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... pass the test for true economy 
T o  determine the cost of dairy containers, look 
beyond their first cost. 

High-quality, returnable glass bottles are unequaled 
for keeping container costs low. That's why Duraglas 
bottles are so  carefully controlled in manufacture to  
assure high quality and long life. You can depend 
o n  them to deliver dependably the high trippage 
that means true economy. 

ACL-Each bottle can be a "talking salesman" for 
the dairy with Applied Color Lettering designs. 
Stock designs are always available, and our artists 
are ready to develop special designs. 

Your advertisement Is being read In every State and In 45 Porelgn Countries 
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M E E T  THE 

"Milwaukee 4 0 0  Gra-Vac Filler-Capper. 10-valve 
type shown; also available with 16 or 2 0  valves. 

Here is a new line of trendmaking filler-cappers - mLet- 
ing the most rigid sanitary requirements and available 
in a broad range of high production capacities. The 
"Milwaukee 400's" are true "work horses" -rugged 10, 
16 and 20-valve machines for filling 30 to 120 bottles per 
minute on a man-hour and milk-saving basis. Many of 
their new mechanical and sanitary features have been 
available on only the most expensive deluxe fillers- 
look them over and discuss them-with your Cherry-Burrell 
representative. 1 "Milwaukee 400" Gravity Filler- 

Capper. 10-valve tvpe shown: 

1 01s; available with 16 valves. 

I 
A FEW O F  THE FEATURES YOU'LL LIKE ABOUT THE 400'5 

Streamlined Sanitary Design: Exclusive"c1ean 
I 

extremely accurate. patented. diaphragm- 
bowl" design allows complete removal of type uniform filling valve. 
every valve part. Easiest-to-clean bowl on 
any filler! Fully rounded, sloping contours 

Twin-Spring Lifters: Assure smooth operation 
and long life. Lifter table is a large spoked 

are self-draining and quick-drying. wheel for free draining and with all parts 
Uniform, Dry-cap Filling: Gra-Vac 400'shave and areas easily accessible for cleaning. 
new patented Gra-Vac diaphragm filling 
valve - simple, sanitary, easy to take Handles all standard '/z pint to 2 qt. round or 
apart and clean. Adjustable to any de- square bottles. Also conical paper bottles. 
sired filling level. Gravity 400's have new, Accommodates all popular style cappers. 

I 
I RRY-BURRELL CORPORATION 

Ganer.zl Sales mnd Exsculiva Office. 

427 W. Randolph Street, Chicago 6. 111. 
Equipment and Supplies for Industrial and Food Processing I FACTO#lES WAREHOUSES BRANCHES OFFICES 

oe ~~sia~iuro~s Ar yo61 SrrvlCE 'IN 56 CITIES 

Tour ndvertisr.ment is heing rrnd in every Stnte nncl in 45 Foreign Countries 
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Save Bulk cooling and tanker pickup of milk have increased milk 
checks and reduced power bills on dairy farms in all parts 

of the country. Milk is weighed and sampled in milk house, money eliminating stickage, spillage, and fat losses. Lower hauling 
costs are often possible. Bulk Cooler compressor runs only 

with during milking; less power is used. Fast cooling to 38OF. protects 

ADDRESS MOJONNIER BROS. CO., 4601 West Ohio St., Chicago 44, 111. 

" n  enzyme of growing 
interest in Dairy 

and Cheese circles I 
of hyc 

Wherever the economical decomposition , 

lrogen peroxide i s  indicated we will be 

glad to discuss the opplication of 

this new stable Cotalase preparation.. I 
LACTIVASE (lor provantion of 
oxidized Ilavs) 
RENNET. M r a c t  8 Powda . 

+ l h ~ a h  a c t i v ~ b - a l w a v s  unifml 
PHOSPHAlASE REAGENTS 
BUTTER COLOR 
BROM THYMOL BLUE 
BROM CRtSOL WARE 

For Complete Information 
on the Poul-Lewis Products 

la, 
. UI*UI.<IUII"O C W I I I S I I  

4253 N. ful Warhinglun Rd., Milwaukas. Wn. 

DAIRY PREPARATIONS 

SE RENNET A N D  
i 

TTAGE CHEESE COAGULATOR 
INATTO BUTTER C i 

lDELlON BUTTER 
RTIFIED BUTTER C 
STARTER DlSTlLLL 
ICE CREAM COLC 

:TIC FERMENT CU 

:OLOR 
COLOR 
A. -.. 
U L V K  

LTE 
>R 
LYURE 

, ODORLE 

- -  - - 
:LY SPRA 

CABINEl 

- 
Yoi~r  ;~rlvprtis~mrnt is 11rin.q rend i l l  I 



New Bulle4in Ju r l  O H  
the Press. Write When you choose o r  recommend bulk farm cooling tanks, 

remember that you and your patrons will be living 
with them for years. 

So you'N want tanks a s  durable as  skilled engineering, fine 
workmanship and the best of materials can make them. 
You'll find these qualities i n  C P  Progress Farm Cooling Tanks. 

You'll want tanks that bring milk down to proper 
temperature fast-and keep it there unfailingly. You'll find 
such performance i n  CP Tanks. 

And, of course, you'll want tanks that can be cleaned easily 
and quickly, to  insure highest sanitation. Again you'll 
find C P  Tanks way out ahead. Their polished, stainless steel 
interiors-smoothly rounded corners-and meticulous 
welding, make cleaning minutesfaster! 

Call in  your C P  Representative for all the facts. ,.,.... ... I - - .  ... ..... ... 
CP Bulk Farm Tanks 

IDEAL FOR PROCESSING PLANT SERVICE, TOO! 
Benefit Users Either Way 

h e  m a k i n g  o d i i o  a o r  THE P w e  M FG. COMPANY 
favorable to conrcntiontll milk can pick- 
UD. the same hiah auolitv and ranitorv 1243 W. Washingtan Blvd., Chicago 7, 111. 
a'drantoger are-avAilabic to produceis 
and Procesrors through use of CP Bulk 
Farm Cooling Tanks-including the op- 
portunity for every-other-day pick-up. 

Branches in 21 Principal Cities 

CREAMERY PACKAGE MFG. CO. OF CANADA, LTD. 
Taronta 2. Ontario 
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recommend N U /  

for the strainer 

0 u 

RAPID-FLO 
y&-g& 
FILTER DISK 
in the proper size 

BY-PASS O F  UNFILTERED MILK 
MAY EVEN BE CAUSE FOR REJECTION 

With today's urgent need for every drop of Quality 
Milk produced, the right size filter disk is just as im- 
portant as the right type. Many farmers trying to cut 
costs may mistakenly use a filter disk too small for 
their strainers. By-pass of unfiltered milk will result 
and can cause loss to plant, producer and hauler. 

That's why all three types of J & J Rapid-Flo FIBRE- 
BONDED Filter Disks (no gauze facing, single gauze- 
faced, double gauze-faced) are made in sizes to fit all 
strainers now in general use. 

What's more, the exclusive J & J FibreBonding Proc- 
ess makes Rapid-Flo Filter Disks safer, more retentive 
and stronger, avoiding fibre-separation and assuring a 
more reliable Rapid-Flo Farm Sediment Check-Up. 

Dairy technicians, sanitarians, fieldmen, and leading 
health authorities know that everybody benefits from 
proper filtration. They urge the Rapid-Flo Strainer 
Check-Up for correct disk-size as well as  right type. 

I --.! 
Your J & J Filter Products Field ~ ~~- 

Service Representative will cooperate with you 
fully in prokding o sufficient number of checbup 
cards like this for all your producers. Contact 
him, or write the factory for details. 

- - 

Yollr rl(1vertisement is  being,rend in pvery Stnte nncl in 43 Foreign Ponntric's 
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ABSTRACTS O F  PAPERS PRISSEWI'ED AT T R E  FORTY-SEVEXTH 
A S S r A L  MEETISG 

University of Califorilia 
Davis, California 
June  24-26, 1952 

MANUFACTURING SECTION 

M1. The occurrence and survival of Brucella samples of batch milk from a plant making the 
abortus in Italian cheese curd made from raw curcl. After proper pasteurization of this same 
and pasteurized milk.1 H.  L. GILMAN, New York milk, the organism could not be rrcovered from 
State Vet. College, and J. ,C. MARQUARDT, Dept  vither the milk after pasteurization or from the 
of Agr. and Mkts. Albany, N. Y. curd made from this milk. 
-4 progress report on Italian cheese curd studies Inasmuch as viable Brucella have been found 

was made at  the Forty-fifth Annual Meeting of to survive the manufacturing process when raw 
thc American Dairy Science Association held at milk is used, it serms advisable from the public 
Cornell University at Ithaca in 1950. This re- health standpoint that all such milk should be 
port included methods for making the curd from pasteurized before manufacture into cheese con- 
properly pasteurized milk. The proccclures have sumrd in thc fresh state. 
l~cen advanced by the use of D.K. cultures de- 
veloped at Cornrll University. 1 Approved for Publication by Cornell University 

The making of Italian curd in 1 plant and and thc Ncw York State Dept. of .4gr. and Mkts. 

forming it in another is confined mainly to the 
New England and Middle Atlantic Statcs. Most M2. partition of the free 
of this curd used to make ~ ~ ~ ~ ~ ~ l l ~  or other amino acids of foreip-type cheeses. H. J. FAGEN 

frrsll types is manufactured in New state, AND R. V. HUSSON(:, Kraft Foods Co., Research 

where the annual production was 18 million Lab. ';len\'ir'v, "I' 

Ib. in 1951, an increase from 10 million 1b. in By means of 1-dimcnsional filtrr paper chro- 

1915 and 5 million in 1940. matography the free amino acids of 13 foreign- 
1950, tllc N~~ york c i ty  ~ ~ ~ l ~ h  Depart- type chcrses arc reported. An attempt is made 

lnent started cnforcinx a regulation to corrrlate "make" and "ripening" characteristics 

the pasteurization of ,,,ilk for clleeses consumed with the amino acid patterns. Data are presented 

fresh. for the following checscs: Aged Cheddar, 
for this reason that before and Emmenthaler, Gouda, Munster, Roquefort, Blue, 

after pasteurization and the resulting curd and G0'P"zo1a7 Camembert, Limburger, Lager Kase, 

raw milk and its curd were studied. Chantrllr, Romano and I'armesan. Results in- 
jvhen milk was at the brucellosis dicate I;trgc differences in the amino acid patterns 

laboratory, it was in the refrigerator over- hetween types of cheeses. To  a small cxtrnt 
night to permit creaming. ~h~ morning differences were noted between varieties of the 
rach of 2 guinea pigs was injected subcutaneously tyPcs. 
with 5 ml. of the gravity cream. The cheese 
was prepared by placing 25 g. of the curd in a M3. A direct chromatographic method for the 
sterilized Waring blendor with 100 ml. of sterile determination of the lower fatty acids in cheese1. 
physiological saline solution and agitated for 10 W. J. HARPER, Dept. of Dairy Technol. The 
min. to produce a smooth creamy mixture. The Ohio State Univ., Columbus. 
mixture then was filtered through a layer of A chromatographic method has been developed 
cheesecloth, and 2-ml. amounts were injected to separatc the lower fatty acids directly from 
sul)cutancously into each of 2 guinea pigs. Posi- chccsc without the necessity of prior distillation 
tive tests were thosc in which the guinca pigs, 5 or extraction of the fatty acids. The mcthod is 
wk. after injection, gave positivc blood agglutina- a modification of thc methods of Moyle et al. 
tion reactions, characteristic lesions in the spleen (1948) and Bulcn et al. (1952). 
and recovery of Br. abortus from the spleen. The method depends upon the combination of 

BT. abortus was rrcovercd from 5 out of G a buffered and acidified column to permit separa- 
Italian cheese curds made from raw milk. tion of the acids from the cheese added directly 

Br. abortus was recovered from 3 out of 4 to thc column. The column' is prepared in 3 

C i l t  I ,  1 t he  E R I C  - 1  n, U; , l  "; 

"̂  9. 
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steps: ( a )  10 g. silicic acid and 6 ml. of 2 M 
p H  6.5 phosphate buffer arc mixed in a mortar 
and then slurried with chloroform into a 35-mm. 
glass tube closed at  the bottom with a perforz~trd 
porcelain plate. ( b )  3 g. silicic acid are acidified 
with 10% H 2 S 0 4  and slurried into tlie column 
with chloroform. ( c )  5 g. cheese are acidifird to 
p H  2.0 with 20% HH,SO, and ground in a 
mortar with 10 g. silicic acid. The rrsulting dry 
powder is slurricd into the column with 75 ml. 
chloroform. The chromatogram is developed 
using the following concrntration of mixtures of 
71-butanol added to chloroform: ( a )  25 ml. of 
0.570, ( b )  50 ml. of I.()%, ( c )  7.5 ml. of 5.0% 
and ( d )  100 ml. of 20.0%. Using a siphon 
device. 5-ml. fractions arc collcctrd and titrated 
with 0.01 N alcholoic NaOH to phenol rrd end 
point. A curve showing representative pcaks for 
each acid is obtained by plotting the titration 
value against the fraction numbcr. Thc  acid is 
identified by its threshold volume. 

The  method provides for comparative results 
of good accuracy for acetic, propionic and butyric 
a c i d .  Caproic and higher fatty acids are sepa- 
rated as a group. Other organic acids, such as 
lactic and pyruvic, do not interfere ~vi th  the 
mrthod. 

1 Cooperative project with the Bureau of Dairy 
Industry, U.S.D.A. Fund provided in part by the 
Research and Marketing Act of 1946, and by the 
Ohio Dairy Products Research Fund. 

M4. A preliminary report on  the relationship of 
the lower fatty acids to the ripening of Provolone 
cheese1. W. J. HARPER, Drpt. of 1)airy Terhnol. 
The Ohio State Univ. Columbus. 

The relationship of the lo\ver fatty acids to the 
ripening of Provolone cherse was studiecl by 
applying the chromatographic tcchnique de- 
scribed by Harper (M-3).  Acetic, propionic and 
butyric acids \*.ere detrrmined in a numhrr of 
rommerrial Provolone checse \vhich were the 
same age but varied in quality. Good-flavored 
Provolone checse contained relatively large con- 
centrations of butyric acid, \vhile cheese lacking 
flavor contained only small amounts. The  butyric 
acid content of good Provolone \<as found to be 
from 4-10 tinlrs that reported by Krett (1950) 
for Cheddar chrese of thr same age. Acctic and 
propionic acids were present in nearly equal con- 
centrations, and generally were not related to 
quality. However, the acetic acid content of 
cheese with an acid flavor defect was found to be 
abnormally high. 

A definite relationship was established between 
the relative amounts of the lower fatty acids and 
the type of rennet paste or related product used 
in the manufacture of the cheese. Cheese made 
\pith rennet extract was found to lack flavor and 
also contained a relatively small amount of 
butyric acid. O n  the other hand, cheese made 
with a goat rennet paste developed flavor normally 
and contained relatively high concentrations of 
l~utyric acid. 
M5. T h e  developn~ent of the lower fatty acids 
in  Swiss cheese. 0. J. KRETT, A. LEBOYER, H. E. 

1 Cooperative project with the Bureau of Dairy 
Industry, U.S.D.A. Fund provided in part by the 
Resrarch and Marketing Act of 1946, and by the 
<)hi0 Dairy Products Research Fund. 

D ~ c x r r .  A N D  J. B. STISE. Kraft Foods Co., Re- 
search Lab., Glenview, Ill. 

The  rrlationship bctween thc lower fatty acids 
and the quality of Swiss checse was reported in 
a previous paper. In  the present investigation 
tlie devrlopment of these fatty acids was studied 
throughout the normal curing time of Swiss 
cheese. At short intervals during the life of the 
cheesc, the fatty acid content was determined 
using a method which involved the removal of the 
fatty acids from the cheesc by steam distillation 
and their separation by 2-phase chromatography. 

Act-tic acid is the only fatty acid present in any 
appreciable quantity at the time the chccse is 
removrd from thr  press and until the cheew goes 
into the "hot room" at  about 75' F. After a 
short time at the highrr temperature the other 
acids begin to develop. The  propionic acid in- 
creasrs greatly in amount after about 20-30 d. in 
the hot roorn. This rapid increase in propionic 
acid coincides in time \vith the appearance and 
rapitl development of the eyes. A typical piece 
of S\<iss goi~ig into the hot room at  15 cl. of age 
had about 1 6  Ing. of acetic acid/100 g. of cheese, 
and only traces of propionic and higher fatty 
acids. Coming out of the hot room, the fatty 
arids contcnt of the checse in mg./100 g. of cheese 
Has 167 arctic, 311 propionic, 18 I~utyric and 
30 higher volatile fatty acids calrulatcd as caproic. 
\Yhen the cheese was 140-d.-old, the content of 
fatty acids/l00 g. of cheese was 290 mg. of acetic, 
690 mg. of propionic, 38 mg. of butyric and 50 mg. 
of highrr volatilc acids calculated as caproic. 

M6. T h e  use of white mutants of Penicillium 
roqueforti in cheese making. H. A. MORRIS, J. 
J . .  JEZESKI A N D  11'. B. COAIBS, University of 
M~nnesota, St. Paul. 

Two colorless mutants of P. roqueforti (Knight 
ct al., J. Dairy Sci., 33: 929-933. 1950) have been 
compared with the colored parent strain in the 
manufacture of Roqurfort-type cheese. Data 
have bren obtained which included pH, acid 
numl~rr  and total volatile acidity determinations 
and the cheesr were graded for flavor, body, 
texturr and appearance. 

In  gmeral, rhrrse inoculated with white mutant 
strain UW12 had a higher acid numhcr in the 
fat, a greater tota! volatile acidity, higher p H  
in addition to a mildrr flavor and softer more 
creamy body than did cheese inoculated with the 
parent strain or the othrr whitc mutant. 

Excellent cheese can be made with a white 
mutant of P. roqueforti. Its color, body, texture 
and comparatively milder flavor are enough differ- 
ent from Blur cheesc to constitute a new cheese 
which may he classed within the semi-soft, mold- 
ripened group of chrese. 

M7. A measurement of cheese body. D. M. 
IRVINE A N D  W. B. PRICE, University of Wisconsin, 
Madison. 
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The usual method of manipulating checsc be- 
tween the thumb and fingers to determine the 
resistance to breakdown does not give finite values 
nreded to evaluate firmnrss of curd. A device has 
bcen devrlopcd which offers 1 approach to this 
difficult problem. This device consists of a fine 
wirc which is pulled through a cube of cheese 
of standard size. The  forcc required to pull the 
wire through the cheese is provided by a rrservoir 
of mercury. The  mrrcury flows into the reservoir 
at  a constant rate. T h r  instant the wirc has been 
forced through the chcese, a solenoid switch cuts 
off the flow of mercury. T h e  body characteristic 
is recorded as the weight of mercury nccdcd to 
pull the wire through the chccse. 

T h e  device has brrn used on semi-sofj cheese, 
brick and chrddar. There is a highly significant 
corrrlation hetwc.cn this measurrment and the 
judgments made by manipulation. 

T h r  device has brrn used in experimental work 
to study results of curd-making procedures. I t  
has bccn used succc~ssfully to study variations in 
salt and acidity. 

Suggcstrd commercial applications indicated 
include: standardization of slicing propertics of 
process chcese; judgment of firmnrss of fresh 
cheesr; evaluation of the rate of body brcakdou.n 
during curing; srlection of chcrse for specific 
market rrquirements. 

I t  is applicable over a widc range of body 
characteristics from those of the typical cheesr 
spreads to those of Romano. The  movement of 
the wire through the cheese is sensitive to varia- 
tions of 0.25 g. of strrss on the cutting wire. T h c  
results a r r  rrproducible. 

M8. T h e  influence of feeding corn, pea vine or  
alfalfa silage to dairy cows on  p H  and titratable 
acidity, per cent butterfat and total solids, and 
milk flavor and production. H.  C. HANSEN, E. 
D. MCGI.ASSON, R. H. ROSS, W. R. HARVEY AND 

D. L. FOURT, Idaho Agr. Expt. Sta., Moscow. 
Six Holstein and 6 Jrrsey co\vs Lvere used to 

drtermine the influence of corn, pea vine or 
alfalfa silage on p H  and titratable aridity, per 
cent butterfat and total solids in milk and milk 
production. There was no appreciable differcnce 
in titratable aridity or pH, prr  cent butterfat o r  
total solids of frrsh whole milk or total milk 
production \vhen cobvs were fed the threr silages. 
T h r  milk was separated and the cream and skim- 
milk wrre inoculated with starter organisms. 
There was no diffcrcnce in the acidity drvrloped 
in the cream that could be attributed to thr  kind 
of silage. Skimmilk from cows fed pea vine or 
alfalfa silage developed significantly more acidity 
than when fed corn silage. 

M9. Antioxidant properties of milk as i d u -  
enced by the type of pasture fed to the cow. V. 
N. KRUKOVSKY, Cornell Univ., Ithaca, N. Y. 

T h e  susceptibility of milk to oxidized flavors 
is affected not only by the antioxidant activity of 
the fat (tocopherols), but also by the presence 
and availability of readily oxidizable non-flavor- 
forming compounds in the plasma phase of the 
milk. These properties of milk are influenced by 

the type and quality of the roughages fed to the 
cow. I-Iolstcin cows on predominantly orchard 
grass lvith some ladino clover, green oats and 
alfalfa-brom-ladino clover pastures, each yeilding 
about 200 y tocopherols/g. of lyophilized plant, 
produced milk with fat having approximately the 
same torophrrol contrnt: - 3044, 3449 and 3411 
y/100 g., and of 41.07, 36.30 and 39.96 Iodine 
Nos., rrspectively, but of different susceptibilities 
to oxidizrd flavors, especially in the presence of 
0.1, 0.2, 0.4, 0.5, 1.0 and 5.0 mg. copper/l., and 
of 20-mg. portions of ascorbic acid re-added sub- 
sequently to milk at  the point of its depletion. 
Orchard grass milk was found to be exceptionally 
stable. I t  rrsisted oxidized flavors through the 
10th day of trial in the presence of 0.5 mg. Cu 
and 3 portions of added ascorbic acid. One  mg. 
of Cu and 2 portions of ascorbic acid were re- 
quired to induce flavors at  the end of 7-d. period. 
Milk produced on alfalfa-brom-ladino pasture was 
the least stable. I t  developed flavors at the end 
of 7, 4, 2 and 1 d. with an increase in Cu content 
alone from 0 to 0.4 mg., respectively, ~vithout re- 
added ascorbic acid. Feeding of oats pasture re- 
sulted in deferment of oxidized flavors for 9, 8, 7 
and 3 d. with an increase in Cu alone from 0.2- 
I .0 mg., and together with re-added ascorbic acid 
for 4, 3, 3 and 1 d., respectively. All samples of 
milk containing 5.0 mg. Cu developed oxitlizcd 
flavors during the first 0.5-2 d. of trial. 

M10. T w o  phenomena related to casein precipi- 
tation in  frozen storage of milk. G. C r r ~ r s . r r ~ ~ -  
SON, S. T .  COULTEK A N D  R. JENNESS, Univ. of 
Minnesota, St. Paul. 

I n  a study on protein stability of frozen conren- 
trated milk it was found that ( a )  diz~lysis rendered 
the product stable to cxtrnd fr0zc.n storage and 
( b )  that the otherwise undispersihlo casein pre- 
cipitate could be dispersed by acidification to 
PH 2.5. 

Concentratrd skimmilk dialyzed for 30 hr. 
against distilled water at  40' F., remained for 
15 mo. in 15' F. storage with no apparent change 
in its physiral state. An undialyzed control, con- 
ccntrated to th r  same drgrre (3 :  l ) ,  was destabi- 
lizrd within 1 mo. The milk salts and lactose 
were shown to bc factors in the protein dcstabiliza- 
tion. 

Conccntrated skimmilk stored frozen for 1 yr. 
yielded a casein precipitate that could not be 
dispersed with hrat, agitation or  addition of 
alkali. Howevrr, the addition of HCI to bring 
the p H  to 2.5 followed by N a O H  to bring the 
p H  to 7.0 complrtely dispersed the precipitate. 
This rrdispersion was accomplished both on de- 
stahilizcd conccntrated skimmilk and on the iso- 
lated protrin precipitate. 

M11. A method for measuring the wettability of 
milk powders. U. S. ASHWORTH, State College 
of Washington, Pullman. 

Spray-dried milk powders are nearly completely 
soluble under the conditions employed in making 
solubility tests, yet these powders may not disperse 
readily when stirred into xvater. The  difference 
probably is due to variable wetting characteristics 
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-the initial phasr of the dispersion process. -4 milk solids. J. J. JANZEX A N D  A. 1I. S\\,ANSOS, 
simple wettability trst has hvcn developed which, Univ. of Wisconsin, Madison. 
after being in us(% for over 1 yr. has proved bralu- The  fractionation of nonfat dry milk solids has 
ahlr  in e\~alueting milk powdrrs for thcir ability been attemptrd 11y using the air elutriation 
to disperse readily. principle. Two instruments have brrn used suc- 

Steps in thc n ~ r t h o d  are: ( a )  Cover thc I~ottotn rrssfnlly, namrly, the Infrasizer and thc Roller 
of a 250-ml. beaker w.ith filter paper. Place 20 I'article Size Analyzer. In both instruments 

tea str;tiner in the beaker mouth. ( b )  analysis is ztccomplishrd by means of a n  air 
Forer 2.5 p. of milk powder through the sieve to currrnt c:trrfully regulated as to its velocity. 
form a uniforrn layer on the filter paper belo\v. T h e  powder thus is sizcd according to the set- 
( c )  Allow 17.6 ml. (Bahcock pipette) of water at tling rate of the particles in this air stream. 
3O0C. to flow down the edge of the braker and 'I'heoretic;tlly, any numl)er of particle size frac- 
form a layer under the milk powder. ( d )  With- tions may be obtainrd with the Roller Particle 
out  disturbancr, the powder and water are al- Size Analyzrr, simply hy making a st~itable com- 
lowed to stand 5 min. at  room temperature. T h e  bination of the variables, such as air pressure, 
hraker then is carefully picked up and the con- nozzle sizc and settling chamber. 
tents, strained through an empty gooch crucihlc Nonfat dry milk solids have hcrn separated 
allowing 10 src. for thr  beaker to drain. ( c )  into 5 fractions. The  size distribution has been 
Total solids are determined on a .5-ml. aliquot dctrrn1inc.d by microscopic mcasurrment using 
of the strained milk. This value multiplied by the ;I calibrated IVhipple disc. T h e  main objective 
factor 160 gives "per crnt wettahlr". of this study was to drtermine thr existence, if 

Factors affecting the test will I)c tliscussed. any, of a relationship between the particle size of 
nonfat dry milk solids and solubility. A typical 

M12. Some observation of the w e  of surface- fractionation run on a sample of nonfat dry milk 
active agents as  a means of improving the dis- solids having an average sizc of 1 6 . 7 ~  yielded 
persibility of whole milk powder. H. A. I-Tor.- thc following sized fractions: 6.8, 26.3, 15.1, 59.3 
LENIIEK, Purdue Univ., Lafaycttc. and 6 7 . 6 ~ .  Solubility determination'; indicated 

Various surfacc-active compounds and/or that the 2 6 . 3 ~  fraction was considerably more 
emulsifiers werc studied as to their effectiveness soluble than either the finer o r  coarscr fractions. 
in  improving thc dispersihility of \vhole milk M14. ~h~ of various milk serum proteins 
powder. and sulfhydryl groups on  bread quality. R. L. 

The  compound Or Ivere added to I,ARSON, Univ. of  Illinois, Urhana AN" R.  JEN- 
the concentrated milk before homogenization at  NEss AND W, F, G ~ ~ ~ ~ ~ ,  L T ~ ~ ~ ,  of M ~ ~ ~ ~ ~ ~ ~ ,  st. 
a total concentration of 0.1% by weight (3.1% paul. 
fat, fluid basis). Raking studies with purified milk srrum protein 

Quiescent solubilities were determined "Y a fractions have revealed that P-lactoglobulin, 
method developed by thr Quartertnastcr which can account quantitatively for most of the 
and  Container Institute Laboratories, Chicago, s , l ~ f h y d r y ~ - r c ~ u c i n g  capacity of milk and \\.hich 
Ill. As much as a 20-fold increase in the quies- lnal;es up 50-60% of total serum proteins, 
cent solubility, as determined above 

iq  not drlrtcrious w h m  incorporated into doughs. 
method, has been made. I:~lrthrrnmorc., bovine I~lood serum ;~ll,umin and 

I n  genera1, the use of a colostru~n immune ruqlohulin and pseudoglob- 
pounds to give a good Ilydrophilic-lipophilic ,,lin, each of which c&,prise about 5% 
balance was found to he effective than total scrunt proteins of milk, a r r  not dcletcrious. 
compound alone. Heat treatment of the serum proteins and of 0- 

T h e  partial esters of both olric and stearic lactoglobulin results in an activation of the very 
acids \vrrr effective in improving the initial llnreactive sulfhydryl groups present in the native 
dispersibility but stearic acid rstrrs maintained protein, and  these [lo lla\,e a solne,,.~lat drlctrriorIs 
thrre rffcctiveness brt trr  during storage. action on haking quality. Egg albumin behaves 

Dispersibility or  bvettability decrcnses matcri- similarly to p-lactoglobUlin, 
ally clllring storage with or ~ ' i t h ~ l l t  the use Thrs r  findings imply that all of the methods 
additives. This  drrrcasr in dispersibility is ac- lIasrd on measllren,mt of reducing capacity or 
celerated with incrrase in stOr;lge temperature. atnount of  undcnatllred serum proteins are funda- 
Certain additives lose their cffl*ctiveness more mmt;llly unsountl as absolutr indices of the ),ak- 
readily during storage than others. ing quality of nonfat dry milk solids, since they 

Flavor observations on milk reconstituted from l,,ras,Ire and which in them- 
the  powder containing thr additives selves are not dclrtrrious. Sulfhydryl groups of 
that  there is no advrrse effect on the k e e ~ l n g  milk apparently are not the factor responsible 
quality. Very slight off-flavors are Prc-Sent but for poor baking qllality of milk ~vhicll has not 
the  use of additivrs in most casrs improves the rrcrivrd an ac~rquate 
over-all flavor of the reconstituted milk. 

Churning of the butter fat took placr when M15. Effect of spoilage bacteria on flavor com- 
t h e  powder was reconstituted using a high-speed ponent of cottage cheese. R. B. PARKER AND 

mixer, but this property \\.as lost during storage. P. R. ELLIKER, Oregon Agr. Expt. Sta., ~orva l l i s .  
T h e  study employed species which previously 

M13. A study of the particle size of nonfat dry hiid been identified as responsible for a gelatinous 



clrfect in cottage chcc*c (Parker ct al., J. Dairy 
Sci., 34, 887-893. 1951 ). The importance of 
biacetyl to Havor of cottagc cheese \v;ls demon- 
strated by classifying various samplcs of the prod- 
uct accorcling to aromatic flavor and subjecting 
the same samples to a chemical analysis for bi- 
acctyl. Samples with high biacctyl content re- 
ceivrd high flavor scores, with the occasional 
cxccption that some s;~rnplcs \\.ere criticized for 
high acid. 1,owcr-scoring samples were corre- 
spondingly Iowcr in biacetyl cllurs. 

If pure cult11rcs of Psrudon~onas viscosn ancl 
Psrudomonas jragi were added to cottage cheese, 
thc I~iacetyl prcscnt would be destroyed within 
a 48-96 hr. period. Culturrs of :llrnligenrs 
metalcnligenes hat1 relatively minor rffrcts on 
biacetyl. Experimental samplrs inoculatrd with 
the Psrudomonas species lost almost all aroma 
before the slightest suggestion of physical spoilage 
was apparent. An occasional uninoculatetl com- 
mercial sample untlrr~vent rapid biacctyl loss 
several days before appearance of the slimy defect. 

Studies on destruction of biacetyl in milk in- 
dicate that biacetyl is converted primarily to 
aeetylmcthylcarbinol by the Psrzldonlonas species 
but only partially so by A. n~etalcali,grnrs. 

M16. Isolation of Streptococcus thermophilus 
bacteriophage from Swiss cheese whey. I>. D. 
DEANE, F. 1;. NELSON A N D  F. C. I<YSER, I o \ \ . ~  
Agr. Expt. Sta., Amcs. 

Eighty-one samples of Swiss chcc~se whey and 
milk were obtained from 25 Swiss cheese plants 
in 3 states. A number of plants were having 
trouble with slow acid formation in the cheese 
kettle. The  majority of the samples were taken 
from the kcttlr after the curd had I ~ c r n  dipped 
and many wrrc approximately I-I&.-old when 
rrceived through the mail. 

Bacteria-frrc filtrates were prepared from all 
samples and tested for prcsrncc of Ilactrriophage 
active against Strrptocorru.~ ther?no/~hilus. Sev- 
rral filtrates inhibited slightly the growth of 
1 or more of the 1. test strains of S. thrrmophilus 
in fortified (10% V-8 juice and 0.5% pcptone) 
litmus milk at  36' C. Only 1 filtrate \vhich 
had caused rrtarded acicl drvclopment gave 
plaqurs when tested by thc two-layer pl:ltc tcch- 
nic, using modified trypticasr soy agar. I'laques 
werr formed in I I hr. at  36' C. and in 6 hr. 
at 45' C:. Thc original whry filtrate, as  ell 
as bacteriophage purified by single-plaqur isola- 
tion, lyscd only strain Mc of thv four strains of 
S. thrrmophilus tested. Nonc of 21 sclectrd 
strains of S. 1acti.r and 5'. crewiorir were lyscd. 
I t  has not been possihle to prepare, by the usr~al 
laboratory procedures, filtrates with a titer higher 
than 1 x 10' particles of bacterioph;ige/millilitcr. 
Additional characterization is in progress. 

Some of those chrrsc plants that experienced 
slow acid formation in their checsr kettles have 
been able to minimize this difficulty by using a 
nonsusceptihlc strain of S. thermo/~hilus. 

1117. Some factors affecting the action of ben- 
zoyl peroxide in the bleaching of milk for cheese 

manufacture. S. KUR.-\TO A N D  J. J. JEZESKI, 

Univ. of Minnesota, St. Paul. 
Although the use of benzoyl pcroxide is per- 

mitted for the bleaching of milk in the manu- 
facture of certain types of cheese, little or no in- 
formation is available in the litrrature as to  
thc optimum conditions to promote bleaching 
and the possible defects that might appear in  
milk as a result of the process. 

Experiments were conducted to dcterrnine the 
time, temperatwe and concentration of bleaching 
agent necessary to effect a 50% decrease in total 
carotcnoids without causing an appreciable fat 
oxidation or objectionablr flavor defects. Vita- 
min A, earotcnoid and peroxide values and flavor 
scores were determined on cream bleached with 
concentrations of benzoyl pcroxide varying from 
0.001-0.004% (on a wholc milk basis) and over 
a temperature range of 125-185' F. 

Milk of a flavor quality acceptable for cheese- 
making resulted when cream was bleached a t  
temperatures from 125-145' F. using 0.002% 
benzoyl peroxide. A loss of 50% of the total 
carotenoids was obtained after 1.5-2 hr. without 
the appearance of objectionable tallo\vy flavors 
or increased peroxide valucs. The  vitamin A 
content was not lowered signifirantly and in some 
instances a small increase was noted. Faster 
bleaching \vas observed as the fat percentage of 
the cream was increased. T h e  percentage of 
carotenoid loss was independent of the initial 
carotenoicl content, provided the concentration 
of reagcnt was the same in each case. Carote- 
noid losses were dependent primarily on the 
concentration of brnzoyl peroxide used. Tem- 
perature affected the rate of bleaching rather 
than the total amount of rarotenoids lost. Higher 
temperatures and higher concentrations of bleaeh- 
ing agrnt produced ol)jcctionable flavors and 
fat oxidation. 

M18. Acetaldehyde production by Streptococ- 
cus lactis and Streptococcus lacti5 var. malti- 
genes. E. ZVK-\\V AXI)  l f .  I:. ~IORG\N,  Univ. of 
Connecticut, Storrs. 

Virtanen and Nikkilii I T .  Dairv Research. 15: 
89-93. 1947.) have indycated ;hat the malty 
aroma produced in milk cultures by their "malt 
coccus" was clr~c to the liberation of acetaldehyde 
by the organism and that the characteristic malty 
aroma could be duplicated by addition of acetal- 
dehyde to milk. Attempts in our laboratory to 
simulate the malty defect causrcl by Streptococcus 
1acti.r var. maltigcncs by addition of acetaldehyde 
to milk have brcm unsuccrssful. 

Mild aeration or nitrogen sweeping of 2-1. skim- 
milk cr~ltures of strains of S. lnctis var. maltigenes 
and passage of the exhaust gases through saturated 
aqueous solutions of dimedon resulted in precipi- 
tation of a dimrdon derivative. Melting points 
of the recrystallized derivative and its anhydride 
agreed closely with ohserved and published melt- 
ing points for dimrdon derivatives of acetaldhyde. 
More significant was the fact that during and after 
development of the cultures, the characteristic 
malty aroma was detected in the exhaust gases 
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after passage through the efficient aldehyde trap- 
ping agent. 

Free acetaldehyde produced by 9 strains of S. 
lactis var. maltigcncs and 10 strains of S. lnctis 
in 100-ml. skimmilk cultures containing CaCO, 
was s\jrept into bisulfite traps and detrrnmined 
colorimetrically as the derivative of p-hydroxydi- 
phrenyl (Stotz, J. Biol. Chem., 148: 585-591. 
1943). The non-malty strains yieldcd acetalde- 
hyde values e q ~ ~ a l  to or greater than those of the 
malty strains during a 48-hr. incubation period. 
The  maximum aldehyde n l u e s  obtainrd were 
223 y/l00 ml. of culture for the non-malty strains 
and 99 y for the malty strains. I t  seems improb- 
able that the charactrristic aroma of ci~ltures of 
S. lactis var. mnltigencs is related to li1)eration of 
acctaldehyde. 

M19. Starter activity tests using non-fat-dry 
milk solids. N. S. G o r . ~ r ~ c :  ANI) 1,. MCCORKLE, 
State Collrgc of I'L'ashington, Pullman. 

Activity trsts xverr made using commercial 
starters with commercial and lal~oratory non-fat- 
dry milk solids reconstituted at a 10% level in 
distillrd watrr. I t  is shown that ~v i th  both types 
of milk ( 12 samples of commercial and 12 samplrs 
of lahnr;~tory-prepared milk) therc was a widc 
variation in production of acidity with identical 
starters. Some of the milks consistently yicldrd 
high acid production, others low. There was no 
indiration that this was a seasonal rffect. As far 
as can I)c provecl, the dried milks did not change 
in their suitability as a medium ovcr long periods 
of storage at 35-40' F. I t  is suggcstecl that a 
provrn non-fat-dry milk could he used as a stand- 
ard for activity trsts, since the activity test is as 
much clrpendrnt on the milk as the starter. 

M20. Preliminary studies on the thermal resis- 
tance of micrococci in milk. A. N. M.l-rr~ AND 
J. C:. OI.SON, JK., Univ. of Minnesota St. Paul. 

Individual quarter samples of milk from 25 
coxvs \vex clratvn aqcptically, cornposited and 
laboratory-pastcl~rized at 143' F. for 30 min. 
Micrococci prcclominatecl before pasteurization; 
none was ol)served after pasteurization. The  
above was rrpcated on tlmr same s;~rnplcs aftcr 
storage at 5' C. for 30 hr. with no change in 
results. 

In  3 trials the z \~alucs of themmal death time 
curves of a thermoduric .Fnrcinn species isolated 
from pastrurized milk were 16.8, 17.5 and 18.2. 
Similar observations \\,ere made from results of 
preliminary studies on each of 3 :tdditional cul- 
tures of thrrmoduric micrococci. 

Of 30 cultures of micrococci isolated from 
plates prepared aftcr routine laboratory pastruri- 
zation of patrons' milk, only 5 cultures survived 
143' F. for 30 min. (population of suspension 
approx. 100,000,'ml.) follolving subculture in 
milk. 

M21. A study of methods for evaluating the 
keeping quality of sweet cream butter. 13. h.1. 
ZAI~ARIASES, L. ECKBERG AND R. \V. MYKI.EBY, 
Land O'Lakrs C:rrameries, Inc., Minneapolis, 
Minn. 

A large number of commercial churnings of 
buttrr was analyzed by a number of methods in 
an effort to secure information on predicting the 
keeping quality of nveet cream buttcr. Churn- 
i n g ~  of buttrr werr selected from creameries, some 
having historirs of poor keeping quality and others 
having histories of good kecping quality insofar as 
the putrid or cheesy type of Havor defects were 
concerned. 

Incubation tests were made at  15, 55, 72 and 
98' F. for varying periods of time to determine 
the relationship betwrrn short-timc incubation 
tests and incubation tests simulating retail store 
and household refrigrration temperatures. 

\.'ariaus hacteriologic;~l tests were made during 
the course of this experiment to record this quality 
feature. Chemical tests included moisture, salt, 
peroxidase and p H  determinations. 

Little correlation was found between short- 
time incllbation tests for keeping quality and tests 
simulating rrtail store and housrhold refrigeration 
temperatures of printcd butter. 

M22. T h e  behavior of the lipase from Pseudo- 
monas fragi in  cream and butter. S. A. N ~ s r r r ~  
ANI) F. E. NELSON, Io\va Agr. Expt. Sta., Amcs. 

The lipase of Ps. frngi is active in experimental 
cream between p H  5.2 and p H  8.2, with an 
optimutn at  the normal p H  of sweet cream. 
Extensi\,e growth of Streptococcus lactis in cream 
xvith the accompanying drop in p H  does not 
rausc an); appreciable inhibition of growth of 
P.r. fmgi, but it markedly reduces lipasc produc- 
tion. 

.An apprecial)lc portion of lipase produced by 
srveral cultures of Ps. frogi in cream remains 
active aftrr pastrurization of the cream at 71.5' C. 
for 30 min. Even though growth of the organism 
ant1 lipasr production in sterile cream at  15O C. 
for 3 d. is rather slow, yrt cnougll enzyme is 
p ~ ) d u c e d  to cause extensive fat breakdown in the 
crram and rrsultant I)utter. 

Residual lipase was drmonstratrd in butter 
churned from cream in ~vhich Ps. frngi grew at 
15' C. for 3 d. and thcn pasteurizrd at  71.5' C:. 
for 30 min. Organolrptic and chemical tests on 
butter sarnplrs held at  36, 21, 5 and - 10" C. for 
various pcriods sholvrd that considerable fat drg- 
radation had taken place in the inoculated and 
sul~sequrntly pasteurized samplrs at  all 4 tem- 
peraturrs, \vhile the control samples were un- 
affectrd. 

M23. T h e  effect of aging of cream upon the 
distribution pattern of free C,, C, and C, fatty 
acids. I .  I. PETERS, Texas i\gr. Expt. Sta., Col- 
lcgr Sta. 

Satnplcs of frrsh 30% fat cream with and 
without added formaldehyde (1:500) wcre ex- 
aminrd imrncdiately and after 7 d. incubation at  
85' F. for thr  prrsence of frcc C,, C j  and C, 
fatty acids. 

T h r  method of Ramsey and Patterson 
(J.;\.O..A.C., 28: 64.1. 1945) was used in prcpar- 
ing the dried distillate containing the sodium 
salts of the frrc volatile fatty acids for each 
cream, whereas the mrthod of Moyle et al. 



(Riochrm. J., 43: 308. 1948) was used in separat- 
ing the C,&, C, and C, fractions of free fatty acids 
by means of partition chromatography from the 
above dried distillates. T h r  method of Klinc 
(Biochem. Ztschr., 296: 202. 1938) was used in 
identifying butyric and isobutyric acids in the 
C, fraction. 

All cream samples showcd the presence of 
C, and C, fractions; the fractions were low and 
similar for all creams. T h r  xralurs for C, free 
fatty acids increased upon ir~cubntion, the increase 
being grcsatrst in the crcani samples with no added 
formaldrhyclc. 1;xalnination of the C, fraction 
shovved the presence of n-hutyric acid only. 

M24. The  role of ascorbic acid and tocopherol 
in the development of oxidized flavor in cream 
and butter. A. C. SRIITH, M. LOEWENSTEIS, 
R. E. ANDERSON AND H. C. OI.SOS, Okla. A. 
& M. College, Stillwater. 

The anti-oxidant value of ascorl~ic acid in 
fresh pasteurizrtl milk is well establishrd and the 
use of a-trocophcrol in combination with ascorbic 
acid as an anti-oxicl;~nt in vegctablc oils has 
proved beneficial. I-Iowcver, no mention has been 
~naclr of the rolc of ascorl)ic acid and a-tocopherol 
as an anti-oxidant in crcam and butter. 

The  addition of 100 mg. of ascorhic acid/kg. 
of crcam prevented dcvclopment of oxidized 
flavor in frozen cream aftcr 9-ma. storage at  
- 10' F., and in "~7hipping" cream and "coffcr" 
crcam stored for 5 d. at 40' 1:. Higher levels of 
ascorbic acid fortification arc necessary for Cu- 
contaminated cream. Low Irvcls of ascorl~ic acid 
fortification trnd to increase the clrgrce of oxidized 
flavor in I~ottled cream. Placing cream in frozcn 
storagc immediately after adding ascorbic acid 
and prompt use of dcfrostrd cream are necessary 
to keep osidi7cd flavor at a minimum. 

Butter fortified at  levels up to 200 mg. of 
ascorbic acid, kg. of buttrr slio\vetl more pro- 
nouncrd oxidized flavor than thc controls. 

Therr  appears to be no advantage in adding 
a-tocophrrol at the 10 mg./kg. Irvrl hy conven- 
tional nlethods, either separately from or con- 
currently with ascorl)ic acid, to sulnrnrr cream 
and butter as a means of preventing oxidized 
flavor devclopment during frozcn storagc. 

M25. "Skunkweed" flavor in  cream and butter. 
13. C. OLSCIN, R. F. ~ E A C H B O A R ~  A N D  R. E. 
ANDERSON, Oklahoma A. & M. College, Still- 
water and L. F. EI)MONDSON AND C. LACEY, 
Oklahoma State Dept. of Agr. 

A defect commonly called "skunk~vcccl" flavor 
develops in butter churned from cream produced 
in the sandy and hilly areas in south\\~cstcrn 
Oklahoma during thr spring of the year. The 
butter develops an oclor resembling that of the 
common skunk. The drfcct is not present in the 
fresh milk, cream or freshly churned buttrr but 
develops within 1 or 2 tl. after the buttrr is 
churnccl. 

Ry frrding cows kept on dry lot freshly cut 
weeds of various kinds, it was established that the 
defect is caused by the consumption of a combina- 
tion of 2 wrrds: xvild carrot (Spermo lepis 

rchinata) and mule's tail (Erigeron canadensis). 
When the wild carrot was fed in cornhination with 
freshly cut grass or weeds other than mule's tail, 
the dcfrct was reproduced occasionally to a slight 
degree, indicating that the wild carrot is the key 
xvccd. The dcfcct appeared in butter churned 
from cream producetl I2 hr. after fecding the 
causative weeds. The defect pcristed in the 
crcam produced as long as 48 hr. aftcr rrmoval 
of thc weeds from the rows' diet. Chccsc made 
from milk prodrlccd by cows feeding on weedy 
pastures devrloped a skunky odor during ripening. 
?'he development of the defect appeared to in- 
volvr an oxidativr rraction, but anti-oxidants 
addrd to rream beforc churning failed to prevent 
dr.velopment of the dcfcct. 

ITnrious lcvels of ncntralization, various pas- 
te~~rization exposures anti vacuum treatment of 
thr  cream did not minimizc the intensity of the 
defect in butter. Cream containing the "skunk- 
wcrd" drfcct can be drtrctrd by mixing 1 part 
of nitric acid with 4 parts of rrram and observing 
the odor of thr mixture. 

M26. Observations on  the keeping quality of 
pasteurized milk with and without added aureo- 
mycin, which was obtained from various sources 
and stored a t  45' F. J. C. Or.sorv, JR., D. S. 
\~II.LOUG~!R.~., 1;. L. THOR~AS A N D  11. '4. MORRIS, 
Univ. of Minnrsota, St. Paul. 

The  objrctivcs were ( a )  to obtain information 
about keeping quality of pastrurizcd milk from 
commercial milk plants which rmploy similar 
mrthods of procrssing, but whose past records 
show marked diffcrcnces in bacterial counts on 
finished products; and ( b )  to obtain information 
regarding keeping quality of pasteurizrd milk as 
affcctrd by thc prcscncc of aurcomycin. 

Samples of homogenized, pasteurized Inilk were 
obtained from 2 plants. Products from plant A 
had a rather long rrrord of generally high coli- 
form counts, ~vhilc those from plant B had a 
history of uniformly low counts and oftrn com- 
plrtc ahscnce of coliform bacteria in 2-mI. quanti- 
tirs of finished prodr~cts. 

Standard plate counts (35' C.), coliform 
counts, psychrophile counts (45' F.), and flavor 
scorcs \vc.rc determinrd initially. after 1 d. and 
aftrr 7 d. of storagr at 1-5' p.' Samples from 
plant A \wrr  divided. T o  1 lot, crystalline aureo- 
mycin lvas added to yield a concentration of 0.2 
y/rnl. 

Initial flavor scorcs on samples from plant A 
ranged from 35.5-37; those from plant B were 
uniform at 37. After 4 d., samples from plant A 
had dropped from 2-9 points, while samples from 
plant R showcd little or no changr. After 7 d. 
all plant i\ samples scored 0, while plant B 
sarnples still sholvrd little or no change. 

Psychrophilc counts on plant A samples initially 
\\ere exrcssivc and increased greatly with storage. 
In  contrast, plant R samples initially showed al- 
most complete al)srnce of psychrophilcs and 
counts after storage wcre low. 

Standard plate counts showed essentially the 
thc same trends as thaw observed from psychro- 
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phile counts, cxcrpt that such counts on plant A 
samples were always lower than the psychrophile 
counts aftrr 1 and 7 d. of storagc. 

Coliform counts on samples from both plants 
initially were low or 0 in 2 ml. quantities. Coli- 
forms increased greatly in plant A samples during 
storage; yct, rctnaincd l o ~ v  or absent in plant U 
samples. 

The preserving effect of aureomycin was nil. 
Evidence of sul)prrssion of specific bacterial typcs 
was obtainccl, Ijut this was nullified by growth of 
othcr typcs ~vi th  accompanying dctcrioration to 
the same extrnt as that \vhich occurred in samplcs 
containing no aureomycin. 

1M27. The glyceride structure and polymorphism 
of butterfat. G. R.  GREEXRAXK, Bureau of Dairy 
Ind., r\gricultural Research Admin., U.  S. D. A. 

The fractionation of the glycerides of fats and 
oils rcquires very low temperatures \vhen the 
usual solvents are employeti. T o  obviate use of 
such low temperatures, 2 lncthods of fractiona- 
tion Iiave been developed, especially for the 
fractionation of buttrrfat. They are 21s follows: 
( a )  Absolute alcohol is used as a solvent; ( b )  
aretonc containing diffcrcnt conccntrations of 
watrr is used to scparatc the different fractions. 
With absolute ;~lcohol. it is possible to separate 
11 fractions at  tcmprratures not below 0' C. 
The acetone-water method is especially usrful in 
fractionating thc lolvcr melting fractions. Butter- 
fat from mixed hrrd milk was rcsolvecl into 13 
fractions by thc absolute alcohol mcthocl. The  
fractions varicd from white hard was-like glycer- 
ides, having a mclting point of 54.5' C., to an 
orange-colored oil with a melting point of -12' C. 
The  chemical properties of thc diffcrent fractions 
were determined. These data wrrc used in calcu- 
lating the glyceride structure. T h c  volatile acid 
content of the glyceride fractions varied from 
0-8.9%, calculated as butyric acid. The  unsatu- 
ratrtl fat acids c;~lculatcd as oleic acid varird from 
6.6-54.4%. The  most unsaturated glycerides 
wcrc highest in volatile acids. The  glyceride 
strncturc shows a remarkably uniform variation in 
the fatty acid constitucnts of the different frac- 
tions. The calculations show that some trisatu- 
r;\tccl I ~ u t  no triunsaturatcd glycerides are present. 
Most of the glycerides arc the monosaturated and 
disaturatcd type. Data arc presented to sIio~\* that 
butterfat does exist in different crystalline forms. 

M28. Isolation and compositional characteriza- 
tion of the fat-membrane proteins of nonhomoge- 
nized and homogenized milk. J. R. ~ { R I J N N E R ,  

C. \V. D~.XC.AN A N D  G. M.TKOUT, Michigan State 
College, East Lansing. 

Fat-membrane materials were obtaincd from 
nonhomogcnized and homogenizcd milk of com- 
mon origin by the conventional xvashing and 
churning technique. The buttermilk-like sera 
werc condenscd 10: 1 a t  45' C. and clialyzrd for 
72 hr. against rtmning distillcd watrr. Lipoid 
materials were cxtracted by an cthanol-ether 
washing procedure. The  residual mcmbrane pro- 
teins were dispersed in distillccl water and lyophi- 
lized to an anhydrous poxvder. 

'I'hc lyophilized membrane proteins had a 
nitrogen content of approximately 13.5% on the 
i~nliytlrous, lipoid-frec basis. Microbiological 
an;~lysrs for arginine, histidine, isoleucine, Icucine, 
~nrthionine, phenylalaninc, threonine and valine 
made on fat-membrane protrins from nonhomogc- 
r~ii.cd and hornogenizcd milk revealed only slight 
diffcrcnces in thc ronccntration of these amino 
acids between the two membrane-protcin prepara- 
tions. A similar determination for lysinc, glu- 
tamic acid, trytophan, cystine and glycinr showed 
;i significant inrrrase in the concentration of 
lysine and glutarnic acid and a ciecrcase in the 
concentration of tryptophan, cystinc and glycine 
in thc membrane preparations from homogt.nized 
milk. The amino acicl composition of the mem- 
brane-protein preparations from nonhomogenized 
and homogenized milk differed markcdly from 
any of the recognized milk proteins. 

3423. Electrophoretic characterization of the fat- 
membrane proteins of nonhomogenized and homo- 
genized milk. J. R. BRUNNEK, H. '\. LILLEVIK, 
(;. M. T ~ o r r r  AND C. \V. DI-XCAN, Michigan 
State College, East Lansing. 

I~yophilized membrane-protein preparations 
from nonhomogcnized and homogenized milk 
were dispersed for electrophoretic cxamination in 
thc following buffer systems: Glycine-HCI, pl-I 
1.5; phosphate, p H  6.5; veronal-citrate, pH 8.0; 
ammonia-HC1, p H  9.0 and veronal-ethylamine, 
pI-I 10.8. These buffer systems were made up to 
an ionic strength of approximately 0.1. 

Although no definite conclusion could be made 
from an examination of the rlectrophorrtic pat- 
trrns concerning the natnrr of the protcin com- 
ponents of the fat-membrane preparations, there 
was evidence that diffrrcmrcs in protein composi- 
tion did exist. Grncrally, 2 or 3 major com- 
ponents were obscrvrd in the nonhomogenEed 
tnilk membrane-protrins, whereas 3 to 4 com- 
ponents of diffrrcnt characteristics werc ol~served 
in the homogcnizcd milk mcmhranc-proteins. 
The identification of thc individual components 
was not made. T h c  temperature of the cthanol- 
rther treatmrnt and the roncmtration of protein 
in the clcctrophorized buffer solution influenced 
thc mobility pattrrns of the protcin components. 

M30. Preparation of samples of skimmilk for 
electrophoretic studies. J. TORIAS. R. McL. 
l \ r ~ r ~ ~ ~ : . ~  A N D  P. H. TRACY, Univ. of Illinois, 
Urbana. 

Skimmilk prepared by a single scparation in a 
De Laval airtight separator tcstcd between 0.05- 
0.08% fat, which was satisfactory for electro- 
phorrsis. Higher concentrations of fat gave rise 
to light al~sorption, as eviclcnccd by unr\.rn ex- 
posure of the Schlieren-Scanning photograph. 

While good quality raw skirnmilk stored at 
ice bath temperature remained electrophoretically 
unrhangrd for 3 d., skimmilk heated to 300' I.'. 
with a Mallory heat exchanger could be stored 
for 14 d. under the same conditions without 
rhange. Thrrefore, thc time requireel to reach 
dialysis equilibrium was det~rmined ~vi th  the 
latter skimmilk. 
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A 1 : 3  dilution of skimmilk was dialyzed in a 
stirrer-type dialyzer at  ice bath temperature for 
varying periods of time against Michaelis buffer of 
p H  6.8 and 0.173 p. The progress of dialysis was 
followed by measuring the light transmission (375 
mp) ,  specific conductance, elrctrophoretic mobil- 
ity with the Perkin-Elmrr Tiselius clrctrophoresis 
apparatus, and the arra under the E hounclary. 
Dialysis equilibrium was reachrd Ixtween 15- 
19 hr.; however, a 24-hr. dialysis period is more 
convrnicnt. 

To  confirm that this time of dialysis also is 
satisfactory at other pH's, this phenomenon was 
investigated with a 1 : 4  dilution of skimmilk at 
p H  2.2 with glycine HCI buffer of O.lp, at p H  
5.6 with sodium acetate buffer of 0.11~ and at pH 
8.7 with veronal buffer of 0 . 1 ~ .  In all cases, a 
24-hr. dialysis period was found adequate. 

A comparison of electrophoretic properties of 
a sample of skimmilk dialyzed for 24 hr. and a 
sample of the same skimmilk dialyzed for 48 hr. 
with a change of buffer after 24 hr. showed that 
the latter procedure gave rise to slightly higher 
mobilitirs. 

M31. Effect of heating to 300° F. by means of 
the Mallory small-tube heat exchanger on the 
electrophoretic properties of skimmilk. J .  
I'ORIAS, R. McL. M'IIITNEY AND P. 1~1. TRACY, 
Univ. of Illinois, Urbana. 

Prrliminary studies, in which the electropho- 
retic properties of skimmilk were determinrd in 
the range of pH 2-9, indicated that the electro- 
phorrtic patterns differrd most markrdly at pH 
2.2, 5.6 and 8.7. Therefore, 1 :4  dilutions of 
skimmilk in glycine HC1 buffer of pH 2.2, so- 
dium acetate buffer of p H  5.6 and veronal buffrr 
of pH 8.7, all having an ionic strength of 0.1, 
wrre selectrd for this study. 

By comparison of mobilities and relative areas 
of the unheated samples at  pH 8.7 to those 
reported by other investigators, the components de- 
tected in skimmilk may be postulated as a-casein, 
P-lactoglobulin, p-casein and y-casein in the order 
of decreasing mobilities. At pH 5.6, 6 com- 
ponents were observed in the ascending, and 4 in 
the descending patterns. The additional com- 
poncnts may by explained by complex formation 
between P-casein and y-casein, and between a- 
casein and P-lactoglobulin at this pH. No associa- 
tion need be postulated between a- and B-casein 
to account for all components, indicating that 
the association observed by Warner possibly was 
due to the treatment in preparation of casein. At 
pH 2.2, 5 components were observed but only 1 
could be identified with any degree of certainty. 
This was 6-lactoglobulin. The casein fractions 
have apparrntly redistributed themselves to form 
a new set of components in line with the observa- 
tions of othrr investigators, who found that a-, 
p- and y-caseins were not homogeneous on the 
acid side of their isoelectric points. 

The effect of heating to 300' F. by means of 
the Mallory heater was to lower the mobilities of 
the components tentatively identified as P-lacto- 
globulin and a-casein, and to make the boundary 

of the latter more symmetrical at pH 8.7. At pH 
5.6, 1 of the postulated complexes of P- and 
y-casein and the P-lactoglobulin-u-casein complex 
apparently have associated with a-casein to form 
a more or less elcctrophorrtically homogeneous 
component with a mobility lo\z.er than that of the 
original a-casein. At pH 2.2, P-lactoglobulin and 
1 of the casein components usere rrdistributed 
among the other casein fractions and the resulting 
components had a lower mobility than their 
counterparts in the unheated samples. 

M32. Limitations of the use of serum protein 
determinations in evaluating heat of milk. H. A. 
IIARLAND, S. T. COULTER AND R. JENS~SS, Univ. 
of Minnrsota, St. Paul. 

Protein denaturation is used as an index of the 
extent of heat treatment of milk and its dry 
products. Since there are methods for determin- 
ing only the undenatured serum protein, the 
amount of denatured protein can be calculated 
only as the difference bet~veen the original and 
the final values. Except \\here used In control 
procedures in manufacture, the actual serum 
protein content of the orizinal milk seldom is 
inown. To  determine the variability in the serum 
protein content of milk, samples of raw whole 
milk were obtained on each of 3 successive wk. 
during the winter, spring and fall seasons from 
each of 10 tvidrly separated milk sheds throughout 
thc United States. Following separation of the 
fat, raw, Iirated (165' F., 30 min.) and boiled 
samples wcre analyzed for nitrogrn distribution 
(Rowland) and serum proteins by a turbidimetric 
mrthod (Ilarland and .4sh\vorth). 

Inclivid~~al s;~mples of milk wrre found to vary 
not only in serum protrin contcnt on a solid-not- 
fat basis but also in the extent to which the serum 
proteins were denaturecl by a given heat treat- 
mrnt. Varial~ility due to individuality of the 
samples exceeded that clue to season or geographic 
origin. The variability in serum protein contcnt 
as well as in response of heat treatment seriously 
limits the usefulness of undenatured serum protein 
mrasurcmrnts as an index of heat treatment in 
low-heat powders. This fact, however, does not 
detract from the value of the method for control 
of processing during manufacture. 

Serum protein estimation by turbidimetric 
methods show that considerable protein may be 
denatured when nonfat d~ milk solids is held 
at 170' F., such as may occur in certain types of 
spray driers. This apparent serum protein de- 
naturation in the "dry" state is much more pro- 
nounced when the "cloud" turbidimrtric method 
is used than with the Harland and .4d1worth 
procedure. 

M33. The phosphatase inactivation curve in the 
HTST pasteurization range.= S. A. HANSEN, F. 
IV. IYooo A N D  IT. R. TIIORNTOT, Univ. of Al- 
berta, Edmonton, Canada. 

For the study of phosphatase inactivation in the 
HTST region, the small commrrcial plate-type 
heat rxchanger offers certain advantages over 
laboratory-size pasteurizers in that precise tem- 
perature, time a r~d  prrssure measurements may 
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be made directly at  any drsirrd point in the 
process. The  experimental pasteurizer was of this 
type with a capacity of 1000 Ib./hr.; tempcratures 
were measurrd by indicating thrrmomcters and 
thermocouples calibrated against an indicating 
thermometer graduated to O.1° C. and certified 
by the Sational Research Council of Canada to 
O.O1° C.; milk times werc calrulatrd from water 
timrs mrasured by the salt-conductivity method; 
the thrrmal rffcct of heating-up and cooling was 
evaluated by Ball's method; and thr Sanders and 
Sager phosphatasr test lvas the criterion of in- 
activation. 

Assuming instantaneous heating-up and cooling, 
phosphatasr was found to be inactivated at 160' 
F. in 16.8 sec. and thr  Z value ( the temperaure 
range in degrres during one logarithmic cyclc of 
timc) of the serni-logarithmic inactivation curve 
bet\veen 153.3 and 160.7O F is 9.7O F. 

Based on a thesis presented by the senior author 
to the University of Alberta in partial fulfilment of 
the requirements for the degree of Master of 
Science. The study was conducted as National 
Research Council of Canada P.R. Project no. 29. 

M34. Estimation of calcium ion activity in milk 
and other biological fluids. G. CFIRISTIANSON, 
R.  JESNESS ASn S. T. C ~ U L T E R ,  Univ. of Min- 
nesota, St. Paul. 

Calcium ion activity in milk has been rstimatcd 
from the lrvrl of Ca "adsorhed" on a cationic 
exchangrr brought to cquilil~rium with a relatively 
large amount ofbmilk. Ca  adsorl>rd on an ex- 
changrr is a func-tion of thr activities of all the 
cations prrscnt. In the case of milk it was as- 
sumrd that thr concentrations of thr  non-Ca 
cations ( S a  and K )  lvrre rel;~tivrly constant and 
that thry u.crc completely ionizrd. 

A standard curvr fvas set up in which a solution 
containing constant levels of S a  and K salts and 
varying Irvrls of Ca salts (as  chlorides) werc 
equilibmtrd against a rationic rxchanger. The  
l e \ d  of Ca "adsorbed" was determined for rach 
of several ionic conccxntrations of Ca and it then 
was possible to graph the Ca "adsorbed" zls. the 
Ca  ion activity ( p C a ) .  In determining the pCa 
of milk it tvas necessary to ( 1 )  equilibrate a 
known amount of exchanger with milk, ( 2 )  wash 
the exchanger free of adhering milk, ( 3 )  elute the 
Ca \vith strong arid and ( 4 )  determine the level 
of Ca in thr rluatc. From this value for Ca ad- 
sorbed, the pCa lvas determined from the stand- 
ard curve. 

Several samples of skimmilk examined had 
apparent Irvels of ionized Ca of 4.0-4.5 mg./100 
ml. 

M35. Observations on the color of evaporated 
milk. S. PATTOX. Pennsylvania State College, 
Statr Collcge. 

Elrvcn commrrcially produced evaporated 
milks tvrre studird with rrgard to discoloration. 
All samplrs \\?re sterilized by thc retort method. 
Strrilization treatmrnt ranged from 241-217' F. 
for 12-16 min. C:olor was rrnderc-d soluhle in the 
serum by digesting a 25-m1. sample of recon- 
stituted milk with 2 ml. of a 10% suspension of 

trypsin for 1 hr. at  43' C. Before reading in a 
colorimetcr at  520 mp, the digested sample was 
trratrd with 2 ml. of 507, trichloroacetic acid 
and filtered to remove residual protein. Color 
values wrrc determinrd immediately on receipt 
of sa~nplcs from the manufacturer and at  monthly 
intervals for 1 yr. of storage at room temperature. 
All samples showcd the same trend in color dc- 
vclopmcnt. Rather rapid incrrascs in amount 
of color wcre noted during the 1st 3 mo. of 
storagr. Color values levelrd off during the 4th 
month, after which time very gradual additional 
discoloration was ol~srrved. In  general, the ex- 
tent of discoloration in the salnples was seen to 
he positively correlated \vith the amount of heat 
treatment the sample rcceived during steriliza- 
tion. The  initial color of the samples correlated 
well with their values throughout storage. 

Color development at  4, 22 and 43O C. was 
detrrmined for 1 vacuum-packed (lacquered 
can) sample and 1 representative air-packed 
sample. During 12 mo. storage a t  4O C., ex- 
tremely little increase in color was noted. Great- 
est increase was at  43' C. The trend in color de- 
veloplnent was the same at all temperatures for 
both samples, with rapid increases occurring 
during the 1st 3 mo. followed by very gradual 
incrrasrs thereafter. The  vacuum-packed sample 
developrrl lnorr discoloration at all storage tem- 
peratures, the diffcrencr het\vecn the 2 types of 
p a c k  11ring greatest at 22 and 33' C. 

M36. A spectrographic method for the deter- 
mination of tin, copper, iron, and lead in evapo- 
rated milk and the effects of storage o n  evapo- 
rated milk. C. it'. C ; I - F I R K E  A N D  C:. VAN R Y N -  
YON, Univ. of Missouri, Columl~ia. 

A quantitative spc%ctrographic procedure was 
drvclopcd for the analysis of Sn, Cu, Fe and P b  
in rvaporatcd milk. Cd  and Ni were used as 
internal standards. Il'orking c u r v e  wcre pre- 
parrd by plotting on log-log paper the ratios of 
the intcnsitirs of the lines of desired elements to 
those of the lines of internal standard elements z8s. 
concentration. 

Evaporated milk in electrolytic-plated tin cans 
stored 50 d. at  37O C. contained 97 ppm. of tin, 
and 45 ppm. when stored at  room temperature. 
Milk stored in hot-dipped plated cans 50 d. at  
37' C. contained 79 ppm. of tin, and 50 ppm. 
whcn stored at room temperature. Evaporated 
milk stored in electrolytic and hot-dipped plated 
cans contained 210 pprn. of tin after 3.10 d. a t  
37O C., and approximately 115 ppm. at room 
temperature. Evaporated milk as received con- 
tained about 20 ppm. 

No significant increase was noted in the con- 
centration of Fr, Cu and Pb when the milk was 
stored in either electrolytic or hot-dipped cans a t  
the 2 temperatures. The  pH drcrcasrd with 
storage and changed more rapidly for milk held 
at  37' C. 

The milk gradually I~rcamc darker and separa- 
tion occurred as storage time increased. The  can 
bodies showrd increasrd pitting, general detin- 
ning, discoloration and staining with storage. 
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P R O D U C T I O N  SECTION 
P1. Relationship of maximum daily air tem- 
perature, mean daily air temperature and hu- 
midity to physiological reactions of dairy bulls. 
J. I:. ~ o r ~ s s ~ o s  .asn C. BX.\NTON, Louisia~la 
Statc Univ., Raton Rouge. 

Fourteen dairy bulls of the Guernsey, Holstrin 
and Jersey brerds were studied for a 53-wk. 
per~od.  Daily observations of air temperature, 
water vapor prrssurc., body temperature, rcspira- 
tion ratr and pulsr rate were made between 2:00 
and 4:00 p.m. Semen samples were collected 
weekly. IVhcn the data werr grouped at  maxi- 
mum trmprrature intervals of 40-60, 60-70, 70- 
80, 80-85, 85-90 and 90-95' F., no significant 
breed differrnces in animal responses could be 
shown. Body temperature was found to be cor- 
related significantly with maximum temperature 
only within the 40-60' F. and 70-80° F. inter- 
vals with vapor pressure within the 40-60, 85- 
90 and 90-95' F intervals. Coefficients of cor- 
relation brt\c.een respiration rate and all environ- 
mental measurements lvere highly significant ex- 
cept for those with maximum temperature within 
the 80-85 and 85-90' F. intervals, which did not 
attain significance. Pulse rate \\.as significantly 
correlatrd with vapor pressure within the 80-85, 
85-90 and 90-95O I.'. intervals and with mean 
daily temperature \vithin the 85-90' F. interval. 
Principal changes in semen characteristics noted 
were an incrrase in % morphologically abnormal 
sperliiatoza and a dccrrascx in % niotility with 
increasing. trmprraturrs. Fertility data also will 
h r  presented. 

P2. Uniformity and nutritional studies with 
monozygotic bulls. H.  I-I. C>r.sox, Univ. of Min- 
nesota, St. Paul. 

T\vo srrs of monozygotic twins and 1 set of 
triplrt bulls Ivrrr subjrctcd to a uniform environ- 
ment. The  quantity and quality of all semen 
samples wrrc measured by volume, concrntration, 
total numbrr of sperm/'ejaculatr, motility, mcth- 
ylene l~ lue  reduction, abnormal counts and per- 
centagr of live spermatozoa. A number of simi- 
larities in these semcn characteristics were found 
within each set. Behavior patterns werc alike 
within sets. 

Members of each of 2 sets of monozygotic 
triple! bulls lvere placed respectively on 70, 100 
and 130% levels of T.D.N. intake based on Mor- 
rison's standards for feeding bulls. One set was 
placed on thcse rations at 8 mo. of age and con- 
tinued to 36 nio. of age. The  other set was on 
this study from 27-64 mo. of age. All semen 
s a m p l r  wrre subjected to the tests listrd above. 
hleasurements of quantity and quality of scmrn 
generally favored the bulls frd 100 and 130% 
of thr normal ration. During the 1st part of the 
trial, the wcll fed bulls exhibited tho greatest 
libido. To~vard  the end of the trial, the ability 
of the ovcrrvright bull to serve derreasrd. 

P3. T h e  effect of frequency of ejaculation on 
the semen characteristics and libido of young 
bulls. F. N. BAKER ANII  K. L. VANDEMARK, 
Uni\r. of Illinois, Urbana. 

A study was made on 9 Holstein male calves 
to determine the age at  the 1st expression of 
sexual interrst, the age at  which an ejaculate 
first could be obtained and the effcct of frequency 
of rjaculation upon semen characteristics and 
libido. The calves werc assigned at random 
to collection frequencies of once, twice, or 
three timcs/werk. Sexual interest was checked 
each week with a traser frmale. When a bull 
hrcamc a l ~ l r  to ejaculate he was started immedi- 
ately on his preassigned collection schedule. 

Srxual interest was first exhibited at 25-45 
wk. of age. Desire to mount Ivas shown in most 
instances before the ability to produce an erection 
was attained. First ejaculates were produced a t  
36-46 wk. of aqe. Semen characteristics werc 
highly variable, hut total spermatozoa, % motile 
spermatozoa, % normal spermatozoa and rate of 
spermatozoa motility generally increased in all 
groups during the first 8 \\.k. of collection. How- 
ever, 2 bulls in the thrice weekly collections group 
have, by the 16th week of collection, sho~vn a 
reduction in semen quality and libido. 

P4. T h e  influence of gonadotropic hormones on  
semen quality. J. H. RYERS, G. MCCURLES AND 

M. VONKROSIGK, Oregon Statc College, Cowallis. 
Four bulls in the Oregon Statc College herd 

were divided into 2 groups. Group I received 
rhorionic gonadotropin and aroup I1 received 
anterior pituitary gonadotrop~n. The  antrrior 
pituitary gonadotropin was given in the form of 
Gonadovctl at  thr  ratr of 25 rat units 3 
timc!s/'werk, and the chorionic qonadotropin, 
givrn as Antr~itrin-S?, at  the ratr oi  1,000 units/ 
injection 3 timrs/\vcck. Each bull served as his 
own control. Semen was collectrd artificially 
and thr  usual lahoratory quality trsts werc run. 
In  addition, the oxyarn consumption of the semen 
was dctcrrnirlcd on the Warhurg rcspirorneter. 

T h e  intramuscular injection of the follicle- 
lutrinizing principle and the chorionic gonado- 
tropin increased thc number of spcrmatozoa/ml. 
of semcn and the % of live spermatozoa in the 
semen. The  injection of the hormone did not 
influence the O/o abnormal forms of spermatozoa. 
The  oxygen consumption/hr./n~l. of semen was 
increased by both the anterior pituitary and 
chorionic gonadotropins. \\'ith 1 bull, the cho- 
rionic gonadotropin reduced the oxygen consump- 
tion/l00 million live sperm, while, ~v i th  the 2nd 
bull, the oxygen consumption/l00 million live 
sperm was increased. These differences were not 
statistically significant. The  anterior pituitary 
gonadotropin significantly incrcasrd the oxygen 
consuniption/hourjl00 million live sprrm with 
both group I1 bulls. 

1 The Gonadovet supplied through the courtcsy 
of the Jenscn-Salshury Lah., Inc. 

2 The Antuitrin-S supplied throuah the courtesy 
of the Parke, Davis and Co. 

P5. T h e  use of bacitracin and terramycin in  
semen diluters and the storage of semen a t  -15' 
C. in  a glycerin-citrate-yolk diluter. 0 .  T. 
STAI.T.CUP .AND H. K. MCCARTNEY, Univ. of 
Arkansas, Fayettcville. 
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T h e  effrct of tcrramycin, bacitracin, aureomy- 
cin, penicillin + streptomycin + sulfanilimide, and 
a ro~nl~ination of all tlie aforrmentioned bac- 
tericidal agents on the motility of bovine sperma- 
tozoa and upon the control of bacterial growth 
in hovinc srmcn dilutrd ~vitli citratc-buffered 
yolk and stored at  5 and 30° <:. was investigated. 
There was no significant differcnrc in motility of 
the spermatozoa after 48-hr. storagc or in dura- 
tion of a 30% motility rating that could bc at- 
tributcd to diffcrencrs in the action of diluters. 
'1 significant tliffcrrncc was found in the % 
motility after 48-hr. storage and the duration of 
motility between samplrs stored at  5 and 30' C .  
Thr rc  was a si~nificant interaction of diluter x 
temperature insofar as motility after 48-hr. stor- 
age is concerned. All antibacterial agents studied 
were highly bacteriostatic and/or bactericidal a t  
both temperatures, with the exception of baci- 
tracin in samplrs stored at  30' C. 

Toxicity studies with terramycin hydrochloride 
indicate that it is toxic at  levels above 20 mg./ 
100 ml. of diluted semen. 

Studies are in progress on storage of bull semen 
a t  -15' C. using a glycerin-citrate-yolk diluter. 
Results of this study will be reported. 

P6. T h e  relationship between dilution rate of 
bull semen o r  the number of motile spermatozoa 
and fertility. C. BRANTON, H. C. KELLGREN AND 

1'. E. PATRICK, Louisiana State Univ., Baton 
Rouge. 

Continued expansion of artificial breeding 
makes it necewary that high fertility be main- 
tained with as frw spermatozoa used/insemination 
as possible. Therefore, a study was conducted 
during the months of Nov. and Dcc., 1951, and 
Jan., 1952, to rclate 2, 6 and 12 million motile 
spermatozoa/ml. of diluted semen orjinsemina- 
tion to the frrtility of 4 dairy bulls. T h e  split- 
ejaculate technique \\.as employed in 3 x 3 Latin 
squares for each bull. In  all cases the diluter 
was egg yolk-citrate-sulfanilamide-streptomycin- 
penicillin. Only scmen samples meeting the 
follolving minimum quality standards were used: 
spermatozoa concentration of 500 million or 
more/ml., at  least 50% progressive initial motility 
and a modified methylene blue reduction time of 
less than 9 min. 

Preliminary fertility results based on percent- 
ages of 30- to 60-d. non-returns to a total of 791 
first sewices for 3 of the 4 bulls during Yov., 1951, 
were 66, 70 and 77% for 2, 6, and 12 million 
motile spermatozoa/ml. of diluted semm, re- 
spectively. Results on a 60- to 90-d. basis and 
the statistical analysrs of the data for the entirc 
experiment \vill be presrnted later. 

P7. T h e  reducing components of bull semen 
a s  determined by a n  iodimetric titration. B. L. 
LARSON A N D  G. It'. SAT.ISBURY, Univ. of Illinois, 
Urbana. 

An o-iodosohcnzoate-iodine a~npcro~netr ic  ti- 
tration has brrn used to determine reducing 
capacity of various components of a pooled 
sample of freshly collected bull scmen. Ascorbic 
acid was determined independently, using 2,6- 

dichlorophenolindophenol. The  selnrn was sepa- 
rated by centrifugation into the scminal fluid 
and the sperm cells, which .rvcre washrd scveral 
timcs I I ~  rmuspt-nsion in buffer and rentrifuga- 
tion. The  seminal Huid was furthcr separated by 
di a 1 y s ~  :. '  into the seminal proteins (non-dialyzable 
~n;~ tc r ia l )  ;tnd the tlialyz;ll)le matcrinl. 

Of tlir total o-iodosol)cn7oatc-iodine rcdncing 
titrr of frcsh semen, 50% is due to tlie sperm 
crlls (25% of which is due to rractive sulfhydryl 
ronipounds), and 50% is due to tlir seminal fluid 
(3376 of \vliich is accountrd for by the seminal 
protrins and 67% 11y the dialyz;~blr reclucin~ 
substances, only half of which is accot~ntctl for 
by ascorbic acid) .  

Tlic unknown dialyzable reduciqg suhstancc(s) 
is present in srmen to the extent of about 9 mg. 
% calculated as ascorbic acid or 30 mq. % cal- 
culated as glutathione. The  reducing substance 
was shown not to be glutathione or  any other 
active sulfhydryl compound by virtue of a nega- 
tive nitroprusside test, failure to react with 
iodoacetamide and chromatographic analysis. 

Further work is contemplated to drtrmmine the 
absolutr identity of this reducing material and 
its importance in semen. Such material is not 
present in blood, milk or other common biologi- 
cal fluids. 

P8. T h e  effect of spermatozoa concentration 
and dilution on the respiratory activity of bull 
semen. M. W. H. I3rs1ror~ ANn G. W. SALISRURT, 
Univ. of Illinois, Urbana. 

Investigations have brcn carried out to deter- 
mine. tlir effects of rcll ronccntration and dilu- 
tion on the respiratory activity of bull semen as 
rxprcsscd by 0, consumption/unit n ~ ~ r n b e r  of 
spermatozoa at 37O C. Individual setncn samples 
vary considerably in their rc.spiratory activity, 
which tends to be inversely related to cell con- 
crntration, and in their response to dilution. 
The greatest dilution effects appear to occur 
with semen samples originally showinq the 
highest rates of respiration; thesr effects 
are not related to p H  chanqcs. Dilution 
with seminal plasma maintains or increases re- 
spiratory activity. Dilution with egg-yolk diluents 
maintains or  increases initial respiratory activity 
and this effect persists with dialyzed egg yolk or 
in the presence of catalase. Dilution with phos- 
phate buffer, isotonic saline-phosphate or saline- 
phosphate with fructosc drpresses respiratory 
activity. Dilution of washed spermatozoa with 
Ca-free Ringer phosphate buffer containing glu- 
cosr indicates that maximal sustained respiratory 
activity is obtained, under these conditions, at a 
final concentration of  500 million spermatozoa/ 
ml. and that rrspiration decreases proqressively 
at  highrr or lol\.cr concentrations. 

P9. Oxygen consumption of senien from dairy 
bulls on  three levels of carotene and vitamin A. 
hf.  VONKKOSIC:K, Oregon State Collrgr. Cowallis. 

Tlic 0, consumption of semen fro111 5 Holstein 
hulls and 7 Jersey hulls on 3 levrlc of carotene 
intakc was determined by use of the Warburg 
respironictcr. T ~ v o  Holstein and 2 Jcrtey bulls 
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were on a ration of a grain mix, dried molasses 
beet pulp and alta fescue rrfuse straw. T h e  daily 
carotrnc intake of these low-carotene bulls was 
limited to 50 y/kg. body weight. Four Jersey 
control hulls on a normal ration of grain and good 
q ~ ~ a l i t y  :~lfalfa hay were obtaining approximately 
360 y/kg. body weight, although, at  times, they 
may have consumed more than this. One Jersey 
and 3 Holstein bulls were on the same ration as 
the controls, and, in addition, rrccived a daily 
supplement of 40,000 I.U. of vitamin A. 

Little difference in O2 consumption/ml. of 
sernrn was obtained betwren the lot\.-carotene 
bulls and the controls, between thr lo!\.-carotene 
bulls and the vitamin-supplrmentrd group and 
l ~ e t ~ v r e n  controls and the vitamin-supplemented 
group. Greatrr diffrrences in 0, consumrtl were 
obtainrd betwren the groups when calculated on 
the hasis of 100 million live spermatozoa. Data 
will hr prrsrnted on the 0, consumption of fresh 
semrn from the 3 groups and on the diluted semen 
after storape at  4 O  C. for 24 and 72 hr. 

P10. Reconstituted skimmilk as a diluent for 
bovine semen. C;. B. MARION AND H. 11. OLSON, 
Univ. of Minnesota, St. Paul. 

Preliminary studies were conducted using 
boiled and unhoiled reconstituted dry skimmilk 
as a srtnen diluent. Boiling of reconstituted 
low-heat skimmilk powders proved to be necessary 
before they would serve as a suitable diluter; 
however, boiling did not increase the desirability 
of high-hrat skimmilk powders. Sperm livability 
was maintained in unboilcd rrconstituted high- 
hrat skimmilk equally as well as in yolk citrate, 
I~oilcd whole milk or  boiled reconstituted skim- 
milk. Sperm livability was based on motility 
during 16-tI. storage. 

Using the split-sample tcchniqur, a prcliminary 
field trial is being conducted at  3 Minnesota 
artificial breeding cooperatives to compare rc- 
constituted high-heat skimmilk with yolk citrate 
diluter. 

P11. Impedance change frequency in bull semen. 
M. W. H. I ~ S H O P ,  R.  C. CAMPREI.L AND J. L. 
HANCOCK. Agricultural Research Council, Ani- 
mal Research Sta., Cambridge, England. 

'4ctive samples of bull semen exhibit well-de- 
fined periodic changes of electrical impedance 
due to changes in orientation of large numbers 
of spermatozoa betwren and with respect to the 
measuring electrodes. T h e  frequency of such 
changes has been used to evaluate the quality 
of semen samples from bulls being used for arti- 
ficial insemination purposes. This frequency 
is found to be highly significantly related to visual 
assessments of spermatozoan motility, concentra- 
tion of living spermatozoa, proportion of dead 
spermatozoa, proportion of morphologically ab- 
normal spermatozoa, fructolytic activity, debydro- 
genase activity and respiratory activity. Fructoly- 
sis was the variable with the greatest explaining 
effect. No satisfactory relationship has yet been 
rstablished between impedance change frequency 
and fertility. 

P12. Simplified calf starter containing corn, 
oats and expeller o r  solvent soybean oil meal. 
K. E. GARDNER, Univ. of Illinois, Urbana. 

Two simple experimental starters, containing 
either 49 parts corn, 20 oats and 28 expeller soy- 
bean oil meal, or 52 corn, 20 oats, and 25 solvent 
soybean oil meal, plus 1 salt, 1.8 steamed bone 
meal and 0.2 of vitamin A-D supplement 
were compared with a control starter composed 
of 35 parts corn, 30 oats, 15 linseed oil meal, 6 
soybean oil meal, 2 bran and 10 dried skimmilk, 
plus minerals and vitamins. 

Heifcr calves of the 5 breeds received 370 
11). \vholc milk over an 8- to 10-wk. period with 
startrr limited to 4.5 111. daily and either alfalfa 
or clover-timothy hay fed ad lib over the 16-wk. 
study. Calves were individually fed. 

Weight gains averaged 114% Ragsdale's nor- 
mal for 28 heifers on the expeller starter, 115% 
for 25 on solvrnt, and 110% for 28 on the con- 
trol starter. T.D.N. rrquirements/lb. gain aver- 
agrd 2.1, 2.0 and 2.1 111. T.D.N. for expeller, 
solvrnt and control starters, respectively. 

P13. Slacked lime as a preventive of scours 
for whey-fed calves. D. C. HROWN, J. READ AND 
I-I. S. \TII.I.ARD, Wyoming Agr. Expt. Sta., 
Laramie. 

Studies involving 30 Holstein calves were 
carried out to formulate the best system of start- 
ing and continuing calvrs on reconstituted whey 
( 9  Ib. water and 1 Ih. dried whey) to 60 d. of age. 

The  calvrs were not all on experiment at  the 
same time but were placed on test as space be- 
came available. Seven groups were provided: 
Group 1:  Whole milk discontinued at  10 d. of 
age. Whey introducrd on 4th day of age. Calves 
on all-whey diet on 10th day of age. Group 2:  
Whole milk discontinued at 3 wk, of age. Whey 
introducrd on 15th day of age. Calves on  all- 
whey diet on 20th day of age. Group 3:  Whole 
milk discontinued at  2 wk. of age and slacked 
lime atldrd at  start of scouring. Whey introduced 
on 8th day of age. Calves on all-whey diet on 
15th day of age. Group 4: Whole milk discon- 
tinued at 3 wk. of age and slacked lime added 
at  start of scouring. Whey introduced on 15th 
day of age. Calves on all-whey diet on 21st day 
of agr. Group 5:  Whole milk to 60 d. of age. 
No whey or lime fed. Group 6: Whole milk to 
60 d. of age. No whey fed. Lime added a t  start 
of scouring. Group 7: Whole milk to 30 d. of 
age. Whey introduced on 15th day of age. 
Calves on all-whey diet at  30 d. of age. 

T h e  results indicate that reconstituted whey 
should not be fed until the calf is at  least 2 wk. of 
age and that the change to an all-whey liquid 
diet should be gradual. I n  the groups where no 
lime was frd, the calves stopped scouring in 2-4 
d. after whey was eliminated from the ration. 
When scouring was once stopped by feeding lime, 
thrre was no recurrence of scouring. Remade 
whey always was ~ a l a t a b l e  and the whey calves 
seemed to eat grain sooner than the calves on 
whole milk. 

Approximately normal rates of growth were 
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obtained when whole milk was fed for 2 wk., P16. T h e  value of arsonic acid derivatives as a 
thrn a gradual change made to reconstituted growth stimulant when fed to calves. G. C. GRAF 
whey, provided scours were stopped with 0.25 ANI) C. \I!. I ~ ~ L D A W A Y ,  V. P. I., Blacksburg, Va. 
tsp. of slacked lime stirred into the remade nhcy  Para-amino-phen)-l arsonic acid at  the levels 
at  each frrdinc rvhmevcr scouring- occurred. of 60, 120 and 240 r./ton was incorporated into 

P14. Effect of dietary lipids on the polyun- 
saturated fatty acids in blood plasma of young 
dairy calves. R. S. AI.LES A S D  J. H. ZALETEL, 
Iowa Agr. Expt. Sta., Ames. 

During the age period from 2-6 wk. young 
dairy calves were fed various types of lipids to 
determine thr  effect on the plasma polyunsatu- 
rated fatty acids. The  calves were rrstricted to 
whole or reconstitutrd milk diets (10% of body 
weight daily) which contained the respective 
lipids at a 3% level. At weekly intervals venous 
blood samples were drawn and the plasma poly- 
unsaturatrd fatty acids tverr determined by the 
alkali conjugation method. 

Approximately 2 wk. were requircd for maxi- 
mum t-xpression of the effects of the dietary 
lipids. The  subsequent mean dirnoic (linolcic), 
tricnoic (linolenic) and tetraenoic acid values 
(mg./100 ml. plasma), respectively, for the 
calvcs receiving the various dietary lipids were: 
milk fat (whole milk)-71, 6 and 12; milk fat 
(butter oil)-35, 8 and 10; lard-65, 2 and 4; 
crude soybean oil-l l I, 5 and 5; and hydro- 
genated soybean oil-27, 1 and 5. 

~, 

a commercial milk replacement and calf starter. 
Sixteen calves 12,rre divided into 4 groups: Group 
A served as the control; Group 15 received the 
fecds containing the lower level of arsonic acid 
derivative; Group C, the intermediate Icvcl; and 
Group D, the highest level. All calves were taken 
from their dams 24 hr. after birth and given 
whole milk at the rate of 1 lb./10 Ib. of body 
weight the 1st week. At the start of the 2nd 
week, a milk rrplacement was frd in addition to 
a reducrd amount of whole milk. No milk was 
fed after the 2nd wrek. The calf starter was 
placed before the calvrs during the 2nd week and 
consumption up to 6 Ih. daily allowed. A high- 
quality 2nd cutting clover hay was fed from the 
2nd week on. Records of consumption of the 
milk replacement, calf starter and hay wcre kept. 
Minrralized block salt was before the calves a t  
all tirnrs. l'hc milk replacement was discon- 
tinued at  the end of the 8th week. The cxpcri- 
ment continued for 16 wk. 

Body ~'cigllts, chest circumference and height 
at withers wcre obtained at weekly intervals. 
Preliminary rrsults indicate a lowcred incidence 
of scours and more r a ~ i d  rains durine the 1st 4 

P15. T h e  effect of vitamin supplements on caro- 
tene utilization from hay by dairy heifers. S. R. 
SKACCS, New Mexico 12gr. Ixp t .  Sta., State 
College. 

Calves on this experiment all received colos- 
trum from their dams for 3 d. From the 4th- 
30th days they wcre fed limited amounts of xvhole 
milk, then ~veaned from milk entirely. 

After 4 d. of age, all calvcs had frcr access to 
leafy, green alfalfa hay and a dry, home-mixed 
starter containing only ground grain sorghum, 
wheat I ran  and cottonseed meal+ 1% each of 
salt and steamed bone meal. 

Daily vitamin supplements fed from 2nd 
through 60th days as follo\vs: Group I :  (,Control) 
1 capsule, minimum potency fish livcr oil (less 
than 250 I.U. vitamin A per capsule). Group 11: 
1 capsule fish liver oil (25,000 I.U. vitamin A) .  
Group 111: Same as group I1 + 50 mg. niacin. 
Group I V :  1 capsule fish liver oil (30,000 I.U. 
vitamin A and 25,000 I.U. vitamin D )  plus 50 
mg. niacin. 

Vitamin A blood levels showed no sicnificant 

wk. after birth when fkd thr  arsonic arid dcriva- 
tives. Levels of 60 and 120 g. p r r  ton gave 
slightly better results than the 240-g. level for in- 
crrasrd gains. All calvcs showed satisfactory 
gains and excellent bloom and condition regard- 
less of the levels of para-amino-phenyl arsonic 
acid fed. 

P17. Effect of ration upon riboflavin levels in 
calf tissues. E. G. MOODY, S. M. HAUCE AND N. 
S. LUNOQUIST, Purdue Univ., Lafayettc, Ind. 

Levels of riboflavin in muscle, heart, kidney 
and liver were determined in 20 Holstein, Guern- 
sey and Jersey calves maintained for u p  to 36 wk. 
exclusively on 1 of the following dietary regi- 
mens: Lot I ,  whole milk chromatographed 
through Florisil (0.12 mg. riboflavin/l.); Lot 
11, chromatographed whole milk supplemented 
with riboflavin (0.40 mg. riboflavin/l.); Lot 
111, untreated milk (1.5 mg. riboflavin/l.); 
and Lot I\', untreated milk plus hay and 
grain ad lib. For each lot the average ribo- 
flavin levels for muscle, heart, kidney and liver, 
respectively, were: Lot I - 1.58, 16.35, 23.35 

differences between groups. Rates o r  growth and 20.57; L~~ 11 - 2.72, 17.99, 20.54 and 16.30; 
averaged near n ~ r m a l  on all groups with Lot 111 - 2.64, 16.63, 21.15 and 29.06; and Lot significant differences. Blood plasma carotene IV - 2.50, 15.65, 26.49 and 41.58 y/g. wet tissue. 
levels rose faster in the control group and re- this experiment the level of riboflavin intake mained consistently higher for several weeks after did not uniformily influence the level of this factor 
the vitamin supplements were discontinued than in  tissues, 
in the other 3 erouDs. 

These results indicate that carotene from the PIS. Effect of type of dietary lipid upon the 
rouqhage is not utilized well when calves re- blood plasma lipids of young dairy calves. N. L. 
ceive high levels of vitamin supplements. Leafy, JACOBSON, J. H. ZALETEL AND R. S. ALLEN, Iowa 
green alfalfa hay appears as good or  better than Agr. Expt. Sta., .4mes. 
vitamin capsules as a source of vitamin A for Fifteen calves were allowed coloqtrum ad 
growing calves. libitum for 3 d. following birth and during the 
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next 2 wk. were fed whole milk (3% fat) .  T h e  
animals then were divided into 5 comparable 
groups and during the subsequent 4-wk. period 
were fed various types of milk. One group con- 
tinued to rrceive \vholc milk. The  other groups 
received homogenized reconstituted milks con- 
taining 3% butter oil, lard, crude soybean oil 
and hydrogenated soybean oil, rrspcctively. All 
milks were fed at daily rate of 10 lb./100 lb. 
body weight. No other feeds werr ;tllowed. 

Werkly determinations of thr  blood plasma 
lipids by oxidative procedures revealed major 
dietary cffrcts. The values for total lipids, ester 
cholesterol, free cholesterol, phospholipids and 
total fatty acids were highest for the groups fed 
whole milk and crude soybean oil, low,est for the 
group fed hydrogenated soybean oil and inter- 
mediate for the groups fed butter oil and lard. 
Differences in plasma neutral fats among the 
various dietary groups were not as great as those 
observed for the other plasma lipids. Similarly, 
no major differcmces \\ere observrd in "free" fatty 
acids, although valurs for the group fed lard 
were highest. 

P19. T h e  value of various levels of aureomyciA 
in milk replacements for dairy calves1. C. B. 
K ~ o m  A N D  EARL B. ROSS, Penns).lvania Agr. 
l x p t .  Sta., State College. 

Thirty-six Holstein male calves have bcrn 
dividcd into 6 similar g o u p s  in a study of the 
value of higher levels of aurcomycin supplementa- 
tion of a milk replacement formula developed at  
this station. This formula has been supplemcntrd 
with 2, 4, 6, 8 and 10 g. of aureomycin/100 Ib., 
respectively, for each of the 5 experimental 
groups. In  addition, a control group which is 
bring fed the same milk replacement formula 
but without aureomycin supplementation is being 
used. The  calves also arc hcing frd a suitable 
calf starter and a good quality 2nd cutting grass- 
legume hay. 

Preliminary results with these calves through 
6 wk. of age indicate no harmful effects of the 
higher intake of aureomycin and possibly some 
beneficial effects in terms of growth and control 
of scours. These results are, howevrr, preliminary 
and inconclusive at this time of reporting but 
complete data on all calves through 12 wk. of 
age will be presented. 

' This work was supported in part by a grant 
from the Lederle Lab., Pearl River, N. Y. 

P20. T h e  influence of aureomycin and cud 
inoculation on  the growth of dairy calves. A. D. 
MCGILLIARD, M. RONNIKG, E. R. BEROUSEK AND 

C. L. NORTON, Oklahoma A 8r M Collegc Still- 
water. 

Earlier investigations with the administration 
of crystalline aureomycin HCI to d a i ~  calves 
indicate that calves utilize feed to a lesser extent 
after aureomycin administration is discontinued 
than do control calvcs. Since this may be due 
to a lag in the reestablishment of the normal 
rumen flora, it appeared desirable to determine 
the value of rumen inoculations with cud mate- 

rial from an adult animal following aureomycin 
feeding. 

Eighteen Holstein, Ayrshire and Guernsey new- 
born calvcs were divided into 3 groups. Group 
I (controls) rccrivcd a daily basal ration con- 
sisting of 6 Ih. of whole milk, a maximum of 4 lb. 
of calf starter, and prairie hay ad libitum. Group 
I1 received the same basal ration + 7 0  mg. of 
aureomycin by capsule daily for 35 d. and were 
inoculated with cud material the 36th and 41st 
days. Group I11 rcceived the basal ration 
+ 7 0  mg. aureomycin by capsule daily for 35 d. 
and no inoculations. Milk was eliminated from 
the diet of all calves at  the age of 10 wk. 

Completed data for 3 calvrs from each group 
through 16 wk. indicate that calves receiving 
aureomycin made bctter gains the 1st 35 d. than 
the controls. Upon discontinuation of aureo- 
tnycin feeding both the control group and the 
group receiving cud inoculations made bctter 
gains through the 2nd 35 d. than group I11 which 
received aurcomycin and no inoculum. I n  all 
cases periods of decreased growth apparently were 
follo~rcd by periods of accrlcration so that growth 
in all groups was approximately the same a t  
the end of 16 wk. of age. Scours were not a 
problem in any of the groups. 

P21. Effect of type of protein on the response 
of young dairy calves to aureomycin with data 
on the microflora of the feces. L. L. RUSOFF, 
J. A. ALFORI) A N D  C. E. HYDE, Louisiana, Agr. 
Expt. Sta., Ihton Rougr. 

A study was made of aureomycin supplementa- 
tion to calves receiving a 27-37% level of soybean 
meal, cottonserd meal o r  gossypol-free cotton- 
seed meal in the calf starter. Thirty-six pure- 
Ixed male calvcs (18 Holsteins and 18 Jer- 
seys) were dividrd into 3 groups. One-half 
of rach received the antibiotic starting at  3 d. of 
age. Fifty mg. of aureomycin were added daily 
in the milk for 28 d.; the calf starters which 
contained a 1% levrl of an aureomycin supple- 
ment \\,ere fed at  8 d. of age. T h e  remaining 
animals in each group served as controls. At 
90 d. of age, aureomycin supplementation stimu- 
lated the growth of calvcs about equally on either 
the soybean or cottonsred meal starters. 

Fecal samples were obtained biweekly from 
representative calves on all rations until they 
were 9 wk. of age. The  following bacterial counts 
were made: Aerobic, anaerobic, carrot-liver shake 
tubes (lactics?), coliforms, cntrrococci and H,S- 
producing anaerobes. All counts were consider- 
ably higher while the calves were receiving milk 
than after weaning. The  bactrria in the carrot- 
liver medium were not typical lactics after the 
calves wcrr weaned. There were \vide variations 
between samples from different calvcs on the same 
ration. No correlation between the numbers of 
any group of bacteria and the presence of aureo- 
mycin in the diet was found. 

P22. Effect of aureomycin supplementation on  
changes in weight and body measurements of 
dairy calves. N. L. JACOBSON, J. G. KAFFETZA- 



494 I'APERS PRESENTED AT THE 

KIS A S D  P. G. HO\II'YER, IOWB ART. Expt. Sta. 
Ames. 

Thirty-two calves at 16 wk. of age were divided 
into four groups which were comparablr in breed 
and sex distril~ution. Calves in groups I and I1 
previously had received crystalline aureomycin 
HCl (80 mg./calf daily from 4 d. of age), 
whereas calvrs in groups I11 and IV  had been 
fed no antibiotic. During thc subsequent 12-wk. 
period each calf in groups I and I11 received 
daily 80 mg. aureomycin (Aurofac A )  in the 
conccntratr mixture and the calves in groups 
I1 and IV wrre fed no aureomycin. The con- 
centrate mixture was limited to 4 Ib./calf daily; 
hay was fed nd libitum. 

During the 12-wk. experimental period, gains 
in body weight and increasrs in circumference of 
chest and of barrel wcrc significantly greater 
( P =  0.01 ) for calves fed aurromycin (groups I 
and 111) than for calvrs receiving no antibiotic 
(groups I1 and I V ) .  Increases in height at  
wlthcrs and in chest depth also were greater in 
the supplemented than in the non-supplrmented 
groups, but the differences were not significant 
at P=0.05. 

Although previous treatment (groups I and 
I1 us. groups I11 and IV) had less effect than 
experimental treatment on changes in weight and 
in the various body measurements, the mean 
values in each instance were grratrr for calves 
not previously fed aurromycin. 

Total weight increases (birth to 28 wk.) were 
greatest for calves in group I, followed in decreas- 
ing order by those in groups 111, I1 and IV. Hay 
and water consu~nptions were greater for calves 
fed aureomycin. 

P23. The effect of stress conditions on dairy 
cattle. G. C. GRAF', Univ. of Minnesota, St. 
Paul. 

The effects of lo\\. ambient trmperature, ex- 
ercise, dchorning, adrenaline injcction, parturi- 
tion and intermittent electrical stimuli on dairy 
cattle were determincd. The changes in the 
respiration and heart rates, rectal temperatures, 
plasma lactic acid levels and plasma creatinine 
levels were used to indicate the degree of stress. 
Nine pairs of identical twin heifers and 2 sets of 
identical triplets were used as experimental 
subjects. 

All the stress conditions, with the exception of 
dchorning, caused large increases ranging from 
36-272% in the plasma lactic acid levels. These 
increases were highly significant. Heart rates 
also wrre affected materially during exercise and 
dehorning, when intcrmittent electrical stimuli 
were applied and as a result of adrenaline in- 
jection. Adrenaline injection resulted 1st in an 
increase followed by a decrease in heart rates. 
Rectal temperatures showed a slight increase 
when the animals were exposed for 1 hr. in - 16 to 
- 16' F. ambient temperatures. 

Exercise and adrenaline injection appeared to 
produce the greatest amount of stress. Dehorn- 
ing and parturition (except just after calving) 
exhibited slight changes in the mrasures used 
to evaluate stress. 

Presrnt address: Dairy Dept., V. P. I., Blacks- 
burg, Va. 

P24. Factors influencing the production of high- 
quality milk. J. L. COVINGTON, W. L. GRIEBELER, 
J. I%. RODGERS, I. R. JONES, P. M. BRANT AND 
I,. IY. RONNICKSEN, Orrgon State College, Cor- 
vallis. 

A study was conducted on 171 farms to deter- 
mine the influence of various factors related to 
production of high-quality milk. All farms were 
ratcd with a total possible score of 1,000. The 
items making up the score card can be classifird 
into 3 generd sections, namely, methods and sani- 
tation, buildings, and equipment, with totals of 
640, 190 and 170 points, respectivciy. 

The average bacteria count on 12 monthly 
samples of raw milk ranged from a low of 2,600 
I>acteria/ml. to a high of 1,083,000/ml., with an 
average of 66,300/m1. for all producers. 69% 
of the producers supplied milk with less than 
the averagc of bacteria for all herds. 

Prcliminary statistical analyses indicate that the 
factors concrrnrd with methods and sanitation are 
of more significance in production of high-quality 
milk than :ire the factors related to buildings or 
equipment. 

P25. Methods of milking and milk-handling as 
factors affecting the quality and economy of milk 
produced. 11. A further study of the effect of 
permanent pipelines in the dairy barn on milk 
quality. M. H. ALEXANDER, JV. 0. KELSON A N D  
I:. I'. ORMISTON, Univ. of Illinois, Urbana. 

A previous study has shown that milk of accept- 
able quality may be produced with use of per- 
rnanent pipelines in the dairy barn. This study 
was designed to measure further thrir effect under 
varying conditions of climatic changes. A con- 
vcntional systrm of milking was compared directly 
with a permanent stainlrss-steel pipeline and with 
a permanent Pyrex glass pipeline, the pipelines 
being clcaned without dismantling throughout the 
study. 

The study was divided into 4 stages in order to 
measure the possible climatic effects throughout 
the 4 seasons of the year. Bacteriological tests 
were made throughout each of the 4 periods for 
each night milking and for each composite night 
and morning milking. Results confirm previous 
finding, namely, that milk of acceptable quality 
can be produced when handled through perma- 
nent piprlines in the dairy barn. 

P26. Growth uniformity trials with identical 
twin dairy heifers-estimates of heritability and 
twin efficiency. H.  W. TIIOELE AND M. C. 
HERVEY, Univ. of Minnesota, St. Paul. 

Growth of 21 sets of identical twin dairy heifers 
krpt under similar conditions of feeding, housing 
and management was studied. Included were 
8 sets of grade Holsteins, 8 sets of grade Guernseys 
and 6 sets of twins of mixed breeding. Measure- 
ments for height at withers and body weight taken 
at 6, 12 and 15 mo. of age were treated collec- 
tively and by breeds. 
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Heritability estimates of body weight at the 
ages drsignatrd were found to vary from 86.3- 
96.1 %. Furthermore, twin efficiency studies in- 
dicatrd that 1 set of identical twins will replace 
from 6-24 pairs of unrelated cattle for experi- 
ments in which rcsults are measured in terms of 
l:od!. !\.eight. The heritability of height at withers 
for the tliffercnt ages and for the vnrious brcecls 
varied from 93.5-97.8% with the exception of 
the 1 ~ r o u p  of 5 srts of twins of mixcd breeding. 
Morrovrr, 1 set of identical twins would replacc 
from 14-43 pairs of unrelated animals in cxperi- 
mrnts in ~vhich rcsults are measured in terms of 
height at \\.ithers. 

P27. Progress report on the production records 
of crossbred dairy cattle. J. P. LAMASTER, G. 
W. BRANT A N D  C. C. BRANNON, S. C. Asr. Expt. 
Sta., A N D  M. H. FOIIRLIAN. Bureau of Dairy 
Industr!, U. S. D. A. 

The breeding plan being follolved to obtain 
crosbred dairy cattle and the environmental 
conditions which are provided for the crossbreds 
and their ~urebred relatives at this station were 
discussed 1;y LaMaster et al. (J. Dairy Sci., 33: 
375-376. 1950). 

Since the above report, more females have 
completed thrir 1st records. Production compari- 
sons will be given for 15 two-breed crossbreds and 
their dams. Nine of thcse 2-breed females arc 
from reciprocal crosses of animals of the Guernsey 
and Holstein breeds. Five coxvs sired by Guernsey 
bulls and from Holstein dams average 10,460 111. 
of milk, which is 172 Ib. of milk less than their 
dams. Four cows by Holstein sires and from 
Guernsey cows average 10,265 Ib. of milk, which 
is an increase of 2,437 Ib. of milk over their dams. 
Thr  rrcords used in these comparisons were con- 
vcrtcd to a 2 X, 305-d., mature-equivalent basis 
before calculating the 4% milk. Seventeen 
heifers from reciprocal crosses of the Guernsey 
and Holstein brerds are now in the herd and 
will be tested as they freshen. 

Comparisons also will be givcn for 9 two-breed 
femalw and their purebred maternal sisters; 23 
three-breed and 12 four-breed crossbreds and 
their dams. All sires, except 1, have been or 
are in the process of being proved in the station 
herd on purebred daughters. These proofs will 
be used in giving the results obtained to date. 

P28. The partition of evaporative cooling be- 
tween the respiratory and outer surfaces in Euro- 
pean and Indian cattle'. H. H. KIBI.ER AND S. 
BRODY, Missouri Agr. Expt. Sta., Columbia. 

A study was made of the influence of tempera- 
ture (5-105O F.)  on the levels and proportions 
of heat and moisture dissipation by evaporative 
cooling from the outer body surfacc and respira- 
tory tract in lactating Jersey, Holstein, Brown 
Swiss and Rrahman cows and in non-lactating 
13rahnian cows and Brown Swiss and Brahman 
heifrrs. .ill breeds attained the same maximal 
outcxr surfacr evaporative or "sweating" rate of 
150 g. (or 87 Cnl.)/sq. m./hr. but the rise to 
this Ievrl occurred between 80 and 90° F. in 
the European cattle and between 95 and 105O F. 

in Indian cattle. The increase in respiratory 
surface vaporization with increasing temperature 
was greater in the European than Indian cattle; 
the maximal respiratory vaporization rates were 
50 g. (or 29 Cal.)/sq. m."/hr. in the European 
cattlc and 30 g. (or 17 Cal.)/sq. m.a/hr. in the 
Indian cattle. The percentage of metabolic heat 
clissip;~trd by vaporization varicd with tempera- 
ture but, while that from the outer surfacc was 
very similar for all breeds, that from thc respira- 
tory surfarr was higher for European than Indian 
cattlc. Therc was no evidence that Rrahman 
cattlc "s'iz~cat" more prr unit surface area than 
European cattle, but their 12% greater surface 
area/unit weight gives them an advantage in 
onter surface evaporative and non-evaporative 
cooling (limited to the range, 60 to about 
105' F.) and a correspondinq disadvantage in 
heat conservation below 40° f. 

1 Contribution from the Department of Dairy 
Husbandry as Journal Series Paper no. 1302, 
approved by the Director of the Missouri Agr. Expt. 
Sta. 

a Refers to outer surface area. 

P29. Mammary development and heart girth 
relationships and changes with age. V. L. BALD- 
WIN ANI) M. C. HERVEY, Univ. of Minnesota, 
St. Paul. 

A total of 528 Holstein calves ranging from 
11-25 wk. of age and in 156 herds doing D.H.I.A. 
testing was examined. Among data recorded on 
thesc calves were the mammary evaluation grade, 
according to method devcloped by Swctt, and 
the hrart girth. 

The change of heart girth measurements with 
age will be presented. There was a tendency 
for the mammary evaluation grade to decrease 
with agc. Correlations between heart girth and 
mammary rvaluation grade were low and ranged 
from - 0.08 to 0.59 at the various ages but showed 
no consistent trend. While few of the correlations 
at the different ages between heart girth and 
mammary development grade were statistically 
significant, they were, with 1 exception, all 
positive. Data from these field studies indicate 
that body size has a small influence on mammary 
evaluation grade. 

P30. A summary of a ten-year comparison be- 
tween loose run and stanchion barn housing for 
dairy cattle. E. E. HEIZER, C. E. ZEIINER AND 

V. R. SMITH, Univ. of IYisconsin, Madison. 
The herds in these experiments produced 

equally as well in an uninsulated loose-run barn 
as in an insulated stanchion barn. There was 
little difference in general health of the animals 
houscd under these 2 systems. Howcvcr, there 
werc considerably more cases of stepped-on teats, 
swollrn hocks and stiffnrss and lameness in herds 
housed in the stanchion barn than in herds housed 
in the loose-run barns. The herds housed in the 
loose-run barns consumcd more roughage, but 
they also had a greater average gain in weight 
than herds in the stanchion barn. Bedding 
rrquirements for the loosc-run barns were con- 
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sistently greater than for the stanchion barn. conditions indicates its important role in antibody 
T h e  average plate counts of the milk from the production. 
stanchion barn were slightly lower than from From the agglutination and liistological studies 
the loose-run barns. carried out it could be concluded that :  ( a )  Plas- 

P31. A study of some causative mechanisms in  
bovine streptococcal mastitis'. C. 1'. MERILAN 
A N D  13. A. MERJCAN, Univ. of Missouri, Columbia. 

The  effect of S/reptococrus mgnlnctiac filtrates 
upon the in r,irro anaerobic glycolysis of bovine 
malnmary tissue slices has bccn studied by mcans 
of thr  Warburg technique using sodium acctatc 
as the mrtabolic substratr. 

T h e  fi-hemolytic, 1,ancefield group H, strepto- 
cocci were isolated fro111 acute cases of S. ngnlac- 
t ine mastitis and cultured in the laboratory on 
a semi-synthetic casein-acctatr-lactosr broth me- 
dium. Eighteen-hr. cultures \vcre rendered sterile 
by mcans of Selas #03 porcelain filters and the 
comparative effect of these filtrates and unino- 
culatrd media determined manometricallv. Addi- 

~~ , -  - ~ ~ -  

tion of the streptococcal filtrate to reaction flasks 
containing the n~etabolizing tissue caused a 
marked decrease in the rate of anaerobic glycolysis 
compared to the slight inhibitory effect of the 
uninoculated media. 

Intramammary infusions of the streptococcal 
filtrates produced hardnrsr and swelling of the 
infuscd quarters ~vithin 1-2 hr., followrd by 
rertal ternpcraturr incrrasrs of 3-5O F., reaching 
a peak 6-9 hr. af ter  infusion. T h r  rectal tem- 
peraturcs returned to approximately normal a t  
12 hr. although some induration of the quarters 
and production of physically abnormal milk 
prrsisted for 2-3 d. Subscqurnt daily infusions 
of the filtrate in the same quarter rcst~lted in 
continurd production of physically abnormal 
milk; ho~vevrr, thr  responsc of the quartrr in the 
form of swrlling and induration gradually dc- 
creased wit11 ra rh  consecutive infusion. The  
rectal tcmpcrature rrsponsc to these conrinucd 
filtratr infusions varied from no effrrt to a sharp 
drcline in ternperaturr of 3-5' F. Suhscquent 
infusions in different quarters of the samc cow 
caused the marked physical and trmpcrature 
responses characteristic of the first infusion. 

Infusions of thr  uninoculated media produced 
only minor symptoms of irritation in the infused 
quartrr, although the milk obtained at  the first 
post-infusion milking period lvas physically abnor- 
mal. 

1 Contribution from the Dspt. of Dairy Hus- 
bandry, Missouri College of .4griculture, Expt. Sta. 
Journal Series no. 1301. 

P32. T h e  role of plasma cells in  the production 
of globulins within the mammary gland and time 
studies on antibody response from experimentally 
induced inflammation of the udder'. R. 14. 
I'ORTER, Krw M C X ~ C O  ti. & li. CoIIrge. 

This ~ r o r k  \vas carried out to clctcrminc if 
antil~odies produced by plasma cclls could be a 
possible explanation for the high protein concen- 
tration of colostrum milk and for the increase 
in protrin concentration during other inflam- 
matory conditions of the uddrr. T h c  presence 
of thc plasma crll in numerous inflammatory 

\ ,  

~nacytosis occurs in the clevrloping udder pre- 
partum and may he associated with the high 
procluction of immune lactoglol~ulin in colostrum. 
(11) I'lasn~a cclls arc present in the udder during 
the inflammatory condition I~rought about by the 
cessation of milliing. ( c )  The time of antibody 
rcsponsc is not corrrlatcd to the degree of in- 
flammatory response upon injection of  thc antigen, 
hut srcms to be correlated to thc sensitivity of the 
tissur.; to the antigen. ( d )  Antigcns will readily 
pass into the blood from ducts of the mammary 
gland, but thrre is a wide variation in the ability 
of the antibody to pass from the blood into the 
milk. ( e )  The  comparative concentrations of 
antibody and antigen in the udder may explain 
the exacerbations which occur in cases of mastitis. 

Based on a thesis presented by R. M. Porter in 
the graduate school of the Univ. of Minn. in partial 
fulfillment of the requirements for a Ph.D. degree. 

P33. Histological evidence of a hyalin-fibrin 
compleri in the bovine mammary gland. J. R. 
KUIICEN, D. I,. MILL A N D  N. S. LUNDQUIST, 
Purdue Univ., Lafayette, Ind. 

Histological examination has rrvealed the pres- 
rnce of a hyalin-fibrin body in many of the alveoli 
of some dairy cow udders. This body was found 
free in thr lumrn of thr alvrolus and is somewhat 
similar in appearance to corpora amylacra of the 
prostate. I~oclirs somewhat similar to corpora 
;~mylacca wrrc obsrrvcd in the alveoli by 
MrFadyran (1930). H r  questions whrther or not 
they :~ctu:tlly arc amyloid as reported hy Otto- 
Icnghi (1901) and othrrs, but did not form a 
firm opinion as to any othrr  possible composition. 
In  this study the hodies rrsistrd solution in vary- 
ing strengths of HCI, H N O , ,  NaOH and alcohol. 
Jm!tins clrcalcifying agent had no cffect. All 
srrtions 1st were stained \vith hematoxylin-eosin 
and Mallory's triple srain. Diffrrcntial staining 
methods for amyloid, mucin, calcium, hyalin and 
fibrin then were used to characterize the body and 
it was found to be a hyalin-fibrin complex. 
hlicroscopically this complex is circular in all 
cases but varics in size and structure within the 
samc section. Some are small and dense, others 
are an intcrmeshrd nettvorli and others have 
stratified or concentric layers surrounding a 
nucleus. They may occur in groups or isolated 
alveoli. Efforts are being made to correlate the 
conditions under which they are found. 

P34. Histological and chemical studies of fat 
metabolism in the mammary glands of cows and 
goats. M. L. Y. Sxrr~rr, B. C. I - 1 ~ ~ z r o r . o ~  AND 

S. KUMAK, Univ. of Maryland, Collrge Park. 
Mammary gland tissurs were excised from 3 

lactating cows, 1 non-lactating cow and 2 lactat- 
ing goats, and fixed at  various time intervals in 
prcscrvativcs such as 10% formalin. T h c  tissues 
were cut, for the most part, by the frozen-section 
technique and stained with scarlet red, nile blue 
sulfate, oil red 0 ,  osmic acid, brilliant cresyl 
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blue, neutral red and Fishier's stain, all of which 
are fat stains and some of which are specific for 
fatty acids. Little or no evidrnce was obtained of 
the presrnce of free fatty acids in the epithelial 
cells. T h e  findings are in disagrcelncnt with the 
earlier interpretation placed on thc shadcd areas 
clepictcd in thr  basal part of the alveolar cells. 
Thesr arras are brlicvcd to bc artifactual pictures 
of coagulated protoplastn. The  test for choles- 
terol proved positive, drmonstrating a distribution 
of pale blue-grrrn cholesterol droplets in the 
free cnd of thr  crll. The  neutral fat droplets in  
the vicinity of the nucleus are small; those in the 
distal end are larger. The  incubation of lactating 
mammary gland tissue for 12-24 hr. resulted in 
a positive reaction in the small fatty droplets to 
the Fishler staining method for free fatty acids, 
the color deepening with time of incubation, 
suggesting that the free fatty acids in incubated 
tissue are due to lipase activity. Chemical tests 
corroborated the histologic findings that free fatty 
acids are not present in any appreciable amount 
in fresh tissue but increase markedly on incuba- 
tion. T h e  very small amount found in fresh 
tissue consisted almost entirely of water-soluble, 
steam-volatile acids. 

the field and normal co\z.s under controlled con- 
ditions, respectively: Urinar! volume, 9.5, 7.8 and 
9.8: K, 105.0. 101.4 and 135.0 z.; S a ,  10.7, 11.0 
ancl 6.k g.; chlorides, 4.4, 3.0 a d  12.0 g. 

Studirs of this type are being continued, and 
further cxpcrimrnt;~l data 'ivill be presrnted. 

1 This investigation was supported in part by 
funds provided for bioloqicnl and medical rcsearch 
by thr State of Washington Intitiativr Mcasure 
no. 171. 

P36. T h e  effects of sodium acetate given orally 
upon cows with ketosis. \V. J. M11.1.~~ AND N. 1\T. 
AI.I.EN, Univ. of Wisconsin, Madison. 

At the 19.51 meetings of this Association, it was 
reported that cows with clinical symptoms of 
ketosis had responded favorably to the oral ad- 
ministration of sodium acetate. Since that time 
23 cows showing definite symptoms have been 
treated with amounts varying from 0.25-1 Ib. 
daily, and chemical and clinical changes were 
observed. Of these, 12 recovered without other 
treatment. The  pattern of the recovery in rela- 
tion to the acetate feeding indicated beneficial ef- 
fects from the treatnient. \Vith 5 others the re- 
sponse to the acetate was questionable, due to very 
slow recovcrv or  to other treatment given before 
recovcry couid be exprcted. The  othgr 6 failed to 

P35. levels and urinary cer- zive any response to acetate feeding. Of these, 
tain constituents in ketatic '. J. "AN 5 rrcoveretl when given glucose intravenously; 
SOEST, T. H. BLOSSER, (;. M. \VARD, J. R .  CRII.I.Y 3 failed to to glucose, T~~ of these 
A X D  M. F. ~ZD.~MS,  Washington State College, \2,ere known to have uterine infection4 and con- 
Pullman. tinued to show symptoms of ketosis until the 

Studics \z.rre made in Il'ahkiakum County, infrrtions clcarcd up, 
Wash. on 6 ro\zSs diagnosrd by a conlpctcnt veteri- 1, a fclzr cases the rcsponsr to was 
narian as having ketosis ancl on G normal rows almost immediatr, Lvl,ilc i n  most it was not as 
of  the same 1)rrc.d and same stage of  lactatioll rapid as is rlsuallv ohgrrvrd \vIlcn glucose i s  given 
from the samc hrrds. l3looct samples were taken intr~,vmously. R~~~~~~ froln veterinarians sug- 
on  thr  farm from the kctotic co\\.s 21- hr. prior g,.st that the might I , ~  of va lue  when 
and irntncdiately prior to trratmrnt and from a Llsecl as a follo,v-llp for glucose or tre atment. 
corrrsponding nortn;ll c o ~ v  in thr herd a t  the observations on 8 nortnal on varied 
same time. Samples also werr takrn from the roughage sho,,.ed no rhrunge in blood 
same cows 15 d. post treatment. Twenty-four cost level \\,hen 1 Ib. of acrtate was fed hr. r~rinr  collrctions Tverr made on 3 of the krtotic daily, A marc care fu l ly  controlled cxprriment 
co~vs and on all of the normal co~vs. is in progress to study the effect of feeding 1 

Blood constititents drterminccl were ketones, pound of sodium acetate daily upon the milk 
glucose, pyruvic acid and lactic  acid. Blood fat  and blood glucose and ketone levels of normal 
hematocrit also was followed. Urine was ana- cows. ~h~ results ,\.ill be reported, 
lyzed for K, Na and chlorides. Urinary collec- 
tions were made at 10, 15 and 30 d. postpartum P37. Pituitary-adrenal cortical syndrome in 
on 13 co~vs of 3 breeds in the college herd to ketosis of dairy cows as evidenced by the ad- 
compare urinary rxcretion of K, Na and chlorides renaline test, eosinophil levels, and replacement 
undrr controlled conditions with that occnrring therapy. J. C. SHAIV, B. C. HATZIOLOS, E. C. 
under firld conditions. LEFFEI,, MT. M. GILI. AND A. C. CHUNG, Univ. of 

The  lcvcls of the blood constituents were as Maryland, Collcge Park. 
follo~vs for the kctotic samples ancl normal Seven cows with ketosis and 13 normal cows in 
samples, respectively: Whole-blood ketones, 23.7 the early postpartal period were injected sub- 
and 5.0 mg. %; whole-blood glucose, 33.0 and cutaneously with 5 ml. of adrenaline (1-1,000). 
11.6 tng. %; \vhole-blood pyruvic acid, 1.59 and After 4 hr. thr  ketotic colvs exhibited only slight 
1.06 mg. %; whole-blood lactic acid, 24.4 and changes in eosinophil count, 6 of the cows varying 
28.8 mg. %; hematocrit, 42.2 and 40.4%. Other from -3 to +20% and one -9%. The eosinophil 
than the valucs for ketones and glucose, the only count of thr  normal col\,s drcreasrd markedly, 
blood values consistently varying from normal varying from -25 to -46%. This is considered 
in the kctotic cons \\.ere for the whole-blood a further indication of a hypofunction of the 
pyruvic acid. pituitary-adrenal cortical system in ketosis. T h e  

Daily urinary excretions were as follows on eosinophil levels in ketotic cotvs vary from normal 
samples from the ketotic co\vs, normal cows in to high, this is p r e r e d ~ d  by a lolv eosinophil level. 
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I n  a study of 16 normal c o ~ s  the high-producing T h e  administration of DL-methioninr, 2-methyl- 
cows had low eosinophil levels for several weeks 1,4-naphthoquinone, 6-carotene, a-tocopherol, 
postpartum, whereas the lower producers main- vitamin A, vitamin B,? or  progesterone have failed 
tained rather normal Icvcls. The  maximum fall to alleviate the sterility svmntoms. 
in eosinophils was noted on the day of parturi- 
tion. Forty-three cows with ketosis wcre treated 
with varying doses of cortisone, 22 with ACTH, 4 
with compound F, 3 with grolvth hormone, 1 with 
a coenzyme concentrate, 1 each with sodium 
acetate and sodium propionate intravenously, 2 
with a solution of amino acids intravmously and 
11 with sodium acetate pcr 0s. Clinical observa- 
tions + blood chemistry and hematologic studies 
were used in evaluating the results. Cortisone, 
ACTH and compound F all produced rapid re- 
covery. The  optimum dose of cortisone acetatr 
appeared to be 1.5 g., follo~ved by an additional 
gram within 48 hr., although 1 g. \\.as often suffi- 
cient. Smaller doses (0.5-0.75 g.) also were 
effective, although additional injections usually 
were required. 300 mg. of cortisone (free alcohol) 
in saline gave a quick but transient response. 
300 I.U. of a highly purified preparation of 
A C T H  had about the same potency as 1.5 g. of 
cortisone. A combination of glucose with corti- 
sone acetate or A C T H  did not appear to be more 
effective than cortisone or ACTI-I alone. Com- 
pound F appeared to he from 2 to 3 times as 
potent as cortisone. Ten  COM'S showed little o r  
no clinical response to the administration of 1 
Ib. of sodium acrtate, although the blood glucose 
increased to some extrnt and 1 cow recovered 
within a fcw days. I n  1 case a cow was continued 
on  1.5 Ib. of sodium acrtatr/day for 8 d. with 
no clinical improvement, but recovered rapidly 
following the injection of 1.5 g. of cortisone, 
sho\ving complete remission of clinical symptoms 
within 24 hr. None of the other substances pro- 
duced a favorable response. 

P38. T h e  incidence of a sterility syndrome in 
the  rabbit fed soybean hay and the failure of 
certain supplements to  alleviate the  symptoms. 
K. A. KENI)AT.L ASD R. L. IIAYS, Univ. of Illinois, 
L'rbana. 

I n  a n  earlier rcport impaired reproduction in 
the rabbit was sho\vn to be associated with the 
feeding of soybean hay. Of the 34 mated con- 
trol females fed alfalfa, lespedeza or timothy 
hay in combination with wheat, 32 females were 
known to be pregnant and produced an average 
of 8.3 young/litter. Of the 71 mated females fed 
soybean hay and \\.heat, 48 known pregnancies 
resulted in an average of 4.71 young/littcr carried 
to term. 

Further investigation has revealed through a 
serirs of sacrifice-autopsy experiments terminated 
on the 28th day following mating, that 56 females 
out of a total of 70 matcd and frd soybean hay 
and whrat had an average of 8.54 corpora lutea 
with an average littrr size of 4.45 living and 2.14 
dead young/littrr. T h e  remaining 14 females 
failed to show evidence of having been pregnant. 
Lapro tomy obsrrvations at  17 d. after mating 
revealed that numerous resorptions occur during 
the early part of the gestation period. 

, , z  

P39. A study of the birth weights of purebred 
and crossbred calves. R. I\'. TOUCIIBERKS, Univ. 
of Illinois, Urb;~na, and K. A. TARLER, Bureau 
of Dairy Industry, U. S. D. A. 

I n  the fall of 1949, 10 Holstein and 10 Guern- 
sey cows were mated to a llolstein boll and 10 
of each I~reed to a Guernsey bull. Late in 1950 
similar matings were begun again, cxcrpt that 
the groups of frmales wcre reversed with respect 
to the 2 I~ulls. From these matings a total of 79 
calves have becn dropped and 2 cows are yet 
to calve as a result of the 2nd matirrgs. Two of 
the 40 cows aborted during the 8th month of 
pregnancy and two sets of twins were born. Only 
the weights of the 73 full-term, single-birth calves 
(37 females and 36 males) were used in the 
analysis. By an analysis of variance the main 
effects for bull and breed of dam and the inter- 
action, bull by breed of dam, or crossbreds us. 
purebreds, were found to be significant at  less 
than the 0.01 level of probability. The  mean 
square for sex of calf was significant at  the 0.05 
level of probability. The  components of variance 
for bulls, breed of dam, sex of calf and crossbreds 
vs. purebreds accounted for 0.9, 50.6, 9.5 and 
18.0% of the variance, respectively, while error 
accounted for 20.9%. 

P40. Thiouracil-induced hypothyroidism in 
sexually mature dairy bulls. E. W. SWANSON 
AND J. P. ROATIIAS, Univ. of 'Tennessre, Knox- 
ville. 

Thiouracil was fed to 1 aging 7-yr.-old and 
to 2 normal 2-yr.-old Jersey bulls for the pilrpose 
of producing recognizable symptoms of hypo- 
thyroidism in behavior and seminal character- 
istics. T h e  young bulls received step-wise doses 
of 5-30 g. thiouracil daily covering a period of 
131 d. Semen collections (2 ejaculates/week) 
showed no harmful effect of the hypothyroidism, 
as evidenced by insignificant changes in volume, 
concentration, livability, percentage of motile, 
live and abnormal sperm. Libido was only 
slightly affected, although spontaneous activity 
and alertness were noticeably decreased. Low 
concentrations of thiouracil (0.1-l.Oy/ml. of 
diluted semen) did not affect motility or livability 
of normal sperm. Sperm from the hypothyroid 
bulls were not benefited by adding O.ly thy- 
roxine/ml. of diluted semen. No significant 
changes were observed in testis histology of these 
hulls at  3 1  d. after cessation of thiouracil feeding. 
The  aged bull was fed 20 g./day of methyl thiou- 
racil for 3 ma. The  bull became more sluggish in 
activity and rough in appearance. Service re- 
mained satisfactory at  5-6 ejaculates/month, 
with normal volume and concentration. After 1 
mo. the percentage of dead, abnormal and im- 
motile sperm incrrascd and sperm livability de- 
creased. This study indicates that the effects of 
hypothyroidism upon seminal characteristics a re  
more pronounced in old than in young bulls. 



P41. The intracrypt space in the placentome of 
of the cowl. H. 14'. ~ Y E E T H  AND H. .4. HERMAN, 
Univ. of Missouri, Columbia. 

The definitive plarento~ne or cotyledon is a 
mushroon1-shaped structure about 6.0 cm. in 
diameter. I t  consists of many branching cho- 
rionic villi surrounded by the caruncular crypts 
of the uterus. When microscopic sections are 
prepared by the usual parafiin technique, in- 
volving dehydration, a space is seen to separate 
the fetal villus from the utcrinc crypt. The space 
normally varies from 2.5-10.0 m p  in width. That 
this space is a constant artifart crcatccl by the 
technique is indicated by the following evidence: 
( a )  Frayed edges of the cells bordcring the space 
indicate a pulling. apart of these tissucs. ( b )  
Morphologically, the ronnc,ctivc tissue of the 
villus appears looser than that of the uterine 
rrypt, thus it shrinks more during dehydration. 
( c )  i-Inalytically, the villi have 6.6% lcss dry 
matter, therefore, thc villi shrink away from the 
crypt wall. 

Since the outer or trophoblastic cells of the 
villi in the functioning placentome arc in direct 
contact with thc rltcrine crypt wall, the exchange 
of mctal~olites bctween the 2 tissues does not 
involve passage through a space. An appreciation 
of thc intracrypt space artifact also casts some 
doubt upon the grneral assumption that the dis- 
crete living cells on the c n p t  walls are of uterine 
epithelial origin. 

lcontribution from the Dept. of Dairy Hus- 
bandry, Missouri College of Agriculture, Expt. Sta. 
Journal Series no. 1300. 

P42. The effects of relaxinl on the cow's cervix. 
E. F. GRAHAM AND A. E. DKACY, So. Dakota 
Agr. Expt. Sta., Brookings. 

Three cows were injcctrd, 5 d. post estrus, 
tvith 3 different levels of relaxin after being 
primed with 20 nig. of dicthylstilbcsterol on the 
2nd, 3rd and 4th days post cstrus. Since previous 
work by Hisaw and others on small animals seems 
to indicate that relaxin acts only after the tissue 
has been sensitized by one of the estrogenes, 60 
mg. of stilhesterol were injcctcd as a srnsitizing 
agent. 

Thc 3 levels of relaxin injcctcd were 250, 1500 
and 8500 guinea pig units (G.P.U.). All 3 levels 
exhibited signs of ccrvical relaxation. The cervix 
was dilatcd 0.93 in. when 250 G.P.U. were ad- 
ministcrcd, 1.27 in. when 1,500 G.P.U. were in- 
jected and 1.31 in. xvhen 8,500 G.P.U. were in- 
jected. I-Iistologically none of these levels showed 
any signs of detrimental effects upon the cervical 
or uterine tissue. The cervixes of the 3 control 
rows and of thc 3 experimental cows could be 
dilated during hcat, but the 3 control colvs could 
not be dilated 5 d. post estrus. Two cows rc- 
ceiving diethylstilbesterol could not be dilated: 
thus the apparent effective factor was relaxin. 

1 The relaxin for these experiments was furnishcd 
by the Chilcott Lab., Morris Plains, N. J. 

P43. The  sampling of the endometrium of the 
bovine using a biopsy technique. J. D. DONKER, 
Univ. of Minne~ot;~,  St. Paul. 

ISndometrial biopsies should be a valuable ad- 
juvant to other means of obtaining information 
for studies in rcproductivc physiology. An in- 
strument drsigncd to securc uterine samples was 
constructed of stainless steel, except for a blade of 
case-hardened steel. It is tubular in construc- 
tion with ovcr-all dimensions of 57 cm. x 6 mm. 
There are 2 parts to this instrument: an outside 
tubc with a rounded tip and an opening on one 
side adjacent to this tip and an inside shaft con- 
nected to a circular knife which seats against the 
tip and fits against the inside perimeter of the 
tubc. \\:hen the blade is seated the opening is 
occluded; otherwise, it is open. 

The tube is manipulated through the cervical 
canal as in intrauterine insemination. The blade 
is retracted to admit uterine tissue which is 
gently pressed into the opening. by rectal manipu- 
lation. The blade then is pressed forward, the 
instrument is \vithdra~vn, and the sample removcd 
to the fixative. 

From 6 animals, onc of \vhich lvas ovariec- 
tomized, 23 samples have been obtained at  various 
stages of the cycle or after different treatments. 
Tho samples arc3 romparahle to timed slaughter 
materials o1)t;linrd by srveral \vorkcrs. 

P44. A dairy cattle pregnancy test. J. H. 
RYICK~,  Drpt. of Dairy I-Iusbandry, Oregon State 
College, Corvallis. 

In the Orcgon State College dairy herd, 136 
cows \vcrr chccked for pregnancy, using an oxi- 
dation-redurtion indicator with urine. The test 
consisted of taking a 3-ml. sample of urine that 
had cooled to room temperature in approximately 
30 min. and adding 0.6 ml. of sodium benzone- 
indophenol indicator. The tubes were inverted 
for mixing, allowed to stand for 30 sec. and then 
read. The mixture of urine and indicator gives 
a green color. Pregnant cow's urine does not 
return to colorless in 10 min., while that of the 
non-pregnant cow returns to the original urine 
color within 30 sec. The intensity of the color 
varies with length of gestation. Greatest density 
of color on the pregnant row shows at approxi- 
mately 60 and 210 d. gestation. 

Of the 136 cows tested, 82 sholvcd positive as 
being pregnant. Seventy-fivc of thrsc cows were 
pronounced pregnant at  60- to 90-d. gestation by 
rectal palpation. Two of 82 rows had retained 
corpus lutei, 5 had ralvccl recently and continued 
to show positive for 3 wk. post-partum, and 2 
unbrcd yearlings showcd positive. Of the 54 cows 
showing negative, 3 were pronounced pregnant 
on rectal palpation. Two cows known to have 
cystic ovaries showed negative to the test. Taking 
all cows into consideration, 91.1% efficiency in 
predicting pregnancy was obtained. 

Other oxidation-reduction indicators were used 
I)rlt were not as efficient as the sodium benzone- 
indophcnol. These studies are being continued. 

P45. Effect of hormones on uterine motility 
and sperm transport in the perfused genital tract 
of the cow. R. L. HAYS AND N. L. VANDEMARK, 
Univ. of Illinois, Urbana. 

In further studies on sperm transport in the  
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reprod:~ctive tract of thr  cow, motility of per- 
fused uteri was recorded by the ballon technique. 
Oxytocin, added to thc pcrfusatc, caused a 
tetanic contraction of the uterus lasting approxi- 
mately 1 min. and followed by a series of con- 
tractions with the tone gradually decreasing to- 
ward normal. T h e  amplitude and duration of 
the contractions varied with the amount of oxy- 
tocin givcn. Epinephrine, given 30 sec. prior to 
oxytocin, almost completely inhibited the above 
responses. Whcn epinephrine was given alone, i t  
frequently car~scd 1 sharp contraction followed 
by an inllil~ition of activity and a reduction in  
tonr. The  inhibition of activity and the reduc- 
tion in tone also occurrrd when there \\.as no 
sharp contraction. When semen lvas deposited 
mid-way into th r  cervix at  the same time oxyto- 
cin was injcctcd into the perfusate, sperm were 
transportrcl to the ovarian portion of the oviduct 
in a matter of minutc .  When no oxytocin was 
givcn, no evidcncc of spcrm transport was found 
even after 30 min. 

P46. Chromatographic separation of the neutral 
steroids of cows' urine. J. P. MISNI:R ANn IT. L. 
SAUNDERS, JR., S r w  Jrrcey Agr. Expt. Sta., 
Sussex. in cooilrration with Bureau of Dairv Ind.. 
L. S. D. A.l  ' 

A flolving chromatogram has bccn developed 
to separate what are presumed to bc the ncr~tral 
steroids of cows' urine into 6 scparate fractions. 
T h e  chromatographic column was prepared with 
alumina, the neutral extract was added to the 
column as a benzene solution and clution of the 
column M-as carried out with benzene, benzene- 
cthvl alcohol mixtures. ethvl alcohol. ethvl alco- , , . , 
ho1:acetic acid mixture and acetic acid. Forty 
fractions were collected from the column and each 
fraction was assayed by the Zimmerman, Pincus 
and Kober rcactions, respectively. Since the ex- 
traction procedures resulted in production of 
colorrd extracts, a drtermination of extract color 
density also was made on each fraction. Plotting 
of thcsr various assay data shelved the presence 
of 6 srparatc steroid praks among the fractions 
and also revcalccl a high degree of correlation 
among the rnracurcs of steroid potency. Coeffi- 
cients of correlation calculated among these vari- 
ous measures of steroid potcncy were as follows: 
Zimmerman x Pincus, 0.75; Zimmerman x Kober, 
0.64; Pincus x Kobcr, 0.91 ; Extract density x Zim- 
merman, 0.75; Extract density x Pincus, 0.93; Ex- 
tract density x Kober, 0.90. This chromatographic 
procedure was applied to a con~parison of cxtracts 
prepared from ~ o o l e d  prcgnant and non-pregnant 
lactating con$ urine. Assay of the fractions was 
by the Kober method only and a very high correla- 
tion ( r =  0.92) \\-as found hetwcen thc stcroid 
content of the 2 extract fraction series. Figures 
will be presented to illustrate these various rcla- 
tionships. 

1 Supported in part by Research and Markcting 
funds (Sec. lob) .  This research was conducted as 
part of Regional Project N.E.1, "Studies on causes 
and prevcntion of reproductive failures in cattle." 

P47. Comparison of neutral steroids from cows' 

urine after various hydrolytic procedures. J. P. 
MIXNER A N D  H. L. SAUNDERS, JR. NCW Jersey 
Agr. Expt. Sta., Sussex, in cooperation with 
Bureau of Dairy Ind., U. S. D. A.' 

Thrce rathcr different hydrolytic procedures 
wcrc applied to cows' urine preliminary to extrac- 
tion of thr  urine for neutral steroids. I n  the 1st 
procrdurc, IIC1 and boiling wcre the hydrolytic 
agcnts and rrsultcd in rcddish brown neutral 
rthcr rxtract upon cxtraction. I n  the second 
prorcdurc, zinc dust was added in addition to 
I-ICI and boiling, resulting in a colorless cxtract. 
A rolorlcss extract also resulted when P-glucuron- 
idase rnzymc of bactcrial origin (optimum p H  
about 6.5) was used as the hydrolytic agent. 
Absorption spectra analysis wcre performed on 
thcse 3 types of extracts employing the Zimmer- 
man, Pincus and Kobrr  color rcactions. This 
analysis showed similar absorption spectra for the 
extracts by the various color rcactions. This in- 
dicates that similar steroids are ohtaincd by each 
hydrolysis procedure and also indicates that 
steroid transformations were not caused by the 
procedures. T h e  absorption spectra obtained 
do not correspond to those secured with pure 
17-ketosteroids such as androstcrone by these color 
rcactions. A chromatographic analysis of ex- 
tracts prepared by the HC1 and the zinc-HC1 
procedures showed the extracts to be extremely 
similar in nature when the assays wcre performed 
by the Kober reaction. 

Supported in part by Research and Marketing 
funds (Sec. lob) .  This research was conducted as 
part of Regional Project N.E.1, "Studies on causes 
and prevention of reproductive failures in cattle." 

P48. Preliminary studies of irregular breeding 
in dairy cattle. E. G. MOODY, \Y. A. SMITH, 
J. I V .  C : R ~ ~ ~ ~ R A K E R  A N D  G .  B. MCLEROY. Arizona 
Statc Coll., Tempe. 

T h e  purrl~rcd Holstein and Jersey herd 
(averaging 48 head yearly) uscd in this study was 
located in the descrt climate of the Salt River 
Valley, Arizona. Since 1937, 142 of the cows 
milked have left the herd, the primary reason 
being irregular breeding (28.2%) with a combina- 
tion of irregular breeding, health and/or pro- 
duction accounting for 9.1%. Other reasons for 
disposal were: miscellaneous accidents and dis- 
eases, 19.0%; dairy purposes, 18.6%; low pro- 
duction, 7.7%; old age, 6.3%; "hardware", 4.2%; 
undesignated, 4.2%; and mastitis, 2.8%. 

Examination of the last 12 cows slaughtered 
primarily for irregular breeding rcvealed 5 cases 
of ahnormal liver, 2 cases of occluded oviducts, 
in every instance at  least 1 apparently functional 
ovary, and no clear-cut indications of inflamma- 
tion and,'or infection in the uterus, cervix or  
vagina. One 42-d. old embryo was recovered. 
lficrobiological examinations were made of the 
blood and reproductive tracts. Blood was further 
analyzed clinically yielding the following average 
and certain S. D. values: 4,300,000 erythrocytes 
and 6,900 I ruro~ytcs /mm.~,  12.2 2 1.6 g.% hemo- 
globin, 45.8 + 5.0% hematocrit, 7.0 2 1.4 mg.% 
plasma P and 65.4? 10.4% prothrombin times 
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using the method of Quick with "Standardized 
Solu-Plastin", 15 scc. control. Tissues were fixed 
for histological examination. 

Irregular breeding, though a serious prohlem, 
was found to be attributable to no definite 
symptom(s), thus emphasizing its over-all com- 
plexity. Further investigations are in progrex. 

P49. Three year's studies using sulfur dioxide 
as a preservative for forage cr0ps.l C. I3. K X O ~ T ,  
S. R. SKAGGS ANI) P. S. WII.LIA>IS, Pennsylvania 
Agr. Expt. Sta., State College 

During the past 3 yr. studirs havc hccn con- 
ducted of the value of SO, in prcscrving various 
forage crops using 50-gal. barrels as wrll as 4-, 
40- and 80-ton silos. Forage crops such as 
orchard grass, brome grass, alktlfa, orchard grass- 
Ladino rlovcr and corn havc hecn used. When 
palatability, cost and prcservation of the crop are 
considered, 5 Ib. of SO,/ton of grecn material 
has proved most satisfactory. The use of this 
preservative appears to decrease fermentation 
losses as shown hy decreased production of lactic 
acid, volatilr acids and ammonia, as well as 
decreased losses of reducing substances (primarily 
sugar), carotene and dry matter. Colvs have been 
fed SO, prcscrved forage crops for 3 yr. during 
the normal silage freding periods without any 
apparent harmful effects. Feeding forage crops 
preserved with SO, has resulted in higher caro- 
tene levels of the milk produced. On the basis 
of these experimental studies and the experience 
of over 1,200 farmers, SO2 appears to be a 
valuable preservative for forage crops. 

This research was supported in part by the 
Virginia Smelting Co., West Norfolk, Va., Ansul 
Chemical, Marinette, Wis., and Tennessee Corp., 
College Park, Ga. 

P5C. Grass silage vs. hay as the supplementary 
roughage for milking cows on good pssture. 
(Preliminary Report). S. H. MORRISON A N D  J. 
F. DEAI., Univ. of Georgia, Athens. 

I t  is well known that grass silage is a satisfactory 
roughage for cows hring barn-fcd. I-Iowcver, its 
merits as a roughage for cows grazing good 
pasture are not well cstahlished. Many farmers 
state that co~vs on such grazing should have a 
supplemental roughage in the form of hay, since 
they believe that silage will cause rxtrcmely loose 
feces, loss in weight and lowered milk production. 
This experiment was undertaken to anslvcr some 
of thescs questions. 

A firld of mixed alfalfa and Johnson grass 
(50% approximately of each) was cut in rando- 
m~zed hlocks. I-Ialf of the plots were put up as 
grass silage without added preservatives, the rc- 
maining half being put up as harn-dried hay. 
Sixtern cows ( 8  Jersey and 8 Guernsey) were 
divided into 2 equalized groups on hasis of milk 
production, weight, age and previous record. 1\11 
cows had access to the same pasture (rated as 
good fescue-orchard grass pasture) and were fed 
either silage or hay on an equalized dry matter 
content basis. 

The feeding experiment was a single change- 
over-design with 4 wk. experimental periods and 

a 1 wk. transition period. No significant differ- 
rnres wrrc ol)scrvc.tl in physical condition of cows 
o; feces, 4% F.C.M. production, dry matter con- 
sumption or weight changes. 

P51. Self-feeding a  round hay and grain ration 
to dairy COWS. K. E. 1-~ARSI~BARGER, U n i ~ .  of 
Illinois, Urhana. 

The performance of dairy cows housed in pens 
and sclf-fed a mixed ration containing coarsrly 
ground hay and grain has been studied. In 
trial I, 6 Holstein cows housed by pairs in 3 pens 
were fed 3 rations for 3 5-tvk. periods, using a 
Latin square experimental design. The rations 
were ( a )  completely self-fed mixture, ( b )  self-fed 
mixture plus corn silage and ( c )  self-fecl mixture 
plus long hay. The proportions of hay and grain 
remained constant in the self-fed mixtures. In 
trial 11, 5 Holstein and 3 Jrrsry cows were com- 
pletely self-fed a mixed ration of coarscly ground 
hay and grain for 20 wk. The proportion of grain 
in the ration was adjusted according to the level 
of milk production for each group of cows. The 
coarsely ground hay was mixed with the grain 
to prevrnt the cows from selecting concentrates 
in prcfrrcncc to hay. 

In  trial I the average drrline in milk production 
(F.C.M.) during 15 wk. was approximately 2%/ 
week. The avrrage gain in live weight was 
0.75 Ib./day. The rations containing long hay 
and silage were not superior to the basic self-fed 
ration. In trial I1 the average decline in milk 
production (F.C.M.) during 20 wk. was approxi- 
mately 1.7%/weck. The average gain in live 
weight was 0.82 Ib./day. The fat percentage in 
milk tended to increase slightly throughout each 
trial, indicating that the feeding of coarsely 
ground hay did not result in lower fat tests. 

P52. Alfalfa hay vs. prairie hay for dairy calves. 
J. B. WILLIAMS, S. D. MUSGRAVE, C. L. NORTON 
A N D  TY. D. GALLUP, Oklahoma A & M College, 
Stillwater. 

A 16-wk. feeding trial was initatcd to compare 
the relative merits of alfalfa and prairie hay for 
dairy calves under 2 different systrms of manage- 
ment, ad lib hay feeding beginning at birth and 
deferred hay feeding until aftrr the 8th week. 
Body weight change, heart girth, height at withers, 
plasma carotene and pl;~sm;t vitamin A values 
were used to evaluate rcsults obtained. Twenty 
Holstein and J r r~cy  calvrs were divided into .1 
groups. Group 1 reccivrd alfalfa hay from birth, 
group 11-:rlfalfa hay after the 8th week, group 
111-prairie hay from birth and group IV- 
prairie hay after the 8th week. An average of 
375 Ib. of whole milk was fed to all calves. Calf 
starter was fed ad lib up to 4 Ib. daily. All feed 
offered and refused was weighed daily. Prelimi- 
nary rrsults show no differences in rate of gain 
or body measurements taken that are due to treat- 
ment. Plasma carotene and vitamin A values 
sho~v no henefit for alfalfa hay over prairie hay, 
nor does feeding hay from birth hold an advantage 
over deferred hay feeding until after the 8th week. 
In terms of current feed prices, the T.D.N con- 
sumrd, when hay was fed from the time of birth, 
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proved to be slightly less expensive per pound tained their weights equally \veil and produced 
of gain. almost the same amount of 4% F.C.M. daily. 

~5.3. E ~ E ~ ~ ~  of kind of pasture and the feeding (4  hr. total grazing-22.5 lb.; 8 hr.-23.0 Ib.; 

of supplements on persistency of milk production 20 hr.-23.1 1'. 1. The average daily con- 

in summer, D. M. Univ, of Kentucky, ""ption/cow was 7.8 lb., 7.6 Ib. and 5.9 Ib. for 

Lexington. the 3 groups, respectively. In the same order, 
Much variation in persistency of milk produc- the grain consumption was: 8.5, 8.2 and 8.3 lb. 

tion \vas found among groups of dairy cows graz- A flavor panel of 6 members scored Ili-~veekly 

ing various kinds of pasture during the relatively samples of the milk and concluded that grazing 

dry summer of 1951. Orchard grass and ladino i~~te'.vals had no effect on flavor of milk, hut 

clover apparently furnishcd the highest quality rather appearrd to be an individual cow problem. 

all-season pasture, for cows grazing it ranked high- F1"tl"'r tl.ials arc being conducted. 

cst in persistency of milk production, with blue- P55. Soil fertilization and plant development as 
grass and ladino outranking it prior to July 1, and factors relating to nitrogen digestibility. K. A. 
rating 2nd for thc whole grazing season. Ky. 31 KENDALI., R. W. TOI~CITRERRY AND I\.. B. 
fescue and ladino ranked next in order and about NEVENS, Univ. of Illinois, Urllana. 
the same as an older cstablishrd pasture consisting In an earlier investigation it that 
of orchard grass, I)lucgmss and white Dutch clover. limestone treatment of soil ,,.as the factor re- 
Cows grazing a straight stand of K!'. 31 fescue sponsible for an improved lactation response in 
showed a drcline ir; milk production which rabbits frd lespedcza hay and wheat. ~~~~h~~ 
averaged 50-100% grc:tter than for other Pastures investigation in 2 digest~on trials has revealed that 
tested. the addition of limestone to a PK-treated soil, 

During the July, Sept. and as well as harvesting lespedrza forage at an early 
Oct.l tests Ivere as to On pro- stage of plant development, resulted in a highly 
duction of feeding alfalfa silage or an extra significant increase in the apparent digcstil,ility 
amount of grain to dairy co\zs on pasture. The the nitrogen in the rations fed. 
silage was fed at the rate of :~pproxin~:ltcly I,, trial I the Incan coeficients of a,,parent 
1.25 Ib./100 lb. of livcweight, and an amount of digestibility of nitrogen in rations as associated 
grain equivalent to this in T.D.N. was fed over ,,,ith soil treatment were 55,6% ((CaPK) and 
and above the amount usually fed cows on pasture. 40.G7, ( P K )  or an increase of 36.9% favoring The results of this program varied with the season frrtilization. In trial II diges- 
and with the kind of pasture the cows were 
grazing. tion coefficients, as related to soil treatment 

In general, neither supplement produced siqllifi- " " d t a . ~ ~  of development of lespedeza when 
cant changes in level of milk production haryrflt"1 for hay, were 42.6% (,CaPK early), 

cows were grazing bluegrass and ladino, orchard 37.2'jo (PK 36.6% (CaPK late) and 
qrass and ladino, or an old established pasture 32.5% (PK late) or respective increases of 14.5% 
consisting of orchard grass, bluegrass and ladino. and in the added limestone. 
some improvement in production was noted when A small but significant increase in the apparent 
silage was fed to rows while grazing Ky. 31 fescue digcsfibility of dry matter ingested was ollserved; 
and ladino and fed to cows ho\vcvrr, no significant differences in food intake 
grazing straight Ky. 31 fescue. could be associated with eithrr stage of forage 

development or with soil fertilization. 
P54. Different grazing intervals on ladino clover- 
fescue pasture as affecting milk production and P56. Relationship between TDN and energy 
flavor of milk. (Preliminar) Report) S. H. values of feeds. I,. A. MOORE, Bureau of Dairy 
MORRISON, J. J. SIIECRIKG, R. A. MARDEN A N D  Ind., U. S. D. A. A N D  FI. M. IRWIN AND 1. C. 
J. F. DEAL, Univ. of Grorgia, Athens. SHAW, Univ. of Maryland, College Park. 

Four replicated randomized trios of milking There is considerable differcncc of opinion 
COWS (3  Holstein and 9 Jersey) had access to about methods of evaluating feeds and expressing 
rotated ladino clover-fescue pasturr, for grazing their value. In the United States, total digestible 
periods totaling either 4, 8 or 20 hr. daily, im- nutrient content ( T D N )  has become the common 
mediately after each milking. The 4- and 8-hr. method of expressing the value of feeds. In 
croups had free access to U. S. no. 2 Alfalfa Light Europe, the net energy (NE)  system or some 
'Grass Mixed Hay when not on pasturc. The modification thereof has been in vogue. 
20-hr. group had free access to the hay at  all In order to study the relationship betupern these 
times. 2 systcms, the estimated net energy (ENE) values 

The experiment consisted of 3 5-wk. experi- of Morrison, the revised net energy (NE)  values 
tncntal periods, with 2-wk. preliminary and transi- of Forbes, ant1 the calculated productive energy 
tional periods. A double-changeover-design was (PE)  valnc of Fraps were plotted arithmetically 
used so that each member of each trio was pas- aqainst thrir rcsprctive T D N  values for various 
tured at the various intervals during some phase feeds. In all 3 comparisons, a definite linear 
of the work. All animals received the same grain rrlationship xvas noted. The following regression 
mixture fed according to Morrison's (19-1.8) stand- equations werr obtained by the method of least 
ard for cows on good pasture. squares: ENE = 1.393 TDN - 34.63; NE = 1.45 

The cows on the various grazing periods main- TDN - 38.82; PE = 1.776 TDN - 53.69. The 



respective correlation coefficients, 0.977, 0.929 and 
0.926, were all highly significant. 

From the equations, it is apparent that the 
difference bct\veen the T D N  values and the 
energy value becomes progressively greater as we 
go from feeds high in T D N  value to feeds lower 
in T D N  valuc. For instance, 1 Ih. of T D N  from 
a feed like corn would be equal to 1.0 therm; 
1 Ib. of T D N  from the bcttrr hays would be worth 
about 0.75 therm, while 1 Ih. of T D N  from poor 
roughages would be \vorth only 0.5 therm. In  
other words, there can be up to 100% difference 
in the energy value of 1 Ib. of TDN, depending 
on thr  feed. 

P57. T h e  relation of sulfur compounds to  lacta- 
tion in  ruminants. I .  R. JONES, J. R. HAAC AND 

P. H. WESWIG, Oregon State College, Corvallis. 
Two studies havc bcen conducted to determine 

the importance of sulfur supplementation with 
low S rations (0.1% total S )  for milking cows. 
Results are availablr in the 1st study for 2 groups 
of 7 paired cows fed continuously for 17 mid- 
lactation weeks, the S supplement of the experi- 
mental group bring 1% of Na2SO., in the grain 
mixture. In  the 2nd study, two groups of 5 paired 
cows were usrd. One group was fcd a low S 
ration for 10 wk. followed by a 10-wk. period 
when the grain mix was supplemented with 0.5% 
methionine. The 2nd group was started on the 
methionine-supplemented ration. 

From the feed and milk production data, it 
was found that there was no difference in the 
effirirncy of feed utilization when lo\\- S rations 
were s~lpplemented with either an organic or 
inorganic source of S. Apparently, the ruminant 
possesses a remarkable S eronomy for the efficient 
nitrogen utilization for lactation. 

P58. T h e  effect of thyroprotein feeding on the 
level of the protein-bound and inorganic serum 
iodine in the bovine. J. 1;. LONG, L. 0. GILXIORE, 
J. 12'. HIBBS AND F. EI.Y. Ohio State Univ., 
Columbus, and Agr. Expt. Sta., Sussex. 

Thyroprotein ("Protamone"') was fed to 3 
Ayrshire cows (10, 15 and 20 g., respectively/ 
cow/day) for a period of 17 d. Serum protein- 
bound iodine (P.B.I.) and inorganic iodine de- 
terminations were made prior to the thyroprotcin 
feeding period, approximately every 2nd day 
during the experimental feeding period and for 
13 d. thereafter. 

In  a later experiment 15, 20 or 25 g. of thyro- 
protein/1,000 Ib. of body weight/day were fed, 
respectively to 1 of 3 Jerseys and 1 of 3 Holstein 
cows for a 49-d. period. Serum P.R.I. and in- 
organic iodine determinations were made prior 
to and at approximately weekly intervals during 
and after the period of thyroprotein feeding. 

In  every case initiation of thyroprotein-fceding 
produced a sudden elevation in the protein-bound 
iodine to about 10-20 times the normal value. 
Cows frd the larger amounts of thyroprotein had 
higher P.B.I. values than cows receiving small 
amounts. Upon termination of the thyroprotcin 
feeding, the P.B.I. valucs fell sharply to a level 

about 3 times the normal value within 2 d. and 
then gradually declincd over the next several 
werks to about 2 times normal value. The  serum 
inorganic iodine rose sharply after the beginning 
of thyroprotein to from 100-400 times the normal 
level, depending on the amount of thyroprotein 
fed. The inorganic iodine remained at  a high 
level throughout the thyroprotein feeding period 
and upon termination of the thyroprotcin feeding 
rcturned to normal within 7 d. I t  is suggested 
that the P.R.I. trst may be of practical value in 
detecting animals ~vhich are being fed thyro- 
protein, or whir11 have recently been fed this 
substance. 

1 Kindly supplied by Cerophyl Laboratories, 
Kansas City, Mo. 

P59. T h e  utilization of pear-cannery waste as a 
feed for dairy cows. F. R. M ~ R D O C K ,  A. S. 
Honcsox, 7'. 1-1. RLOSSER A N D  A. 0. SIIAW, State 
Collegr of IYashington, Pullman. 

Thrcc lots of pear-waste silage have been pre- 
pared succrssfully by combining poor quality 
roughage and fresh pear waste in the proportions 
of 1 part roughage to from 3-4 parts of pear 
uraste. 

'The relative nutritive values of pear waste 
and grass silages havc bcen cletermined by feeding 
trials with dairy cows and by digestion trials with 
sheep. I n  the feeding trials with cows, the small 
differrnccs in average daily production of 4% 
milk and in changes in body weight indicated the 
2 silages were of nrar equal feeding valuc for 
dairy cows. I n  digestion trials with sheep, the 
grass silages were found to be appreciably higher 
in T.D.N. than the pear-waste silages. The  
T.D.N. values of the 2 lots of pear-waste silage 
were 52.8 and 53.5% on the dry-matter basis. 
One lot of grass silage contained 63.9% T.D.N. 
and another of molasses-grass silaqe contained 
68.1% T.D.N., both on the dry-matter basis. 

One lot of dehydrated pear waste and 1 lot of 
fermented and dehydrated pear warte \\ere found 
to contain 80.4 and 57.2% T.D.N., rrspectively, 
on the dry-matter bask. 

P60. Hormones in lactation: Administration of 
hormones in  declining phases of lactation. ,T: D. 
DONKI:.R AND 1V. E. PETERSEN, Univ. of Mmn., 
St. Paul. 

Single 30-35 mg. equivalrnt injections of 
growth hormone resulted in a 10.4% average 
inrrrase in milk production in 7 animals whrn 
comparing 4-d. post-injection milk production to 
a like base period prc-injection. In  3 animals, 
35 mg. of thyrotropic hormone resulted in no 
change during the post-injection periocl at  the 
timc the increase was noted from growth hor- 
mone, or later. There were no changes in milk 
composition due to treatment. 

Prolactin (50 mg. daily), over thr a m r  com- 
parison periods, depressed production I)y 50 and 
35% in 2 cou7s. 

Stilbestrol injected at  the rate of 10 mg. each 
2nd day producrd varying results. The  1st ani- 
mal's production rose from 3-30 Ib. daily during 
I-ma. treatment. Increasing the dosage to 10 mg. 



501 PAPERS I'RESE :STED AT THE 

daily drpressed daily production from 32-20 lb. 
A second animal increased from 3-9 lb. daily over 
40-d. treatment but thr incrcascd production was 
noted to arise entirely from 1 quarter which had 
previor~sly given the least. I n  a 3rd cow at  a 
10-lb./day level, the animal dried up completely 
within 2 \zk. 

ridditional data from work in progress will be 
presented. 

P61. Induction of lactation i n  dairy cattle 
by diethylstilbestrol-progesterone implants. J. 
MEITES, I:. 1'. REINEKE AND C. F. CAIRY, Michi- 
gan State Coll., East Lansing. 

Studies havc heen in progress during the past 
2.5 yr. to determine in which levcls of diethylstil- 
bestrol and progcstrone are optimal for inducing 
udder growth and lactation in dairy cattle. Thus 
far, the best results have been obtainrd by first 
implanting 3 g. of progesterone and 100 mg. 
dicthylstilbcstrol, followed 90 d. later by a second 
implant of 1.5 g. dicthylstilhestrol. T h c  1st im- 
plant is intended to promote udder growth and 
the 2nd to initiate lactation by stimulating prolac- 
tin secretion. At the rnd of 4 mo. the residues 
from 110th implants arc rcmovrd and milking is 
begun. 

The best lactations to date by the above pro- 
cedure were attained hy 3 I-Iolstein cows, each of 
which had calved once previously but could not 
be scttlcd again. Each gaincd between 200- 
300 Ib. in body weight during the implantation 
period, and reached peak daily milk yields of 45, 
52 and 80 lb., respectively. All othcr cattle treated 
with the hormones also have shown significant 
gains in body weight. Perhaps the outstanding 
problem encor~ntercd thus far has been the vari- 
able growth of fibrous connective tissue around the 
implanted hormone tablets, preventing maximum 
hormone absorption and frequently resulting in 
relatively low milk production. 

P62. Experimental development of the mam- 
mary gland of the bovine. D. L.  HILL,^ Univ. 
of Minnesota, St. Paul. 

The hormonal control of udder development 
was studied in a freemartin, 2 virgin heifers, and 
5 multiparous cows. Stilhestrol in corn oil was 
injected subcutaneously as a primary treatment 
for an arbitraw l e n ~ t h  of time and was followed 
with progesterone. The  stilbesterol treatment in- 
duced uclder development and a lactation in the 
freemartin which showed a leveling-off at  10.8 
lb. milk daily. After treatment with 85 mq. 
progesterone given over 10 d., the average daily 
milk production increased to 14.4 Ib. .4 multi- 
parous cow responded to stilbestrol with a 295-d. 
lactation which yielded 5,268 lh. milk, but udder 
development in this cow could not be induced a 
2nd time with stilbestrol until progestrone was 
includcd in the treatment. The  udder was ex- 
tremely involuted after injection of 410 mg. stil- 
bestrol over a 36-d. period. A growth response 
was observed within 24 hr. after injecting 20 mg. 
progesterone. The rear quarters which were 
milked continucd to grow while a 10-d. delay 
in milking the forcquarters appeared to nullify the 

effects of the hormone treatment. Three of the 
multiparous cows showed no response to the 
treatments used and udder growth was obtained 
without any lactation in a virgin heifer. 

1 Present address: Purdue Univ., Lafayette, Ind. 

P63. The metabolism of lactose. W. J. RUTTER, 
F.. M. CRAINE ANI) R.  G. HANSEN, Univ. of 
Illinois, Urbana. 

Utilization of lactose by a strain of Lacto- 
bacillus bulgaricus is of interest because its re- 
quirements for growth can Ile met by lactose but 
not by galactosc or glucose. Cell-free extracts 
of LA. bulgaricus have brrn obtained which activcly 
utilize lactose. Under some conditions, glucose 
and galactose may be produced in equimolar 
amounts. H o w e v e r , glucose-6-phosphate is 
formed by thrse extracts when galactose-l-phos- 
phatc is incubated in the presence of uridine- 
diphospho-glucose and phosphoglucomutase. Glu- 
cose-6-phosphate also may be produced from 
galactose itself by this system when '4.T.P. is 
added. 

The  presence of a similar system in lactating 
mammary gland and liver from nursing animals 
also is indicated. 

P64. T h e  utilization of carboxyl labelled C14 

acetate by the perfused bovine mammary gland. 
I>. S. MIX, W. IS. I'ETERSEN AND M. E. STRUSS, 
University of Minnesota, St. Paul. 

Three perfusions with bovine lactating mam- 
mary glands were performed in 1951. The right 
half of each gland was premilked using pitocin. 
One  millicurie of carboxyl-labelled C" acetate 
in -50 ml. of physiological saline was added to 
rach arterial blood after premilking the gland. 
'I'rn ml. of 40% dextrose was added at  0.5-hr. 
intervals. The duration of the 3 perfusions was 
3 hr., 5 hr. 50 min. and 5 hr. 15 min., respectively. 
,411 3 glands were milked 2 hr. after the activity 
was atldctl and again before the perfusion was 
discontinued. 

The  rthcr extract and thc glycogen from the 
gland tissue were labelled in all 3 experiments, 
hut no activity was present in any fraction of 
the milk in experiment I. The  experiments I1 
and 111, cholcstrol was labcllcd as well as the 
volatile soluhle, volatile insoluble and non-vola- 
tile acids. In  addition, the following milk con- 
stituents were found radioactive: casein, non- 
casein protein, non-protein nitrogen fraction, 
lactose, urca, citric acid and free CO,. 

Yenous blood samples contained radioactive 
C 0 2 .  Little or no residual activity was present 
in C 0 2  free blood. 

An acetate pool in equilibrium with other milk 
precursors in the mammary gland is postulated. 

P65. Early development and function of the 
bovine stomach. R. B. RECKER, P. T. DIX AR- 
NOLD, S. P. MARSHALL AND JAMES WING, Florida 
11gr. Expt. Sta., Gaincsville. 

Jersey and Guernsey calves were sacrificed to 
study stomach anatomy and early function. 

Omasum. The omasum is situated vertically, 
its greater curvature to the right side and lesser 
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curvature niedially. The reticulo-omasal orifice 
("neck") high on the medial face, connects with 
the rumino-reticular cavity. The  omaso-abomasal 
orifice conliccts \vith the abomasum lower on the 
same face. The inlet is a 3rd or 4th the size of 
the outlet. 

Laminae of 5 orders insert on tlie inner faces 
and greater curvature, extending more or less 
toward the medial wall. Upper insertions of 
the 8-16 first-order laminae are close into the 
neck, preventing entrance of coarse feed. The  
free border is thicker than the body of each 
first-order lamina, giving a pedunculatrd appear- 
ance and diverting fine feed between the laminae. 
Second, 3rd- and 4th-order Iaminac insert at  
variable distances from the neck. Between, 
many small ridges (5th ordrr) extend along the 
inside wall, and sometimcs on lateral faces of 
larger laminae. Many laminae change in width 
sufficient to change their order toward the lower 
orifice, and some insrrt terminally on another 
lamina. Large laminae increased in numbers, 
while 3rd-, 4th-, and 5th-order laminae decreased, 
toward the outlet. There were 94 to 192 laminae 
of the 5 orders/omasum. 

Papillae on the free margin and sides of lami- 
nae were large and prominent near the neck, 
with smaller papillae in increased numbers to- 
ward the outlet. One or more papillae with 
horny tips were on the proximal edge of several 
1st order laminae, or margin of the esophageal 
groove. Their tips pointed into the osmasum. 
They ranged from 6-25, and averagrd 12.1 horny 
papillae/animal. 
Feed in the stomach. O n  nursing, milk normally 
goes to the ahomasum. One calf had 3 blades of 
grass whrn not 1 d. old. The  rumens of 5 calves 
3- to 5-d.-old containrd some hay and excelsior 
bedding. Cnlves (19) observed at 3- to 24-d. of 
age had feed in the rumen. Feed was between 
the laminae in a 3-d.-old calf; in 5 others between 
7- and 10-d.-old, and 2 animals 15- and 16-d.-old. 
Omasums of 12 others 1-18-d.-old contained no 
feed. Calves observed at  20 d. or older had feed 
in the omasum. A 24-d.-old calf regurgitated and 
chewed its cud and it was suspected but not 
verified with some younger one. 

Fred samplcs from between selected laminae 
were partially air-dried, separated through sieves 
and weighed. With 17 groups of 1-5 calves (46 
animals), 68.6% of the air-dry fced from the 
upper half of the omasum passed through a 1-mm. 
sieve, as compared with 71.4% from the lower 
half, indicating that some reduction had taken 
place therein. Corn fragments showed little 
change in the rumen, reticulum and omasum. 
In  all but 1 young calf with an abnormal rumen 
aroma, omasal contents were less moist than those 
of other compartments of the stomach. 

P66. Effects on ruminating calves of changing to 
omasal-abomasal feeding through a rumen fistula. 
H. J. LARSEN AND <;. E. S T O I ~ A R D ,  Iowa Agr. 
Expt. Sta., Amrs. 

Two Milking Shorthorn yearling males pro- 
vided with permanent rulnen fistulas were fed a 

complete hog ration directly into the omasal- 
abomasal cavities. The  rumen was lrft intact to 
facilitate converting the animals, at  will and in 
principle, from a monogastric to a polygastric 
state. 

Three trials were ronducted and were termi- 
nated at  10, 6 arid 9 d., respectively, when health 
became critically endangered. During the short 
omasal-abomasal fcrding period, the animals 
scoured, hecame weak and unthrifty and lost 
weight; blood fat levels were depressed; blood 
glucose levels did not change appreciably; corn 
particles appeared in the feces in much the same 
form as in the fced, indicating little or no 
digestion. 

When the rxperimental feeding was increased 
from 3-8 times daily, the animal still showed 
tlie symptoms dcsrribcd above to about the same 
dcgrer and in about the same lrngth of time. 
When water, instead of the experimental ration, 
was fed to the omasal-abomasal region of 1 ani- 
mal, no detrimental effects were apparent. Feed- 
ing the exprrimcntal ration dirrctly to the rumen 
through a fistula apparently had no adverse effect 
on either animal. 

P67. Rumen synthesis of protein and amino 
acids in the bovine on  natural and purified 
rations. C. TY. Dr-NCAN, C. F. HUFFMAN AND 

I. P. AGRAWALA, Michigan Agr. Expt. Sta., East 
Lansing. 

Quantitive studirs were made concerning the 
synthesis of protein and amino acids in the rumen 
of fistulated calves maintained on a natural ra- 
tion and on a ration in which urea furnished the 
only source of dietary nitrogen. From 51-63% 
of the dry matter disappeared from the rumcn 
within 6 hr. after feeding either ration. The  
amount of protein in the rumen of the experi- 
mental calves 6 hr. aftrr feeding varied from 19- 
190% more than was present before feeding. 
The increasr in protein was due to the utilization 
of urea nitrogen by the rumen microorganisms 
and was considered to be of microbial origin. 
The  increase on the natural ration was 78%, 
which could be accounted for by the ingested 
protein. 

When the amino acid composition of the rumen 
protein was expressrd as the per cent of the 
sample, no cousistrnt differrnce was observed 
betwren the values obtained before or 6 hr. after 
feeding, but when the total amounts in the rumen 
were detcrminrd, a from 1- to 15-fold increase 
was observed over that ingested in the ration. 
Thc  amino acid content of the rumen protein 
was the same both before and 6 hr. after feeding 
and also on both tlie purified and natural rations 
when the values arc expressed as grams/100 g. of 
protein. Minimum molecular weight determina- 
tions indicate that regardless of whether the 
nitrogrn intake is from organic or inorganic 
sourcrs, the protrins that are elaborated in the 
rumen appear to he rharactcristic of the naturally 
occurring microflora. 

P68. Some chemical and nutritional properties 
of the rumen contents of dairy cows. B. M. 
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PATEL A N D  N. N. ALLEN, Univ. of Wisconsin, 
Madison. 

Fluid material aspirated from the rumens of 
I0 dairy cows was found to contain from 1.24- 
2.487, dry matter, of which approximately one- 
half was ash. Na and K compounds, largely bi- 
carbonates, acrountcd for all except a very small 
portion of the minerals, and presumahly were 
derivcd largely from the saliva. 

Representativc portions of the entire rumen 
contents were taken from 14 freshly slaughtered 
cows. Of these, 6 were from the Univcrsity herd 
where the normal feeding routine had not been 
disturbcd, while 8 were from a packing plant 
where fasting routinely preceeds slaughter. The  
liquid was pressed from a part of this material. 
Proximate analyscs and Vitamin values were 
run on the complete raw material and on  the 
liquid and solid portions. A portion of the ma- 
terial was aotoclavcd hcfore separation and analy- 
sis. Thc rumcn contents of the packing-house 
cows werc lower in dry matter and much lower in 
protein and B,, than of thc University cows. 
When autoclaved hcfore pressing, the dry matter 
of the liquid portion was increased by about 30% 
for the packing-house and 50% for the University 
material. The  protein was increased by about 25 
and SO%, and the B,, by 200 and 1807,, respcc- 
tively. Thcse increases wcre due primarily to ma- 
trrials liberated from the solid portion hy auto- 
claving. ?\ substantial part of this probably was 
derivrd from thc microorganisms adhering to 
the fibrous parts of the rumen contents. 

Fceding tests with the various materials \vex 
run with rats and chicks. Detailed data will be 
distributed. 

P69. T h e  effect on milk production, body weight 
and feed digestibility of feeding hay and grain 
in various ratios. (;. E. STOI)I)ARD AND 7'. G. 
MARTIN, Iowa Agr. Expt. Sta., Ames. 

Four levels of hay were fed at  rates ranging 
from 0.5-2.5% of body \wight to 4 groups of 
co~vs in 2 scparatc trials. i\ concentrate mix was 
frd to each group at  levels to supply T D N  a t  
100% of Morrison's recommended requirements. 
Hay and concentrate samples were analyzed and 
appropriate digestibility values were selected 
from Morrison's tables. The first trial was de- 
signed as a 4-way Latin square with 4 paired 
cows and 4 3-wk. trial periods. Dccline in milk 
production for the 3-wk. periods averaged 0.1, 2.9, 
5.8 and 6.1 lb., respectively, for the low to high 
levels of hay feeding. No consistent effect on 
body weight could 1,c determined. 

T h c  second trial included 4 groups of 4 cows 
each, maintained on the experimental ration for 
16 wk. Drop in avcrage daily milk production 
from the 1st to the last week was 14.0, 7.9, 13.1 
and 18.1 111. on the lolr to high levels of hay 
feeding, respectively. Body weight increased 48, 
19, 21 and -4 lb., respectively, during the same 
period. 

Digcstihility data for both trials as determined 
by the chromogen technique will be presentcd. 



FILLED JIILICS FOR DAIRY CALTES. 111. COMPARATIVE VALUE 
01.' T-AIRIOITS SOPI<EA?rT O ~ I A S  AND RITTTER OIL TS A 

PRACTICAL DIETARY REGIJIE1 

11. 13. IL-\RI<ER?, G. H. TVISEs ASD S. L. JACOBSON 
Iowa State College, Anws 

Investigations of the effects of feeding soybean oil-filled milks to young dairy 
calves have shown that crltde soybean oil is markedly inferior to 111ilB fa t  (6, 8)  
but that hydrogenated soybean oil is almost crlnal to milk fat  (8, 12) .  Studies 
of the dietary value of cottonseed oils (9) also revealed that growth and health of 
calves fed a purified diet containing hydrogenated oil were better than those of 
caalves fed a similar diet containing nonhydrogenated refined oil. 

Since in the previous work with hydrogenated vegetable oils (8, 9, 12),  the 
calves were re\trictecl to purified dicts or reconstitated "milks" supplemented 
with vitamins and minerals, it  seemed desirable to determine the effects of feeding 
various soybean oil-filled milks to young calves raised under co~lditions generally 
encountered in dairy hcrtls. The trial reported herein was dcsigiiecl to ascertain 
the practicability of using soybean oil-filled milks with hay and grain as a diet 
for young calves. 

The experi~nental subjects were young dairy calves of the Ayrshire, Bro~~yn 
Swiss, IIolstein and Jersey breeds. The calves, after receiving colostrum from 
t,heir respective dams for 3 days following birth, were divided into three compar- 
able clietary groups of ten anilnals each. The principal difference in the diets 
was the type of fat  used in the reconstituted milk: Group I-milk fat  (butter 
oil). Group 11-hydrogenated soybean oil (melting point approximately 102O 
I".),* and Group 111-crude soybean oil." 

Throughout the trial, from 4 to 88 days of age, the calves were fcd ad libitrrm 
good quality alfalfa hay and a concentrate mixture (50 parts ground yellow corn, 
50 parts crushed oats, 2 parts steamed bone meal and 2 parts iodized salt). Tn 
addition, approximately 10,000 U.S.P. units of vitamin A and 2,000 U.S.P. units 
of vitamin D were administered in capsules to each calf daily. During the first 
56 clays of the experiment, reconstituted milks containing 3 per cent oil or fat, 10 
per cent non-fat dry milk solids and 87 per cent water were fed, whereas during 
the terminal 28 days, a reconstituted milk containing only 10 per cent non-fat 
dry milk solids was fed. 

Receired for publication Dee. 1'7, 1951. 
1 Journal paper no. J-2049 of the Iowa Agricultural Exper ime~~t  Station, Amcs, I'roject 814. 
2 Present address: Louisiana Polytechnic Institute, Rilston. 
1' Present address: Department of Anilnal Industry, North Caro l i~~a  State Collcge, Raleigh. 
4 The hydrogenated oil fed to the first five calves in this group wan obtained from Swift and 

((o.. Cl~icago, Ill.; that fed to the other nni~nnls w:ts supplied through thr courtmy of the Buck- 
eye Cotton Oil Co., Cincinnati, 0. 

5 Produred hp Swift and Co. Soybean Mill, Des Moines, Ia. 
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Prior  to each feeding, the ingredients for the respectire filled milks were 
mixed and subsequently homogenized a t  3,000 lb. pressure. These milks, main- 
tained a t  approsirnatelg 37' C., were fed twice daily c ta  nipple pails a t  the rate 
of 1 lb. per clay per 10 lb. body weight of calf. lTThen diarrhea occurred, thera- 
pentic doses of sulfatllalicliae~mere administered ancl the quantity of milk fed 
was decreased until  improvenicnt was noted. Subseqnently, the lerel of milk 
feecling was increa\eil gracllially to the pre-treatment amount. The quantity of 
milk frcl was acljusted ~ ~ e e k l y  i n  accordance ~vi t l i  changes in  body weight. 

The effects of including the rarious types of soybean oils in the diets of the 
calves were deterlnined by hcalth ancl general appearance, changes in  body 
weight and in height a t  withers, efficiency of feed litilization and concentrations 
of f a t  in  blood p l a m a  and of hemoglobin in  blood. Intakes of all feeds were 
recorded. A t  the beginning of the esperilnental period and a t  weelrly intervals 
thereafter, weight and height a t  withers of each calf were detrrmined and renous 
blood samples were collected. F o r  hemoglobin determiniitions 0 01 1111. of oxa- 
lated blood lvas usecl (13) .  The remainder of the. blood sample was centrifuged 
to obtain thc plasma for  fa t  determinations (1 ).  

RESULTS 

Analysis of the data  \\-as coinplicated by the high mortality riite alllong the 
calves receiving crude soybean oil in  reconstituted milk (group 111). Thus, sta- 
tistical interpretation (4, 14) was limited to group I (butter oil) and Group 11 
(hyclrogenatecl soybean oil). Averages for  the various objective measurements 
used in comparative rstilnations of the responses to the (:rude soybcan oil feeding 
were computed on the basis of the four  animals that  surrived the entire experi- 
mental period. 

V e a l t l i  and gencval appeovcluce. 111 the initial stage of this stncly sereral 
calves fecl the crude soybean oil ration died within 3 (lays after t,he first feeding. 
These subjects exhibited mild diarrhea but no other apparent ante-mortem symp- 
toms of health impairment. These suclclcn deaths suggested that  the crude soy- 
bean oil-filled millr might harc produced a t,oxic eff'ect. Post-mortem lesions also 
indicated toxemia. Since the crude soybean oil used during this first phase of 
the experiment had been stored under refrigeration for  approximately 18 mo., a 
supply of freshly processed oil was obtained to excalude co~nplications possibly 
due to oil deterioration during storage. Animals fed the agetl soybcan oil were 
replaced; thus, all the calves listed in table 1 wcrr fed tllc fresh oil. Although 
these animals responded linfarorably to the fresh crude soybean oil, they sur- 
rived for  a greater length of time (all deaths o c ~ ~ ~ r r i n g  bet\veen the second and 
sixth weeks of the experilllent) than those fed the oil that had been stored. d n t r -  
mortrm sympto~ns of the calres that  received newly processed crude soybean oil 
were emaciation, listlessness, rough hair-coat. d ry  slrin and severe diarrhea. 
Autopsies revealed nnmrrous petechial and e c c h p o t i c  heniorrhages in the intes- 
tinal mucosa and cloncly s~vellinps and evidence of fat ty  infiltration in  the liver. 

Calves surviving the crude soybean oil diet maintained the unthrifty appear- 
'; Prov id~ i l  t h roug l~  t l ~ c  courtes- of S. F. Scheidy, Slinrp an11 Dollme, Glenolile~~, Pa. 
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ance developed during the early stages, whereas calrcs fed butter oil as the prin- 
cipal source of fa t  either maintained or developed a slnooth glossy coat of hair. 
Though calves receiving hydrogenated soybean oil were somewhat rough in hair- 
coat during the first phase of the experiment, dnring the second stage, when all 

TABLE 1 

Incidence of sroztring among calves on t h e  oariozls dirtor!] regimes 
- 

S o .  of days each week tllnt cliarrhca was o1)scrred 
Group 

no. 1 2 3 4 5 6 i 8 9 0 11 12 Total 

1 
(Butter 

oil) 

soybean 
oil) 

3097 3 .? 2 Died (24th (1.) 
111 3098 3 5 3 :1 1 Dird (64th (1.) 

(Crude 3102 3 4 6 4 Died (31st (1.) 
qovhrnn 3104 2 4 1 S 2 1 1 2  

3107 2 1 1 2 Off cspt. (38th (I.) to save 
31 12 2 6 Dirt1 (13tl1 (1.) 
3123 1 1 Off expt. (8th (1.) to save 

:Ir. 2.2 3.8 16.0 

a 3081-3094 rceeivcd oil stored under rcfriger:ttion for  approximately 8 mo. 
b 3101-3129 received fresl~ly processed oil. 

calves received the same diet, the appearance was similar to that of calves previ- 
ously fed butter oil. 

The order of increasing incidence of scouring among the calrcs of the various 
clictary groups was butter oil, hydrogenated soybean oil and crude soybean oil 
(table 1). The incitlcnce of diarrhea among the first five calves in Group 11, 
which received stored hydrogenated soybean oil, is strilringly high in comparison 
with that among the last five animals which received the freshly processed oil. 
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Growth.  The mean weight changes (as percentages of initial weights) for  
each group of calves arc   show^^ iu fig. 1. Calves fed butter oil (group I)  gained 
most 'apidly throughout thc esperiment, fol lol~ed in ortlcr by calves fed hydro- 
genated soybean oil (group 11) ant1 those fed crude soybean oil (group 111). 
The differences between the two former groups ( I  and IT) mere significant statis- 
t~ca l ly  a t  the 1 per cent probabi l i t  level. 

The growth of the calves fed the freshly procacssed, hyclroge~lated soybean 
oil was similar to that  of the valves fed butter oil, ~vhereas the animals fed the 
hydrogenateil soybean oil that had beell stored gained weight a t  a slower rate 
-1 compari\on of the ~veights ant1 of general appearaac.ch of four  heifers in Group 
I (butter oil) ~ v i t h  thosc of a similar number ill Group IT (hydrogenated soybean 
oil) revealcrl no (lifferencc~\ ;it approsimatelp 185 days of age. thns ~ndicat ing no 
tliffcrcncde in residnal effecbts from the two fats gl rcn in the early phase of the t r ~ a l .  

BUTTER 01 L/ ..,..'{ 
80 - 

* OLD HYD. SOY. OIL ( 5  CALVES) 

w' 60 - HYDROGENATED SOYBEAN OIL [AV. ALL CALVES) 

Z CRUDE SOYBEAN OIL (4 SURVlVlNG CALVES) 
a 
I 

40- 
I- 
I 

0 4 18 32 46 ' 60 
AGE, DAYS 

FIG. 1. 3Ie:ln \vcigl~t rll:u~g.es in r:llves fed v:nious oils in rc~col~stituterl milks. 

S o  significant cliff'erences in  changes in  height a t  withers lverc. apparent anlong 
the rarious groups. 

,ippare,rt eficiclrc!y of feed ~ct t l i rn t io l~ .  The calculated T.D.S. intakes per 
pound of gain in  body \vc.ight for  the various gronpq during the initial 8 wk. 
(normal fa t  level in milk) ant1 the tcrininal 4 wk. (low f a t  lcvel in milk), respec- 
tirely, were: hntter oil, 2.1 Ib. and 1.6 lb.; hytlrogent~tetl soybean oil, 2.5 Ib. and 
1.9 Ib. ; and crude soybean oil, 3.2 and 1.6 Ib. 

Rlooc7 co?lstitrle?rts. a. H o ~ r o g l o h i , ~ .  The mean conrentrations of hemoglobin 
i n  the blood from calves in  the various groups (fig. 2) were approximately the 
same initially. Subsequently, the level in  all groups gradnally declined until 
a n  equilibrium was establi5hed during the fourth week. T h o ~ ~ g h  anemia did not 
appear to be a complicating factor, therr were indiridnals in eitch group that  
sholr-etl s11b-normal hemoglobin level5 a t  various times dnring the course of the 
experiment. 



b. Plasma faf. The mean plasma fat level for each group (fig. 3)  decreased 
during the first meek of the experiment, this decrease being less pronounced in 
calves fed a reco~lstituted milk containing crude soybean oil than in the other 
dietary groups. After the general initial decline in the plasina fat  levels, there 
was an upward trend. Plasma fa t  ralues (luring the first 8 wlr., when fa t  was 
incorporated in the milks fed, were highest i11 the group fed crude soybean oil, 
followed in order by the groups fed. respectively, butter oil and 111-drogcnated 
soybean oil. Comparison of the lerels in the two latter groups rcvealed differ- 
ences significant statistically a t  the 1 per cent probability level. After thr fa t  was 

LOW L E V E L  O F  
V E L  OF F A T  I N  M I L K  DIFT-FAT I N  MI~LK D I E T  

04 18 32 4 6 60 74 88 
AGE, DAYS 

FIG. 2. Mean concentrations of lien~oglobii~ in the blooil of enlres fed rarious oils in re- 
eol~stituted milks. 

- 
E 200' 
0 

/ - e U D E  SOYBEAN OIL (4 S U R V I V I N G  CALVES1 

0 

$ loo- 
m 
a 
2 50- 

Z COLOSTRUM 
LOW LEVEL OF 

0 4  18 32 46 60 74 8 8 
AGE, DAYS 

FIG. 3. Mean concentrations of fat  in the blood plasma of calves fed various oils in re- 
col~stituted milks. 

omitted from the milk, the plasnla fa t  levels of all groups cleclined rapidly to 
comparatively low values, which were not signifiealltly clifferent. 

DISCUSSION 

Retarded growth, frequent occnrrences of diarrhea and morbidity, and high 
mortality among calves fed crude soybean oil are in accord with previous findings 
(6, 8) .  The physiological effects observed in the present investigation were more 
severe, however, than those reported by Blurley e t  al. (12). Since various batches 
of crude soybean oil differ in their ph-sical and chen~ical composition, depending 
on the locality in which the beans are ~ I - O T V ~ I  ( 7 ) ,  the method of expressing the 
oil from the bean (11) and the method and length of storage ('i), some of the dif- 
ferences in physiological responses of the experimental subjects fed the crude 



oil nlay be attributed to one or more of the aforcmentionecl factors. The severe 
reactions of calves to the "agcd" cratle soybean oil fed during the initial phase 
of the current study as comparecl to the less acute responses to the freshly proc- 
essed product suggest that during storage crl~cle soybean oil niay unclergo chem- 
ical and/or physical changes that angnicnt its tosic effects on the young calf. 
Results (10) indicating that calves react mow favorably to cottonseecl oil fol- 
lowing addition of lecithin and subsequent thorough hoinogenization suggest the 
possibility that the degeneration of crnde soybean oil may be associated with 
changes in the phosphatide fraction. 

I-Iydrogenated soybean oil which had been stored also was less satisfactory as 
a dietary co~nponent for young calves than hyilrogenated oil fed soon after proc- 
essing. I t  is possible that some of the adverse physiological reactions from this 
product may be due to changes similar to those occurring in the crude oil during 
storage. Inasn~uch as most of the phospholipids are rc.morec1 during refining 
prior to hydrogenation, it seems doubtful that changes in this fraction could be 
responsible for the clifferences obscrred. Since the sources of the tn-o hydro- 
genated oils were not the same, other factors possibly may have caused the dif- 
ference in physiological reactions. The batch of oil from which the stored hy- 
drogenated oil was obtained, however, prodncccl sittisfavtory results when fed 
shortly after processing (12). 

Results of the prrsent inrestigatioiz indicate that the clifferenccs in responses 
of c a l ~ e s  to crude ant1 Irptlrogenated soybean oils noted previo~lsly on restricted 
diets (8, 12) also arc manifest when hay and grain constitute a p i~ r t  of the diet. 
After removal of fa t  from the milk cliets, howerer, the growth of calves in the 
crucle soybean oil group i~nprov~cl.  The cstent to which hydrogenation per se 
contributed to the differences in effects is unknown, bnt Graham ant1 Cupps (5) 
noted that herring oil contailli~lg a high percentage of unsaturateci fat ty acids 
was highly toxic ~vhen fed to goats, whereas a similar oil that hail been hydro- 
genatecl did not produce the adverse reactions. 

The hemoglobin ~ralues observed were in arcorcl with those reported for calves 
receiring a normal diet (15) and for calves fed restricted diets (12), rather sharp 
decreases being iioted during the first 2 to 3 wlc. following birth. 

The high blood plasma fa t  levels accompanying ingestion of crude soybean 
oil and the correspondingly low plasma fa t  levels in calves fed hydrogenated soy- 
bean oil are similar to observations made by 3lnrley ef nl .  (12) on calves re- 
stricted to similar filled milks supplemented only with vitamins anci minerals. 
Sjnce there were no extended residual dietary effects on plasma fa t  values in the 
second phase of the trial, the differences in concentration noted during the first 
phase apparently were due partially to absorption. Although blood samples 
were collected 9 hr. after the a.m. feeding, the differences in concentrations of fa t  
in plasma a t  this time were characteristic of those a t  other periods during the 
day (2) .  The specific effects of the various dietary fats on plasma fa t  levels re- 
main obscure, but differences in the metabolism of the fats also may be in- 
volved ( 3 ) .  

I n  with previous observations (6)  crude soybean oil was found 
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to be an unsatisfactory substitute for milk fa t  in  the diet of the young calf, even 
when hay and grain were fed ad libitztm. Freshly processed, hydrogenated soy- 
bean oil, when fed under similar conditions, was satisfactory. This dietary fa t  
apparently should be used with caution, since there are indications of deteriora- 
tion during storage. 

SUMNARY 

Three groups of dairy calves maintained under a practical herd regime were 
used to compare the nutritive values of crncle and of hydrogenated soybean oils 
with butter oil. Alfalfa hay and a concentrate mixture were accessible to the 
calves from 4 to 88 days of age. Milk, reconstituted from non-fat milk solids 
plus the various oils a t  a 3 per cent concentration, was fed the first 56 days of the 
experiment, but the fats were omitted from the milk rations during the subse- 
quent 28 days, thus malring all the diets qnalitatively identical the latter period. 

The incidence of scouring was highest among the calves fed crude soybean 
oil, followed in order by those receiving the hydrogenated soybean and the butter 
oils. Poor growth, rough haircoats, excessive morbidity and a high rate of mor- 
tality also were observed among calres fed crude soybean oil. 

No significant differences in thr  hc,moglobin 1c1,els among the variouy groups 
were apparent. 

When milks containing oils were fed, there were significant group differences 
in  the blood plasma fa t  levels; the effects of the dietary oils in order from highest 
to lowest were crude soybean oil, butter oil and hyclrogenated soybean oil. After 
the oils were omitted from the milk diet, ilifferenccs in plasma fat  values among 
the various groups became insignificant. 

Although butter oil produced slightly greater weight gains and somewhat 
better general appearance than the other oils, freshly processed hydrogenated 
soybean oil was satisfactory as the principal source of dietary fat  for young 
calves, w h ~ r e a s  crutle soybean oil mas nnsnitable. 
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TI-TE USE OF DEHYDRATED FORAGES I N  DAIRY CATTLE RATIONS. 
IS. COMPARATIVE VALUES OF FINELY GROUND, CHOPPED 

AND PELLETED DEHYDRATED ALFALFA AS GRAIX 
REPLACEJIENTS FOR LACTATING DAIRY COTVS1 

T. H. BT,OSSER, F. R. MvRDOCK, R. E. LINTOTT, R. E. ERB AXD A. 0. STIATT 

Departnt~nt  of Dair?] Hwbandry, Wasl~ington Agric~i l t~iral  
Erperinlent Stations, State College of Washington, Pullman 

Most dairymen Bno~v that finely ground feeds are unpalatable to dairy cows. 
Olson (10) demonstrated that finely ground grains also were no more digestible 
than medium ground grains and, in addition, fine grincling increased the cost of 
preparing the ration. 

I n  an earlier study in this series, Hope et  nl. (5) found that milk production 
declined when 15, 30 or 46 per cent of the grain ration was replaced with a finely 
ground, dehydrated, cereal grass-legume mixtnre. In  this experiment, cows went 
off-feed occasionally a t  the higher levels of grass consumption. The grass was 
fed in a finely ground form principally because it appears on the market in that 
may and because dairymen hare pnrchased it in this form as a grain replacement 
for cons. 

Some studies have been reported i11 ~vhich the valuc of roughage in finely 
ground, chopped and long forms has bec.11 comparecl. Forbes et  0 1 .  (3)  found 
that the crude protein, dry matter and crude fiber all were more completely di- 
gested when a steer was fed long hay than when fed the same material in a finely 
divided form as the sole roughage. Kick et al. (7)  found that steers fed finely 
grolnld hay spent less time in rumination ancl mastication than steers fed long 
hay. Hayden c.t nl. (4)  reported that some cows refused to eat any of a finely 
ground roughage. 

There is some eviilence in the scientific literature that pelleting improves the 
value of fibrous feed for certain classes of livestock. Eaton et  01. (2)  have re- 
ported that calves fed artificially dried and pelleted hay gained more weight and 
ate more hay than calves fed field-cured fielcl-baled hay or artificially dried and 
ground hay. Jensen and McGinnis (6)  have demonstrated an advantage in pel- 
leting laying diets containing high levels of alfalfa. Schneider and Brugman 
(12) pelleted a ration containing 10 per cent alfalfa for growing fattening pigs 
and found that this ration prodnced significantly greater gains than the same 
ration uapelleteil. Murdoek r t  01. (9) determined the value of thircl cutting de- 
hydrated alfalfa in finely ground, chopped and pelleted forms in digestion trials 
with sheep and fonncl that the total digestible nutrient (TDN) content of the 
finely ground material mas significantly lower than was the TDN content of either 
the chopped or pelleted alfalfa. 

The purpose of the experiment reported herein was to compare the value of 

Rrceived for 1~llhli~r7tio11 Dee. 24, 19.51. 
I Srientific Paper no. 1083, Wnshir~gton Agri'111tural Euprr irne~~t  Stations. Pulhnan. 

Project no. 984. 
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finely ground, chopped and pelleted alfalfa when fed a t  a 30 per eelit grain-re- 
placement level to lactating dairy cows. 

EXPERIMESTAL PROCEDURE 

Twenty-one high producing cows (18 IIolsteins, 3 Jerseys) were divided into 
three lots of seven each and were paired as evenly as possible as  regards level of 
production, body weight and stage of lactation and gestation. Information on 
the experimental colvs is presented in table I. One cow (237) had to be with- 

TABLE 1 

Age, breed, stage of lactation, stage of gestation and level of production o f  experimental cows 

Days in  lactation Av. 4% FCM Days in gestation 
Group Breed Age no. a t  start of daily for  pro- a t  s tar t  o f  

no. experiment lilninary week experiment 

- - - - 
Av. 4.1 212 40.5 23 

drawn from the experiment because of a foreign body in her reticulum. The trial 
was set up  as a complete change-over type of experimrnt dnring which time each 
group of cows was on rach treatinelit for 6 wk. follo~r.ing a I-wlr. transition period 
to allow them to become acc~~stomecl to their nem ration. The experiment, there- 
fore, lasted a total of 21 wlr. 

Feeds fed .  Cows on  this experiment were fed nieclilim quality, chopped al- 
falfa hay, grass silage (grass-legume mixture), grain and dehydrated alfalfa. 
For the first two experimental periods, the follo~ving grain ration mas fed : (Grain 
ration "a," table 2) 150 lb. ground barley, 200 Ib. ground clill peas, 100 lb. ground 
corn, 300 Ib. ground oats. 1.50 lb. linseed meal, 100 lb. mill run  (wheat mixed 
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feed), 1 0  Ib. bone meal, 10 lb. iodized salt, 2 oz. JZnSO,, feedi l~g grade, and 4 ox. 
type 9F irradiated yeast. A t  the beginning of the preliminary meek of the third 
experimental period, the grain ration was changetl slightly for  a11 cows because of 
changes i n  availability anti prices of certain of the ration constituents. This 
ration (Grain ration "b," table 2)  was the same as that previously fccl exrept 
the linseed meal mas omitted, 50 lb. of soybean oil meal were nsed, and the amonnt 
of barley was increased to 260 lb. 

All the dcliyclrated forage used was harvested froni the saine field on the same 
day. It was vut shortly before i t  hacl started to bloonl, was choppeil in  the field 
and then mas tlried in  a n  Arnold-type dehydrator with the ingoing pas tempera- 
ture a t  1,600' F. ancl the outgoing temperature a t  2.50' 1". Two-thirds of the 
material which had been pu t  aside for  nse in the feeding trial then was finely 
ground i n  a hammer mill. One-half of this was pelleted into small pellets 0.25 in. 

S i t r o g r ~ ~  
Dr? Crutle Ether Cru(le AHll frF(t T.D,s. 

n ~ : ~ t t e r  protein e s t r :~ r t  filwr oxtmi.t 

Corn silngc ........................ 
Grass nilage, preserred 

with woo11 molasses.. 
Grass silage 
A1falf:i 11:ty 
Grnin mix ":I 

G r ~ i n  mix "11" ........ 
Dellydratril alfalfa,  

finely grounil ............... 
Del~yclr:~trcl alf:~lfn, 

chopprtl ................... 
De11ydr:itt.d alfalfa,  

pelleted .............................. 

i n  diameter and 0.25 in. long. The chopped material used was fed in the same 
physical state as  i t  caine from the field chopper, i.e., 0.25- to ?-in. lengths. 

Metlrod8 of feeding.  The alfalfa hay was fed ad libitrcnr. Silage was fed 
during a given week a t  the rate of 3 Ib. per 100 lb. of body weight, based on body 
weights taken a t  the entl of the preeeding weelr. (:rain was fed for  a givrn arclek 
a t  the rate of 1 lb. per 3 lb. of 4 per cent fat-corrertrd inilk (FCJI) produrea clur- 
ing the preceding meek. After the necessary grain was c~itlculi~tetl. 30 per cent was 
replacecl with one of the three physiral forms of first cutting, dehydrated alfalfa. 
The dehytlratecl alfalfa was fed along with the grain. 

Data collected. The colvs were weighrcl on 2 eouser~~tive days a t  the end of 
each experimental period. Nilk samples were cornposited ant1 t e ~ t c d  for  pcbr- 
centage butterfat a t  the end of each experimental week. F c ~ d  ~eighbacl is  were 
made routinely and were cheinically analyzed. Resnlts of rhemieal analyses of 
the feeds fed are  presented in table 2. The TDN content of the fwd\  was ealcii- 
lated by using appropriate digestion coefficients as  listed in Morrison (5'1 for the 
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hay, grain and silage. For the dehydrated alfalfa, the T D S  content was deter- 
mined by means of digestion trials with sheep. Procedures nseil in conducting 
these trials were those described by Murdock e t  al. (8).  

Chemical analyses and standard error of the weighbacks are given in table 3. 
There were no grain or dehydrated alfalfa weighbacks. The composition of the 
small amount of silage weighbacks was much like that of the silage fed, except 
for dry matter. Appropriate corrections were made for dry matter in calcula- 
tion of the T D S  consumed by the cow. The statistical a~lalyses of the data were 
made essentially as outlined in Snedecor (13). 

RESULTS AND DISCUSSION 

The performance of the cows in this experiment is sn~nmarized in table 4. 

TABLE 4 
Milk produced, body weight clza71gen a i d  per ccnl bzttlcrfat 

~ h o p p c ( l  Pclletcrl 
- ~- - 

A\,. 11). 4% PCM pro<lnrcd/ro\~-/~l:~y .. Group I 38.4 27.3 36.3 
Croup 3 36.4 38.4 '78.5 
Group 3 26.8 36.2 39.4 

- - - 
-I\-. of :111 group 53.7 34.2 35.4 

Group 1 '7.8 6.8 R..i 
Group 2 5.4 1.8 4.5 
Group 3 6.2 6.0 2.2 

- - - 
Ar. of :ill gronp 4.8 4.8 5.0 

A\-. % It~~tterfnt Group 1 3.73 3.87 3.63 
(;roup 2 3.65 3.M 3.77 
(:rottp 3 3.93 3.83 3.87 

-- - - 
Av. of all groups 3.77 3.79 3.76 

The cows fed pelleted alfalfa produced significantly more (P = < 0.03) 4 per 
cent FCM than colvs fed finely ground alfalfa. The ilifferaencr in favor of the 
pelleted material was 1.7 Ib. of 4 per cent FCJI per cow per day. There was no 
significant difference between the pcllletcd ancl chopped alfalfa or between the 
chopped and finely ground material in 4 per cent FCM prodncecl. 

As can be seen from figure 1, the decline in lactation was more rapid on finely 
ground and chopped than on pellrted alfalfa. 

Table 4 also shows the gains in body weight by treatments. Obviously body 
weight gains on the three materials were not greatly different. A statistical 
analysis showed no significant difference in the rate of gain on the three physical 
forms of the forage. There were no marked differences between the cows on finely 
ground forage and those on chopped forage in number of times off feed. How- 
ever, there were fewer cases of off feed on pelleted alfalfa than on either of the 
other physical forms. 
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I n  some of the experi~lieiits reported on the value of pelleting, e.g. ,  Eaton 
et al. (2) ,  the difference in faror of the pelleted material was due largely to the 
fact that animals consumed more of the pelleted material. This, of course, in- 
creased TDN intake. I11 the experiment reported herein. it  seemed unlikely that 
there wonld be any marked differences between treatments in TDN intake over 
miaimurn requirements. for the amount of grain (and clehyclratcd alfalfa) fed 
was based on the previous week's prodnction and the amount of silage fecl was 

WEEKS 
FIG. 1. A Y P T I I ~ C  I:trtatiol~ ~Iec l i l l ~  1). r : ~ t i o ~ ~ s  for fi-wk. ~ S ~ ~ ~ I ~ ~ I I I ~ I I ~ I I ~  periods \YIICII 307'0 of 

the gr:tin was repl:~ccd wit11 ~lel~y~lraterl ;~ l f :~l fn .  

based on body weight. Only if a difference in the nd l ibitma hay consmnption 
existed, could z, difference in TDN intake over requirements be expected. There 
were no differences between treatments in avcrage percentage butterfat. While 
Powell (11) has reported a lowered fa t  test when cows mere fed finely ground 
alfalfa as their only roughage, in the experiment reported herein, a ilormal 
amount of chopped ronghage was fed and the dehydrated alfalfa merely served 
to replace part of the grain. 

Table 5 shows the TDN co~lsun~ption ant1 utilization. This table shows that 
the T D S  consumed over requiremeiits was nearly the same for all three treat- 
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ments. The amount of TDX consumed over requireme~lts also was subjected to 
an analysis of variance, and there was no significant tlifference between treat- 
ments. Furthermore, there was little difference between the three treatlnents in 
efficiency of TDN ntilization for milk production after maintenance require- 
ments were subtracted. 

The advantage shown for pelleted alfalfa in this experiment is difficult to 
explain. Certainly the explanation does not seem to lie in TDN consumption, for 
amounts consumed and TDN levels were nearly the same for all treatments. 
However, one source of error might have been that the TDS of the dehydrated 
forages was determined with sheep, while in the experiment reported herein the 

TABLE 5 

Feed cons~rmrd, TDS intape nnd req~~irenlents ,  TDAv ro?rnrrrl~rd over rninimnm requirements and  
TDS uscd/l00 1b. of 4% FCM produced 

Treatment 
- - 

Finely ground Chopped Pcllcted 
a l fa l fa  ration a l fa l fa  ration a l fa l fa  ration 

Feed Feed Feed TDN 
consumed TDS ronsumed TDN ronsumed 

Av. feed and TDh- Ha? 
ronsumed/co\v/day Silage 

Grain 
i l l fa l fa  

T D N  rrcluired/cow/ W:ii~~tenanee 
rla Milk production 

Total 
T D S  ronnumcd over 

minimnm rrquire- 
mcnts/rom/day 

Ar. T D N  rrquired/ 
100 11). 4% FCM 
(af ter  subtracting 
mainten:mce 
reqnirrmcnts) 

(lb.) (lb.) 
12.1 6.9 
37.0 6.0 

8.0 5.9 
3.4 1.9 
- 
20. i  

(Ib.) (2b.) 
14.3 7.0 
37.1 6.2 

8 .  6.0 
R..? 1.9 

a Morrison's (7) minimum rrquirrmrnts.  

forage rras fed to dairy cattle. 
It is interesting that, contrary to the finclings of >furdock e t  al .  (!I), the TDN 

content of the three physical states of alfalfa used in the trial reported herein 
was nearly the same on a dry basis. The only difference between the alfalfa 
used in this trial and that cited above was the size of pellet and the cutting of 
alfalfa. The forage used by Mnrdoclr r t  al. was third rutting (compared with 
first cutting used in this trial) and the pellets were larger than those used in the 
trial reported herein. 

In searching for a possible reason for the superiority of the pelleted material, 
the only actual difference in forage treatment prior to feeding which one can find 



522 T. H. BLOSSER ET AL 

between the pelleted ancl other physical forms of forage fed was the actual act of 
pelleting. During this process, some steam is added and the material being pel- 
leted becomes quite hot, bnt the heat treatment to which the forage is subjected in 
pelleting is not nearly so rigorous as that ~vhich it unclergoes in the process of 
dehydration. I n  the pelleting process, the material being pelleted is also sub- 
jected to considerable pressure, but it is difficult to sce why this should alter 
nutritive value. 

Although esperi~nents hare been conductecl by Balch (1) s h o ~ ~ i n g  that dif- 
ferent feecls pass through the digestive tract a t  different ratw and that subsequent 
changes in digestion may result, it  is ilifficult to see why, 011 this basis. pellets 
should prove superior to the finely ground forage. For it can be sho~vn by simply 
dropping several alfalfa pellets into a beaker of water that they disintegrate 
almost completely in 2 min., even without the constant churning vhich occurs in 
the rnmea. In  vie~v of this, it  is surprising that more cases of off feed occurred 
when the finely ground alfalfa was fed than occurred on pelleted alfalfa. If ,  on 
the other hand, some of the finely gronnd material passed directly to the aboma- 
sum, thereby escaping action of runlen microorganisms, then the adrantage in 
favor of the other physical forms ~vould be unclerstandable. The fact that more 
cases of off feecl clid occur on finely ground ancl chopped than on pelleted alfalfa 
~voulcl seem to be the most logical explantltion for the differences in favor of the 
latter material. lTThile casrs of off feed were not numerous, cows going off feed 
during a given meek w r e  penalized by virtue of the experimental procedure 
which based the amount of grain to be fed d~ir ing  a given week 011 the preceding 
week's production. This procedure would tend to under-feed co~vs ~ ~ h i c h  had 
been off feed ancl therefore would serve to overemphasize real nutritive differences 
between the forages. On the other hand, if finely ground forage does cause diges- 
tive disturbances when used as a grain replacement, as seems apparent from the 
studies of Hope ef 01. (3)  and those reporteci herein, it  is not a good feecl for dairy 
cows, even if its nntrirnt content is esscntially equal to that of the same material 
in pelleted form. 

SUMMARY 

Twenty cows werc used in a co~nplete change-over type esperiment to compare 
the value of clellydrated alfalfa prcapared in finely gronncl, chopped and pelleted 
forms when fed a t  a 30 per cent grain replacement level. Cows produced signifi- 
cantly more 4 per rent FCAl on pellcteil than on finely ground alfalfa, but chopped 
alfalfa did not differ significantly from either of the other two forms. Average 
production per cow per day on the three materials was: pellc~teil. 33.4 lb.; 
chopped, 34.2 lb.; and finely ground, 33.5 lh. That the advantage for the pel- 
leted material \\-as not related to the amount of T D S  consumed is evident from 
the fact that there was no significant differewe bet~veen treatments in TDX con- 
sumed over minimun~ requirements. Neither were there any differences in body 
weight gains nor in percentage fat. I t  is concluded that pelletrcl clehydrated 
alfalfa is snperior to finely ground alfalfa as a grain replacement for dairy cows. 
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TIIE ICEEI'ING QUALITY O F  WEIOLE MILK POJVDER. IV. T H E  
ASTIOXIDAKT PROPERTIES O F  NDGA AND CERTAIN 

EMULSIFYING AGENTS'. 2,  

A. A. BtTSClI, C. Mi. 1)':CICER AND U. S. ASRWORTH 

D ~ p a r t ~ n c n t  of Dairy Sei~nee,  Stntc Collc.qe of Waslrington, P?~llman 

Lundberg e t  al. (14) first reported the antioxidant properties of nordihydro- 
guaiaretic acid (NDGA) in fats in  1944. I t  since has been used successfully 
alone ant1 with atlded synergists as an antioxidant with a nnmber of fats and oils 
and also has been usetl snccessfnllj- in dairy products as an antioxidaat for milk 
fat.  

Conlter (3)  tried SDCiA in ~rhole milk polvders and fo~ind  i t  to be effective 
but to cause a f r l ~ i t y  flavor. Stull c't nl. (15) fonnd it  ~ v o ~ ~ l c l  retard development 
of oxidized flavor in  spray-dried whole milk powder and ice creanl mis, while 
methio~line, ascorbic acid and citric acid acted synergistici~lly with NDGA in re- 
tarding ositlized flavor dcvelopinent. 

St1111 ct  01. also tried XDGA in milk, lu~s~veetc~nrcl frozen cream anrl sweetelled 
frozen cream (Is), and fount1 that it nroald retard ilcvrlopment of oxidized flavor 
successfully in eiwh of these prodncts. Krltkovsky et  al. (10. 11) fonnd SDGA 
effective as an a~ltioxiclallt in creitn1 and as a stabilizer of fat-soluble vitamins 
during storagt. of cream. The ~onccntration of NDGA 11secl by the various 
authors varied from 0.00125 to 0.1 per cent on a fat  basis, depending on the 
product to which it \va\ adcled. 

Certain spcc4fic polyhydric alcohol esters of stearic acid were usc~l  by IIibbs 
and Ashworth (7 )  in  a solubility s t ~ ~ d y  of whole Inilk powder. These emulsi- 
fiers hacl marked ralue in  preventing derrlopment of oxidized flavor in  the re- 
snltant whole milk po\rclers. Ilo~vevor, the quantities used i n  the milk \irere in 
excess of those needed, and three of the four substance\ u5ed in the whole milk 
powder caused churning during reco~~stitntion with distilletl water. 

The present study was developetl to (letermine the aat iosidi~nt  properties of 
S D G A  in ~1711ole milk ponder and to study how these properties are manifested 
when KDGA is used alone and with the added synergists, ascorbic acid and citric 
acid. Since the emulsifiers havcl not been reported previously in  the literature as 
having specific antioxidant properties in  dairy prodncts, the present study was 
inaugurated to test the degree as  veil as the mechanism of antioxidant activity 
of these esters in  whole milk powder, the esters being employed a t  the highest 
levels which would not cause churning during reconstitution. 

Receired for  publicatioll Jan. 3, 1932. 
1 Scientific Paper no. 1021, Ti'asllington Agricultural Experiment Stations, Pullman, Project 

no. 721. 
2 Supported hy a gr:~nt from the Ameriran Dairy Association in  cooperation with the 

Washington State  1)airy Products Commission. 
3 Data in par t  from a thesis submitted in p ~ r t i n l  fulfillment for  the degree of Master of 

Science for the senior author. 
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Detailed processing and drying methoils werc giren in a previous paper (2).  
For the first part of this stntly, mixed niillr from the College herd was preheated 
at 170' F. for 20 min. antl co~~centratctl. Each of six portions of this concentrate 
tl:en \\-as treated diffcrc~ntly as follows: ( a )  Control, no aclclitions; (b)  SDGA 
atltletl at thr ratc of 0.0.5 pcJr coc.nt of thcl b~lttcrfitt;  ( ( a )  SD(:A antl caitric. i~c*itl 
added, each a t  the rate of 0.0,5 per cent of the butterfat ; ( d )  ascorbic acid added a t  
the rate of 0.005 per cent (50 mg. per liter) of the reconstituted milk: (e)  SDGA 
and ascorbic acaid added. eac.11 at the above rate;  antl ( f )  SI)(:A. iiscorbic acid 
and citric acid atltled, each a t  the above rates. After these additions, each lot 
of concentrated milk was homogenized twice a t  2,000 and 500 lb. pressure in a 
Manton-Ganlin two-stage homogenizer of 25-gal. per hour capacity. The con- 
centrate so treated was cooled and dried the same day in an experimental drier 
based on the design given by Coalter (4) .  The po~i-der was air-packed in no. 2 
flat tins (about 120 g. to the can) and part of the eaas stored a t  45' F., ~ i ~ h i l e  
the relnaining calls were stored a t  85' F .  The experiment was repeated five times 
for each of the six treat~nrnts, making a total of 30 powders all prepared within a 
month. After the first nlonth of storage, the samples were remored a t  2-mo. in- 
tervals for che~i~ical and flavor itnalysis. 

Flavor analysis was done by a piinel of six experienced jntlges nsing a scoring 
\>.stem ranging from 0 to 10. A score of !) to 10 indicated the erlniralent of good 
fresh pasteurized milk; 8 to 9, no clefrct except a very slight heatcd flavor; 7 to 8, 
it slight tlefect riot readil\- tlefinablc; 6 to 7, a slightly oxiclizetl or stale mill;; and 
0 to 6. a lnilk p r o g r e s ~ i r e l ~  ~ i i o r ( ~  oxitlized or stale, foreign, rancid, ete. Scoring 
\\.as tlone in half point4 iibove 3 and in full points below 5. A statistical analysis 
\\-a\ ~nade  of the significance of the diftsrer~cc bet\\-een means according to a 
methocl used by IIening (6 ) .  

Chemical tests werc ~natle to drtsrmine the way in which the alltioxidant ac- 
tivity was exhibited in 1~11ole millr powder. Reduced ascorbic acid was deter- 
mined by the method of Hoehbcrg ef  01. (8),  peroxide derelopment by the method 
of Loftus-IIills and Thiel (13), the arid ferrirya~lide-rcduci~lg groups by the 
method of Chapman and McFarlane (1) as modified by Cro~ve e t  al. (5) and the 
oxidation-reduction potential (Eh)  with a platinum electrode using a Model G 
Beekman potentiometer. The moistnre content of the p o ~ ~ d e r  was determined 
by the vacuum oven method. 

For  the second part of the study the following four emulsifiers were used: 
Sorbitan nlonostearate (Span 62), 0.025 per cent; polyoxyethylene sorbitan 
monostearate (Tween 60), 0.020 per e m t  ; polyoxyethylene stearate (G2152), 
0.010 per cent; and glycerol monostearate (Myverol 18-00), 0.040 per cent, all 
percentages being based on the weight of the reconstituted millr. As determined 
by preliminary trials, these levels were the highest usable in the whole milk 
powder if churning on reconstitution was to be avoided. 

During a 1-mo. period, five lots of mixed-herd milk were preheated a t  170° F. 
for 30 min. and concentrated to approximately 40 per cent total solids. Each lot 
was divided into five portions and one of the emulsifiers added to each of fonr 
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portioiis. The fifth port,ion was used as a control. Tht~se substances were added 
at a temperaturc~ of 14.5" 1". The mixtures then were agitated to aid solution, 
homogenizetl and cooled. Each ronceiitratc was dric~d the sane  day in an experi- 
mental drier. \\'ithi11 1 hr. after drying, each powder \vils air-packed in no. 2 
flat tins and sonit3 of the cans \rc1rc> tlouble 1litroge11-pac.ketl. A total of 2.5 po\~*- 
ders was ~natle in this nlitnller. 

The calls of milk po~vder all \rere stored a t  85' F. The air-packrd samples 
were esamined after 0, 1, 3, 5 ,  7 aiid I) mo., and the nitrogen-packed san~ples were 
examined. after 3 aiid 7 1110. Chemical and tasting studies were made and aver- 
ages of the resulting ralues talren of the five replicates for each of the five treat- 
ments. This was done to average out possible variations due to slight differences 
in the illilk and dr- ing  procedures (e.g., moisture contents of the powders) which 
might have occurred in the five trials carried ont in a month. Chemical tests 
were siinilar to those employed in the first part of this study. 

The stearic acid esters or polyoxyethylene derivatil-es also were added to pas- 
teurized and pasteurized homogenized fluid milk, the substances being added to 
the milk a t  pasteurizing temperatures. Copper was added a t  the rate of 0.3 ppm. 
in the forin of CnSO,. The resulting ilzillr samples were cooled in ice water and 
held in the refrigerator for tasting studies. The same flaror panel scoring sys- 
tem lras used as for pondered whole millr. Five trials were conducted over a 
period of 3 mo. 

RESULTS 

Part o)zc. Average rcsnlts of the c:l~cmic*al analyses of fire replicate po~vtlrr 
samples for each differently treated lot of milk appear in table 1. 

The addition to wholc ~nill; powtlers of NDGA, alone ant1 with citric acid as 
a synergist, resulted in a definite lowering of peroxide ralues and an increase in 
ferricyanide-recll~ei~~g ralnes. There appeared to he only a slight lowering of 
the oxidation-reductioi1 potentials and little or no influence on ascorbic acid 
values. The use of NDGA prevented the peroxide values from increasing, but 
the effect of storage temperature on peroxide development was not marked. 
There seemed to be an inverse relation between the loss of flavor (table 2) and 
the peroxide valne (table 1) for the powders stored a t  85' F. Such a relation 
did not extend to the polvclers stored a t  45' F. Where ascorbic acid was added 
alone or as a synergist with SDGA, 1x0 peroxide values were obtained due to its 
reducing action on the ferric ion used i11 the test. However, as previously found 
by several inrestigators, an increase in the ferricyanide-reducing value was 
noted. This was particularly true where NDGA and ascorbic acid or NDGA, 
citric and ascorbic acid were used. 

Average flaror scores for the five replicate powder samples of each treatment 
appear in table 9 .  Statistical treatment showed the significance of the difference 
between the mean of the control and that of each of the five treatments after 
storage. After 3 mo. a t  85" F. storage all samples containing NDGA, alone or 
with synergists, were significantly better than the control samples. It was only 
after 9 and 11 mo. of storage that the addition of a combination of citric acid and 
ascorbic acid to NDGA exhibited synergistic activity. This is shown by the 
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TSBLE 1 
Average analysis valuesa of altole ~ n i l k  powders with and witho~ct NDGA and cidtletl syitergists 

stored air-packed at 45" F. and 85" P. 

Ascorbic acid Eh  Ferricyauides Peroxide values 

Treatment y::E: Age (mg./l.) (volts) (MxlO-G/g. Pd.) (MeO,/kg. Pd.) 

45" I?. 85" F. 4.5" F. 83" F. 45" F. 85" F. 45" F. 85" F. 

Control 

N.D.G.A. 2.00 0 10.4 7.9 0.350 0.351 13.7 13.7 0.078 0.018 
1 5.4 0.355 14.1 0.022 
3 7.4 4.8 0.346 0.373 15.1 13.4 0.081 0.067 
5 6.9 3.1 0.357 0.362 14.1 15.1 0.116 0.100 
7 5.8 3.4 0.333 0.344 15.7 16.6 0.169 0.145 
9 3.1 0.364 16.1 0.146 

11 6.5 3.4 0.339 0.335 14.9 16.2 O.li9 0.193 

N.D.G.A. 2.33 0 6.9 6.9 0.352 0.352 13.2 13.2 0.018 0.018 

Ascorbic 2.21 0 70.5 i0.3 0.314 0.314 19.4 12.4 b 
1 40.8 0.318 13.9 
3 44.5 35.0 0.305 0.316 15.7 14.3 
5 38.5 27.8 0.315 0.31: 15.0 14.5 
7 33.9 24.0 0.294 0.299 15.8 15.7 
9 24.1 0.317 14.6 

11 38.1 22.3 0.287 0.295 14.5 15.0 

K.D.G.A. 2.50 0 70.0 70.0 0.311 0.310 17.4 17.5 
+Ascorbic 1 41.3 0.315 19.6 
+Citric 3 45.8 35.3 0.302 0.316 21.0 19.1 

5 38.5 27.0 0.314 0.318 20.1 20.0 
7 36.9 23.1 0.290 0.304 21.7 21.4 
9 21.5 0.319 20.5 

11 3 8 5  19.1 0.286 0.299 21.0 21.0 
- - . - -- -- 

n Each value in  the table represents the average of 5 replicate samples. 
b The presence of arlded ascorhie acid interferes with the perovirle tcnt of I~oftus-Hills and 

Thirl. 

greater spread between means of the flavor scores ill table 2. Samples with ascor- 
bic acid alone did not differ significantly from the control samples a t  any time 
during the 11-mo. storage. Storage of the samples a t  4 5 O  F. altered the flavor 
picture to soiile extent. Ponder s a ~ ~ i p l ~ s  containing NDGA or XDGA and added 



synergists differed significantly from the control in flaror score only a t  7 mo. 
storage and not a t  a n y  other time during storage. 

Part two. Table 3 gives the arcrage results of a11 chemiral tests and of the 
flaror scores of the emulsifier-trcatet1lsifier-ttd po~vders air-paclird and nitrogen-packed 
over a period of 11 ]no. of storage a t  8.5' F. Since each of the four  emulsifying 
agents used showed about the same antioxidant activity, the results were arer- 
aged. The controls showed a loss of one point in flaror score (7.0 or lower) be- 
tween the third ancl fifth months. while all the po~vtler samples made with stearic 
acid esters showed a flaror score loss of one point hetwern the fifth ancl seventh 
months. This means approximately donbliilg the storage life. There appears 
to be little difference i n  the antioxidant activity of the vilrions stearic acid esters 
or polyoxyethylent. tleriratires nsed. Throughout the entire storage period, the 

TARLE 2 
Azerngc  f a v o r  .qcorca of nitll; p o ~ o d e ~ s  during storn,qe in  nir nt  45" F.  n?i(Z S.iD F .  

PA- A 

NDGA+ NDGA+ 
Age ':,":r C o ~ i t a l  ZDGA NzEt + A s c o r l ~ i c  aseorl,ie ascorbic 

acid acid z,eid + ci tr ic  
acid 

( "  E'.) 
8.2 
7.:) 

46 - - 
1 . 1  - - 
1 . 1  

7.4 

8.2 
7.8 
7.2 

83 6.5 
6.1 - - a. r 
.5.2 

powtler samples containing the stearic acicl esters or polyosycthylene derivatives 
exhibited 11ig11 acid ferricyaaide-recluci~lg rahies ant1 lower peroxitle values than 
the c o ~ ~ t r o l  samples, but none of the treatments rmployetl a p ~ e a r e d  to affect 
markedly the osidatio~l-reductio~l potentials ( E h )  or the ascorbic aeitl retention. 

It ~ v a s  thonght that  if the emulsifiers were effective in  p r e r c ~ ~ t i n g  oxidized 
flavor in  whole milk powder, they might be effective in  fluid \vholtl 111i1k. Table 4 
shows the resnlts of adding stearic acid esters or derirativcs to pasteurized and 
pastenrizecl, homogenized whole milk having 0.3 ppm. addecl Cn. As a gronp the 
esters i n  flniil pastenrizcd milk did not prevent off-flal-or due to Cu-induced oxi- 
dized flavor. IIo~verer, homogenization of the milk containing 0.3 ppm. Cu 
was sufficient to prevent the off-flavor. This was t rne for  milk with or without the 
addecl stearic acid esters or polyoxyt~thylcne deriratires. 

The mechanism of the antioxidant t~ct i r i ty  of the stearic acicl esters or deriva- 
fives may involve surface phenomena in addition to changes in chemical struc- 
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ture. If action is clue to surface activity, it  may be that a film of the substanve 
involved is absorbed on the exposed fa t  snrfaces of the powtlcr particle, including 
those of the "free" f a t  that results from dc-eml~lsification clnring drying. Lam- 
pitt and Bushill (12) have shown that the frec fa t  varies from 3 to 14 per cent 
in colnnlercial sprag-dried powders, and it was demonstratc~d lnicroscopically on 
the surface of particles of reconstituted spray-clrietl lnillr powtler by Icing (9 ) .  
If the substance is surface absorbed, homogenization and drying also might be 
involrecl in the formation of the absorption film and it5 fllnction could be one of 
simple mechanical prevention of oxygen contact with the bntterfat or an acl- 
sorbed oxidizable substance such as lecithin. 

TABLE 4 

Average flaror scores* of fresh i ~ ~ i l k ,  both pasteurized asd  ho?~lo,qetrized 1crt11 added copppr to 
colr~ck dtfferent n?tao~iitts of stenrzc acid esters had been adrlcd crnd san~ples I~eld nt 40' F. 

Colltrol 
Control plus Cu 
Polyoxyetl~ylenr sorI)ita~~ 

monoste:~~ ate 
Sorbitan n~onostrar:~tc 
Glycerol n1ollostr:irntr 
Polyoxyethylc~~r ste:lratc 

Coutrol 
Control 4 Cn 
Polyoxyethylene sorb~tan 

monostenrate 
Glycerol n101lostoar:1tr 
Polyosyethylene ste:~r:~tt. 

Flavor score at 40" F. storage 

Amount Pasteurized 
Days 

Pasteurized 
homogenized 

Days 

( % I  
Kone 
None 

None 
None 

1 4  
- - 

(ppnt.) Trtal 1 

None 
0.3 6.5 

Trial f 
N O I I ~  8.1 5.8 
0.3 5.8 5.6 

Trinl .f Trinl .i 
8.3 7.8 7.9 7.8 
8.4 s.n 8.1 8.1 

There are several clues as a 'esult of the present work mhich may t h r o r  some 
light on the mechanism involred. The different stearic acid esters and polyoxy- 
ethylene derivatives all were about equally effective in preventing off-flavor devel- 
opment. The one thing they have in common is their surface activity. This is a 
point in faror of the theory that they are adsorbed as protective films. 

Results of the chemical tests show that the whole ~ni lk  powders mhich con- 
tained the stearic acid esters and polyoxyethylene derivatives had greater acid 
ferricyaaide-redtlcing values and lower peroxide values throughout the storage 
period than did the control samples. Such a picture might he the result of an 
adsorption film only being involved. Howerer, for this to be true, the anti- 
oxidant substances would have to h a w  eithcr the ability to reclnce potassium ferri- 
cyanide tliernsrlves or to render the protein more available for the formation of 
reducing groups, since high acid ferricyanide-recl~ici~~g valnes result when these 
substances are added to whole milk powder. 
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Results of the first part of this study showed that increased ferricyanitle-re- 
ducing values and clecrea\ed pc.rositlc 7 alues also characterized whole milk powder 
to -R-hich SDGA have been addecl. Thus, it might be concllided that stearic acid 
esters have definite antioxidant properties because of their chemical ~ t ruc ture .  
Judging from the results of two separate studies. the stearic acid esters and 
polyoxyethplene derivatives are a t  least equal to if not superior to SDGX in pre- 
ventiilg off-fli~vor d(~velopnirnt, eren if synergists are adclctl to the SDGA. 

The usc of thew esters resnltecl in a flavor slightly dilr'crc.nt from the control 
in the reconstitntetl ~r-hole milk powder. There is less heated flavor in the recon- 
stitntecl milk, the taste beinp slightly richer. This may be compared n i th  the 
improvenicnt that takes place ~iyhen pasteurized flnid whole milk is homogenizecl. 

Because of the danger of chnrning on reconstit~ltion, the amomlt of these snh- 
stances which may be used in inilk to be dried is limited for three of the four sub- 
stances tried. The fact that the amonnt of these substances which may be used is 
limited is indicative that  they are surface active. Co~npared with the other snb- 
stances used, glycerol monostearate (Myverol 18-00) could be used in larger 
amounts and the amonnts apparently were not so critical from the standpoint of 
causing churning. The lerel of the other three substances, though liinited, may 
vary with different plant processing and drying methods. Sorbitan  non nos tear ate 
(Span 62) is the least soluble and is not reconimended for this reason. 

The stearic acid esters or polyoxyethylene derivatives tried in this experiment 
have been those used most \nccessfnlly in ire cream for einiilsifying purposes. 
Althongh their efficacay as antioxidants in ice cream was not tested, their effective- 
ness might be doubted becaiise of their questionable v a h ~ e  in fluid whole pas- 
teurized milk. 

SDGA, alone and ~vith added synergists, exhibited antioxidant activity when 
used in whole milk powder. The synergistic effect of ascorbic acid ancl citric 
acid with NDGA did not become noticeable until after about 9 mo. of storage a t  
85' F. 

The antioxiclant activity of XDGA, alone and with citric acid as a s3-nergist, - 
appears to be inanifested by a decrease in peroxide formation ancl an  increase in 
ferriryanide-reducing values. 

Ascorbic acid added alone to 1v11olc niilk powder a t  the rate of 50 mg. per liter 
of reconstituted milk did not exhibit any antioxidant activity. 

Certain polyhydric alcohol esters and polyoxyethylene derivatives of stearic 
acid, when used in whole inilk powder, appear to have antioxidant properties, as 
judged by resnlts of organoleptic tests. The mechanism involved apparently is 
that of increasing the acid ferricyanide-reducing groups in the powder and de- 
creasing peroxide formation. A surface adsorption film on the exposed f a t  sur- 
faces may be inclicated. They \vcrch not effective in preventing copper-induced 
oxidized flavor in pasteurized fluid whole milk. 
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TI-IE INCIDENCE O F  ASTIRIOTICS, SULFA DRUGS AND Q U A T E R  
NARY AllIXIOSIURI COMPOITNDS IN TIIE FLUID MILK 

STT1'Pl,Y O F  NEW YORT< STATE 

The use of antibiotics, snch as penicillin, and other tlrngs, inclucling sulfa 
drugs, as a treatment for ~uastitis in cAows has become popular in rerent years. 
Sanitizatiolz of dairy ecj~lipnient with clnatcrnary ammonium coinponncls now is 
being practicecl on a TT-itle sc.ale. As i t  is possible for these che~nicals tn find their 
way into the milk, some qucstion has been raised regarcli~ig ultimate side effects 
resulting from milks containing antibiotics, sulfa tlrngs or rluatrrnary ammonium 
compounds. 111 particnlar, the n~annfactnrer of fermented dairy products is 
concerned with the possible cl~letrrioi~s effects of sllch a niilk on his proclnct. A 
number of inrestig,.ators (3,  4, .5, (i) have reported that milk containing 0.1 unit 
penicillin per milli1itc.r will cxhibit tlefinite inhibitory properties toward lactic 
starter organisms. Any condition which adversely affects lactic acid production 
will either seriously handicap or prevcnt procluction of fermentetl dairy products. 

Interestetl metlical and public. health gronps also are giving serious considera- 
tion to the possibility that milks in general may contain eno11gh antibiotics to 
become a factor in the sensitization of children to these drugs. 

Little or no information is available to indicaate the presence of these chem- 
icals in blenclecl pasteurizeci fluid milk and without it the relative importance 
of the over-all problem and the tluest,ions which have been raiscd cannot be flllly 
evaluated or answerecl. This study of thr antibiotics. snlfa drugs and qnater- 
nary ammonium compnnncls in the commercial fluid milk of Sew York State was 
initiated as an aid in this direction. 

A total of 1,796 san~ples of fresh blended pasteurized whole milk was obtained 
either from dairy plants or from route wagons prior to delivery. The area can- 
vassed covered 36 New York State counties and the milk salnplrs were obtained 
by representatives of the state, rity and county health tlepartments. Two test 
periods, April-May, 1951, and July-August, 19.51. were employed. All milk 
samples were shipped under refrigeration to the LTniversity for analysis. 

Four methocls of analysis as outlined in detail in an  earlier paper (10) were 
employed. 

Ptartcr ac f iv i fy  fest to  intlicate totnl inhibitory szibstnnces in milk. This 
method, similar in principle to methods suggested by I-Iorral and Elliker (2) and 
ICrienke (7 ) ,  measures the acid increase of a known control milk to that  of milk 
with unknown history under comparable incubation and testing conditions. If 
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any differences are noted they are expressed as per cent of activity of the control 
milk. Milk showing total activity values of 80 per cent or higher are considered 
not inhibitory, whereas milk with values below 80 per cent are considered as 
being of inhibitory nature toward lactic starter organisms. Ten-1111. quantities 
of milk were used in this test with a 4.5 per cent starter inoculation. Incubation 
was for 4 hr. a t  95' P. Two types of control milks were run with each set of 20 
samples, one was a reconstituted 10 per cent, spray-dried slcimmilk powder in 
which acid was produced a t  an excellent rate with commercial starter organisms; 
the other was mixed milk from the untreated Cornell University Dairy herd. 

Disc assay method for penicillin and otlter antiBiotics. This method adapted 
to milk by Difco Laboratories is based upon the observation that if a paper disc 
containing milk contaminated with antibiotic is placed on a hardened agar layer 
previously seeded with bacteria sensitive to penicillin or other antibiotics, the 
antibiotic will diffuse from the disc radially aucl where inhibition occurs a circular 
clear zone is formed, indicating no bacterial growth, whereas the rest of the agar 
layer in the petri dish is of turbid nature. The size of the diameter of the clear 
zone is directly related to the antibiotic concentration, u p  to a critical level. In 
this survey B. strbtilis was used as the test organism and was grown on  hey agar. 
B. subti1i.s and lactic acid orga~lisms exhibit approximately the same sensitivity 
toward penicillin and many other antibiotics. S. lactis is not used directly be- 
cause of its inability to produce rapid and dense growth. The quantity of milk 
used was 0.017 ml., but in addition to this, duplicate saniples of milk were con- 
centrated under vacuum to bring about increased sensitivity which was approxi- 
mately a t  the level of 0.05 unit of penicillin per milliliter of milk. Penicillin may 
be identified in milk by using penicillinase discs whenever positive results are 
obtained with the penicillin disc assay method. 

Free szilfa driigls. The presence and concentration of free sulfa drugs in 
milk were obtained by slightly modifying the chemical method of Bratton and 
Marshall (1) which is an  accepted method for blood and urine. A sensitivity of 
0.005 per cent sulfa drug could be obtained in millr. One ml. of millr was the 
test sample. 

Quaternary ammonizinz conzpo?cnds. A method recently presented by Miller 
and Elliker (8), involving the use of eosin yellowish dye and citric acid buffer, 
was employed. This method was sensitive to 3 ppm. in milk, but to achieve such 
sensitivity fresh reagents must be used. One ml. of milk was used as test sample. 

In  analyzing for total inhibitory substances and antibiotics in milk, the pas- 
teurized milk was reheated to 180' F. for 5 min. and cooled to 40' F., although 
for a small percentage the disc assay test was carried out directly on the pas- 
teurized milk. For  sulfa drugs and quaternary ammoniiim compounds the tests 
were applied directly to pasteurized milk. 

RESULTS 

Total inhibitory characteristics of milk. The starter activity test tends to 
show the general inhibitory properties of a milk. On the other hand, due to the 
high heat treatment required for the milks, it  appears ~mlikely that initial bac- 
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terial contamination, bacteriophage or natural heat-labile milk inhibitors can 
exert any appreciable influence on this test. Consequently, the results probably 
show a more representative picture of the presence of such heat-stable inhibitory 
compounds as the antibiotics, sulfa drugs and quaternary an~moniuin coinpot~nds 
and heat-stable natural milk inhibitors. 

I11 this study the great majority of the milks examined were ~vithout any sig- 
nificant inhibitory qualities. Of 1,794 pasteurized milk samples analyzed, 139 
mere considered of inhibitory nature against lactic starter organisnls and of this 
group only 22, or about one per cent, exhibited strong inhibitory qualities. 

Approximately 6 per cent of the niilks showecl artivities over 120 per cent, 
which indicates that they were able to set up  an environment in nhich lactic acid 
bacteria could produce acid more rapidly than the bwteriil in the control millrs. 

T11e i?zltibito~y clrarnttcristics of 1,794 pasteltrized wltole w ~ i l k a  f r .o~~l  Yelo Pork as sho~t,n b y  tlre 
starter activit?~ testa 

Range of April-May, 1951 July-August, 1951 
actirityb (920 milks) ( 8 i 4  milks) Classification 

(%)  (no.) (%) (no. )  (%I Total 
130-150 18 2.0 18 2.1 
120-130 33 3.6 37 4.2 S o  significant 
110-120 96 10.4 135 15.4 inhil)ition, 92.Z.i% 
100-110 296 32.1 301 34.4 

90-100 218 23.8 2 i 2  31.1 
80-90 136 14.8 94 10.8 

i 0-8 0 i 8 8.5 14 I .i JIild to medium 
60-i0 23 2.5 2 0.2 inhibition, 6.52% 

30-60 15 1.6 0 0.0 
4 0-5 0 1 0.1 0 0.0 Strong 
3 0-4  0 1 0.1 0 0.0 inhibition, 1.23% 
10-30 4 0.4 1 0.1 

- 

a Analyses of approximately 200 milk san~ples from inrlividoal colvs of the entire untreated 
dairy herd a t  Cornell U. during the same test period indicated n. possible extreme variation of 
+ 20 per cent activity from the control samples. 

b Acid activity of test milk compare11 to control milk under compaml~le test conditions. 
Av. titratable acidity increase of all control milk samples after 4 hr. inrnbation with 4.7% 

starter a t  95" F. mas 0.33% expressed a8 lartic arid. 

Season of the year had an effect upon the incidence of inilks displaying in- 
hibitory characteristics. During the July-August period a much lower per- 
centage of inhibitory milks was obtained than during the first test period in 
April-May (table 1 ) .  

Alztibiotics. The number of millrs producing zones of inhibition was quite 
low. Of 1,794 milk samples, 107 or 6.0 per cent exhibited zones which showecl 
that the milks were inhibitory against the test organism, B. slrbtilis. This is 
nearly on the same order as the results obtained with the starter activity test. 
Of these inhibitory zones, 98 occurred during the April-May test period, whereas 
only nine were found among the milks collectetl during July-August. Penicillin 
probably was present in the majority of positive cases, as indicated by penicilli- 
nase discs which were run on many but not all positive milks. Most of the diain- 



eters of zones mere of su(2h size as to indicatr the prc3sence of very small quanti- 
ties of penicillin or associatetl antibiotic ranging between 0.05 and 0.1 uni t  per 
milliliter of milk. Only five samples of milk had concentrations greater than 
0.1 unit per ~ni l l i l i ter ;  thc greatest being 0.5 uni t  per milliliter. \\Then active 
starter was incubated i n  the latter milk, a11 almost total i~lhibition of the lactic 
acid organisms rrsultctl. 

Incidel~cc atld conccntrafiotr of szrlfa tlr1rg.v. S o t  one sample of the 920 pas- 
teurized nlilks obtained during the spring test period (April-;\ray) was found to 
contain sulfa clrugs. Because of the concll~sive nature of thesc earlier data, sulfa 
drug te\ting was abancionctl on thc 5econd \et of samples obtiii~led during .Tuly- 
August. 

(Jzcatcrnccnj nulrtlo~rir~tr~ coutrpu~~~~ds .  Alno~lg the samples obtained during 
April-May, 832 milks were tested for  c~uaternary a~nmonitu~ii compouncls. Of 
this number, 33 milks or 4 pc.r ctwt gave a positive test. However, 26 of these 33 
samples showed presc.nce of only s ~ n a l l  innonnts of quaternary anm~onium coni- 
pountls, ranging from a trac2e to 3 ppm. i\pparently, thew positive. rases of 
quaternary ammonillnl compounds exerted littlc inflnenc.e on starter organisms. 
as samples of milk shown to contain only quaternary aalinnoniu~n co~nponnds 
ranged from 76 to 113 per cent activity as rogarcls starter activity test and the 
areragc for  this group was 100.1 per cent activity. S o  testing of milks fo r  
quaternary am~~zonium eomponucls were eoncl~~cteil on samples fronl the second 
test period. 

DISrUSSlOS 

A general srrrvey has bccw ~nat lc  to obtain basic inforn~ation necessary for  a n  
evaluation of the problem of inhibitory substances such as antibiotics, sulfa drngs 
and  quaternary ammoniunl co~npounds i n  fluid milk supplies. IIowerer, any  
atternpt to interpret these results on a nation-wide scale shonld be taken with 
caution as  sampling was restricatetl to New York State. Although this region 
appears typical of lrlany othcrs throughout the country, clearly a need exists fo r  
a broader nation-wide survey possibly of similar niltllre to achieve a more com- 
prehensive view of any existing problem. 

I n  so f a r  as i~~e idence  of aatibioties i n  fluid milk is c.oncernec1, naturally the 
sensitivity of the analytical method 1~7011ld limit the numbcrs of milk showing 
positive cases. The limit of the disc assay method was 0.0.5 uni t  per milliliter. 
Based on this se~~si t ivi ty ,  the number of milks showing antibiotics i n  the New 
York State milk supply m7as not high. Yet the authors feel that  many milks 
probably contained extrernc,ly small amounts of antibiotics i n  levels too low to be 
detected or to canse any  inhibitory effects. With large storage and pasteuriza- 
tion tanks used i n  modern tlairy plants, i t  wonld appear very lilrely that  a t  least 
milk from one treated prodncer's cow, within a 3-day period, was present to con- 
taminate this large supply. Though apparently not of critical nature a t  the 
present time, such concnltrations it1 many nlillrs might conceivably increase to a 
critical level a t  some future datc if treatments become more common and if con- 
taminated milk is not withheld. Even i n  light of the low incidence of milks over 
0.05 unit per milliliter. this potential threat is a n  excellent reason in Sew- York 



State for edurational programs to be varried to n~illi  pl.od~~c*ers and for  tests to  
be used to detect penicillin or antibiotics in the ~nillr supply. 

I t  n111st bc recdognizt~l that  w e n  before the introtluction of penicillin as  a n  
antibiotic agent. tlifficulties with "slo~v" milk were encountered. Solving prob- 
lems associatcld with inhibitory ~nillis does not iLppchar to hinge on one or even two 
simple factors. l'enicillin can be a, fartor,  but as clearly pointcd ont by Nelson 
et al. (9 )  othw factors sllcll as bacterial cdonta~ninants, barteriophago ant1 natllral 
milk i11hibito1.s c~xert il. decaided infllic~ncc: untler certain conditions. The relative 
incidence of each of these inhibitory agents in  this overall problem is not linown 
and in lnany respects basic inforn~ation roncerning their character and mocle of 
action must first be obtained. 

Comparison of data ohtainecl during the spring ancl snltnller mol~ths points to 
the fact that  clnring the test periods ill 1951, inilk prodn(*ers of SCW York State 
did not cleliberately adtl antibiotics or other hactcriostatic substanres to their 
milk in  order to control the bacdterial count. Tt appears that nlorcx antibiotics 
are present in  the milk d l ~ r i n g  early spring because producers have greater oppor- 
tunities for obserration and treatments or possibly that  the diltltion factor be- 
comes significant during the period of higher individual milk produrtion by  the 
co~vs in  the snmmer months when they arc  on grass. 

The small but definite percentage of milks showing high aotivitj- qc~alitirs. 
over 120 per cent, is of interest. Apparently? these data  are  significant, as analy- 
ses of approximately 200 ~nilli  samples fronl intliviclual r o ~ s  of the tultreatecl 
herd a t  Cornell Uni17ersit.v during the same test period indicated a possible ex- 
treme variation of only +- 20 per cent from the control samples. A t  certain very 
small but critical concentrations? antibiotics are  k~lom-II to stimulate bacterial 
growth. This can be ohscrved easily by noting the much denser growth which 
surrounds the holunilary of the halo where concentration of the antibiotic is lower 
than ally other area on t,he penicillin disc assay plate. As a number of these 
highly active rnilks procll~cecl zones, most of them extremely small, the possibility 
might be considered that  these qualities of this milk can be explained by  the 
presence of low concentrations of antibiotics. Fur ther  stndy should be under- 
taken to prove this interesting point, however. 

Star ter  activity values and zone diameters on sail~ples obtained during this 
survey did not show as good a relationship to each other as milks containing 
known, varying amounts of penicillin, when the latter were tested i n  the labora- 
tory. 

That a relationship between the starter activity results and the disc assay 
results does exist is indicated by the observation that  the ax-erage activity value 
of all  rnilks (1,794) mas 110 per cent, mhrrras with the 107 milks exhibiting sig- 
nificant zones i t  was 84 per cent. On  the other hand, a nuinher of milks with 
definite zones had norinal activity, while in  a few instances milks with very low 
activities did not exhibit any  zones. F o r  example, 44 of the 798 milks above 
80 per cent activity produced zones, whereas i n  the 21 milks showing activity 
below 60 per cent eight sholved no zones. Though this does not invalidate these 
methods, it  sho~~ys other factors exert a n  influence in  the field and they mnst be 



considered from a practical point of view. The experiences of the authors in- 
dicate that  the disc assay test will prove more valuable for testing individual pro- 
ducer's samples or suspected blended samples than for  the arerage blended pas- 
teurized milk sample, as  levels of antibiotics nsually enconnterecl in  the latter are 
below or near the lower limits of sensitivity of the method. This should not be 
as  true for  positive individual producer's samples or fo r  inillis snspected of con- 
taining antibiotics. 

SUMMARY 

A11 analysis of 1,794 sanlples of fresh blended pasteurized inillis obtaineil 
throughout Sew P o r k  State cluring the early spring ancl late summer mouths in- 
dicated the presence of about 7 per vent inhibitory inillis of varying degree of 
intensity. Approximately 1 per cent \yere strongly inhibitory toward commer- 
cial lactic starter. 

Antibiotics in  these milks were indicated i n  relatively few cases and, where 
present, the amonnts generally were between 0.05 and 0.1 unit per milliliter of 
milk. 

I t  was apparent from the results a t  the time this study was made that  the in- 
cidence of inhibitory milks or antibiotics milks was not high enoi~gh to create any 
grave general problem for  the Sew York dairy industry insofar as fermented 
dairy products arc  concerned. However, the few instances where antibiotics were 
found i n  significant quantities would create a serious indiridnal problem for  the 
manufacturer of fermented dairy products. 

No snlfa drugs \\?ere found in 922 sample5 of inilk tcastecl spcc~ifically fo r  thiq 
chemical. 

Quaternary ammoniu~n componnds I\-rrcA indicated in about 4 per cent of 832 
milks analyzed and i n  inost of these positive chases they existed from a trace to 
3 ppm. Milks rontaining this con~pouncl apparently dicl not show on the arerage 
any  greater inhibitory properties. 

Milks obtained during the hot sumlner months showed a significantly smaller 
incidence of inhibitory s;tmplrs than milks obtained clnrinp the early spring 
months. 
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HERD DATA MEASURES O F  THE EFFECT O F  CERTAIN ENVIRON- 
MENTAL ISFLUENCES ON DA1R.Y CATTLE PRODUCTION1 

N. D. BAYLEY2 AND E. E. HEIZER 

Uaiversity of Wisconsin, Madison 

I n  the clevelopmeilt of an environmental index (3) for dairy cattle produc- 
tion records, the present authors studied the relationships of nine environmental 
influences with milk and butterfat production and the relationships of the en- 
vironmental influences with each other. Results were similar to those reported 
by other workers for four of these influences: age a t  calving (8, 10, 13, 19, 21, 22, 
23,26,28,31,35,51,43,45) ; number of days carrying calf while milking (17,20, 
23, 37) ; length of preceding dry period (1, 7, 11, 18, 23, 29 36) ; and month of 
freshening (4, 6, 14, 24, 32, 34, 41). 

The other fire influences studied were selection rating, po~ulds of total digest- 
ible nutrients fed per 1,000 Ib. of body weight, nutritive ratio, condition before 
calving and herd size. Four of these utilized different measures of selection and 
feeding than have been reported previously (2, 10, 12, 25, 25, 30, 36, 39, 42). 
There have been no reports of efforts to measure the effect of herd size on pro- 
duction. 

The purpose of this paper is to describe the methods used and results obtained 
in the measurement of the effects of the above five inflnences. 

PROCEDURE 

During the period from September, 1947, to May, 1949, data for this study 
were collected by personal interviews with herd operators and by examination of 
their records and cattle. Information was obtained on 967 cows in 47 grade and 
purebred Holstein-Friesian herds in \\'isconsin. At  the start of the study two 
qualifications were established for selection of the herds to be included: ( a )  Their 
continuous enrollment in IIolstein-Friesian IIIR should be for a t  least 7 yr. 
(b) Their production, breeding and identification records should be complete. 
Later, in order to increase the scope of the study, a f e ~  herds were added which 
met the second qualification but they had been enrolled in EIIR or DI-IIA for only 
3 or more yr. The herds finally included had been tested continuously for an 
average of 16 yr. 

The most recent complete lactation record for all cows bred, born, raised and 
still living in the herds visited was copied from the herdboolrs. The length of 
the lactation \\.as standarclized by recording the milk and butterfat produced in 

Received for publication Jan. 18, 1952. 
1 Published with the approral of the Director of the Wisconsin Bgrieultural Experiment 

Station. 
2 The data are taken from a thesis submitted by this author in partial fulfillment for the 

Doctor of Philosophy, 1950. 



the first 305 days of the lactation. Actiial records \vithont correction for  age 
were used. Records were omitted which followed abortions earlier than 150 days 
ancl i n  which severe ailments or injuries had seriously affected the proclnction. 
The study was confined to ani~nals  milked twice daily. 

The five enrironnlental influences under cliscussion i n  this paper, a s  well as  
the other four  mentioned i n  the introdiiction were selec.ted for  study from the 
results of a preliminarx surrey vhich inrolreci twenty-one possible influences. 
Twelre of the t~t-enty-one influences stuclied i n  the prel i~ninary surrey m7ere not 
included in the later stucly because their effects ditl not appear important or be- 
cause the measures nse(X iri rralnatiug their eft1ct.; apprarccl inaclt~clnate. 

The first of the fire influences, selection rating, was dcriseil to evaluate the 
methods of selection u.;ed in  the herds and also the carefulness with which these 
methods were carried out. The details of the scoring system are presentecl in  
table 1. The increase in rating as the number of lactation rerord.; inc~rea.;ed was 
based on the relative heritability of one record, of the average of two records and  
of the average of three recorrls ( 5 ) .  Credit for  the increasing nilmbers of prog- 
eny was approxiniatecl from the results of Davidson (9 )  and Edwards (1.5). 

Both of the feeding measllres were based on the rations fed d i ~ r i n g  the winter 
months in the barn. The feeding information obtained was: (a )  the amollnt and  
Bind of silage fed ;  (b )  the amoiint, lrintl and qiiality of hay f e d ;  (c )  the con- 
stituents anel proportions of the grain ration; (el) thr  average amonnt of grain 
fed tlaily to each cow; (e) the amount fed and kind and quality of feecls used, 
other than those mentioned above. 

The average amount of grain fchd daily was based on the "rule of thlunb" 
f o l l o ~ ~ e d  by the c l a i r p a n  or on direct esti~nates by  him. When considered nec- 
essary, checks were lnatlr of the esti~nates by examining the feeding equipment or 
observing the procetlure.;. 111 herds where the operators reported that  cows were 
fed all the hay they wanted, the amount of hay eaten was cstimatc~tl a t  1.5 lb. per 
1,000 lb. body weight. Corn silage ma.; fed i n  all the herds studied. Some op- 
erators stated that they fed silage according to the size of the c o ~ .  Tn the herds 
where this was practicded, the co.it7s were classified into three groups according to 
body weight: 1,450 Ib. or above, 1,000 to 1,449 lb. and  less than 1,000 lb. The 
heavier cows received the larger amounts indicaated by the operator and  the lighter 
cows, the smaller an~onnt.;. Body weight was estimated fro111 heart girth meas- 
urements talien a t  the time of the &it to the herd. 

From these data  the ponncls of total digestible nutrients fetl daily per 1,000 
Ib. of body ~veight  and the nntritive ratio of the ration were computed. Seventy 
per cent was used as the proportion of T.D.S. in all  grain rations. Other values, 
including protein content, were based on ?Iforrison's tables of feed composition 
(33) .  

The conclition of the d r y  cows and heifers was gratled according to the four  
classifications shown in table 3. 

Herd size was measured as  the number of cows of  nilk king age in  the herd a t  
the time of the visit. 

A general description of the data  is presented in table 8. The data  n-ere 
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TABLE 1 

Tlre scoring nystent for tlre aelrction rating 

For enc.l~ row: 

Selection of the cow's sire was based on : 
Pedigree B 

Answers and points arvarclecl 
Yes No 

~ y ~ ; ?  
Progeny test? I f  so, number of progeny considered. 

Were records of progeny considered? - 
- - 

I f  records cousidered 
award points equal to  
half number of progeny 
up to 12. 

Was the type of progeny considered? 
His being a key animal in the breeding program? 

Selection of co\v's dam mas hased on: 
Pedigree B 
Type4 
Individual performance? If  so, how many records 

were available a t  time this mating m s  made? - 
4 points for 1 record 
6 points for 2 records 
7 points for 3 or more 

records 
Her being a key animal in the breeding progrnul 

This cow was not culled as a heifer because of: 
Pedigree T 
Type? 
Her being a key animal in the breeding program? 

This cow was kept in the herd since 1st lactation 
because of: 
Individual performanre? I f  so, how many records 

were available a t  the beginning of this 
lactation ? - 

8 for  1 record 
12 for 2 records 
14 for 3 or more records 

TYP:~ 
Pedigree ? 
Her being a key animal in the breeding program? 

Add 1 point if herd has been tested continuously for 5 or more yr. 
Add 1 point if herd has been officially classified for  type. 

TABLE 2 
Description of classifications used for grading condition a t  calring 

Exeellent Good Fair  Poor 

Well grown out and Moderately derel- Thin and some- Obvious evidence 
moderately f a t  to oped with indica- times showing of under-nourish- 

Heifers f a t  as revealed by tions of fleshing signs of under- ment, serawny ap- 
fleshing over shoul- but some t 'hooki- clevelopment. pearance, skin dry 
d e r s ,  r i b s  a n d  ness." and tight. 
rump. 

Plentiful amount More fleshing than Thin Same appearance 
of fleshing over the the milking cows in as heifers. Cows 

Dry cows shoulders, r u m p the herd, but no in- without any dry 
and ribs; hooks dications of being period were auto- 
and pins lacking particularly fat.  matically rated in 
sharpness. this class. 



analyzecl according to the ~llultiple regression techniques describ(3d by Snedecor 
(40),  IVallace and Sneclecor (14),  Ezc,lriel (1 6) and Wright (46). Compntations 
were carried out by means of tabulating card crluipmcut. 

RESULTS ASI) DIS('USS1ON 

Sone of the correlation coefficients calculatetl from records of first lactatio113 
differed significantly fro111 the coefic.ients ohtainetl with 'c~orcls of later lacta- 
tions. Therefore, the resnlts presentetl arc basccl on the data for all 967 co71~s. 
The correlation coefficicuts, stilnclarcl partial rcgrc5sioli coefficients and group 
averages arc shown in tables 1 ant1 5.  The .;tantlard partial regression coeffi- 
cients were statistically signifivant for thc. rrgresslon of ~llilfi ant1 f a t  yield on 

TAI%LE 3 

Gcllel'al ilcso'ipiion of duln  
-- .--- 

Stantlar(1 
A.i-ernge Rnllge ,leri:,tioll 

No. of years herds have been on continuous testing un- 
der present man;lgement .... ....... 16 3-39 

Production in  first 305 d. ( l b . )  
11,102 4,569-19,857 2,567.8 

96.2 
0.X 
3.i 
4.3 

28.1 
6'7.8 

2.0 

0.8 
11." 
17.2 

No. of cows il~clutlcd in  the study from n single herdn ...... "1 3-13.5 
- - 

a The qunlificntions for  cows ineludc(1 in  thc study were that  they be bred, born, raised :,nil 
still living in the) hrril nnd that  they bc milked o~ i ly  twice daily during their most recent com- 
plctr Inct;~tioll. 

selection rating, pounds of T.D.K. fed daily pcr 1,000 lb. body weight, nutritive 
ratio and herd size. Statistically significant regressions were found for fa t  test 
on selection rating, pounds T.D.N. per 1,000 lb. body weight i ~ l d  herd size. The 
standarc1 partial regression coeffi'iel~t of f a t  test on nutritive ratio was not sig- 
nificant. 

The regression of ~nillr and fat yielcl on the selection rating showed that for 
a five point increase in the selection rating, there was, on the average, a 305-lb. 
increase in ltlilk and a 14-lb. jncrense in butterfat. The regression of f a t  test 
on selection rating was eurrilinear. Test increased a t  a decreasing rate n-hen the 
selection rating was higher than 7 i ~ l d  no further illcreases were found abooe a 
rating of 31. The maximlun cffrct of this rating on test was 0.10 per cent. 
Selection is not an influence for which records shollld be corrected. 11011-ever, a 
measure of its effects was necessary in order t,o get independent evaluations of 
other factors which are associated with it. 
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For at1 inc*rri~se of 1 Ib. of 'I'.I).S. di~ily prr  1,000 Ih. botly \\eight. there n as an 
average increase of 551 Ib. of milk and 18 lb. of fat. An incarease of 1 Ib. in T.D.S. 
rat(. \\-as accompanic~d by a decrease of 0.02 pcr cent in tcst. Inasmnch as more 
that1 nine-tenths of the observed 'Y.D.9. rates were ~ ~ i t h i n  the range 14.0 to 21.9, 
the grratest expected effect of T.1l.K. rate on fa t  test nould be apljroximi~tcl- 
O.l(i per cent. 

'l'he range of the autriti\.c ratios in these data nas  from 11.2 to 3.2. A change 
of this amount in nutritive ratio was accontpa~~ietl by a rhange of 2,,9.52 lb. of ~nillr 
and 100 Ib. of fat. 

The analysih of thc inflnenvc. of condition a t  calving, a non-qnantitatirc in- 
fluence, was carriecl out rvitli two methods. The first of these was to compare thc 
average production found for each contlition clas<ificdatio~i. These averages are 
sho~vn in table .i. The second method was to tletcrmine the residual i~lflurace of 
condition at c'alving after the total influencac of the quantitatively measurtcl vari- 
ables had been considered. This is shown in table .i as the average clifference be- 
tween observed productiotl rerords and their values preilicted from the multiple 
regression of the quantitatively measured factors. The resitlual influenre is in 
acltlition to the infl~lencbc of thr quantitative influences. rather than being inde- 
pendent of them (16). 

The effect of condition of the heifers, according to the residuals, wac; an in- 
crease of 46 Ib. of milk from "fair ' '  to "good" grades and an  increase of 8-50 Ib. 
from "good" to "excellent." Thc respective increases for fa t  were -2  and 36 
lb. The effect of the condition of the dry cows was an increase in milk of 600 lb. 
between the grades "fair" and "good." The increase in fa t  bet11et.n these two 
ratings was 20 Ib. No increase in milk was indicated between the grades "good" 
"excellent," but there was an increase of 12 Ib. of fat. There a w e  no heifers 
rated as in "poor condition." The cows considered as in "poor" condition mere 
mostly those which had no dry period. The results inclieaterl that putting cows 
with no dry period in this class may be misleading. Fat  test changcs accompany- 
ing changes in condition were slight. 

The maintenance of high production in large herds often is more diffic~~lt 
than in small hcrds. The operators of large hcrcls are dependent on hired help 
to attend to the individual needs of the c o ~ ~ s .  Disease control often is more 
difficnlt in large herds. I n  this study significant decreases were found in milk 
yield, fa t  test and f a t  yield as herd size increaqed. A total decline of 775 Ib. of 
millr nTas associated with an increase in herd size from 20 cows to 49. The decline 
was 521 Ib. from 50 cows to 79 and only a slight decrrase could be predicted when 
herds contained 80 cows or more. A similar association was cletern~inecl regard- 
ing f a t ;  a decline of 35 Ib. with an increase from 20 to 49 comc;. 23 Ih. with an in- 
crease from 50 to 79, and only a minor decline as herd size increased beyond that 
limit. Fa t  test dropped 0.05 per cent as herd size increased from 20 to 30 and 
dropped another 0.03 per cent between herd sizes of 50 and 100 c o ~ s .  

The effects of T.D.K. feeding rate, nutritive ratio, condition a t  calving, herd 
size and also length of the dry period and days carrying calf while milking have 
been combined in the environment index. The index expresses the number of 
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pounds of butterfat a cow should produce above or below a 850-lb. level because 
of the influence of the environmental factors. Tablcs have been prepared for use 
in computation and are available upon request. 

The measures of the effects of the inflnences discassed in this paper were dc- 
vised for use on herd data in order to obtain results which would be directly ap- 
plicable for the index. Herd data and multiple regression techniques were nsed 
in eraluating the measures because they offered opportunity to analyze concomi- 
tant observations. They also permitted the use of a wider range of observations 
than would have been possible with the use of data limited to within-herd observa- 
tions or experimental trials. Environmental differences between herds includ- 
ing disease control, milking practices, pastnre yields. etc., contribute to the mag- 
nitude of the effects obtained in this study. They are of particular i~nportance in  
regard to the efects of condition of calving, nutritive ratio and herd size. Ex- 
perimental trials IT-hich exclude differences between herds map yield different 
evaluations of some of the effects. Knowledge of the extent to which the experi- 
mental trial results arc co~nparable to herd data results ~'oiild be useful in the 
interpretation and intelligent use of the index. However, the evaluations ob- 
tained from the trials might not be as readily applied for use in the indes as the 
results from herd data. 

The herds included in the study cannot be considered representative of all 
Holstein-Friesian herds in Wisconsin. The rriteria for selecting them would 
auto~natically malre them herds in which management often will be above average. 
Hoxvever, they probably are reasonably representative of herds from which many 
provecl sires are being purchased. Adaptability of the results to other breeds of 
dairy cattle needs yet to be determined. The management practices and climatic 
conclitions involved in the clata of this study probably are similar to those found 
in most of the North Central and Northeastern parts of the United States. 

Further work now is in progress checking the efficacy of the index in predict- 
ing production differences of experimental trials. Other studies are being 
planned to simplify and make more accurate the measures nsed, to devise methods 
for routinely collrcting environment data and to rheck the index in a field test 
with a large group of ilata. 

SUMMARY 

Herd data information on 967 cows in 47 Holstein-Friesian herds of Wiscon- 
sin was analyzccl by mnltiple regression techniques to determine the effect of nine 
environ~nental inflnences on production. Results were similar to those reported 
by other worlrers for age at ealving, number of days carrying calf while milking, 
length of preceding dry period and month of freshening. 

Statistically significant regressions were obtained for mill< and fat yield on 
selection rating, ponnds T.D.N. fed daily per 1,000 lb. body weight, nutritive 
ratio, condition a t  calving and herd size. The repressions of fat  test on selection 
rating, T.D.N. feeding rate, condition a t  calving and herd size \\,ere statistically 
significant but unimportant. The regression of test on nutritire ratio was not 
significant. 
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-1 PROPOSED METHOD nsn APPARATUS FOR TI-IF, DETERMINATIOS 
O F  EXTRANEOUS MATTER I N  R O L L E R D R I E D  MILK POWDER 

F O R  USE IN C I I E E S E  FOOD PRODUCTS 

L. J .  BIASCO 

K r a f t  Foods Co., Cltica,qo, Illiiiois 

IITitll the industrial usage of dried mill; po~vder increasing daily, industry 
long has felt  the need for a suitable method for  the detection of eatri~neons matter 
ill roller-clrietl milk ponclcr used in cheese food products. One of thc common 
color defects of dried ~nill; powder made by roller or tlruin process gives the 
appearance of (lark brown spcclrs of burnt  mill;. Such a condition often indi- 
cates ~unclcan eot~clition\ in the plant or improper technique used in the drying 
process. These burnt  sperks often show u p  ia  the finished producat and shonld 
be guarded against in the nlaking of any  caheese food. 

I n  1946, a filtration lnethotl inrolving the use of pepsin-KC1 solution was 
worked out and submitted to thc American D r y  Mill; Institute. The method, now 
appearing in the American Dry Milk Institute, In?., (1) B u l l e t i ~ ~  911. page 28, 
is essentially the method we originally submitted to t h e ~ n .  

The present rec,ommended procetlnre ils proposecl by  Strobel & Rabeoek (2) 
in  a rccent publication is 1nuc.11 the same method as appears in this American Dry  
Milk Iiistit~itc bulletin. Strobe1 & Babcock reported the pepsin-HC1 solution 
method to be satisfactory for  tleterinining the total sediment content of roller- 
process nonfat milk solids by filtration through a standard liiitine disc. 

I n  our proposed methotl, i t  never has been found necessary to use a defoaming 
agent or to heat samples to boiling prior to  filtering. A constant-specd motor 
operating a t  approximately 1,500 r.p.111. also has been employed. The proposed 
method is beliered to be simple. arcurate anil time saying. 

Although the 71-orl; was completed a f r l ~ .  years bark, i t  ~ v a s  not possiblc a t  that  
time to write a report covering the findings. Because it  was reasoned that  this 
work niight be of general interest, this paper was prepared for  pl~blication. 

PROPOSED ESTRAKEOUS MATTER APPARATUS 

Because estraneons n~attclr apparatus to ra r ry  on the 1vol.k \\.as not fabri- 
cated by any  of the laboratory supply h o ~ ~ s e s  contactecl, i t  becamc ncccssary to  
design eqnipmc~nt for  11se in this s t ~ ~ t l y .  l'he nni t  designed is ii multiple heating 
and stirring unit ~vhich it nil% believed \vo111tl mc>et a grc~at need in the agrienl- 
tural  field. 

The apparatns is madc up  of six intlivitlual testing  ini its 011 a stai111css steel 
framework. Each 1mit is composc~d of i~ 4.25-in. hot plate, stainless steel beaker, 
electric motor and stainless stec.1 stirring rods with special-type blade. The 
framework is bracccl by angle irons so d~signet l  as to prevent vibration rlnring 
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the operation. Special constr~iction features are the spring stcel clamps lined 
with asbestos cord holding the beaker< rigid, the stainless steel beaker covers con- 
taining a rubber gasket which prevents vibration and the stainless steel agitators. 
The support rod on which the motors are attached is so designed as to allow free 
movement of stirring rod by lifting motor u p  without detaching from rod. I n  
this way, it is possible to remove an agitator from the solution and rinse agitator 
with water so the rinsings drain into the rest of the sample in the beaker. A 
specially constructed f ~ m n e l  and filtering appara t~is  dcsignert to speed up the 
filtering ~rorlr  also is shown in figure 1. 

ESPERIAIESTAL PROCEDURE 

The proposed method is based upon the peptic digestion in an  acid mediunl of 
the roller-dried nonfat milk. This action renders the protein ~nolecule soluble 
and allows easy filtering of the sample through a cotton lintine disc. The pri- 
mary concern is hydrolysis of the protein (casein) found in the milk product. 
Dilute acid and alkali hydrolysis first were used nntil enzyines were discovered 
that  had the peculiar properties of catalyzing the hydrol?~sis of proteins. I n  pre- 
liminary experimental work, pepsin was found the most suitable enzyme. Pre- 
liminary investigations of various acids, HC1, I-S,SO,, IS,PO, and lactic acid re- 
vealed that  HC1 was the most suitable, with H,PO, rnnning a close second. 

The method used in arriving a t  optimum eonilitions for filtration was as fol- 
lows: Samples were weighed on a Torsion balance and transferred into 2-1. staia- 
less steel Griffin-type beakers containing varied concentrations of solvent solution. 
( I n  order to p r e ~ e n t  charring of the milk powder samples, it  was necessary to 
add the milk powder to the solution rather than add the solution to the po~vcler.) 
The stainless steel beakers containing the samples then ~ w r e  transferred to the 
specially designed extraneous matter heating and stirring unit and the samples 
were digested a t  varied temperatures rising constant agitation for different lengths 
of time. Nest, the samples were filtered with the aid of suction (water aspira- 
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tor) through a cotton lintine disc, using a specially constrnctetl filtering appa- 
ratus as shown in figure I. Xotes were taken on urifilterable samples and discs 
then were thrown away. Filterable samples were dried, using a sperially con- 
structed infra-red drying oven. After drying, discs were mo~~ritet l  on an index 
card and filed for comparatire study of extraneous matter. 

RESULTS 

Approximately 300 sanlples of tiiilk powder were used in the various trials to 
produce a filterable substrate of roller-dried milk powder. I n  all trials, 50 or 
100 g. of sample and 750 or 1,000 ml. of solvent solutio~l were used. Solvent soln- 
tions were made using combinations from 3 to 25 g. of pepsin and from 10 to 
25 ml. of HC1. 111 all trials, temperature of sample solution was varied from 
30 to 60' C. and the time of agitation was for either 0.5 or 1.0 hr. Optimum con- 
ditions for obtaining a suitable filterable substrate were obtained when using 
10 g. of pepsin and 25 ml. of IICl made u p  to 1,000 ml. with distilled water and 
heated a t  40 t 3' C. The samples treated in the above manner all filtered fast and 
no trouble was en'ouatered with the filter disc clogging. Additional samples 
were run  a t  the optimum conditions using 100 g. instead of 50 g. of sample and 
again all salnples filtered fast. Data sho\~,inp optimum conclitions for producinp 
filterable substrate are tabulated in table 1.  

TABLE 1 

IL'rzals showzng optinlrrn~ condttton folind necessary for prodr~crnq a blitfable filterable sftbvtrate 
(al l  sanaples were agztaterl 0.5 Irr.) 

Amt .  o f &  pH o f  
Wt .  o f  No. o f  solvent Temperature solvent pH O* 

solution substrate 
Filterability 

sample analyses used 

(g.1 (ml . )  (0" C.)  
50 20 500 35 0.71 0.88 fas t  

50 500 40 0.71 0.88 f a a t  
2.5 500 45 0.71 0.88 medium fas t  
20 .500 50 0.71 0.88 s lo~v 

100 20 1,000 3.5 0.71 1.0 medium fast  
75 1,000 40 0.72 I .l fas t  
40 1,000 45 0.71 1.1 medium fast  

a 10 g. o f  pepsin and 25 ml. o f  HCl were m:~rle u p  t o  1,000 ml. wit11 clistilled water. 

PROPOSED NETHOD 

Weigh a 100-p. sample of powder on a Torsion balance and transfer to a 2-1. 
beaker containing 1,000 ml. of solvent solution (10 g. pepsin and 25 ml. of HCI 
diluted to 1,000 ml. with distilled water). Mechanically agitate while digesting 
the sample for 0.5 hr. a t  a temperature of 40 5" C. (the ideal temperature is 
40" C.). Do not heat the sample over 46' C. as this temperature will cause the 
protein material to coagulate and produce slime which clogs the filter pad. A 
cover of some kind shoultl be placed on the beakers during agitation to prevent 
contamination of sample from outside sources. After 0.5 hr. remove agitator 
from solution and hold above the solution in the beaker. Rinse agitator with 
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filtered distilled water so the rinsings drain illto the rest of the sample in the 
beaker. Filter the solution using medinm suction through an extraneous-matter 
disc. This solution should filter within 2 nlin. After all the solution has passed 
through the disc, rinse beaker with about 150 ml. of filtered, distilled water and 
filter rinsings throngh the same clisc. R~move  disc from filtering apparatus and 
dry under infra-retl lamp for 5 min. The disc should be covered while drying 
to prevent contaniination. Enclose dry  disc in cellophane bag ant1 mount on an  
index card bearing its identity. The disc then is examined under a binocular 
microscope and graded acacording to existing stantlarcls for dried millr powder. 

SU3IhlARY AXD CONCLUSIONS 

111 ~vorking with roller-dried nonfat nlillr po~vder, the optimum conditions for 
hydrolysis for obtaining a suitable snbstrate which can be filtered satisfactorilr 
through a lintiile disc have been found. l'ractically all extraneous matter, in- 
cluding scorchecl particles, can be recovered on lintine disc. A filterable sub- 
strate can be obtained \vithont the use of a tlcfoaming agcwt, a high-speed stirring 
motor and subjecting samples to boiling temperatures prior to filtering. 

A newly designed piece of equipment for use in extraneo~ls matter testing has 
been introduced. This unit is so coiistrucated as to allow tests reqniring different 
time and teinperatures to be run a t  the salne time ; inore c;anitary operation also is 
possible by a compact ~ l n i t  with covered containers. Greater economy of man- 
parer ~vorking space and erluipn~ent is achieved. 

(1) AMERICAN DRY MILK INSTITGTE, INC.  The Grading of r o i l f a t  Dry Milk Solids. Bulletill 
911 (rev.), Chicago. Ill .  1948. 

(2) STROBEL, D. R., .ZXD BAIICOCK, C. J. A Filtratioii Method for  Detern~ in i i~g  Serlirneiit ill 
Roller-process So11f:tt Milk Solirls. J. Dairy Sri., 34- 167-17.5. 1951. 



GAS 1'RODUCTION IN CHEDDAR CHEESE CAUSED BY 
LEUCOIVORTOC CITTROT70RVJf1 

The occurrence of openness in Chetlclar cheese a t  various seasons of the year 
has become of some concern to the cheese indnstry. This openness, generally rr- 
ferred to as "slits," occurred in some lots of experimental cheese a t  this Station 
to the extent of causing noticeable bulging of the surfaces of the cheese. The 
history of the illilk and inethods of its handling did not lcacl one to believe the 
usual gas-formers of Cheddar cheese were involvctl. Also, the cheese did not 
sllo~v the typical gas holes of a gassy cheese, but rather irregular openings more 
or less following the cnrcl particles, thus giving the appearance of a mechanical 
opening that had split the curd (fissnres). I n  severe cases of slit openness, the 
opening had the shiny or glazed appearance of typical gas holes in Swiss cheese. 

Sherwood ( 5 )  reports a defect of this type in New Zealand cheese and states 
that gas-producing lactobacilli are the most common orpanisins cansing slit open- 
ness. ITowever, he also stated that the presence of Lezrco~zostoc citrovorz~m in 
sufficient numbers may be a cause of the tlefect. T11 the study of the flora of Xew 
Zealancl cheese, Sherwood (6 )  did not isolate L. cifrororzr),~ from the cheese exam- 
ined, even thoilgh these organisms \yere colnmon in starters. Galesloot ( 2 )  
studied the early gas defect in Cheddar cheese and concl~idc~l that Bcta~cocczts 
arabinosacezrs (L. nzesenferoitlcs) and Befacocczrn bovis (L. dextra~z.ic~rm) were 
able to produce thk "slits." However, he also felt that if the lactic acid bacteria 
of the starter were 1-ery active the defect \vonlcl be ~ninimiaed. Pronty ancl 
Golding (4) studied the action of the ;issociate starter organisnls dnring the ripen- 
ing process of vacuum-packecl Cheddar cheese and fonncl that a greater loss of 
racuum occurrecl when Strepfococcu~ cit~ocorlrs (L. cifrovorum) and Rtrepto- 
COCCUS paracitrovorzrs (L. dest~.n)lic~cnt) were used in conjunction with Rfrepto- 
cocczrs lacfir than ~vhen I~acfobacibl~ts bulga.riczr.9 was used. From the natiire of 
this defect it was felt that the associate organisms might be involved in this case. 

KO attempt was made to isolate coliform organisms from the chcclse since the 
defect did not indicate gas in the quantities proclncecl by the colifornls and also 
the defect ordinarily shows n p  in 3 to 4 ~vlr. of ripening a t  50' F. A slightly 
longer period ~vas  required for the defect to occur a t  40' F. A modification of 
the technique nsed by Abdel-Malek and Gibson (1) for the detection of gas by 
the Leztconosfoc species was used and pas-producing organisms were easily iso- 
lated. The modification consisted of adding 0.2.5 per cent sodimn citrate to the 

Received for puhlieation Jan. 21, 1952. 
I This work was supportrd in part by funds fro111 Swift and CO., Chicago. 
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glucose milk. The agar plug then mas ponrecl on thc soliclifietl glucose milk and 
about 5 rul. of sterile water or litrnns mill; were placed on top of the agar p111g. 
This prevented drying of the agar and escape of a n r  gas proclliced along the side 
of the tube. The glucose milk the11 was prepared with the following ingredients: 
800 ml. fresh skin~n~ilk,  200 rill. filtered tomato juice ~~eutralizecl mith S a O H  to 
pH 6.5. 5 pc,r cent glncdose, 20 per cent gelatin, 0.25 per cent yeast extract and 
0.25 pcr cent sodi~un caitratc. The medium was heatecl to bring about snspen- 
sion of the gelatin, tubed to a tltlpth of 5-6 ci~l. and sterilizecl hy intennittent 
steaming for 1 111.. 011 3 succ~cssivc (lays. 

Small qnantities of chec.se ( I  to 3 p.) were talien asceptic~ally and em111sified 
in 9 1111. of sterile 2 per cent sotlium citratc solution, using il stc,rile mortar and 
pestle for each sample. The glncose l~lilli was melted and eooletl a t  45O C. aacl 
then inoculatecl with 0.1 to 1 ml. of the emulsified cheese samplr. Incubation 
was a t  21° C. for 7 to 10 days. 

Various clilntions of thc ghlcosc rnilli from tubes sho~ring ericlence of gas 
were plated on tonlato juice agar wit11 the follo~ving compositions: 200 ml. filtered 
tomato juice, 5 g. each of tryptone, tryptose and yeast extract, 15 g. apart  and 800 
ml. distilled 1vateThe pII  of the nietlium was acljnsted to 6.8-13.9. These plates 
were incubated a t  21' C. for 5 days and indiv id~~al  isolated colonies mere picked 
into litmns milk. Invariably this procetlnre gave a large inajority of gram posi- 
tive cocci occurring sinply, in pairs and in long chains and producing little or no 
change in litmus milk. IT-hcn th(~st. purified cultures were reinoculated into the 
modified glucose milk, an abundant a ~ n o n i ~ t  of gas  as fornlecl in 3 to 5 clays. 

Eight lots of cheese were matle in 50-gal. ~ a t s  from pastenrieed mised herd 
milk heated a t  114' F. for 30 min. The cheese was matlc into 9 to 10 lb. young 
Americans with three or more fro111 each lot. A cheese from each lot was rip- 
ened a t  40, 50 and 58' F. Three of these lots were made using a single-strain 
S. lactis (712) starter. Three lots \vcJt-e made with comnlercial cheese starters 
characteristically posscssi~lg high flavor. One lot was made with S. lacfis (712) 
plus 100 1111. of a 5-day-old sterile milk culture of one of the isolated gas-prodnc- 
ing cocci. The remaining lot ~vas  nlade IT-ith coininercial starter phls 100 ml. of a 
5-day-old sterile milk cnltnre of one of the gas-forming cocci. At the end of 30 
days' ripening, the cheese were examined for the clefcct. 

RESULTS 

Six cheese, varying in age from 1 to 3 mo. and showing various degrees of slit 
openness, were examined for gas-producing organisms. Tmelre tubes of glucose 
milk were inoculated from each of the six cheese. Table 1 shows the age of the 
cheese and the per cent of tubes of glucose milk that showed gay production after 
10 days incubation a t  21° C. From these six cheese, 11 cultures were selected 
and purified for itlentification and further study. These organisms were all gram 
positive cocci occnrring singly. in pairs and in short-to-long chains. They pro- 
duce little or no change in litmns inilk ~vhen incubated a t  21' C. Gas mas pro- 
duced in glucose milk and acid was produced from glucose, galactose, lactose and 
sucrose, but no acid was produced from mannose, mannitol or salicin. All cul- 
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tures showed an increase in volatile acidity of milk containing citric acid as com- 
pared with milk alone (Hammer, 3 ) .  From this information, t.hese organisms 
were assumed to be L. citrovorum. The fourth (4)  isolate was selected more or 
less a t  random from these 11 cultures for use in this work. I ts  characteristics 
were typical of those indicated above. 

TABLE 1 
T 1 ~ r  extent of gas production in glucose milk tubes front 6 lots of cheese 

-- - 

Cheese Age % of tubes showing gas 
-. 

( d . )  
1 59 25.0 
2 59 41.6 
3 102 8.3 
4 54 41.6 
5 94 16.6 
6 94 25.0 

Table 2 gives the results of cheese made with various culture organisms and 
the degree of the defect after ripening for 30 days a t  various temperatures. The 
single strain culture of S. lactis (712) showed practically no defect (cheese 1, 3 
and 5)  while the same culture plus L. citrovorum (4) showed evidence of the 
slits a t  40' F.  with pronounced slits a t  temperatures of 50 and 58' F. (cheese 6 ) .  
Both the eomniercial cheese cultures (cheese 2, 4 and 7)  showed about the same 
degree of slit openness as did the R. lactis (712) plus L. citrovor~rnz (4) .  IIow- 

TABLE 2 

The degree of slit opennrsfi in  chrese ntade w i th  various cultures and vipened for 30 d .  at 40, 
50 and 68' F. 

Culture Degrcea of slit openness at ripening tempc~raturr of 
Cheese used 40" F .  50" F .  58" F .  

----- - 
............................................. 1 S . l a c t i s ( 7 1 2 )  ? f ? 

...... 2 Commercial cheese culture #I +++ +++ ++++ 
3 S . l a c t i s ( 7 1 2 )  .............................................. - - ? 

...... 4 Co~nmercial cheese culture #I + + + + + + + 
............................................. 5 S . l a c t i s ( 7 1 2 )  - ? - 

6 S .  lactis ( 7 1 2 )  + L. ci t rovoru~n ( 4 )  + + +++ ++++ 
7 Commercial cheese culture #I1 ... + + +++ ++++ 
8 Commercial cheese culture #I1 + 

................................. L. citrovorum ( 4 )  ++++ ++++ ++++ 
- -- 

~ - = n o  evidence of slits; +=very slight evidenee of slits; ++=sl ight evidence of slits; 
f + + = modrrate evidence o f  slits; + + + + = distinct slits. 

ever, when L. citrovorlcm (4) was added to the commercial culture distinct slits 
occurred even a t  40° F. and a t  the higher temperatures the cheese was bulged on 
top with a spongy body. 

DISCUSSION 

The slit openness in Cheddar cheese in this laboratory to the extent of giving 
the appearance of a gassy cheese occurred quite suddenly. I n  previous years 
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the defect, if present, was not serio~ls. TIowever, when ripening studies a t  ele- 
vated temperatures were initiated, openness of texture was more prevalent. I n  
the early stages of this work it was felt that  the cheese possessed some inherent 
weakness toward openness, and this concept has not been entirely abandoned. 
Oftentimes the clefect in vornmcrcial plants of the area has bem seasonal. This 
would seem to point towards inilk composition and its possible relation to a weak- 
ness in the cheese toward openness . 

When the first severe case? of the defect were examined and the slit openings 
sho\vecl the shiny or glazed appearance of gas holes, the possibility of gas-pro- 
ducing organisms was considerect. Since the milk was handled in wch  a manner 
as to elin~iaate likely contaminants, the hetero-fermentative Leltconostoc species 
suggested a possibility. The Leltconostoc species dextranicltm and citrovorz~m 
are common in c.olnmerc.ia1 cheese cultures and the data (table 2) indicate that 
the defect occnrred when two different c.ommercia1 starters were used. Of course, 
there is a large amount of cheese made with commercial caultures which does not 
develop the openness. This would tend to bear out the assun~ption that the cnrd 
possesses some inherent weakness toward openness. 

I t  would seem possible mlcter certain c*onditions that I,. dexfra,licunt and/or 
L. citrovorlcm could prociuce enough gas to build lip considerable pressure within 
the cheese. The fact that CO, is n~ore soluble a t  the lower tenlperatures and the 
rate of CO, production a t  the lower temprratnres is slower may account for the 
less frec~uent occurrenre of the defect at ripening temperatures of 40" F. Ru t  
with elcrated teinperatnres, the CO, becomes less soluble and is prodncecl more 
rapidly; it is not able to diffuse o17t of the cheese rapidly and thereby eonld create 
enough pressure to produce the slits. These assumptions seemed to be verified by 
the more pronounced defect a t  the high temperatures (table 2 )  and the occurrence 
of the defect when L .  citrollorzrm was nsed in conjunction with a single strain 
A'. lacfis starter. Galesloot (2)  felt that L .  ritrovorum was not involved in the 
slit openness but that other species of thi\ genus were the probable cause. How- 
ever, since the classification of this group is open to controversy there may be a 
relationship between the L .  citrooorltn~ isolatc~ in this laboratory and the species 
that mere responsible for the defect as notecl by Galrsloot (2 ) .  

The data presented here indicate that in areas where this difficulty occurs, the 
use of starters without the associate organisms would be of value. It may be that 
carrying mother cultures a t  temperatures of 80 to 85" F. and using an incuba- 
tion period of 6 to 8 hr. may cut down the number of associate organisms and still 
not affect the S. lactis or S. crentoris strains now used. 

SUMMARY 

Several cultures of L. citrovorlinz were isolated from Cheddar cheese showing 
slit openness. Two separate commercial cheese cultures of different origin pro- 
duced the defect quite distinctly a t  ripening temperatures of 50 and 5 8 O  I?. 
With a single-strain S. lactis (712) culture, i t  was possible to make cheese with 
little or no evidence of the defect. However, when S. lactis (712) was used in 
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conjunction with an isolated strain of L. citrovo~lmt (4) the defect was very pro- 
nounced. 
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IIay is one of the most ilnportant feed crops on American dairy farms. Nore 
than one-third of the m~trients furnished dairy cows comes from hay. I n  the 
States of Missouri, Te~nlessee, I<entuclry, Arkansas, Virginia and North Carolina 
annual le\pedeza has become one of the important hay crops. Because many 
weeds start to grow in the spring before the lespedcza plants are large enough to 
compete and because of the grain straw left on the field if the lespedeza is grown in 
a grain crop, the hay often contains large quantities of foreign material. Stand- 
ards of quality for lespedeza hay (I),  based on certain phy.;ical factors, have 
been issued by the Vnited State3 Department of Agriculture. 

Recognizing the small amount of information on relation of official grade of 
hay, especially lespedeza hay, to its feeding vahie for milking cows, the Bureau of 
Dairy Industry, in cooperation with the Tennessee Agricultural Experiment Sta- 
tion and the Grain Branch, Prodnetion and Marketing Administration, U.S.D.A., 
undertook investigations a t  the Dairy Experiment Station, Lemisburg, Tenn., to 
determine the comparative feeding value of some grades of lespedeza hay. I n  
this work, grades of lespedeza hay were used which appeared most closely to rep- 
resent the greater part  of the lespedeza hay prodnced. 'It was recognized that 
much of the hay now proclnced is high in foreign material, so hays selected for 
the investigations contained a considerable mixture of foreign materials. The 
investigations continuer1 over 2 yr. Each year a feeding test was conducted conl- 
paring the value of U. S. no. 3 Leafy Green Lespcdeza hay with U. S. Sample 
Grade Extra Leafy Lespedeza ha)-. 

ESPERI~IENTAIA METHODS 

The hays:  The Lespedeza haps usecl both years were obtained from farms 
located in Franklin County, Tenn. At the time the hays were obtained, selec- 
tion was made on the basis of grade classifications made by an  official hay grader, 
who esaminecl the lots before they were pnrchased. IIomever, the final grade 
given for each lot of hay was made by averaging the grade classifications given to 
samples taken a t  10-day intervals during the time the hay was fed in the feeding 
experiment. The average grade of each lot of hay usecl is shown in table 1. 
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Both hays used in the first experiment (194849) apparently were harvested 
in the late-bloom stage. The hays were baled in the field, and a few of the bales 
contained a small amount of molt1 when they ac re  fed to the cows in the experi- 
ment. Data relative to the two lots of hay are sho~rn  in table 1. Tt should be 
pointed out that leafiness determinations are based on the total weight of the 
lrspecleza in the hay ancl not on the sa~nple as a whole. The foreign material in 
lot 1 was largely grain stubble and weeds (mainly dodder). The hay also eon- 
tainecl a small amoilnt of grass. The foreign material in lot 2 was mainly rag- 
weed, with a lesser amorunt of grain stnbble. I t  also contained a small amount of 
grass, but less than thr 10 per cwlt which is ~~llolved in the Class Lespecleza hay. 

The hays used in thv secontl experiment lilre~vise contained a high enough leaf 
content in the lespecleza hay and a high enough color to qnalify as no. 1 or no. 1 
Extra Leafy U. 8. gratlr. bnt the amorult of foreign material was so high that 
hay lot 3 qualified for IT. 8. Grade 3 ha)- ant1 lot 4 for I!. S. Sample grade hay. 

TAHI,E I 
Olficial U. S. g ~ a i l r  of hajys used z?t fredotg c x p e r l ~ i t e ? ~ t s  

Leaf Foreign 
Expt. Lot content of material Color in hay Offieinl grades 

lcspcdezn in ha? 

(no.) ( f lo . )  (%) ( % I  
1 1 53.1 17.6 Green to grecnisll-l~ronn U. S. #3  lrnfy grccn 
1 2 57.7 31.9 Green to greenisll-1>ro1v11 IT. S. snmple grade, green, 

c~xtrn leafy 
2 3 .73.4 19.0 Grceu to grce11irrl1-l~ronn 1'. S. # 3  Ir:~f- green 
2 4 58.3 34.8 Grecnis11-bronr~ to  l~ro lr~ l  T. S. sample gr:~de, extra 

Ic.:lfy 
Ar. 1 and 3 33.2 18.3 Green to grcenis11-brown U. S. #3  leafy green 
Ar. !? and 4 38.0 33.3 (:rceti to greenis11-bron-n r. S. s,lmple gmde, green, 

cvtrn leafy 
-- - -- - -- - 

These hays were cut in late Angust in the late-hloonl stage, ancl were baled in 
the field. They were in good condition but as the hays were fed there was 
evidence of mold in a few bales of each kind of hay. The foreign material in lot 
3, averaging 19.0 per cent, consisted mainly of grain stnbble, a small a~nonnt of 
brushy material and dodder; it also contained some .Johnson grass and Dallis 
grass. The foreign material in lot 4 (34.8 p r r  cent of the hay) was largely grain 
stubble, ragweed and a few corn stalks. 

During the course of the 150-day feeding experiment that was conducted dur- 
ing the minter of 1948-49 with hay lots 1 and 2, and clnring the winter of 1949- 
50 with lots 3 and 4, each hay was samplecl three times on the second, fifth and 
eighth days of each 10-day interval. The sample5 for each hay were composited 
a t  the end of 10 days and nrrre representative of the hays fed tlnrit~g that period. 
Likewise, the hay that was refusrcl by the cows was removed from the mangers 
and earcfully sampled on the second ant1 eighth day of each 10-day interval to 
obtain a representative portion of refused feed. These 10-day composite samples 
of the hays and refused feed \yere i~sed for determination of the leaf content of the 
lespedeza, the amount of foreign material and color from which the arerage 
grade determinations shown in table 3 were ~nailr  (no grade was given to the re- 
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fused feed). Samples of the hays and refnsed feed were similarly obtained for 
dry matter determination and for chemiral analysis. 

The feeding trinls: In both experiments, 16 millring Jersey cows were used. 
The 16 cows were divided into two gronps of eight animals as nearly comparable 
as possible, considering their ages, weight, daily milk production and number of 
days in milk. The grouping of the cows, together with the data on which the 
allotments were based, are sho~vn in table 2. 

The 150-day experimental period was divided into three 60-day periods. I n  
the first experiment, one group of COWS 13-as fed hay lot 1 for 50 days, lot 2 for 
the nest 50 days and lot 1 again for the last 50 days. The other group of c o ~ t ~ s  

Data w e d  for  selecting llre cozcs into grovp.9 i n  tlrc fceding trsta zr:ith the  lespedeza hays  

Days in milk Age Dailp milk production Rody weight 
- . 

(nlo.) (lb.1 (7b.I 

Extremes 165-85 
AT. 113 

Extremes 1 6 8 4 5  
Av. 104 

E.rprri?~lenf I 
Group A 
97-28 29-16 

57 23 

Group R 
71-29 32-19 925-743 

50 24 i 9 3  

G r o ~ i p  R 
Extre~nes  168-21 89-39 30-15 991-717 
AT. 90 63 23 863 
-- - 

was fed lot 2 the first 50 days, lot 1 the next 30 days and lot 2 the third 50 days. 
The same prorcclure was used in the second experinlent with lots 3 and 4. The 
first 10 days of each 50-day period were co~miclered preliminary for the colr-s to 
become accustomed to the nevi- feed, and while all data were taken dlirinp these 
10-day intervals, they were not inchided in sn~nmarizing the results. 

I n  addition to the hays fed in both experiments, the colvs received a grain 
mixtnre a t  the rate of 1 Ib. daily for each 4 Ih. of 4 p r r  cent fat-corrected milk 
produced. Adjustment in the feeding rate of the grain mixture \\.as madr each 
10 days. The grain mixture c.onsisted of 50 per cent barley, 25 per cent oats 
and 25 per cent wheat bran. This mixture was palatable and, when fed a t  the 
rather limited rate indicated above, was rradily conslimed. there bring no grain 
refused. Each time a batch of the grain mixture was prepared, a representa- 
tive sample was obtained from which the dry  matter and chemiral analysis were 
determinecl. 

The hays, refnsed feed and grain mixtlires were analyzed for dry matter, pro- 
tein, ether extract, ash. fibrr and nitrogen-free extract accordillg to the official 
methods of the Assoc.iation of Official Agricnltnral Chemists (2 ) .  
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During the feeding trials, the cows mere housed in a stanchion barn on bedded 
concrete floors. The daily portions of hay and grain mixture fed to eaeh cow 
were weighed a t  eaeh feeding and the hay refused was weighed once eaeh clay. 
The amount of milk produced by eaeh cow was weighed a t  each milking. A 1-day 
composite of the milk produced by each cow was tested for butterfat content 
each 10-day interval. The cows mere weighed on 3 consecutive days a t  the he- 
ginning and end of each 50-day period and on the first and last clay of each in- 
termediate 10-day interval. 

The data were analyzed by 40-day periods (without the first 10 days pre- 
liminary), but the results obtained for each kind of hay fed in both experiments 
are presented in summarized form as follows: The data for the first and third 
40-day test periods, experiment 1, for hay lot 1 that  mas fed to one group of cows 
were summarized and averaged; the data for the second 40-clay periocl for hap 
lot 1 that was fed to the other group of eight cows were added to their average and 
then averaged to gire the average results obtained for hay lot 1. The data for 
hay lot 2 fed to the second group of cows in periods 1 and 3 and to the first group 
of co\'s in period 2 were similarly treated to obtain the results for hay lot 2. 
Similar analysis was given the data in experiment 2 to obtain the results for hay 
lots 3 and 4. 

RESULTS AXD DISCUSSION 

The average U. S. grades given the hays based on leaf content of the lespedeza, 
the color content and the amount of foreign material the hay contained have been 
given in table 1. The data showing the dry matter content and the chemical 
composition of the dry matter of the feeds fed and the feeds refused are shown 
in table 3. The only difference in the official grades of the hays used in the two 
experiments is that in the U. S. Sample grades, in experiment 1 the designation 
"green" vas  carried, while that in experiment 2 did not carry this designation. 
Since the color of the U. S. Sample grade hay in experiment 2 is relatively high, 
i t  is unlikely that this wolild be a factor influencing the o~~tcome of the experi- 
ment. Both U. S. no. 3 grade hays contained a higher protein content and a 
lower fiber content than their corresponding U. S. Sample grade hays. This mas 
abont the only difference in the eomposition of the two grades of hay as repre- 
sented by these samples. Even though the leaf content of the lespedeza was 
higher in the U. S. Sample grade hays ( in  both experiments), the amount of 
foreign material contained in these hays apparently was great enough to over- 
come this advantage, resulting in hays of lower protein content than the corre- 
sponding hays in experiment 2. This seemed to be the only real difference in 
their eon~position, even though there was a higher content of foreign material in 
the hays used in experiment 2. 

The eomposition of the dry matter of material refused by the cows was in all 
cases lower in all constituents (letermined except fiber, which was higher. This 
would indicate that the refusal contained rrlatively much more foreign material 
than the original hays and that the cows mrrr picking out lespcdeza for consump- 
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TABLE 3 

A ~ r r a g e  dr!/ ~nn t te r  content and clrentieal romposition of the dry matter of tlre hays and grain 
naixture fed and the refnsed feed 

Material Dry Ether N-free 
niattcr extract extract Ash 

(%) (%) (%I 
Experiment 1 

Lot  1, U. S. #3 hay fed ............................. 89.4 12.8 2.3 
C. S. #3 refusal ............................... 87.7 7.8 1.2 

Lot 2, U. 8. sample grade hay fed ...... 89.5 11.0 2.4 
U. S. sa 87.4 6.8 1.3 

Grain mixture 87.9 12.4 3.3 

Experiment 2 
Lot 3, U. S. #3 hay fed 91.7 11.0 2.5 

r. S. #3 refusal 88.5 6.9 1.4 
Lot 4, U. S. sample grade hay fed ..... 91.1 8.8 2.1 

U. S. sample grade refusal ...... 89.0 4.9 1.2 
Grain mixture .............................................. .... 88.6 12.1 3.0 

Ac. experiments 1 and 2 
U. S. # 3  hay fed 11.9 2.4 
U. S. #3 refusal 7.4 1.3 

9.9 2.2 
U. S. sample grade refusal ....................... 88.2 5.8 1.2 
Grain misture 88.3 12.2 3.2 

TABLE 4 

Feed cowszcntption and prodtietion of milking couu fed the exprri?nental lespedeza hays 
(per coto per day basis)a 

Feed consun~ption Dry matter consumption Liveweight Dry matter 
Lot  No. of Milk consumed 
no. cons Hay  :,","Y Grain From From Daily pr0d.b per lb. milk 

fed fused fed hay grain change proflucedb 
- 

( 1 . )  ( 1 . )  (lb.) ( 1 )  ( 1 . )  (lb.) (lb.) (lb.) (lb.) (lb.) 

Experz~newt 1 
l C  8 26.5 4.9 4.7 19.2 4.4 23.6 820 -.30 18.2 1.30 
2d 8 32.6 10.2 4.7 20.3 4.3 24.6 820 - 8  19.0 1.30 

Experiment 2 
3e 8 28.6 4.0 5.6 22.7 5.0 27.7 873 -.07 21.7 1.28 
4f 8 34.6 8.9 5.5 23.7 4.8 28.5 862 +.04 20.7 1.38 

Ar. U. S. no. 3 L m f y  Green Lespedeza Hay (Expt. 1, lot 1 and Expt. 2, lot 3)  
1 & 3 8 27.6 4.4 5.2 21.0 4.7 25.6 846 -.I8 20.0 1.29 

AT. U. S. sample Grade Green Extra  Leafy Lespedeza Hay  (Expt. 1, lot 2 and Expt. 2, lot 4 )  
2 & 4  8 33.6 9.6 5.1 22.0 4.6 26.6 841 -.I3 19.8 1.34 

a I n  expt. 2, cows no. 168 and 345, both in  lot 2, had attacks of mastitis a t  the beginning of 
the preliminary in te rn1  of period 1. Cow no. 272 of lot 1 aborted on the 12th day before the 
end of the experiment. S i ~ ~ c e  her performance apparently was normal up to that  time, her feed 
ronsumption, body weight and milk produrtion for the last 12 d. were estimated on the basis of 
her previous performance. 

Milk production expressed in terms of 4% F.C.M. 
c U. S. 3 Leafy Green Lespedeza Hay. 
d U. S. Sample grade Green Extra  Leafy Lenpedeza Hay. 
e U. S. 3 Leafy Green Lespedeza Hay. 
f U. S. Sample grade Extra  Leafy Lespedeza Hag. 



tion. This is sltbstantiatrtl by the analysis of leaf content and foreign material 
in the refusal. 

The amount of feet1 (,onsnn~ed a11(1 rc.frtsetl ancl the p rod l~~ ' t i o t~  of the cows fed 
the experimental rations are girt111 in table -4. 111 experiinent 1, the cows, when 
fed on the two different hays, prodncc>tl itbollt the same a~nonilt of 4 per cent 
F.C.M. daily, 18.2 lb. when on lot 1 antl 19.0 lb. on lot 2. This is 0.8 lb. per cow 
per day in favor of the L'. S. Sample grade ha- .  The lire weight changes were 
abont the same, as was the average weight for the cows when receiving the two 
different hays. The consumption of dry l11attc.r \\-as a ponncl per cow per day 
greater for the cows when fed lot 2, although the anlom~t of dry  matter consumed 
per pound of mill< produced was about the same. The tliffcrei1c.e came mostly 
from a greater tlry matter consumption froin hay, sinccl that fro111 grain was abont 
the same. IIotvever, the a n ~ o ~ u l t  of hay fed was considerably greatvr (6.1 lb. per 
cow per day) in the case of lot 2, the IT. S. Sample gratle ha- .  The a~nouiit of 
hay refused by the cows was over twice that when the lot 1 hay (T. S. grade 3)  
n-as fed. The high rate of refusal apparently is associated with a high content 
of foreign material in the hay. I t  soon was observed that the cows were picking 
out the lespedeza and leaving the foreign material. 111 order to hare the cows 
consume about as much dry matter in one hay as the other, it was ncrc>ssary to 
feed lot 2 a t  a heavier rate illltl then weigh bark that part which they wo~lld not 
eat, consisting largely of foreign ~natcrial. 

The second experiment yielded i1111ch the same information. I n  this experi- 
ment, milk production was slightly higher when the c.o\vs received lot 3, the IT. S. 3 
grade Leafy Green hay, but as irl expc~rinlc~nt 1, the diff(.rettt,es were small. Con- 
sumption of dry  matter per c30\v p'r day was again greater for the cows fed T. S. 
Sample grade Green Extra  Leafy hay (0.8 lb. per day) ,  bnt the dry  matter con- 
sumed per pound of milk was higher for this hay, being 2.38 lb. compared to 1.28 
Ib. when the cows received LT. S. 3 Leafy Green hay. It was necessary in this 
experiment to again feed lot 4, containing a higher content of foreign material, 
a t  a considerably heavier rate in order to havc~ the co~vs consntne abont as much 
dry  matter as they did when receiving lot 3 of lower forc,ijin material content. 
The amount of hay refused was again twice as much for 1'. S. Sample grade 
Green Extra  Leafy hay as for U. S. 3 Leafy Green hay. 

When the two experiments are combined and arclri~ged, thc prodnction per 
cow per clay was founcl to be almost the same. There wau little or no difference 
in the arerage live wc~ight losses of the cows on the two kinds of hays. The dry  
matter consumed in grain averaged the same, but because of the heavier rate of 
feeding of the U. S. Sa~nple grade Green Extra Leafy hay in order to obtain con- 
snnlption commensurate with that of the 11. S. 3 Leafy Green grade hay, the c o l ~ ~ s  
fed this hay consumed it11 average of 1 lb. dry matter daily more than they dicl 
 hen receiving the U. S. 3 Green gracle hay. Because of this, the amonnt 
of dry matter consnmrd per ponntl of milk prodnced was a little greater for the 
r. S. Sample grade Green Extra T~ei~fy hay, being 1.34 lb. compared to 1.29 lb. 

I n  terms of the dry matter consu~neil by cows maintained on the rations under 
consideration, the hays apparently were equally effective in providing nutrients 
for milk production and the mai11tenanc.e of body weight. Tt would have been 
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desirable to have hacl cows in the stages of lactation rcprese~ited by these experi- 
mental cows make sizeable increases in lire weight. whereas these cows on the 
average just failed to maintain their wc.ights. 'I'he consumption of dry matter 
from hay per cow per day was T.5 lb. and 2.6 Ib. per hnndredweight, respectively, 
for the co~ . s  when receiving the U. S. 3 grade and U. S. Sample grade hays. Had 
the hays been more palatable, c.onsnmption might have been somewhat greater, 
resulting in weight gains and increased milk production. 

The important fact rc~realed in these experiments is that  the U. S. Sample 
grade hays, apparently berause of their higher content of foreign material, were 
less palatable than the 1:. 8. grade 3 hays ant1 therefore considerably more of the 
Sample grade hays had to be f ~ d  to obtain the same results that were obtained 
from feeding U. S. 3 grade hay. Considering both experiments. 6 lb. more 1'. S. 
Sample gracle hay than 1'. S. 3 grade hay were fed per day to produce essentially 
the same result. On the basis of the amount of h v  fed, i t  took 33.6 Ib. of IT. S. 
Sample grade hay per day to proc1uc.e 19.8 Ib. of milk, or 170 lb. of hay per 100 
lb. of milk produced. For the V. S. 3 grade hay, i t  required 27.6 Ib. of hay to 
produce 20.0 lb. of milk, or 138 lb. of hay per 100 lb. of milk. TTsing this com- 
parison, i t  would reqnire about 23 per cent more 1'. S. Sainnple grade hay to pro- 
duce the same amount of milk. From the results of these studies, it appears that 
this is the difference that may be ascribed to the two V. S. gratlrs of lespedeza hay 
used under practical conditions. This would mean that abont 5 tons of TJ. S. 
Sample grade lespetleza hay xvollld be needed to equal 4 tons of T'. S. 3 grade 
lespedeza hay. 

SUJIXIARY AND COSC'IAUSIONS 

Two feeding experiments with milking cows have been conducted to compare 
the feeding value of U. S. no. 3 Leafy Green Lespetleza hay with U. S. Sample 
grade Green Extra Leafy Lespedeza hay. The main difference in the two grades 
of hay was in the amount of foreign material which they contained, 18.3 per cent 
in the U. S. no. 3 grade and 33.3 per cent in the U. 8. Sample grade. 

The U. S. Saniple grade hay mas less palatable since it required 33.6 Ib. per 
day to obtain a dry  matter (.onsumption from hay of 22.0 Ib., compared to 27.6 
Ib. for a dry matter consumption from hay of 21.0 Ib. for U. S. 3 grade hay. 

On the basis of 4 per cent F.C.M. proclnced, it required about 23 per cent 
more of the Sample grade than of the no. 3 lespedeza hay to produce the same 
amount of milk. Thns, abont 4 tons of TT. S. 3 Ilc'spedeza hay was equal to 5 tons 
of U. S. Sample gracle lespedeza hay. 

The official grades placed on the hays used indicated differences of this mag- 
nitude in the feeding v a l ~ ~ e  of the graded hays. The results indicate that it would 
prove beneficial to fariilers to rc.tl11ce the amorunt of foreign material in the les- 
pedeza hay which they produce. 
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G .  W .  SALISBURY 

Depart?~te?~t  of Dairy Science, University of Illinois, O ~ b a n a  

The basic training needs of dairy scientists best calculated to serve the indus- 
t ry  and the common welfare of the future shonld be of concern to those who have 
the responsibility of directing that training now. Current problems require the 
application of basic science in their solution and considered speculation suggests 
that problems of the future will require for solution no less talent, training and 
understanding than the problems of today. 

Believing that what dairy scientists themselves do in the solution of current 
problems might serve as a guiding principle in the training of advanced students 
in the field, the author, with the aid of his graduate students, carefully studied 
selected volumes of the Jojcrnal of Dairy Science and the reference citations for 
a lead as to basic needs of students in this field. Only one other study of a bib- 
liographical nature on the source of the references used in the Joz~rnal of Dairy 
Science has come to the attention of the author (2).  The results of the present 
study appear to be of interest to teachers in this field. I t  is the purpose of this 
paper to give the major observations made. The inferences to be drawn from the 
results are clear. 

METHODS 

Volumes 1, 5, 9, 13, 17, 21, 24, 27, 30 and 33 of this Jotcrnal were selected for 
study of the source of references cited in articles dealing with original research 
and review articles of interest to the industry. A graduate student was assigned 
a single volume and was instructed to determine the number of papers in the 
volume and the number of literature citations, to list each journal cited and to 
record the frequency of such citations. Bulletin citations and their frequency 
were recorded, but the references to textbooks were not. The data then were 
colligated and summarized by the author. 

KO attempt \$-as made in the summary to distinguish between citations from 
original articles dealing with dairy production or dairy manufacturing subject 
matter. Except for the use of trade journals and reference to some field-specific 
journals, such as those dealing with genetics for a relatively limited number of 
production papers, there appears to be little difference between the two fields 
of specialization in the kind of reference journals nsecl, though the individual 
articles cited may have been quite different. 

RESULTS 

In the ten selected volumes, 724 original ailcl review articles were published. 
Reference was made a total of 5,023 times to 351 journals reviewed by Chemical 

Received for  publication Jan. 26, 1952. 
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Abstracts and a total of 307 times to 180 journals not covered by Chenzical Ab- 
stracts. Reference was made a total of 118 times to bulletins of the United States 
Department of Agricult~ire and 864 times to bulletins of the Agricultural Ex- 
periment Stations of the states and territories. 

As was to be expected, this Joztrnal led all others in the number of references 
made to i t  and did so in each volume studied except the first. The number of 
references made to this Jozcrnal in each of the ten volumes stnclicd and to the ten 
other leading journals is shown in table 1. A striking fact is that four of thr 
first five other journals are in the field of chemistry. Three of the others are in 
the field of biology in which chemistry is a basic tool. The other three are in the 
fields of application. 

TABLE 1 

.V?L?II~)CV of c i f u t i o ~ ~ s  of this JOURN.%L a ~ ~ d  of the 10 lentlzng ,jolrr.?~nls iih 10 seleclcd colrc?r~es of 
the JOURNAL OF DAIRY SCIEN('E 

So .  of citations in  rolu~iies: Total in 
- the  10 

1 5 9 13 17 2 1  94 27 30 33 ~ o l u m e s  

J. Dairy Sci. .................. 1 
J. Biol. Chem. .................. 4 
Intl. Eng. Chem. ................ 

................................ J. Stitrition 
Biochem. J .  ..................... 
J .  Am. Cheni. Soe. ........ 3 
J. Animal Sci. a ~ i d  

Proc. Am. Sor. 
i\nimal Prod. ................. 

Proc. Sor. Exptl. 
Riol. Mcil. .............. 1 

.J. Dairy Researell ............. 

.T. Am. Vrt. Med. 
Assoc. . . . . . . . . . . . . . .  

Am. J. Physiol. .................. 

The total of 351 journals reviewed by Chentical ~ l b s t ~ a c t s  and cited in the ten 
volumes of this Jouvnnl may be classified roughly into the general subject matter 
areas given in table 2. 

Here, the emphasis on use of chemistry a i d  basic. biology, including the appli- 
cation in the general field of medicine in its man)- branches, is overwhelming. A 
review of the remaining 180 journals mentioned indicates that few of this group 
would be included under chemistry, but would increase the proportion listed 
under medicine, general biology and general science, and a t  least 30 of the list 
mould be classified under dairy tradc journals. IIoverer, i t  is not possible to 
classify this list under the several fields given above, for i t  contains some refer- 
ences to journals not known to the writer and contains all the errors inherent in 
such work, including citations where standardized abbreviation forms hare not 
been used and where name changes in jonrnals have occurred. In  spite of re- 
checking the original citations in the Jo1tr11n7, it  n7as impossible to classify the 
original source of some citations. As the total of these is only 307 references. it 
seemed unprofitable to pursue the matter further. 
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Lang?cage.s used. While the country of origin of the work inentioned in the 
(bitations would be of interest, of far  greater iinportance to the student is the lan- 
guage in which the journal in question normally appears. Some foreign journals 
may publish separate articles in a single issue in different languages. Others in- 
vlude summaries in more than one language. S o  attempt was made to determine 
for the individual citations the language used. However, considering the country 
in which the journal was published and the evidence available on publication 
po1ic.y as given in Chemical Abstracts ( I ) ,  231 of the 3.51 journals were printed 
in English, 64 in German, 20 in French, 9 in Italian, 6 in Dutrh, 4 in Swedish, 

TABLE I' 

Oeticral subject matter nrea covered by 351 reference journals cited in ten selected volumes of 
the JOCRNAL OF DAIRY SCIENCE and reviezoed by CHEMICAL ABSTRACTS 

Total 
Area of subject matter no. of 

journals 
Specialization No. of 

journals 

Medicine 102 General 48 
Pathology, parasitology, 

pl~armacology and immunology 19 
Veterinary medicine 18 
Public health and hygiene 17 

Agriculture 69 General 34 
Dairy science 9 
Dairy trade journals 15 
Food technology 7 
Agronomy 4 

Riologr 60 General 30 
Physiology 13 
Bacteriology 8 
Botany 4 
Zoology 2 
Anatomy 3 

Chemistry and physics 60 
Nutrition and pediatrics 15 
Engineering 10 
Genetics and animal breeding 8 
Mathematics and statistics 2 
General science and miscellaneous 25 

- - - -- - - 
Total 351 

- - - - - - - - - 

4 in Danish, 2 in Sorwegian, 6 in Russian, 2 in Japanese and one each in Finnish, 
Chinese and Jngoslav. Thus, approximately one-third (120) of the different 
journals cited were published in a language other than English. When to these 
120 journals are added the 70 journals, using the English language, which are 
p~tblished in the British Common\vealth of Nations and in India, and 11 journals 
published in English but in other countries, i t  is seen that more than one-half of 
the journals used by dairy scientists in the United States are published outside 
of the United States. 

Approximately one-half of the foreign language journals were published in 
German. On the other hand, when the ten volurnes of the Jozbrnal of Dairy 
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Science were grouped into three groups as volun~es 1, 5, 9 and 13 in group 1, 
volumes 17, 21 and 24 in group 2 ;  and volumes 27, 30 and 33 in group 3, i t  was 
found that there were 144 references to journals published in German in group 1. 
170 in group 2, and only 61 references to journals published in German in group 
3, which represents the more recent years. This fact suggests a trend away from 
the use of the German langnage by dairy scientists, but does not suggest a reason 
for this fact. Of the 6,312 references cited, exclusive of textbooks, a total of but 
655, roughly 10 per cent, were to journals published in a langnage other than 
English. 

Although an analysis of the use of textbooks as reference material by dairy 
scientists was not made in this study, an impression was gained in carrying out 
its details that textbooks were used mainly in reference to standard methods. 
Frequent use of textbooks was made in referring to the mathematical or statistical 
techniques employed. Thus, more emphasis was placed on mathematics and on 
the analytical methods of statistics in the original articles than is suggested by 
the number of different journals referred to in that field. 

In  a study of this sort one is impressed not only by the emphasis placed by 
dairy scientists in their writings on the fundamental sciences, especially chein- 
istry and physics, but by the enormity of the scientific literature having a bearing 
on the field. It would appear that, to be properly informed in his own field and 
in the sciences related to it, the dairy scientist, as perhaps are all applied scien- 
tists, is faced with a task of reading a wider variety of journals than is the worker 
in the basic fields. 

With the rapid advances now current in science, especially in chemistry and 
physics, and the shifts apparent in specialized agricultural science towards a 
closer union with chemistry, mathematics, physics and biology in its several 
branches, the question may be pertinent as to whether the training currently re- 
ceived by students in the dairy field will prove sufficient to form the background 
for comparable progress. 

A survey was made of the source of literature citations in ten volumes of the 
Journal of Dairy Science. While the Jolcrnal provided nearly 25 per cent of the 
total references, citation of chemical journals occurred more frequently than did 
those from any other field. Citations from journals in the biological and medical 
sciences followed in order. German was the foreign langnage most frequently 
used in the citations, followed by French, Italian and the Scandinavian lan- 
guages. However, only slightly over 10 per cent of the reference citations, ex- 
clusive of textbooks, were to journals published in a langnage other than Enp- 
lish ; of these somewhat over one-half were published in German. 

REFERENCES 
(1) CHEMICAL ABSTRACTS. List of Periodicals Abstracted. Chem. Abs., 40: No. 24, part 2. 

1946. 
(2) VOIQT, M. J. Scientific Periodicals as a Basic Requirement for Engineering and Agrieul- 

tural Research. College and Research Libraries, 8 ( 3 )  : 354-359, 375. July, 1947. 
Am. Library Assoc., 50 E. Huron St., Chicago 11. 
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ABSTRACTS OF LITERATURE 
Prepared in cooperation with the 

International Association of Ice Cream Manufacturers 
and the Millr Industry Foundation 

BOOK REVIEW 
314. The Mammary Gland I. The Anatomy 
of the Udder of Cattle and Domestic Animals. 
C. IV. TURNER. Lucas Bros., Columbia, Mo. 
389 pp., 72 tables and 205 illustrations. Case 
bound in maroon Dupont Fabrikoid. $10.00. 
1952. 

This is a welcome revision of the 1939 "Multi- 
lith" publication. The author has done an ex- 
cellent job and again makes available the most 
complete information on the subject and presents 
it in a comprehensive manner. 

The subject matter consists of an introduction 
in wh.ich the skeletol structure and conformation 
of the dairy cow are considered. Part I consists 
of 7 chapters and, while the emphasis is on the 
anatomy of the udder of cattle, due considera- 
tion is given to the nervous, vascular and lym- 
phatic systems. An entirely new chapter on the 
"Surgery of the Udder and Teats" has been 
added. There are 7 chaptcrs in Part I1 which 
deal with the microscopic anatomy of the udder 
of cattle. Three chapters appear for the first 
time; 1 on the pathologic anatomy of the udder, 
1 on histochemistry and 1 on the enzyme sys- 
tems of the mammary gland. The chapters on 
histochemistry and enzyme systems are important 
additions since they summarize a field where 
there is a great deal of activity. Part I11 con- 
sists of 6 chaptcrs on the mammary glands of 
hoofed animals. Although the mammary glands 
of these animals contribute little to the dairy in- 

pany, Inc., New York. 284 pp. $5.00. 1952. 
This book contains much detailed information 

of interest to sanitarians generally but par- 
ticularly to those in the canning, freezing and 
dehydrating fields of food processing. For those 
interested in dairy products sanitation there is 
information concerning relation of management 
to sanitation, inspection technics, plant house- 
keeping, animal and insect pests, water supply, 
toilet facilities and formulation of detergents. 

The material is well organized and is presented 
in a detailed and easily understood manner. 
Many practical suggestions concerning food plant 
sanitation are included. M. P. Baker 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

315. Controlling bacterial spoilage of cottage 
cheese.. P. R. ELLIKER, V. N. SMITH AND R. B. 
PARKER, Oregon State College, Cowallis. Am. 
Dairy Prod. Mfg. Rev., 14, 1: 32-35. Jan., 1952; 
Milk Dealer, 41, 4: 86-90. Jan., 1952. 

See J. Dairy Sci., 34: 887-893. 1951. 

316. Device for cutting a slab from a block of 
soft material such as butter or cheese. M J. 
WEINBERG. U. S. Patent 2,589,91 1. 7 claims. 
Mar. 18, 1952. Official Gaz. U. S. Pat. Office, 
656, 3: 842. 1952. 

A hand operated cutter for slicing cheese and 
hutter is described. R. Whitaker 

317. Aooaratus for makine cheese. C. COHEN 
dustry, nevertheless they secrete the milk .that AND M.'L. COHEN. U. s.-patent 2,590,510. 8 
enables the females to raise their young and hence claims. Mar. 25, 1952. Official Gaz. U. S. Pat. 
are of importance to successful husbandry. This Office, 656, 4: 1100. 1952. 
book is primarily an anatomy book, yet the author A slightly tapered conical-type cheese hoop 
has included sufficient physiology to whet one's is described. R. Whitaker 
interest. 

The text is replete with excellent illustrations 
and there is an adequate index. Desirable features 
from the standpoint of a textbook are the inclu- 
sion of review questions and suggestions for 
laboratory exercises. Complete references at  the 
end of each chaptcr are a most desirable feature 
for the research worker. R. P. Reece 

314a. Sanitation for the Food Preservation In- 
dustries. The Association of Food Industry Sani- 
tarians, Inc. in cooperation with The National 
Canners Association. McGraw-Hill Book Com- 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

318. Drvine centrallv controlled. A. ANDER- 
SON, ~ o i h e s t e r  ~a i ry ' co -op . ,  Rochester, Minn. 
Food Eng., 24, 2: 73. Feb., 1952. 

Controlling. details of a high-volume drying 
operation recuired an abnormaramount of super- 
vision and effort. T o  meet the situation, a 
multiple-recording potentiometer was installed 
to bring all vital temperature readings from the 
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drying floor to 1 central point. The recorder 323. The  mechanism of propionic acid forma- 
charts records for 4 dryers. I t  provides a quick tion by Clostridium propionicum. A. T. JOHNS, 
check on oprrating conditions for the product Grasslands Div., D.S.I.R., I'almerston North, 
beinrr run and has increasrd efficirncv of sorav- New Zealand. J. Gen. Microbiol., 6, 1-2: 123- 
dryer operations. T. ~ . ' ~ l a ~ d o n '  

319. Noncrystallizing lactose syrup and method 
of making. R. J. BLOCK (assignor to the Rorden 
Co.). U. S. Patent 2.592.509. 5 claims. April 8. 
1952. Official ~ a z . ' ~ .  's. Pat. Oflice, 657, 2:' 
608. 1952. 

Lactose in syrup from and at  a concentration 
sufficiently great to cause crystallization is kept 
from crystallizing by having an equi-molar mix- 
ture of dextrose and galactose present at the rate 
of 40% of the lactosr. R. Whitaker 

320. Food product from whey. J. P. MAL- 
rcnnfas, JR. (assignor to the Unitrd States of 
America as represented by thr Secy. of Agr.). 
U. S. Patent 2,585,95 1. 2 claims. Feb. 19, 1952. 
Official Ga7. U. S. Pat. Office, 655, 3 :  664. 1952. 

A palatable food product is prepared from the 
precipitated protein of whey by action of a 
protease of fungal origin. The protease, with 1 
or 2% of salt based on the curd, is allowed to 
act at 20-50' C. for 15 min.-24 hr. until the 
fortnol titration is between 0.1-0.2% amino nitro- 
gen. The enzyme finally is inactivated. 

R. Whitaker 

DAIRY BACTERIOLOGY 
P. R. ELLJKER, SECTION EDITOR 

321. Coliform bacteria in pasteurized milk. W. 
H. HASKELL, Klenzade Prod., Inc., Bcloit, M'is. 
Milk Dealer, 41, 6: 48, 76-77. Mar., 1952. 

The prcsenrc of coliform bacteria in milk usu- 
ally involvcs 1 or more of the following sanita- 
tion failures: ( a )  Underpasteurization; ( b )  add- 
ing raw milk to vats during the periods of pas- 
teurization; ( c )  rinsing equipmrnt, after sanita- 
tion, with contaminated water; ( d )  exposure of 
milk equipment to dust and fly contamination; 
( e )  hand contamination of equipment; ( f )  in- 
adequate cleaning and sanitizing. 

C. J. Rabcock 

322. Inhibition of bacterial growth by bacteri- 
ophage as distinct from lytic action. H. R. 
WJIITEHEAD, G. J. E. HUNTER ANI) G. A. COX, 
Dairy Rescarch Inst., Palmerston North, New 
Zealand. J. Gen. Microbiol., 6, 1-2: 21-29. 
1952. 

In  experiments with cultures of Streptococcus 
cremoris used in cheese manufacture, it was 
demonstratcd that bacteriophage capable of lysing 
certain strains of streptococci would adsorb on and 
inhibit growth of other strains without causing 
lysis. I n  addition, no multiplication of phage 
was observed. This inhibition was of a temporary 
nature as compared with that obscrved in the 
variants arising as a result of lytic action. Cul- 
tures rccovered after temporary inhibition con- 
tained strains of organisms which were rrsistant 
both to inhibition of growth and lysis by phage 
specific for the original culture. 

J. J. Jczeski 

127. 1952. 
The mechanism of production of propionate 

from lactate in Clostridium propionicum ap- 
parently is differrnt than in Veillonella gazogenes 
and certain propionibactrria in the following re- 
actions: Decarboxylation of succinic acid, inhibi- 
tion of pyruvatc and lactate metabolism by NaF, 
and CO, fixation in propionic acid. The sug- 
grsted scheme of propionic acid formation by Cl. 
propionicum is lactatc+acrylate+propinate; 
hut no evidrncc for the formation of acrylate is 
~resrnted.  I. 1. Tezeski " - - 
324. Sttrelization par flambagedes rtcipients et 
utensiles utilis&s en laterie (Sterilization by flame 
of receptacles and utensils employed in the dairy). 
C .  RAY. Lait, 32: 30-35. Jan.-Fell., 1952. 

Conditions which prevail on the farm fre- 
quently make sterilization of dairy equipment 
and utensils by conventional methods diflirult. 
Flame sterilization is proposcd as a practical solu- 
tion to the problem. I t  is recommended that 
surfacrs to br flamr-sterilized should be clean and 
dry, that thc burner rmployrd produce a blue 
flame leaving no residue and the flame should 
be easily guided and rrgulated in intrnsity. The 
entire surfacr should llc brought systematically 
in contact with the flame. Combustible liquids 
such as gasolinr, fuel oil and ethyl alcohol, as 
well as bottle butane and other gases may be 
used to produce the flame. The design of a 
burner to use in conjunction with bottle gas is 
illustrated. Procedures for flaming various utcn- 
sils and rquipmrnt are given. S. Patton 

325. Pour la pasteurization obligatoire du  lait 
de  consommation (Toward compulsory pasteur- 
ization of market milk). J. PIEX. Lait, 32: 1-19. 
Jan.-Feb., 1952. 

In defense of compulsory pasteurization of milk, 
statistics on raw milk-borne diseases and epidemics 
are presentrd. Typhoid fever, scarlrt fevcr, septic 
sore throat, gastrocnteritis, diphtheria, polio- 
myelitis and other epidemic rasrs histories are 
given. Non-epidemic diseases which occur more 
sporadically, such as bovine tubrrculosis and un- 
dulant fevrr, are discussed, including informa- 
tion rrlative to numbers of cases, per cent of 
tuberculosis cases dur to the bovine bacillus, foci 
of infection in children and adults and incidcnce 
of various typcs of tubcrculosis in several coun- 
tries. S. Patton. 
326. Some observations on bacterial growth ac- 
tivity when milk cooling is delayed. G. M. 
TROUT, A. L. ROKTREE, N. M. DEJ.AYA A N D  P. S. 
MEDORA, Mich. State College, East Lansing. Am. 
Dairy Prod. Mfg. Rrv., 14, 1: 16-18. Jan., 1952. 

The "germicidal propcrty" of milk was rapidly 
lost at  a tempcrature of 80' F. Milk cooled 
promptly to 40° F. and held 10 hr. retained its 
inhibitory propcrty. Whrm thc holding tempera- 
ture was 60° F., little of the rrtarding effect on 
growth remained after 10 hr. From the prac- 
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tical standpoint, if producers are to obtain much 
benefit from the "grrmicidal action" during 
trans~ortat ion to the receivinz ~ l a n t .  milk must 

" 1  , 
be promptly and adequately cooled on the farm. 

T .  J. Claydon 

DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 

327. Automatic temperature control on  rail 
shipments of milk. Anonymous. Milk Dealer, 
41, 6: 45, 60-61. Mar., 1952. 

T h e  Bellows Falls Co-operative Creamery, 
Bellows Falls, Vt., reducrd rrfrigeration costs at  
least 80% by converting their leased train cars 
to giant portable refrigerators, by using a self- 
contained mechanical refrigerating unit similar 
to the smaller units installed on trucks. A sav- 
ing of 16% was made in cargo space as the re- 
frigrrating mechanism occupied half the space 
required by ice honkers. C. J. Bal~cock 

328. Sheet aluminum reflective insulation for 
milk storage rooms. Anonymous. Milk Dealer, 
41, 5: 46, 54-55. Feb., 1952. 

Heat is transmitted bv radiation. convection 
and conduction. ~ e f r i g e i a t i o n  insulation should 
prevent to a substantial degree hrat  transmission 
in all 3 categories. Comnlercial sheet aluminum- 
reflcctivc insulations a re  based upon principles 
entirely different from those involved in insulat- 
ing by mass insulation materials. Besidrs being 
fire-, nioisturr- and vermin-proof, sheet alumi- 
num is 9 5 4 7 %  efficient in rrflecting radiant 
heat. Aluminum also is a good conductor of 
hrat. T o  be effective as a refrigeration insula- 
tion, more than 1 layer of shect aluminum must 
be usrd. The  number of layrrs is drtcrmined by 
the degree of coldness that is to be maintained 
in the unit. T h e  aluminum layers are separated 
by an air space, which itself is a good insulator, 
and minimizes the transfrr of heat by convection 
and conduction. Aluminum insulation also acts 
as a vapor barrier which is necessary if an in- 
sulatrd structure is to maintain its eficiency. 
Solne cxprriences with this type of insulation are 
discussed. C. J. Babcock 

329. New developments in  ice cream hardening 
rooms. G. ANDERSON, The  King Co., Owatonna, 
Minn. Ice Crram Trade J., 48, 2: 28-30, 104. 
Feb., 1952. 

I n  addition to cork board, foam glass, ruh- 
batex, stereform and alumisra: now are available 
for ice cream hardening room insulation. Al- 
though somewhat more expensive than cork, 
these materials a r r  used in combination with 
cork to improve the moisture barrier properties 
of the wall. The  trend today is away from 
multiple rooms to I large room, resulting in a 
saving in labor costs, simplified handling of prod- 
ucts in the room, improved house krrping and 
better inventory control. 

Rules to follow in low-temperature room con- 
struction are: ( a )  Provide the best moisture 
barrirr possihlc on the warm side of thr  room 
walls, ceiling and floor. ( b )  Provide adequate, 
well-ventilated crawl space for inspection and 

repair of ceiling, or if no crawl space is possible, 
th r  ceiling should br  trrated with the best pos- 
sihle moisture barrier. ( c )  Reduce infiltration to 
a minimum by having a minimum of openings 
into the room, tight-closing doors and properly 
maintained double-batten, double-swing doors. 
( d )  House convryers in a n  insulated tunnel with 
doors on thr  cold end of the tunnel fitted with 
2 sets of soft rubber strip curtains or well-main- 
taincd, self-closing flapper doors. ( e )  Provide 
removable prefabricated ante-room to prevent 
dirrct air and moisturc infiltration. ( f )  Ventilate 
or insulatc the fill under ground-floor rooms to 
protect against freezing. ( g )  Use floating room 
construction which providrs for expansion and 
contraction with temprrature changes. ( h )  Pro- 
vidr ceiling heights of 10-12 ft. for good distribu- 
tion of cold air. ( i )  Provide for a maximum 
storage spacc of 12 gal./ft.'. ( j )  Equip room 
with an alarm system, axe and wrecking bar. 

Frost-frreze rooms, with blower units, carried 
;it - 15 to - 3 0 °  F. should be provided. Storage 
c;iparity should be 14-16 gal./ft.' for bulk, 10-14 
g;rl./ft.' for packagrs and 8-12 gal. for novelties 
and special itrms. The  trend is toward floor 
stackin? of I)ulk and packages. Conveyers are 
labor savers and an intercomnlunication svstem 
is a good safety device. 

Several typrs of blower systems a r r  available 
inrlucling w;rter-drfrosting units, continuous de- 
frosting units, air defrosting units, hot-gas de- 
frosting units and electrical heating elements. 

All low-side refrigeration systems should in- 
clude sufficient coil surface, trouble-free con- 
trols, ducts for air distribution, air rhangr every 
35 src., o r  20 src. if rooms are heavily loaded, 
air distributed at the ceiling and rcturned to the 
floor and the air supply deflectrd downward at  
an angle and diffused. Oil drainage from the 
systrm is important. Maintenance and defrost- 
ing should be simplr, chrcked and maintained 
regularly. T h e  units should br  locatrd with 
their return air openings at  low pressure points 
as far rernoved from the walk-in-door and con- 
veyers as convrnient and take up as little floor 
space as possible. Boostrr compressors reduce 
powler costs and increase flexibility and tempera- 
ture range availablr for operators. 

W. H. Martin 
330. Consider the conveyor line. R.  M. CARTER 
A N D  A. BRADFIEI.~), Vt. Agr. Expt. Sta., Rurlington. 
Milk Dralrr, 41, 4: 48, 49, 56-57. Jan., 1952. 

Observations made in milk plants in the North- 
east point to the convryor line as a major regu- 
lator of the rate of intake in a receiving station. 
The lnaximr~m efficiency which may be expected 
in dumping milk rven in plants equipprd with 
an automatic dump and all other customary labor- 
saving drvires is about 720 cans/hr. for each 
receiving unit. Where hand dumping is used, 
the top limit is about 500 cans. Under almost 
identical conditions with optimum loads of 50 
cans, workman are able to place about 600 
cans/hr. onto a conveyor line. I n  other words, 
12 trucks with 50  cans each could drive up, un- 
load and drive away in 60 rnin. During .52 min. 
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of every hour, cans could be placed on the con- 
veyor line; and during the remaining 8 min., or 
2/1 min./truck for ,moving in and out, no cans 
wbuld be unloaded. This means 12 breaks in 
can reception of about 40 sec. each due to truck 
movement, or about time enough to have un- 
loaded 10 cans. Accepting 600 cans/hr. as about 
maximum unloading speed for truckers, 500 cans 
is a reasonable expectation at  plants where vari- 
ability in load size ranges from 6-160 cans/load. 
This number of cans may be delivered at  the 
dump every working hr., by using either gravity 
or power coveyors. Graphs are presented show- 
ing the relative merits of various types of con- 
veyor systems as applied to 5 types of 
conveyor arrangements. Data are presented 
showing that thr convcyor line should be long 
enough to handle all cans from the maximum 
load delivered to a receiving station and as much 
of that conveyor as possible should be at  the re- 
ceiving end of the can washer. 

C. J. Babcock 
331. Set-up for safety. D. K. MACDONAI.D, D. 
K. MacDonald & Co., Seattle, Wash. Am. Dairy 
Prod. Mfg. Rev., 14, 2: 22, 23, 28. Jan., 1952. 

Installation of a properly managed safety pro- 
gram by a dairy products manufacturer will not 
only help to prevent accidents to his trucks on 
the highways, but will contribute other important 
advantages. The requirements of such a program 
are: ( a )  See your insurance company representa- 
tive; (b )  determine the incentive which will be 
offered to enlist cooperation of your driver-sales- 
men; (c )  present the program to your driver-sales- 
men in a clear persuasive manncr; ( d )  require 
physical examinations of drivers; ( e )  keep records 
of conditions and factors causing accidents; ( f )  
remove accident-prone drivers from the payroll; 
( g )  establish controls for proper maintenance 
of vehicles. Explanations, \vith rxamples, are 
given for the requirements. T. J. Claydon 
332. Single or multiple floor plant design. G. 
R. JOHSSON, Pace Associates, Chicago, Ill. Milk 
Dealer, 41, 6: 44, 90-92. Mar., 1952. 

Important questions that must he answered 
when starting a plant improvement program are: 
( a )  Can results be achirved hy installing new 
equipment, must the plant be remodeled or should 
an addition br added? ( h )  Is a new plant neces- 
sary or econo~nically advantageous? ( c )  What 
products and how much of each should be proc- 
essed and distributed? ( d )  How much expansion 
should he provided for? ( c )  What techniques 
of reducing labor can be adopted? and ( f )  19 

a 1- or 2-story building more desirable? Impor- 
tant questions that can influrnce the selection of a 
single or multiple-story building are discussed. 
Other factors which need study arc flexibility of 
planning and operating, provision for expansion, 
engineering of trucking facilities and distribution 
techniques, site selection and subsurface soil con- 
ditions. C. J. Bal~cock 
333. Flow line sampler. R. M. LANGSENKAMP 
and J. M. T~rara1.r. (assignors to l 'he Langscn- 
kamp-Wheeler Brass Works, Inc.). U. S. Pat- 

ent 2,589,712. 2 claims. Mar. 18, 1952. Of- 
ficial Gaz. U. S. Pat. Office, 626, 3: 786. 1952. 

A device for continuously sampling a fluid, such 
as milk, as it flows through a pipeline under pos- 
itive pressure is described. R. Whitaker 

334. Sanitary milk bottle capping head. R. E. 
BODENIIOERPER, D. C. FEE A N D  H. C. FRENTZEL 
(assignors to Federal Mfg. Co.). U. S. Patent 
2,59 1,501. 4 claims. April 1, 1952. Official Gaz. 
U. S. I'at. Office, 657, 1: 266. 1952. 

Details are given for a device for inserting disc 
caps on milk bottles. R. Whitaker 

335. Special heat transfer problems of the food 
industry. Engineering and process development. 
J. P. ROLANOWSKI A N D  D. D. LINEBERRY, The 
Girbler Corp., Rotator Div., Louisville, Ky. Ind. 
Eng. Chem., 44, 3: 657-660. Mar., 1952. 

A special, continuous, agitating heat exchanger 
suitable for crystallization, emulsification, area- 
tion, pasteurization and sterilization of food is de- 
scribed. The exchanger consists chiefly of a long 
cylinder through which the product is forced by 
agitating scraper blades. The blades scrape the 
heat exchange surface and prevent accumulation 
of crystallizing or burned material on this surface. 
The product remains in the heating or chilling 
zone for 6-20 sec., being propelled by the rapidly 
revolving blades. The exchanger is widely used 
for plasticizing margarine. I t  has been used for 
sterilizing homogenized milk at a rate of 214 
Ib./hr., raising the temperature from 50-290°F. 
Cream, concentrated, evaporated and chocolate 
milk also have been sterilized and aseptically 
packaged. B. H. Webb 

336. Liquid industrial wastes. Dairy industry. 
H. G. HARDING, Natl. Dairy Research Labs., Inc., 
Oakdale, L. I., N. Y. Ind. Eng. Chem., 44, 3:  
487-491. Mar., 1952. 

The biochemical oxygen demand in dairy waste 
waters should be reduced by waste prevention and 
waste saving. It is best to segregate the various 
liquids wastes in the plant for separate treatment 
or disposal. Domestic wastes should be dis- 
charged to city sewers or septic tanks. Uncon- 
taminated water should be segregated and reused 
if possible. Spoiled or excess products should be 
processed for animal feed. The dairy waste 
should be combined and treated with city waste 
whenever possible. In small dairy plants, aerated 
flow equalization may provide sufficient treatment 
or a valuable pretreatment. Present trends are 
toward modifications of standard biochemical ox- 
idation treatments in trickle filters or activated 
sludge systems. There is no satisfactory method 
for disposal of sludge from trickle filters and 
aeration units. B. H. Wcbb 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

I.. C .  THOMSEN, SECTION EDITOR 

337. Streamlining receiving operations. C. E. 
FRENCH, Purdue Univ., Lafayettc, Ind. Food 
Eng., 24, 1: 99-102, 160. 1952. 

Studies in 70 milk receiving plants showed 
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wasted time varied from 28-76yo in different 
plants, with larger crews wasting more time than 
smaller ones. Adoption of work simplification 
practices and changes in installations resulted in 
reduction in labor costs. In some instances labor 
costs were cut 50% by proper arrangement of the 
right equipment and effective utilization of time. 
In 2 plants where equipment changes were made, 
receiving labor wa9 reduced one-third in 1, and 
one-fourth in the other. The costs of making the 
changes were more than offset by savings achieved 
in a few months. T .  J. Claydon 

338. The trend of milk packaging and distribu- 
tion. G. NEELEY, Sat'l. Assn. of Sanitary Milk 
Bottle Closure Mfrs., Philadelphia, Penna. Milk 
Dealer, 41, 5 : 41, 102-105. Feb., 1952. 

The mortality of dairies in the last 15 yr. has 
been around 50%. This has been due to various 
factors-mergers, consolidations and bankrupt- 
cies. Profits of milk distributors are measured 
in fractions of a cent. According to the Penn. 
Milk Commission, 565 dairies in that state sub- 
mitted financial statements in 1949 and the 
average net profit per dollar of sales after taxes 
was only 3%. This means a net profit of 
only 3/54/qt. 127 dairies in this group, or 
1 out of every 4.5, actually showed a net 
loss for their operations for the year. Another 
survey made by the Indiana Univ. Bureau 
of Business Research on a nation wide scale 
covering 313 companies having over a billion 
dollar sales in 1949, showed an average net profit 
of only about 2/56/qt. Some of the major prob- 
lems confronting independent dealers are dis- 
cussed. I t  is recommended that strong emphasis 
be placed on the retail market, superiority of 
products and packages, modern merchandising 
techniques, cultivation of the customer, operating 
efficiencies and education. C. J. Babcock 

339. Reducing your delivery costs. Anonymous. 
Milk Dealer, 41. 6: 70-72. Mar.. 1952. 

In  the field of traffic management, milk dealers 
do not have the same analysis and control which 
exists in other parts of their business. Some of 
the faults are: ( a )  Delivery costs are not figured 
on a route basis; ( b )  failure to cost each individ- 
ual vehicle; ( c )  rivalry between sales and trans- 
portation, working to the disadvantage of both; 
( d )  subordination of delivery considerations to 
sales considerations with inadequate knowledge 
of the cost factors involved; ( e )  vehicle mainten- 
ance, and even decisions as to vehicle replace- 
ments are influenced to an undue degree by sales. 
Five recommendations made to bring improved 
fleet operation, lower operating and maintenance 
expense and extended economical vehicle life 
are to install maintenance records, install pre- 
ventive maintenance, install adequate mainten- 
ance facilities, replace inefficient vehicles and 
continue to watch fleet costs. C. J. Babcock 

340. Is this the end of an  era? E. L. GENNARO, 
Nat'l. Sales Council, Hazelton, Pa. Milk Dealer, 
41, 6: 46-56. Mar., 1952. 

The following reasons are advanced to show 

that door-step delivery is coming to an end: ( a )  
With delivery costs reaching an all time high of 
1 l&/qt., in some markets, there seems to be cause 
for concern. ( b )  Contrary to belief, the modern 
housewife does not appreciate the so-called con- 
venience of door-step delivery. (c)  The trend 
is toward store sales throughout the country, de- 
spite stubborn resistance of some milkmen. New 
York City already sells nearly 80yo of its milk 
through stores, Los Angeles nearly 75%. ( d )  
The easy switch made from daily, early morning 
delivery to every-other-day, daylight delivery, is 
a "tip-off that the housewife really was and is 
not concerned about the "wonderful service" sup- 
posedly inherent in door-step delivery. ( f )  Elim- 
ination of door-step delivery and its added cost 
of collections and credit losses would makc it 
possible to reduce the resale price of milk and 
increase the volume of sales. On the opposite 
side the following points are made: ( a )  Retail 
door-step delivery provides a controlled, steady 
and wholly predictable market for the average 
milk company which makes for a more efficient 
dairy operation. ( b )  Door-step delivery provides 
a wonderful opportunity for aggressive selling on 
a personal basis, which is impossible in store sales. 
( c )  Milk is in a class by itself and personal, door- 
step delivery is appreciated and desired by the 
housewife. ( d )  Several well known milk com- 
panies, originally established as 100% store dis- 
tributors of paper bottled milk, have found it 
advantageous and desirable to add retail delivery 
routes to reach a markrt thry were losing by ex- 
clusive store sale. (e)  Excessive delivery costs 
can be offset by carrying a larger, more versatile 
line of dairy products to the door, thereby making 
each stop more efficient sales-wise. 

C. J. Babcock 

341. Prices for ice cream and their relation to 
profits. K. C. FISHER, Gen. Ice Cream Co., 
Schenectady, N. Y. Ice Cream Trade J., 48, 
2: 46, 47, 92-96. Feb., 1952. 

O n  a gallon basis, a net profit of 124/gal., 
after taxes, a few years ago required a net profit 
before taxes of 20&/gal. compared to 354/gal. 
today. Increased cfficiency and price increases 
to cover the increased cost of doing business will 
be required for an  industry to maintain its profit. 
About the only way for the icc cream industry to 
get any relief from increased costs is to take advan- 
tage of the parity adjustment provision of the 
General Ceiling Regulation. The base period 
to be used in making calculations is Dec. 19, 
1950-Jan. 25, 1951. The 2 principal products 
are butterfat and solids-not-fat. The regulation 
provides that if "the cost to you of a current 
purchase of the listed agricultural commodities 
exceeds the highest price you paid during the 
base period, you may increase your ceiling price 
for the commodity by the dollars and cents dif- 
ference per unit between the highest price paid 
by you for a customary purchase during the base 
period and the cost to you of the most recent 
customary purchase", you may increase your ceil- 
ing prices of ice cream by an amount equal to the 



increaseti ingredient cost of the fat and solids- 
not-fat contained thrrcin. Ceilir~gs may be in- 
creased by filing of a proper notification, even 
though you may or may not actually put ncw 
prices into effcct. A letter must go to the Di- 
rrctor of Pricr Stabilization, IVashington 25, 
D. C., by Registrred Mail giving cxisting ceiling 
and desrription of the commodities, the highest 
pricc you plid for a cmstoninry purchasc of the 
pertinent commoclity during the base period, tht, 
new cost of thr  prrtinrnt commodity and in- 
creased price. It not< appcars that ingredient 
costs will be about 12.5d/ll). of fat and 2t/ll,. 
of nonfat solids liighrr than last yrnr, drprccia- 
tion will be up about 1.1-140/0, labor up about 
lo%, containers up 13.5%. Any decrease in vol- 
umr will increase rxpcnsrs. \V. II. Martin 

GENETICS AND BREEDING 

K. L. VAN I)EJ lARK,  SECTION EDITOR 

342. Syndactylism in Holstein-Friesian cattle. 
F. E. ELRIDCE. W. H. SIITTH ANT) W. M. MCLEOD. 
Icansas ~ t a t e ' c o l l c ~ e ,  Manhattan. J. ~ e r r d i t y ;  
42: 241-250. 1951. 

Failure of the common digital extcnsor to be 
divided into 2 branches at the frtlock joint and 
insertion of this extcnsor into the proximal end 
of the 1st phalanx characterizes this syndrome 
found in I-Iolstcin as wrII as Indian cattlc. Asso- 
ciated flexors (medial, lateral, suprrficial and 
deep-digited flcxors) accomodated this abnormal- 
ity, as did the ligaments and othcr tissues. In  
distinction to 1-hoofed ungulates which have an 
enlarged digit, hovinc syndactylisrn results from 
a fusion of the 2 distal digits. The dew claws 
were 1ocatc.d norn~ally but the lateral drw claw 
was larger than the medial one. Fore limbs are 
affccted morc often than rear limbs. 

Srventern cattle of 110th sexes from several 
farms havr been ol~served. Autosomal recessive 
inheritance \<as indicated from pedigree analysis. 
A low frequency of the responsible gene was sug- 
gested. Difficulties of eliminating rrcessive genes 
from a brecd are discussed. L. 0. Gilmore 

343. Device for artificially inseminating animals. 
D. W. EDWARDS. U. S. Patent 2,587,984. 2 
claims. March 4, 1952. Official Ga7. U. S. Pat. 
Office, 656, 1 : 169. 1952. 

Structural fcatures arc given for a piqton-type 
injcctor for introducing the semen into the vagi- 
nal passage. Provision is made for first with- 
drawing a portion of fluid from the uterus and 
then forcing it back again after release of the 
semen. R. Whitakcr 

HERD MANAGEMENT 

R. A. EIERMAN, SECTION EDITOR 

344. Branding and dehorning chute for cattle. 
A. OSMETTI. U. S. Patent 2.591.191. 8 claims. ... -~ - 

April 1, 1952. Official Gaz.' u.' S. Pat. Office, 
657. 1 : 183. 1952. 

A device is described which holds an animal 
xvhilc it is branded or dehornrd. R. Whitaker 

345. Cattle guard. G. C. WELTER. U. S. 
Patent 2,591,220. 4 claims. April 1, 1952. Of- 
ficial Gaz. U. S. Pat. Office, 657, 1: 191. 1952. 

.4 rail-type of guard for keeping cattle from 
crossing ditches, c~tlvertq and road\<ays, rtc. is 
described. R. Whitakcr 

346. Fertilizer separator for barns and like 
structures. J.  VOI.IIER. U. S. Patent 2,591,643. 
1 claim. April 1, 1952. Official Gaz. U. S. Pat. 
Office, 657, 1 : 302. 1952. 

:I conveyor, operating in the gutter, moves 
the littcr from I~chind a row of cows to a trough 
at a lowcr levcl. R. Whitaker 
347. Stanchion. A. E. ANDERSON. U. S. Pat- 
ent 2,591,766. 3 claims. April 8, 1952. Of- 
ficial Gaz. U. S. Pat. Officc, 657, 2: 410. 1952. 

A stanchion for cows is attachrd to thc floor 
and ceiling with chain and is so counterbalanced 
that the frame may bc adjusted easily either to 
the opcr~ or closcd position. R. Whitaker 

348. Anti-kicking device fo r  cows. E. L. 
MCCLEES. U. S. Patent 2,591,958. 6 claims. 
April 8, 1952. Official Ga7. U. S. Pat. Officr, 
657, 2: 464. 1952. 

T o  prevent cows from kicking, a stiff bar is 
clipped by spring-controlled clamps to thc cows' 
legs above and below the knees. R. Whitaker 

ICE CREAM 

C. D. DARI.E, SECTIOX EDITOR 

349. Bananas, from the plantation to the ice 
cream plant. E. R. JAGENHURC, JR., Pres., Brook- 
lyn, N. Y. Icc Cream Trade J., 48, 2: 52, 107- 
108. Fcb., 1952. 

Vast improvements havc bern made in the 
production of frozcn banana puree. Stainless 
steel equipment is uscd to insure the making of 
a frozen, fresh puree that is uniform in flavor, 
color and consistency. New production-line con- 
cepts coupled with sanitation standards and 
techniques, comparable to those found in the 
ice cream plant have been developed to enable 
the making of an almost sterile product. Today's 
banana puree is idcal for sherbets, low-fat and 
othcr frozen dairy foods made by the ice cream 
industry. New flavors combining banana puree 
with pineapple, orange sherbet with banana 
rippled through and sundry other combinations 
offer interesting variations. 12:. H. Martin 

350. Ice cream composition. J. IAJLKEIIA (as 
signor to Naamlooze Vennootschap: W. .4. Schol- 
trn's Chemische Fabrieken). U. S. Patent 2,590,- 
077. 3 claims. Mar. 25, 1952. Official Gaz. 
U. S. Pat. Office, 656, 4: 984. 1952. 

A stabilizer for ice cream is described con- 
sisting of water-soluble starch ethers and esters. 

R. Whitaker 
351. Ice cream freezer support. W. W. VAR- 
NADO. U. S. Patent 2,592,49.5. 6 claims. April 
8. 1952. Official Gaz. U. S. Pat. Office. 657. 2: , , 

6h5. 1952. 
An ice cream cabinet is so modified that con- 
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taincrs of ice cream are held in a sleeve-like and greater amounts sold in 1- and 0.5-gal. pack- 
frame, supported from the top of the cabinet; ages. The 1-qt. container presently represents 
containers can be placed in the cabinet with the only a little more than 1 /3  of the fluid milk 
top closed. R. Whitakcr sold. In Oklahoma Citv, the shift to 0.5-gal. 

352. Carton for making ice cream sandwiches. 
P. I. HENDERSON. U. S. Patent 2,591,812. 2 
claims. April 8, 1952. Official Caz. U. S. Pat. 
Office, 657, 2: 423. 1952. 

Ice cream from the freezer is introduced be- 
tween 2 thin wafers in a folded cardboard frame. 

R. Whitaker 

353. Mixing machine. A. F. KIPPER (assignor 
to Arden Farms Co.). U. S. Patent 2,589,615. 
21 claims. Mar. 18, 1952. Oficial Gaz. U.  S. 
Pat. Office, 656, 3: 761. 1952. 

This machine is designed for use at roda foun- 
tains to produce individual servings of very 
heavy-bodied milk drinks from milk, ice cream, 
ice milk and flavoring materials. R. Whitaker 

MILK AND CREAM 

P. 11. TRACY, SECTION EDITOR 

354. Tank truck pick-up of farm tank bulk 
milk. E. THOM, Ed., Milk Dealer. Milk Dealer, 
41, 4: 38, 39, 100-107. Jan., 1952. 

Tank truck pick-up of farm tank bulk milk 
originated in California 13 yr. ago. The system 
also is now used in Columbia, So. Carolina, Had- 
donficld, N. J., Hartford, Conn., Iowa City, Ia., 
Washington, D. C., Pocatello, Idaho, Lynden, 
Wash. and LaGranxe, Ill. There are 1 types of 
tanks in use: ( a )  The plain insulated tank where 
the milk is cooled over a surface cooler and then 
stored in the tank; ( b )  a cold wall tank, which 
has refrigcration coils or a liquid refrigerant in 
the jacket between the outer shell and the inner 
stainless strel shell; ( c )  an intrgrated tank with 
submcrsible surface cooler and condensing unit 
built into it; ( d )  an enclosed case, originally 
designrd for cooling cans, but which has been 
converted or ran be convrrted into a bulk cooler. 
This has 1 or 2 compartments with 1 or 2 tanks. 
The 2-tank-system permits holding morning milk 
in 1 tank and evening milk in the other. The 
size of the tank trucks range from 1,000- to 3,000- 
gal. c;tpacity with 1,500 being the most generally 
used outside of California. Milk dealers and 
producers regard the advantages of the system 
as far outweighing its disadvantages. The dis- 
advantages di~russed relate mainly to the prob- 
lem of sanitation. C. J. Babcock 

355. Half-gallon containers show increased 
popularity in many areas. Anon. Milk Dealer, 
41, 1: 52-55. Jan., 1952. 

Sales of milk in 1- and 0.5-gal. containers in 
several marketing areas in the United States have 
shown varied and interesting changes in the last 
2 yr. In Jan., 1951, 23.1 and 31.4% of the milk 
bottled and sold in Milwaukee was in 1- and 
0.5-gal. containers, respectively. In July, 1951, 
22.2% was in 1-gal. containers and 35.3 in 0.5- 
gal. containers. In the Chicago market the main 
shift has been toward less milk sold in quarts 

rontaincrs is clearly indicated. In the  bad 
Cities of Ill. and Iowa, gallon sales are confined 
primarily to restaurants, bakeries, soup companies, 
etc. During Aug., 1951, gallon sales showed 
a decrease of 9.5 and 12.8% from Aug., 1950, 
and Aug., 1949, respectively. On the other hand, 
sales in 0.5-gal. containers showed an increasr 
this last Aue. of 18% over 1950 and 3.767% over 
salrs durini  Aug.,' i949. In thr ~ U b ~ q ~ c ,  Ia.  
market, gallon sales this last Aug. showed a 
decrease while 0.5-gal. sales showed an increase 
of 127% over Aug., 1950, and 2,334% over Aug., 
1949. In New York City, the use of 0.5-gal. 
bottles has fallen off sharply sincr 1949. In  1949, 
13% of the milk was marketed in this size con- 
tainer, while in 1951 less than 2% of the milk 
\\.as distributed in 2-at. containers. No eallon 
rontaincrs were used in'either Knoxville or Kansas 
City but the use of 0.5-gal containers has shown 
a steadv increarc in thrsc areas. C. 1. Babcock 

356. Dating-an essential and necessary public 
health control measure. G. F. KIRCHOFF. Teffer- 

7 0  - 

son County Board of IIealth, Birmingham, Ala. 
Milk Dealer, 41, 6: 49-50, 120-130. Mar.. 1952. 

Dating of milk by expressing the day 'of the 
week on the cap, hood or container has public 
health significance. I t  is of considerable value 
as a control measure by furnishing the consuming 
public information on the age of milk distributed. 
Data show that the age factor has a hearing on 
wholesome, palatable quality of milk. Possible 
evils of not dating are: ( a )  The consumer is 
placed in a position of questioning the milk 
supply because of the age factor. ( b )  Removal 
of the day of week will develop the practice of 
milk remaining on sale until sold regardless of 
quality. ( c )  Stores, in many instances, will be- 
come overstocked by competing dairies. ( d )  
Milk returned to the dairy at rompletion of the 
day's delivery after having remained on delivery 
trucks a full day, instead of being utilized for 
by-products, will be stored in the plant and re- 
loaded for the following day's delivery and sub- 
jrrted to a 2nd day of varying temperatures and 
quality deterioration. ( e )  Making use of coding 
as an alternative in place of the day of week 
gives knowledge of age only to health department 
authorities and the distributor. ( f )  Without dat- 
ing and depending on consumer complaints to 
determine if stocks have remained in the store 
too long may well be a costly practice when 
judged on the loss of consumrr confidence in the 
ability of the distributor to keep fresh milk, free 
from objectionable flavor or quality deterioration 
on the market. (g) Attacks on the dating re- 
quirement in markets where it is in effect are very 
largely a matter of commercial expediency to 
extend the age of milk when placed on sale to 
the extent the consumer is penalized when quality 
becomes questionable. Data show dating as re- 
quired in 44 cities. C. J. Babcock 
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357. Le problcme zootechnique de la produc- 
tion IatiZre (The animal husbandry problem of 
milk production). G. THIEULIN. Lait, 32: 19-30. 
Jan.-Feb., 1952. 

An extensive report on milk production and 
consumption throughout the world is given. 

S. Patton 

358. Method for producing cocoa-milk beverage 
material. G. GRINDROD. U. S. Patent 2,589,801. 
14 claims. Mar. 18, 1952. Official Gaz. U. S. 
Pat. Office, 656, 3: 811. 1952. 

A cocoa, milk and sugar concentrate testing 
about 38% total solids is agitated at coagulating 
tempts. to cause adsorption of milk solids on the 
cocoa plrticles. The product then is diluted with 
water, canned and sterilized. R. Whitaker 

359. Chocolate milk. 3. Its place in the school 

lunchroom. Anon. Milk Dealer, 41, 4: 46, 92- 
94. Jan., 1952. 

Evidence indicates that total milk consump- 
tion increases when chocolate and plain milk are 
simultaneously available. Children and young 
people choose chocolate milk when it is avail- 
able in preference to soft drinks and/or candy 
where they would not choose plain milk. All 
milk sold under the National School Lunch Pro- 
gram must be whole milk, whether plain or 
chocolate flavored. Many schools not participat- 
ing in the National School Lunch Program re- 
quire that all milk sold in the school lunchroom 
be whole milk, whether plain or chocolate 
flavored. Increasing milk consumption among 
school children is nutritionally desirable and, 
where making chocolate milk available to them 
along with unflavored milk is a means to that 
end, the practice has merit. C. J. Babcock 
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THESE 8 MEN TOTAL OVER 200 YEARS' SANITIZING 
KNOW-HOW IN B-K'S 40TH YEAR 

Built into the quality of B-K Powder-and to all levels of the dairy industry. We are 
the knowledge, service and integrity behind grateful to  the members of the industry for 
it-is the prestige of 40 years of experience. their warm friendship and hearty support 
B-K was the first proprietary hypochlorite of the idea which started in such a small 
bactericide and sanitizer distributed to the way many years ago. B-K Dept., Pennsyl- 
dairy industry. The same men who intro- vania S a l t  Manufacturing Company, 
duced chemical bacteria control to  the dairy Philadelphia 7, Pa. 
industry are behind this product today. 

We are glad to honor these men whose 
aggregate service now totals over 200 years. 
And we are pleased to inform the dairy 
industry that they are still rendering the 
fine service and scientific research to plants 
and farmers that has been their practice in 
the 40 years since 1912. 

Our work has been-and continues to be- 
making products for and rendering services 
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BACK COPIES 
of 

Journal May Be Available 

The Association has available back copies of the Journal of Dairy Science. 
If you need back copies,. please write and inquire as to whether the particular 
one that you need is available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is purchased. In many 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 

Volumes ADSA Members Non-members 
and institutions 

1-16 (if available) 5.00 6.50 
17-32 (if available) 6.00 8.00 
33- 8.00 10.00 

I f  you are interested in procuring back copies please write to the Sec'y-Treas., 
Amencan Dairy Science Assn., C / O  Ohio State Univern'ty, Columbus 10, Ohio. 
Make all checks payable to the 

AMERICAN DAIRY SCIENCE ASSOCIATION 

- - - - - - - - - - - - - - - - - - - - -  
SUBSCRIPTION. ORDER 

To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
Publishers of the Journal of Dairy Science 

Ohio State University, Columbus, Ohio 

Please find enclosed Ten Dollars in payment of subscription to the Journd of Doicy Sciaw for 

one year beginning with January, 19.. .. 

Name .................................................................................... 

Address .................................................................................. 

........................................................................................... 
Foreign postage 50 cents additional. 
Checks, etc., should be drawn to the order of the American Dairy Science Asso- 

ciation and forwarded to P. R. Ellsworth, Ohio State University, Columbus 10, Ohio. 
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Complete Stabilizers 
and Emulsifiers 

BODY - G U A R D @ - f o r  the finest 
grade of ice cream, high active in- 
gredient content-83d/lb. 

PR I DEX@-for ice creams with pleas- 

RENNET and COLOR 
ing mellow consistency-economi- 
cally priced-57d/lb. 

Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marxhall Rennet 

Straigh t Stabilizers 
generously for maximum results. HY-GU ARD@-for ice creams, milk 

MARSCHALL 
sherbets, ices and stick confections- 
excellent stabilization-57C/lb. 

DAIRY LABORATORY, INC. 
MADISON 3, WlSCONSlN 

tured ice cream, with maximum sta- 
bilization a t  low cost-53&/lb. 

Straigh t Emulsifier 
EM EX@ - for increasing whipping 

ability of ice cream and controlling 
overrun when used with good sta- 

UNIFORMITY bilizers-44d/lb. 
IS INPORTBNT! 

Leading agricultural • • • 
schools and colleges 
agree that the regular Ask your Dairy Supply Jobber or us 
weekly use of FLAV- for testing samples and bulletins. 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and *Registered U.S. Patent Office 

flavor in fermented 
milk products. 

~YOCHURT CULTURE] 

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

23rd & Locust Btm., P h k  S, Pa. 
BRANCHES 

New York Baltimore Washington 
GENERAL BIOCHEMICALS, INC. 

See our catalog in Dnlrj Industries Catalog 
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Foru~anitariansT Field 
M e n  and Inspectors 
Mtneral~ght  1s a compact porrable long wave 
ultra-v~olet l tght whtch causes fluorescence In 
mrlkstone, fats. and other soils not  readllv 
seen by the eye. Used l ~ k e  a flashlight. Oper- 
ates 110 V-AC or batter~es. Adapter avatlable 
for 110 V-DC. Carrying case optlonal bu t  
necessary for battery operatson. Moderate 
cost. Valuable a ~ d  t o  any slze plant. Indls- 
pensable I n  improving santtary standards. 
Wrate for l~terature 

Mention 

JOURNAL OF 

When 

This helps 
both the 

Advertiser 
and you 

Answering E 
Advertisements 
-- 
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NOTICE TO CONTRIBUTORS 
Authorship of Original Articles and Be.vieurs.--Space in the JOURNAL is reserved for the 

publication of original research volu~itarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts.-Manuscripts should be submitted in double spacing on one side of suitable 
8 3 " ~  11'' paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. I n  order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.-Original drawings, diagrams and charts should be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (8t"x 11"). All lettering should 
be inked in block style and be of such size that the lettering will be not less than t in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.-Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.-Legends for figures and photographs should be typed on a sheet separate from 
the illnstrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

l'abular Material.-Tabular material ahould be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as  possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, o, eb., ehould be used for footnote 
designations. I f  possible, tables ahould be so organhed that  they may be set across the page, 
rather than the length of the page. 

Beferenoes.-Literature reviews ahould be limited to only the most pertinent references. 
Reference lists should be double apaced and arranged alphabetically as  to  author and by chron- 
ological appearance of the journals cited under a given author. Papem by a eingle author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full flrnt 
names of male authors. Citations in the text should be made by the number in parentheses, 
correqonding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, 5 s t  and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranalated form. Consult recent published articles 
in the JOUltNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMIOAL ABSTRAOTS, vol. 40, no. 24, part 2. 1946. 

Bample of journal citation: (1) JONES, L. W., AND SMITH, J. D. Effect of Feed on Bod7 
of Butter. J. DDY SCI., 24: 550-560. 1941. 

Sample of book citation: (1) LANDS-, K. The Bpeeiflcity of Berologicd Beactions. 
Rev. Ed. Harvard University Preaa, Cambridge, Maaa. 1945. 

For Experiment Btation publications, the citation should be as  follows: (1) COULTEB, 8. T., 
AND J E ~ B S ,  R. Packing Dry Whole M i  in Inert Gas. Minn. Agr. -t. 8ta Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(6) ; sc., cubic centi- 
me te r (~ )  ; g., g r a m ( ~ )  ; mg., milligram(#) ; y, rnicrogram(8) ; ml., a l i t e r ( 8 )  ; mp, millimi- 
c r o n ( ~ )  ; C., Centrigrade ; F., Fahrenheit; lb., pound(s) ; oz., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoer~graving are to be furnished by the author. 

Iu preparing ruanuacripta, uue of firat permn should be avoided. 
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of BRUCELLA 

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

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

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

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

Specify "DIFCO" 
THE TRADE NAME OF THE PIONEERS 

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

DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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