, the proportion of 
oxygen in the sorbed gases is but slightly greater than that in air and the 
proportion of carboil dioxide is greater than can be accounted for if the gases 
are occluded air. 

The results indicate that most of the residual gases are held by  adsorp- 
tion forces. 

A large proportion of the, oxygen of the sorbed gas may be removed by 
successive evacuations, with p%riods of several days between to allow for 
diffusion of the oxygen into a nitrogen atmosphere. The results indicate 
that two cycles of evacuation-filling with nitrogen, and holding for 3 to 4 
days-remove a high percentage of the oxygen of the sorbed gases. 
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ASSOCIATION ANNOUNCEMENTS 

The Annual Meeting of the American Dairy Science Association will be 
held a t  Ontario Agricultural College, Guelph, Ontario, June 24, 25, and 
26,1947. Further information concerning the meetings will appear in later 
issues of the JOURNAL. 

D. M. Seath, chairman of the Production Section, has appointed the 
following men to the Committee on Dairy Cattle Judging Contests: S. M. 
Salisbury, Ohio, Chahmun; D. L. Fourt, Idaho; and R. E. Johnson, Con- 
necticut. 

The membership of the Honors committee, as Listed on page 66 of the 
January issue of the JOURNAL, was incorrect. The members of this com- 
mittee are : A. C. Dahlberg, New York, Chairmom; A. C. Ragsdale, Missouri ; 
and J. A. Nelson, Montana. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 

59. Comparison of Resazurin Test with Methylene Blue. G. OKULITCH, 
R. MILLARD, AND 0. FLEMING. Canad. Dairy and Ice Cream Jour., 
2 5 , l l :  35. Nov., 1946. 

Milk can be graded effectively by means of the resazurin test using a 
single color standard, mauve pink no. 12 or Munsell notation P.R.P. 7/6, 
and making readings at  1 and 3 hr. The resazurin test and the methylene 
blue test agree well in selecting poor-quality raw milk. The correlation 
of resazurin and methylene blue is approximately 80%. Both the standard 
plate count and the direct microscopic count support the resazurin test in 
more cases than they do the methylene blue test. A high percentage of 
samples that test 3 hr. or more with resazurin have counts of less than 
200,000 per ml. by the plate method and less than 100,000 by the direct 
microscopic procedure. A resazurin mauve pink of 3 hr. or more represents 
as good-quality milk as a 6.5-hr. methylene blue test. A greater number of 
physiologically or pathologically abnormal milks map be detected by the 
resazurin test as compared to the methylene blue test. By using the resazu- 
rin test a greater saving of time is effected. H.P. 

60. Thermal Death Range of Bacteria in Milk. F. W. GILCREAS AND J. E. 
O'BRIEN, Research Laboratories, New York State Department of 
Health, Albany, N. Y. Jour. Milk Technol., 9 , 5  : 269-272. Sept. 
and Oct., 1946. 

See Abs. 21, Jour. Dairy Sci., 30, 2 : 814. Feb., 1947. 

CHEESE 

61. Factors Influencing Acid Production by Cheese Cultures. I. Effect 
of Cooking Temperatures on Acid Production in the Manufac- 
ture of cheddar Cheese. F. J. BABEL, Iowa Agr. Expt. Sta., 
Ames. Natl. Butter and Cheese Jour., 38, 1 : 34. Jan., 1947. 

An abbreviated form of the original publication in Jour. Dairy Sci., 29; 
9 : 589. Sept., 1946. W.V.P. 

62. Making Process Cheese in Small Plants. C. R. BARKER, Oak Park, 
Ill. Natl. Butter and Cheese Jour., 37, 12 : 90. Dec., 1946. 

Cheese that has been aged for 30 days at  60' F. without paraffin can 
be used to make a satisfactory processed cheese. Water lost in curing is 
replaced during processing. I n  blending, there should be 50% of cheese 

A29 
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"on the sweet side" and 50% "on the acid side7'. Cooking this blend of 
cheese with water in the jacket of the cooker at  a pressure of 10 lbs. and a 
t,emperature of 239" F. is recommended. (No warning is given concerning 
ability of the cooker to stand the pressure.) W.V.P. 

63. Practical Suggestions on the Manufacture of Process Cheese. C. R. 
BAFCKER, Oak Park, Ill. Natl. Butter and Cheese Jour., 38, 1 :  42. 
Jan., 1947. 

Cheese made in a single factory can be processed successfully if some is 
made "on the acid side" and some "on the sweet side7'. Vat drippings of 
0.9% before salting give cheese of the acid type. ,Such cheese should con- 
stitute 3040% of each batch, while the remainder should be ''sweet" from 
curd with vat drippings of 0.6% at salting. Tough, over-cooked Cheddar 
is not desirable. The usual cleaning and cooking operations are described 
very briefly. A diagram illustrates the flow of material through the opera- 
tions of curing, grading, blending, cleaning, grinding, cooking, packaging, 
cooling, and shipping. W.V.P. 

. CHEMISTRY 

64. Some Chemical Changes Produced in Milk by High Temperature 
Heat Treatment. IRA A. GOULD, JR., Dairy Dept., University of 
Maryland. Milk Plant Monthly, 35, 9:  70-71. Sept., 1946. 

The author reviews brifly results of his research in this field during the 
past 12 years, pointing out the relationships between the boiled or cooked 
flavor of milk and some chemical changes bringing out these flavors. The 
cooked flavor was caused by the formation of sulfhydryl componnds, usually 
accompanied by the evolution of hydrogen sulfide gas a t  temperatures of 
168.8-172.4" F. These chemical changes become more pronounced as the 
temperature increases to boiling. Serum proteins were undoubtedly the 
principal contributors to the formation of the heat-labile sulfides. Extremely 
small quantities of metallic salts of mercury, silver, ferric iron, and coppel. 
influence sulfide liberation. Additions of small percentages of sucrose, 
glucose, and lactose lower sulfide liberation. On the other hand, cysteine 
hydrochloride, sodium cyanide, sodium sulfite, and ethyl alcohol favor 
suEde liberation. Prolonged heating of milk at  high teinperatllres pro- 
duced further changes in sulfide liberation, ~vhich is associated wit11 a cara- 
mel flavor and a brown color. High heat treatment, particularly. under 
pressure, produced appreciable increases in titratable acidity and destruc- 
tion of a considerable portion of the lactose. This destruction is favored 
by the presence of sodium citrate or disodium phosphate. Salts of milk 
play a sigsificant r81e in the amount of titratable acidity increase. Less 
than 10% of the acidity was due to lactic acid and 50 to 60% of the heat- 
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produced acidity was found to be formic acid. This work shows the com- 
plexity of the changes occurring in milk at  high temperature under various 
conditions. G.M.T. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

65. The Future of Dry Milk. STICPHEN O'DEA, U. S. Dept. of Agr. Natl. 
Butter and Cheese Jour., 38 , l :  80. Jan., 1947. 

Increased use of dry milk in some areas through the school lunch pro- 
gram would improve the health of children. Government-owned facilities 
for producing dehydrated dairy products are located in five states. "It is 
not feasible to close down the drying facilities and shut off these outlets 
for farmers' whole milk." Some expansion in U. S. production of nonfat 
milk solids seems likely. "More thinking needs to be done about the devel- 
opment of markets for nonfat dry milk than for any other manufactured 
dairy product. " W.V.P. 

66. The Manufacture and Use of Condensed Cheese Whey and Crude 
Whey Protein. B. H. WEBB AND C. F. I~UFNAQEL, U.' S. Dept. of 
Agr., Washington, D. C. Natl. Butter and Cheese Jour., 37, 12: 
34. Dec., 1946. 

Cheese whey can be condensed to l/lOth its volume for 1 to 1.8$ per lb. 
of finished product. For human food the whey is pasteurized as soon as it 
is removed from the cheese. I t  can be condensed with or without sugar. 
Unsweetened whey is concentrated to 65-70% total solids. Crystallization 
of the lactose is controlled by prompt condensing in a clean pan, drawing 
concentrate as a clear sirup, cooling rapidly at  90" F., seeding with lactose 
crystals, and stirring. Plain condensed whey with a pH of 4.5 or less can 
be packed in air-tight barrels and kept for several months at  cool tempera- 
tures. Sweetened condensed whey (see Jour. Dairy Sci., 21: 305-314, 
1938.) is made by separating, pasteurizing, adding sugar in amounts to 
equal the weight of whey solids, and condensing to 76% total solids. This 
concentration at 122" F. gives 1.360 sp. gr. (38.4' Be). The concentrate 
is cooled to 95' F., seeded, stirred slowly for 1 to 3 hr., and packed in bar- 
rels or cans. Refrigerated storage is not required. Whey protein for 
pharmaceutical nses is separated from whey by heat and acid. The curd 
is washed with water, drained, pressed, and preserved by drying or freez- 
ing. Albumin curd can be dried rapidly at 110-120" F. in a tunnel drier. 
Some pharmaceutical conlpanies will furnish specifications of purity for 
albumin powder. The residue can be concentrated for feed or milk sugar. 
Equipment for sugar manufacture can be supported only by large .opera- 
tions. 

Surcessfnl comniercial nses for condensed whey in food products arr 
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limited at present to confections, bakery goods, and cheese foods. Charac- 
teristic flavor and the insolubility of its lactose make whey inferior to skim 
milk for food purposes. It has high nutritive value and low cost. Formu- 
las are given for whey candy and cookies. Methods of using whey products 
in bread, sweet baked goods, cheese foods and cream soups are suggested. 

\ 
. . W.V.P. 

67. A Method for Producing a Dairy Spread. I<. G. WECKEL, Dept. of 
Dairy Industry, University of Wisconsin, Madison, Wis. Milk 
Plant Monthly, 35, 9 : 24-25. Sept., 1946. . 

A method for producing a dairy spread containing 28% butterfat, 19% 
milk solids-not-fat, with and without added vitamins, is described and illus- 
trated. The ingredients are whole milk powder, cream, buttermilk, lactic 
acid, salt, vitamins A and D, and starter distillate. After pasteurizing, 
the spread is homogenized at  a pressure which will give the greatest plas- 
ticity without graininess (usually varying from 1,500 to 2,500 lbs.). The 
product is packaged hot, preferably in glass containers of the cottage-cheese 
jar type. The product sets upon cooling and may be kept 1 or 2 weeks, 
similar to any soured milk product. G.M.T. 

68. Milk Sugar. GERTRUDE G. FOELSCH AND HARRY C. TRELOQAN, Pro- 
duction and Marketing Administration, Washington, D. C. Milk 
Plant Monthly, 35, 11: 40-41, 48. Nov., 1946. 

Renewed interest is being manifest in milk sugar because it is playing 
an important r61e in penicillin production. A program was inaugurated 
in 1943 to increase milk sugar production from cheese whey. Manufactur- 
ers find partial recovery of crude milk sugar more profitable, using the 
remaining mother liqnor to produce poultry feed. Three grades of com- 
mercial milk sugar-crude, technical, and refined-are produced. Empha- 
sis today is being placed on production of the crude form for use in the 
manufacture of penicillin, although formerly milk sugar was consumed 
largely in infant foods. G.M.T. 

F E E D S  AND FEEDING 

69. Vitamin A Requirements in Calves, Part I. J. M. LEWIS AND L. T. 
WILSOK. New York University College of Medicine, New York 
City, and The Walker Gordon Laboratories, Plainsboro, N. J. 
Cert. Milk, 21, 244: 5. hug., 1946; Part 11, Cert. Milk, 21, 245: 
9. Sept. and Oct., 1946. 

Six groups of four calves each were fed various levels of vitamin A, 
ranging from 32 to 1,024 USP units per kg. of body weight per day. Data 
were obtained on rate of growth, blood levels of vitamin A, and liver stor- 
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age. Results indicate that 32 units per kg. of body weight apparently 
satisfies the minimum requirements. Maximum growth was obtained on 
an intake of 64 USP units per kg. of body weight. The concentration of 
vitamin A in the blood was proportional to the intake until 512 units were 
given, a t  which level maximal blood concentrations were obtained. In  gen- 
eral, liver stores were quite low for calves receiving 32, 64, and 128 units 
per kg. ; moderate amounts of vitamin A were found in the livers of those 
fed 256 to 512 units, and larger amounts in the group fed 1,024 units. From 
the standpoint of both growth and liver storage, the daily intake of vitamin 
A for young calves should be about 250 units per kg. of body weight or 
11,000 units per 100 lbs. of liveweight. Thus, theavitamin A requirements 
in calves are of the same order of magnitude as in young rats and in infants. 

W.S.M. 

FOOD VALUE O F  DAIRY PRODUCTS 

70. Between Meal Milk Drinks Beneficial for Children. National Dairy 
Council. Canad. Dairy and Ice Cream Jour., 25, 11: 78. Nov., 
1946. 

No adverse effect on the appetite or well being of children ranging i d  
age from 3 to 14 years when fed milk 1 hr. before meals was obsemed. 
Tests on 59 children revealed an average stomach-emptying time of 118 min., 
representing a range of 5 9  to 170 min. The contributions of two levels of 
milk (44 and 63 oz.) to the total daily nutrient intake were, respectively : 40 
and 49% for calories, 35 and 45% for protein, 85 and 91% for caldum, 
30 and 41% for vitamin A, 55 and 65% for thiamine, and 80 and 879'0 f o ~  
riboflavin. EAch 7 oz. serving of milk contributed approximately 5% of 
the total caloric intake. H.P. 

ICE CREAM . 

71.  Good Methods of Manufacture for Dry Ice Cream Mix. S. T. 
COULTER. Canad. Dairy and Ice Cream Jour., 25, 11: 61. Nov., 
1946. 

See Abs. 42, Jour. Dairy Sci., 30, 2: A20. Feb., 1947. 

MILK 

72. Quality Milk from Cow to Milk Plant. C. B. A. BRYANT, Johnson & 
Johnson, Chicago, Ill. Milk Plant Monthly, 35, 12 : 26-27, 52-53. 
Dec., 1946. 

Emphasis is placed upon keeping.sediment out of milk, as sediment is 
one of the common causes of milk rejections. Despite care in cleanliness 
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during the production of milk, sediment gets into milk from loosely covered 
cans or from nonrinsed cans prior to use. Wind-blown dust is often the 
cause of sediment in milk. Lids of cans, as well as the can itself, dhould 
be protected from dust. Rinse water on the farm may be the source of 
sediment. Displaying the sediment disc and pointing out the common 
causes for sediment in milk are aids in keeping the milk clean. The respon- 
sibility for clean milk rests not only with the producer but also with the 
hauler and processor. G.M.T. 

73. Evaluation of Factors when Processing Homogenized Milk. E. M. 
~IBERSOPI'. Cadad. Dairy and Ice Cream Jour., 2 5 , l l :  52. Nov., 
1946. 

Homogenized milk always must be pasteurized, clarsed, and processed 
rapidly and at proper temperatures and pressures. The advantages of 
homogenized milk are that it produces uniformity of appearance, pouring 
characteristics, flavor, and color. Before a plant operator purchases equip- 
ment and starts processing homogenized milk, he should consider type of 
pasteurization to be employed, clarification and filtration methods, capacity 
of various pieces of equipment, and advantages and disadvantages of each. 
The equipment needed for homogenizing milk reqoil-es a considerable capital 
investment in milk processing equipment. 

74. Flavors in Milk Influenced by Pastures and. Cattle Feeds. JACK 
BAILEY. Canad. Dairy and Ice Cream Jour., 35, 11: 59. Nov., 
1946. 

The problem of preveilting the fla~ors of feed from getting into the mill< 
depends on the time of feeding. It is generally agreed that feed flavor is 
no longer evident in the milk 5 hr. after feeding. The cows should be kept 
in an atmosphere free from undesirable odors before milking. If the flavor 
is due to silage or barn feeds, it is advisable to feed after milking. If the 
flavor is due to pasture weeds or feeds, it would seem best to bring the cows 
off the offending pastures preferably 5 hr. and at  least 2 hr. before m~ilking! 
The development of a co~vy, old, stale. and then rancid flavor in milk is 
due to lipase action. This actiyity is aggrarated by shaking whole warm 
raw milk and by milking cows in advanced stages of lactation. The mixing 
of milk likely to become rancid with four or more parts of normal mill; 
always will prevent rancidity. In  pasteurized milk, oxidized flavor map be 
caused by absence of bacteria. Metallic, fishy, oily, and tallony flavors, 
which are common in pasteurized milk, are caused by dissolved oxygen, cop- 
per contamination, oxidase enzyme, and exposure of milk to direct sunlight. 

H.P. 
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75. Control of Milk Watering. PAUL CORASH, Dept. of Health, New I'orlr, 
N. Y. Milk Plant Monthly, 35, 10: 90, 92-93, 96. Oct., 1946. 

A study of the detection of milk watering by ilieans of the Hortvet 
cryoscope, an instrument essentially adaptable to laboratory use but chosen 
for field use, indicated a relatively large percentage of the samples of pro- 
ducers' milk examined liad been watered. The lactometer was used to 
screen out suspicious cases. Calculating the solids-not-fat content of milk 
furnished the basis also for judging whether or not a sample of inill: 
should be tested with the cryoscope. Importance is placed on securing 
relatively fresh samples in order to secure correct cryoscope values. Other 
methods, such as the copper-serum method and the chemical determination 
of fat, total solids, and ash on deck samples, also may be used in determin- 
ing watering, but are considered less accurate thaii the cryoscope method. 

f2.M.T. 

76. Vacreation of Cream, Milk, and Ice Cream Mix and Condensing Milk 
with the Vacreator. G. H. WILSTER, Oregon State College, Cor- 
vallis, Ore.. Milk Plant Monthly, 35, 11: 28-32. Nov., 1946. 

The vacreator is illustrated and the steps involved in its operation are 
described fully, thg process consisting briefly in heating the milk product 
to approximhtely 200' F. and passing it through a series of chambers with 
increasing vacua until the product is removed at a markedly lower tem- 
perature. The process removes gases and off-odors present in the product; 
consequently the finished product will be free of off-odors. Butter nianu- 
factured from cream by the evacuation process had a higher score than that 

. 

not treated. Ice creaiii of an excellent quality was produced from vacreated 
ice cream nlix with which vacreated condensed lriillr was used. 

G.M.T. 

77. Recent Developments in Dairy Manufacturing Through Research. 
G. H. WILSTER. Canad. Dairy and Ice Cream Jour., 25,9 : 34; 10 : 
54. Sept. and Oct., 1946. 

Some of the recent developnients in dairy manufacturing based on re- 
search are : (1) the coiitinuous high-temperature short-time pasteurization 
of milk in a totally enclosed apparatus using clarification, homogenization, 
and an enclosed cooler ; (2) single service containers for milk ; (3) sterilized 
cream; (4) sterilized milk; (5) the use of the vacreator in the dairy indus- 
try; (6) metal churn for buttermaking; (7) dry butterfat or butteroil; (8) 
continuous butter churns ; (9) curing cheese in valve-vented cans ; (10) 
packaging rindless cheese in moisture-proof sheets; (11) Army cheese 
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spread; (12) dry ice cream mix; (13) dry whole mill1 ; (14) dry cream 
mix for whipping by aeration; (15) sweetened dry nonfat inilk solids; (16) 
frozen concentrated milk; (17) use of cheese whey for candy, soups, pnd- 
dings, plastics, penicillin ; and (18) dairy spreads. H.P. 

78. Flocculation and Sterilization Without the Use of Chemicals. W. R. 
MARSIIA~,~,. Canad. Dairy and Ice Cream Jour., 25, 10 : 27. Oct., 
1946. 

Water can be purified and sterilized in any flow-rate gravity or pressure 
system by the use of aluminum electrodes as a flocculator and silver as a 
sterilizer. The flocculating unit operates on a D.C. current of 6 volts, 3 
alliperes, which supplies the cnrrent for the flocculating electrodes. Unlike 
ordinary sand filters which depend on chemicals alone to produce the floe, 
the system is not affected by the lower temperature of the water. Immediate 
sterilization is obtained since the coagulant produced by the aluminum 
electrode holds the silver in an ionized form, immediately attracting and 
destroying bacteria. The amount of silver ions needed to sterilize water 
is in the iieigliborhood of one part in ten million. With this apparatus, 
which consists of a sand filter tank with rapid floccnlators to remove the 
dirt and the silver electrode to destroy the bacteria, use of any cheinicals 
is not necessary. H.P. 

79. The Use and Abuse of Wetting Agents as ~pplied'to the.Cleaning of 
Milking Machines. HARLOW L. PENDLETON, Massachusetts De- 
partment of Agriculture. Milk Plant Monthly, 35, 12: 30-32, 70, 
72. Dec., 1946. 

Experimental data indicated that the flush washing of milking machines 
using wetting agents was as effective in reducing bacteria counts of milking 
machine units as br~zsh washing. Also, the cold water prerinsing of milk- 
ing machines could be eliminated for all practical purposes. After 7 days' 
treatment, low counts were obtained on milking machines, with no appre- 
ciable increase after 14 days. Milkstone deposits were insignificant a t  the 
end of 7 days. The flush-washing method of cleaning milking machines, 
employing wetting agents. was -not advocated as a cure-all for cleaning. 
The process should be used with caution by the careless mSlk producer. 
However, the careful operator can clean the machine units with less time 
and labor when using this method than by brush mashing. Until more is 
linown of various detergents and cleaning qualities of wetting agent com- 
pounds, intermittent nse of brush washing of milking machines must be 
recommended. Carefully selected detergents with wetting properties, in- 
telligently used, should prove a great boon to the dairy farmer. 

G.M.T. 



MISCELLANEOUS 1137 

80. Labor-saving Methods and Materials for Dairy Plant Cleaning. 
D. H. JACOBSEN, Cherry-Burrell Corporation, Chicago, Ill. Milk 
Plant Monthly, 35, 11: 24-27, 36. Nov., 1946. 

Advancements in machinery design and building materials and layouts 
make imperative higher standards of plant sanitation despite higher labor 
costs. Choice of products for cleaning in milk processing plants often is 
made on bases of wetting properties, water-softening powers, costs, and'  
availability. Properties desired i11 a good cleaner are : (1) quick and com- . 
plete solubility, (2) non-corrosive on metal surfaces, (3) complete water- 
softening or water-conditioning power, (4) good wetting or penetrating 
action, (5) emulsifying action on fat, (6) dissolving action on milk solids, 
(7) deflocculating, dispersing, or suspending action, (8) good rinsing prop- 
erties, (9) germicidal action, (10) economy in use. Straight alkalies, acids, 
or wetting agents alone do not meet the requirements of a good cleaner. 
Likewise, a universal cleaner does not exist, since it is not practical to use 
~ne~cleaning agent on all jobs. Hardness of water plays an important r61e 
in the efficiency of the cleaner. Phosphates improve the action of all dairy 
cleaners in hard water. Wetting agents are generally the most expensive 
component of dairy cleaners. Proper lighting, adequate ventilation, use of 
pipe wash tanks, storage racks, plant layouts, and machines influence the 
speed and effectiveness of cleaning. Circulating cleaning solutions and 
spray systems offer promise in reducing hand labor in dairy plants. Both 
acid- and alkaline-type circulating cleaning solutions are used in enclosed 
systems, such as plate heat exchange systems. Spray systems have decided 
advantage in dairy plant cleaning for large tanks or vats and surface cool- 
ers. Portable cleaning units offer a possibility in facilitating cleaning 
operations. G.M.T. 

81. Cleaning Electrical Windings. D. L. GIBSON, Westinghouse Electric 
$ Manufacturing Co., East Pittsburgh, Pa. Natl. Butter and 
Cheese Jour., 38, 1 : 40. Jan., 1947. 

Methods of cleaning motors are varied to suit the type of cleaning job 
required, i.e., removal of grease, softening of varnish for rewinding, re- 
moval of effects of exposure to chemicals or flood waters. Standard methods 
of cleaning include rubbing with lintless cloths soaked in selected petroleum 
distillates or carbon tetrachloride, use of vacuum cleaning apparatus, spray- 
ing or immersing i11 solvents, and washing with water. I t  is not advocatetl 
that facilities be kept available for such diverse methods, but rather that the 
job d cleaning be analyzed carefully to save money, time, and labor. 

W.V.P. 
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82. Determination of Refrigerant Pipe Size. 11. M. I~ENDRICKSON, Pres- 
ton Construction Co., Division of Safexvay Stores, Oakland, Calif. 
Refrig. Engin., 52, 4 :  317-325. Oct., 1946. 

Tlle author emphasizes that pressure drop, and not velocity, is normally 
the governing factor to be employed in sizing refrigerant piping. The 
chief consideration of refrigerant velocities is to keep them low enough to 
eliminate excessive noise in the lines, and not so low as to interfere with 
proper oil return. The author presents tables and charts for themore com- 
mon refrigerants, with the greatest emphasis on the t~vo  most popular 
(Freon 12 and ammonia) giving the best available information on pressure 
drop to facilitate the determination of the proper size of refrigerant mains. 

L.M.D. 

83. Motor Transport Refrigeration. Part I-A Modern Refrigerating 
Unit. IIENRP 0. ~ZIRKPATRICK, Advance Manufacturing, Inc., 
Detroit, Mich. Refrig. Engin., 52, 6 :  521-524. Dec., 1946. 

The modern trend in trncli refrigeration is toward the self-contained or 
package-type unit, comprising a compact installation of gasoline engine with 
starter, compressor, condenser, and receiver fastened on a rigid frame. 
Above the frame is an insulated platfrom upon which is located the evapo- 
rator, heat exchanger, expansion valve, and oscillating fan. The lower por- 
tion is closed from the truck body 11-it11 an insulated bulkhead. Access to 
the lower compartment of the unit is had by two doors in the front wall of 
the trunk through which minor service can be rendered or control valves 
operated. Major servicing can be done from the interior by removal of the 
bulkhead. Replacement is readily made with a new unit if shop tear-down 
is required. I n  this modern unit provision is made to use the reverse cycle 
enlploying the refrigerating unit as a heat pump, the evaporator function- 
ing as a condenser and the conclenser as the evaporator. This versatility 
enables the operator to maintain a truck temperature of 0" F. against 80" F.  
outside or to maintain a temperature of 68" F. inside against that of - 15" F. 
outside if protection of that sort is needed. The frame installation of the 
mechanical components of the unit overcomes the road vibration encountered 
in truck transportation. To protect against excess pressures during shut 
down, hand valves (six in case of the reverse cycle unit) all are closed com- 
pletely, isolating the compressor from the rest of the system. Automatic 
regulation of suction pressure to 30 psi prevents overload during pull-down 
of truck body temperature from 100" P. to 35" F. design temperature. 
Another trend will be that of units of 3 to 5 ton refrigeration capacity, 
capable of maintaining - 10" F. with 3 in. insulation, instead of the present 
1 to 2 ton units used to maintain 32' F. x-ith 3 in. insulation or 10" F. in 
trucks insulated with 6 in. of insulation. This is because the larger capacity 



unit talies up little more loading space and together with 3 in. insulation 
weighs much less than the smaller unit with 6 in. insulation. Also, there 
is a much greater gain in pay load Space, resulting in a lower operating cost 
per ton hauled. L.M.D. 

84. Tlie Use of Silica Aerogel a s  a Thermal Insulation. F. FAXON OGDEN 
ANO J o n ~  F. WHITE, Ifonsanto Chemical Co., Merrimac Division. 
Refrig. Etigin., 5.7, 5: 411-414. No;.., 1916. 

Silica aerogel is a light, free floving, voluminous solid having a density 
of about 7.0 Ibs. per cu. ft., approximately 9476 of its volume being air. I t  
has a k factor about 10% less than the theoretical value for still air. This 
is explained on the basis of the pore diameter in the aerogel being abont 250 
Angstroms, which is less than the mean free path of the molecules in free 
air. This causes a reduction in the molecular movement of the air enclosed 
in the pore spaces and lowers the conductivity of that air below normal. For 
a nieali temperature of 0" F., k is given as 0.13 and for - 50' F., as 0.115. 
Moisture-vapor imperviousness is practically 100% for silica aerogel, but 
it must be protected against liquid water, for when over 15% by weight . 
is absorbed, the aerogel structure collapses and cannot be restored to its 
original state. Equilibrium in natural settling is reached after abont 5 hr. 
Mechanical vibration will hasten settling, and by this means speed up in 
filling cabinet spaces may be obtained. When silica aerogel is subjected to 
mechanical load, there is initially a relatively large decrease in volume due 
to closer packing of the individual particles. This is not recovered upon 
release of pressure. Fire harard is nonexistent becatisc the material for 
insulation is heat-treated to remove 7 to 10% volatile matter of inflammable 
nature. This material is not silicotic, but a respirator mask is advised 
because of the dust. Because its k factor is about one-half that of materials 
used for freezer cabinet insulation. a great increase in volume of storage 
space may be realized without increasing external dimensions, while in the 
ordinary refrigerator an increase in capacity of between 80 and 907; may 
be realized. lfThen used in normal spaces designed for other inmlatiny 
materials, the low conductil-itp of silica aerogel reduces refrigeration linit 
operation 40 to 50%. Research is being eontinned and has already resultetl 
in a product of 3.5 to 4.0 lbs, per cu. ft., retaining all the favorable proper- 
ties of the o r i ~ n a l  aerogel. L.3f.D. 

85. Swedish Insulant Offers Useful Properties. THORE M. ELFVING, 
Stockholm, Sweden. Refrig. Engin., 52, 4: 311-313. Oct., 1946. 

Details are given of the physical properties of Isoflex, a thermal insulant 
of air layer type made from thin corrugated foils of cellulose acetate. The 
foils hare a thickness of approximately 0.0015 in. These thin foils are 
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joined with their corrugations at  right angles, making a punctiform contact 
between them. The several foils are joined into slabs of varying thicknesses 
lvithout adhesive material, being "welded" together by fusing the cellulose 
acetate a t  the points of contact. The slabs are 24 in. by 24 in. In  order to 
impart black body property to the cellulose acetate foil, which is much 
thinner than 0.004 in., an opacifier is added to the cellulose acetate'before 
forming. into the foil sheets. This inmlant is very light, weighing only 0.67 
to 0.8 Ib. per cn. ft. I t  can be cut readily to fit into irregular spaces. 

In  applying Isoflex, the only requirement is that the slabs fit tightly. 
The insulating layer should be slightly thicker than the space allowed for it, . 
so that the slabs are compressed slightly. Its flexibility lends it admirably 
to the insulation of tank trucks for transportation of vegetable oils, milk. 
and other goods. The thermal conductivity of Jsoflex is not given. 

1l.N.D: 
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"There's C. J. talkirzg his head of agairl aborft Itow nrncl~ better 
Cerelose makes our prodrrcts . . ." 

UP STEPS- 

QUALITY 
F LAVO R 

TEXTURE 

C O R N  PRODUCTS SALES C O M P A N Y  
17 B a t t e r y  P l o r e  . N e w  York 4 ,  N . Y .  

Orvus, by greatly lowering surface tension, de- 
creases solution dragout . . . speeds cleaning 
action . . . boosts the efficiency of your alkali 
solution. Bottles cleaned with this time-tested 
wetting agent and synthetic detergent come out 
amazingly clear and sparkling. Re-runs are 
greatly-reduced, on  chocolate drink 
bottles. An Orvus solution quickly wets 
through and loosens hard-to-remove chocolate 
deposits. REDUCES 
You lose none of the cleaning efficiency of 
Orvus in hard water. ~t assures thoroueh emul- BOTTLE - 
sification . . . fast rinsing . . . better run-off 
. . . dryer bottles. Orvus is easy to use. Eco- 
nomical, too-a little goes a long way in your 
soaker tanks. RE-RUNS 

For further particulars about Orvus, write 

PROCTER & GAMBLE-P. o. BOX 599-CINCINNATI 1, OHIO 
1-otrr rtrlrrrtivrrnrnt is bring read in cvrry Stat,. and i n  ?.i Forvirn Cntrntries 
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Make Uniformly Good 
Cultured Dairy Products 

7ot 3 S&+ 
GBI 'FRIGIDRY' Cultures are easy to use because 
they are vigorous and rapid growing. This means 
mother culture can be made in one generation, eli- 
minating transfers and saving several days' time. 

Each of the six 'FRIGIDRY' cultures is tailor 
made for its purpose. Uniformity is assured by 
selection and blending of the special strains of 
acid and aroma forming organisms. The 'FRIGI- 
DRY' sub-zero, high-vacuum, drying process 
"fixes" and holds the cultures in a dormant state 
until needed. Added to milk, they are energized 
into teeming activity. 

HOW TO SEPARATE 
A CAT FROM A MOUSE 

Simply a matter of screening.. . a useful 
trick for a mouse to know. In  fact. screening is 
a useful tric!r in any t rade. .  . cven the salt 
business! 

You see, in the salt business we'vc got to fit the 
salt to the job. Butter-makers don't want large, 
slow-dissolving crystals in Butter Salt. We re- 
move the " big ones" so completely, you won't 
find even a trace on a 28-mesh Tylor screen. 
Cut they don't want fine dust, either, to cause 
pasting in the churn. Diamond Crystal Butter 
Salt contains only 3% of particles small enough 
to pass through a 65-mesh screen ! 

Yes, it's as vital to the butter-maker that we 
remove over-sized and under-sized salt crystals 
. . . as it  is to the mouse to screen out that cat. 
(Well, almost as vital! ) 

1700r advertisement is being read in every St;ltc 311d i n  2.i Foreipn Collntri~s 

You Follow These 3 Simple Steps I 

Save Time - Save Money - Avoid Trouble 
' 

1 To make mother culture merely add 
contents of one vial of GRI 'FRIGI- 
DRY' CULTURE to % quart prepared 
milk and incubate. I Happily for the mouse, he got results. And so 

2 TO make Starter, add the above mother 
culture to  10 gallons of prepared milk 
and incubate. 

To make Commercial quantity of cul- 

do we at Diamond Crystal. That's why you can 
always be sure of clean screening whenever you 
specify Diamond Crystal. Take your choice of 
grade or grain size-it's tops by actual tests! 

3* tured dairy products, add proper pro- 
portions of Starter to  vat and ripen. 1 , 

Step up your sales by producing uniform, top- / 
quality products the easy 'FRIGIDRY' way: Your i 
customers get the "buying habit" when they 
know they will get the same fine quality in your 
product day after day. 

livery on any of our six cultures-through your 
jobber-or direct. 

GENERAL 

Want Free Information on Salt? Write Us! 
If you have a salt problem, let our Technical 
Director help! Just drop him a line in care of 
Diamond Crystal Salt, Dept. H-11, St. Clair, 
Michigan. 



The Gaulin Two Stage IIomoge~iizers and Iiigh 
I'rmuw I'umps hare been built by us for over 
forty years. This background of engineering 
know bolt., assures the processor of the finest and 
  no st modern homogenizer for fluid milk, ice 
cream. ex-aporated, eonclensed and spray dried 
milk or egg%. as  well as other dairy products. 
The homogenizers are built in n range of sizes 
from 73 to ?.i00 gallo~is per hour. High pressure 
pumps are c.lntom hnilt to meet i~~dividual re- 
quirements. Rot11 types of machines are ap- 
I;ro\,ed hy leading heaith authorities. WRITE FOR BUL. 8 2 1  

THE MANTON-GAULIN MFG. CO., INC. 
44 GARDEN STREET EVERETT, MASS., U.S.A. 

Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive a re  available at the 
follou~ing prices : 

MEMBERS 

.. ........ Cloth Bound : $2.35 
Paper Round . . . . . . . . . . .  2.00 

i CHEESE RENNET AND COLOR . 

ANNATTO BUTTER COLOR 
I 

CERTIFIED BUTTER COLOR 
ICE CREAM COLOR 

I LACTIC FERMENT CULTURE 

I BULGARIAN CULTURE 
* 

1 
1 TESTING SOLUTIONS 
1 RENNET TESTS 

NON-MEMBERS 

. . . . . . . . . . .  Cloth Bound 165.50 
Paper Round ........... 5.00 

I i Chr Honsen's  Laboratory,  Inc .  

I] Milwaukee 14, Wisconsin 
Yabllr iltlrrrtihrmenl is  ~ R ~ I I K  rwc1 in CVCII P t m t ~  8ntl in ?i Yorrixn Countries 



' It is not enough to erect barricada 
between public health and th  
things which rndanger it.You nru: 
make sure the barricade does no 

' 
interfere with o r  make less effi- 
cient the way in which people 
work and live. Otherwise. the  
barricades are likely to fall! 

An outs tanding vi r tue  of 
S a l - K a p  milk bottle closures. 
beside their secure protec- 
tion of tlle pouring lip, is the 
fact that they are the most 
convenimt to use for con- 
stant protection of the bot- 
tle's contents. They work 
with public habit and 
necessity insteadof 
against it. Seal- 

1 SEAL-KAP CORPORA1 
11-05 44th DRIVE, LONG ISLAND CITY I ,  

QUALITY OF PRODUCT 
The quality of product is main- 

tained by serupulous care in 
111nnufaeture nnd by constant 
research for  better sanitation 
n~rthorls. 

. 
QUALITY OF 

DISTRIBUTION 
IClenzade maintain 17 branch 

otlic-cs and a flcct o f  30 trucks to 
bring tlic p m l o c t  to the customer 
in the t ~ o s t  expeditious manner. 

QUALITY OF SERVICE 
l<lenzade salwltlm are all thor- 

oughly trained In a l l  phases of 
sanitation and cleaning, and are 
avnil:ible to help and advise you 
on any sanitntion prohlon.  

Sou r  ncl8'rrtiwvnent ir I w i n ~  rrnd i n  rvc r~ -  State and i n  Z i  I.'or,.iyn ( 'ntlnlrlt ,* 
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10, "Action" 

HERE'S BACTERICIDES ARE DIFFERENT! 

Just 

features 
revealed 

10 ' 'action" features make the difference ! 
Send for this free bulletin . . . see for your- 
self how and why Diversol ia different from 
ordinary bactericides. A quick acting, crys- 
tal sodium hypochlorite, Diversol helps con- 
trol bacteria, mold and yeast . . . guards 
against spoilage . . . helps protect taste and 
flavor. Softens hard water . . . leaves no 
film or scale. Send for your copy of this 
interesting bulletin today. The Diversey 
Corporation, 53 W. Jackson Blvd., Chicago 
4, 111. 

Published 

BOVINE 
MASTITIS 

- - - - - - - - - - - - - - - -  
Your advertisement is being read ill 

Edited by RALPH B. LITTLE, V.M.D. 
l)(,l):trtmr.nt of .\ 11im:11 :end P1:lnt L'ntholog~ 

Tlle Rockefeller Il lsti tntc~ for 
L[vdic3tll Rrsrnrell 
I'l.il~c.cto~l, S. .J. 

and ~VAYNE N.  LASTRI RIDGE 
1)cy:wtrnellt of Allirn;ll I)isv;~ses, 

'I'l~e Vllirt.1.sit;- of ('onnccticut 
Stons. Connecticut 

546 pages, 6 x 9, 
56 illustrations. $7.00 

-- 
In this inlportant new book a group 
of ~vorkers engaged in the study of 
various phases in the field prescnt a 
scientific treatment of bovine liiastitis 
in as broad and critical a nlanner as 
possible, to give an over-all picture of 
the disease as i t  occurs naturally, ancl 
of the aclvaiices that have been macle 
in its study. 

Bovine Jfastit is  can be usecl as a test- 
book for veterinary schools and dairy 
schools. and as a valuable reference 
book for practicing veterinarians, 
dairymen, research workers, and any- 
one interested in the modification and 
processing of milk. 

Send for a c o p y  on approval 

McGRAW-HILL 
BOOK COMPANY Inc. 

330 West 42nd Street 

New York 18, N. Y. 

' I 
every State and in 25 Foreign Countries 
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Yonr aclrertisement is I)eiag read in every State a11d in  25 Foreign Countries 

HOLSTEIN-FRIESIANS ARE POPULAR 
The Holstein-Friesian is the most popular dairy cow in the United 

States. "Holsteins," as they are commonly known, produce more 
than half of all the milk produced in  the nation. The breed predomi- 
nates in all of thegreat dairy sections of the United States and is fomid 
in all states from coast to coast and fro111 Canada to Mexico. 

Since The Holstein-Friesian Association of hinerica was established 
in 1885, i t  has recorded the pedigrees of inore than 3,500,000 purebred 
Holstein-Friesian cattle. 1111 of this vast herd are direct descendants 
of the original fouizdation animals imported from Holland and which 
totaled less than 8,000 head. 

The treinendo~~s growth of the breed in 60 years from this small 
beginning is proof of its popularity. I t  is also proof that Holstein- 
Friesian cattle are prolific and long-lived. 

For further i n f o ~ n t a f i o n  write 

Box 3090 

THE HOLSTEIN-FRIESIAN ASSOCIATION OF AMERICA 
Brattleboro, Vermont 

FLAV-0-LAC 
F L A K E S  
TEE CULTURE 

of definitely better 
flavor & aroma pro- 

ducing qualities. 

The standard with 
foremost operntors. 

agricultural schools B 
colleges. 

FLAV-0-LAC FLAKES 
( s h o w n )  p r o d u c e  a 
q u a r t  o f  t h e  f i ne s t  
s t a r t e r  o n  a s i n g l e  
p ropaga t ion .  S i n g l e  
bottles $2.00. 

SPECIAL FLAV-0-LAC FLAKES "40" 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.00. Plus postage. 

, Free Culture Manual of Fermented Milk Prod- 
net8 on request. 
Pioneers in Spectro-chen~ical, Chemical and 
Fluoro-photo?netric Determinations of Vitamine 
A BI,  Bz, Nzcotinic And, Pantothenic Acid, Be, 
C'B E in  Dairy and Food Products. (Vitamin 
D emcluded) inquiries invited. 

RENNET and COLOR 
For best results in the cheese 
vat, specify Marschall's. High 
in strength, pure and uniform. 

DAIRY LABORATORlES A DAIRY LABORATORY, INC. 
2srd & ~ o c u s t  ~ t s . .  Phils., Pa. MADISON 3, WISCONSIN 

BRANCHES 
New York Baltimore Washington 

See our catalog in Dairy Industries Catalog 



YOU'LL LIKE IT, TOO 

Ynx d b a d  ponioltv dwar 

Wherher you are homogenizing milk or mix, you'll 

saves you both time and money in many ways. All 
pans are designed and built to provide maximum 

CP Multi-Flo is its unique bend construction (see 
1 -- -- panel at right) whicb simplifies assembly or dis- 
I A 1 

assembly time to from 5 to 9 minutes-saving many I I*O t 

dm 
minutes of clean-up time. Write for Bulletin N.12. : a& ? 
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O M a l  and Irgor, O*em~ 1243 W. Wahlnpton M., Chkago 7, IIUnoh 
Branches in 21 Crinclpel Citlos 
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Culture Media for Examination of 
MILK and DAIRY PRODUCTS 

for Plate Counts 
Bacto-Tryptone Glucose Extract Agar is reconinlended for routine 

plate counts of bacteria in milk. This medium conforms to all 
requirements of "Standard Methods for the Examination of 
Dairy Products" of the American Public Health Association, 
except that it does not contain skim milk. 

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

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

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

Bacto Brilliant Green Bile 2 % and 
Bacto-Formate Ricinoleate Broth are very useful liquid media for 

detection of coliform bacteria in milk. Use of these media is 
approved in "Standard Methods." 

for Detection of Molds 
Bacto-Potato Dextrose Agar is an excellent medium for detection and 

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

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

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

growth of Lactobacillus acidophilus, and are well adapted for use 
in establishing the number of viable organisms in acidophilus 
products. These media are also widely used for estimation of 
the degree of implantation by L. acidopha7us. 

. . Specifr "DIFCW' 
PEm !mADHI NArm OF THHl PIONmlBS 

In the Beserveh and Development of Bacto-Peptone and Dehydrated Culture Media. 

D I F C O  L A B O R A T O R I E S  
DETROIT 1, MCHIGAR 

Yonr advertisement is being r e ~ d  In evew B t s t a  and in aS F0ret.n Oonntriea 
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