
JOURNAL OF 

DAIRY SCIENCE 
Influence o f  Certain V i tamin  K Compofinds on  Lactic Acid Derelopment i n  Milk. 

H. H. TILKOWSKE, W. A. KRIENKE, L. R. ARRINGTOS, ASD E. L. FOUTS 1077 

T h e  Nutritional Requirements of Lactic Streptococci Isolated from Starter  Cfcltures. 
I I I .  Variat ion in Growth-promotigzg Properties of Fresh Whole  Ji'ilfis. A. W.  
ASDERSOV, R. B. PARKER, AND P. R. ELLIKER 1083 

Tocopherol Cotztrnt of the Fat  of Dairlj Products as an  1tade.z of Ad~tl terat ion.  J. H .  
>Ikrros, Co\-STATCE ASGI,IP;, s s n  Ross A. CFIAP~ISN 1089 

T h e  Phospknta.se - tct i~. i ty  of I!hocolatc &fill;. F.  V. I<OSIKOWSKI, A. G. WOLIN, 
. \ ~ n  W. F. KITTER 1096 

Sntibiotics os Grou~tlt S t i ~ n ~ r l u n t s  for Dairy C(~tt1e:  -1 Rr,rirw. C .  A. IJASSITER 1102 

Propertics o f  thr Ga~~retol i i~,ct ic  Sltbstancc i~a the Feet-s of Dair!y C a l l l ~ .  U. K. 
BATIK s s n  E. P. REISEKE 1139 

Srlection I>zclicc.q Basra on illill; and Fat  T i ~ l d .  Fat  Pc T I I O P  Classifi- . . 
eatioll. I<. A.  TABLER AND R. IT. TOUCHBEI~RY 1155 

Corucobs 11 ~ 1 1 1  Az~reomycin as Roughage Coinpared tc 
T i .  E. 11 tRSIIBARGER 1164 

TECHYI~AI ,  S ~ T E  : ..,.,. ,..,,, ,a . .I .I.  

T h e  Drstruction of Oxalatts by  the Runtclt Conten 1 I 1 11 11 y. P. MORRIS 
A X D  J .  GARC~A-RIVERA 1169 

Om INDUSTRY TODAY : 
Evaporation of W a t e r  from Milk by S p r a y  Drying.  S. T .  COULTER 1180 
Streptococcus lactis and the Streptococci of the So-called Lactic Group. 

J. ?X. SHERMAN 1184 

- - - -______  
s 

! l W t l f l r j ~ :  i \ ?  
Vol. XXXVIII, No. 10, October, 1955 
Published by the 

9" 
AnlERICAN DAIRY SCIENCE ASSOCIATION 



in on exacting hdushy. 

M E  DAIRY TEST WARE 
- ' 

Thalr long. useful life means low costs for you 

Careful  fabrication 
from uniform machine- - made tubing and hand 

-7 ' blown blanks; durable, 
easily readable calibration scales; 
uniform product design; and indi- 

' vidual retesting for accuracy make yL 'Khb4 Dairy Glassware a stand- 
ard for bng, dependable sewice- 

B I -- 

careful tempering to equalize 
strains creates a product of maxi- 
mum strength and longest life ex- 
pectancy. 

Outstanding quality and assured 
accuracy have established Kimble 
Dairy Glassware as a recognized 
standard of the dairy industry- 
for research and control. It meets 

all federal and state requirements 
-passes the most rigid tests forac- 
curacy and serviceability. Kimble 
Dairy Glassware is distributed 
by leading dairy supply houses 
throughout the United States and. 
Canada. Or write Kimble Gkss 
Company, subsidiary of Owens- 
Illinois, Toledo 1, Ohio. 

KIMBLE DAIRY TEST WARE 

AN @ PRODUCT 

0 w E N s -I[LLINO IS 
GENERAL OFFICES TOLEDO I..OHIO 



2 JOURNAL OF DAIRY SCIENCE 

JOURNAL OF DAIRY SCIENCE 
OFFICIAL ORGAN OF 

ANERICAN DAIRY SCIENCE ASSOCIATIOX 

P. H. TRACY, Editor 
Editorial Office: Department of Food Technology, University of Illinois, Urbana, 111. 

EDITORIAL BOARD 
J. 0. ALMQUIST ROBERT JENNESS E. E. ORMISTON M. L. SPECK 

University Park, Pa. St. Paul, Minn. Urbana, 111. Raleigh, N. C. 
F. J. DOAN J. J. JEZESKI R. L. PERBY R. W. TOUCHBEBBY 

University Park, Pa. St. Paul, Minn. Berkeley, Calif. Urbana, Ill. 
R. E. ELY J. P. MIXNEE J. T. REID EVERT WALLENFELDT 

Washington, D. C. Sussex, N. J. Ithaea, N. Y. Madison, Wis. 

COMMITTEE ON JOURNAL MANAGEMENT 
J. H. Em,  Chairman 

W. M. ROBERTS P. H. TRACY (ex officio) 
G. M. WERNER H. F. JUDKINS (ex offieio) 

OFFICERS OF THE ASSOCIATION 
I. A. G o u m ,  President H. F. JUDKINS, Sec.-Treecur. 

Columbus, Ohio White Plains, N. Y. 
C .  F .  HUFFMAN, rice-President P. H. TRACY, Journal Editor 

East Lansing, Mich. Urbana, 111. 

DIRECTORS 
E. L. Fou~s  R. E. Homso~ GEORL~E HYATT, JE. D. V. JOSEPHSON 

Oainesville, Fla. Beltsville, Md. Raleigh, N. C. University Park, Pa. 
L. A. MOORE I. W. RUPEL G. W. SALISBURY 

Beltsville, Md. College Station, Tex. Urbana, 111. 

ADMINIBTRATIVE INFORMATION 

Y a n w r i p t s  S u ~ s r i p t w n a  and Dues 
Manuscripts for publication in the Journal of Dairy 

Beience should be submitted to the editor, P. H. Tracy, 
a t  the address above. SF January, 1954, issue, page 103, 
for information concerning the.preparat~on of manuscripts, 
or send for repnnt, "Inforrnat~on for Authors." 

Aduertising 
Advertising copy insertion orders contracts and re- 

quests for informati'on relating to advertising in'the Jour- 
nal should be addressed to the editor P .  H.  Tracy a t  the 
above address. Advertising plates siould be sent 'directly 
do The Garrard Press, 119-123 West Park Ave., Cham- 
paign. Ill. 

Changes of Address 
Changes of mailing addresses, post office noti,ces of 

undeliverable copies inquiries about coples lost In the 
mail, requests for hick copies, and all other matters per- 
taining to the mailing list should be sent to the secretary- 
treasurer. H. F. Judkins, American Dairy Science Asso- 
ciation, 32 Ridgeray Circle. TT'hite Plains, N. Y. 

Subscriptions are $15.00 per volume in North and 
South America $15.50 in all other countries. net and 
postpaid. ~ e w '  subscriptions and renewals begin with 
the first issue of the current volume. R ~ n e w a l ~  ahnnlrl ha 
sent in by December 1 of the &rr&t ~ f ~ t h ~ - ~ o w ~  
ing calendar year to avoid a break in the series. Sub- 
scriptions should be sent to the secretary-treasurer, H. F. 
Judkins, a t  the above address. 

Subscri tions for the British Isles and the British 
Empire sgould be ordered through our ageqts: Messrs. 
Bailliere, Tindall and Cox. 7 and 8 Henrretta Street. 
Covent Garden. London, W. C. 2 England. Subscrip- 
tions for Australia should be sent t& our agent: John H. 
Bryant, Eerbert Street, St. Leonards, N.S.W., Australia. 

Membership dues in the Association are $10.00 a year 
and should be sent to the secretary-treasurer a t  the ad- 
dress above. Renewals should be made not later than 
December 1 each pear. 

Printed by The Garrard Press, 119-123 West Park Avenue. Champaign. Illinois. Entered as 
second-class matter at the post office at Champaign. Illinois, under the act of March 3, 1879. 



JOUBNAL OF L)AZEY SCIENCE 

FILTER DISKS so important to you? 
The fact that more and more milk producers use Rapid-Flo day after day 
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a better job. Johnson & Johnson will continue to do its part by turning 
out the best possible filter media a t  the lowest possible cost. 
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INFLUENCE O F  CERTAIN VlTAMIIIN K CO3lE'OUNDS ON 
LACTIC ACID DEVELOPMENT IN JIILK1 

11. H. WILKOWSKE, W. A. KIZIENKE, L. R.  B H R l S G T O S , '  .\so E. L. FOUTS 

Departme?tt of Dairy Scietice 
Florida Agricalt71ral Expe~in~ent Station, Gni~tcs~ille 

Certain of the vitamin K coinpouncls are kno~r.11 for their antibacterial effects 
as well as anti-hemorrhagic properties. The inhibitory action of these compounds 
against bacteria has been found to be associated with the qninone structure. 
The earlier work of numerous investigators establishing that  qui~iones exhibit 
bacteriostatic properties has been reviewed by Colwell aiid McCall (4). Arm- 
strong e t  al .  (2)  found that menadione (2-methyl-1,4-naphthoquinone), a syn- 
thetic vitamin K, also known as vitainin K3, exhibited bacterial inhibition against 
Gram-positive organisms. Colwell and McCall (3) reported earlier that 25 p.p.m. 
of menadione was bactericidal to Esche~.icltin coli in a chemically defined medium. 
Armstrong and Knutson ( I )  found that 3 to 5 mg. of nienaclione per 100 1111. 
saliva-glucose mixture and corresponding amounts of benzoqninone caused a 
progressive decrease in the Lactobacilltra ncidopltiltts counts in samples with- 
dram-11 a t  hourly intervals over a 4-hour incubation period. 

Some of the vitamin K con~pounils have received consideration as preserva- 
tives for foods. Tomiyasu e t  al. (10) reported that vitamin K3 preserved raw 
milk a t  4" C. for 1 month a t  a dilution of 1 :20,000. I11 investigating various sub- 
stances for inhibition of mold growth in butter, Tailaka and Ishii (9) reported 
that best results were obtained with vitainin K but that it mas necessary to avoid 
concentrations that affected the flavor. Faggioli ( 5 )  found that vitamin Ka 
(4 amino-2-methyl-1-naphthol) exhibited anti-mycotic actirity against growth of 
eight molds a t  a concentration of 0.1g. He reported that vitamin K5 had the 
advantages of being low in toxicity aiid of not adversely influencing food flavors 
but had the disadvantage of oxidation by at~nosplieric oxygen, causing a darken- 
ing effect in broths, apricot sirup, tomato conserve, and wine. 

Kelley and Dittmer (7) reported that cows receiving 25 mg. of nir~~adione 
per clap produced milk that remained sweet for 18 to 24 hours a t  37' C., whereas 
milk f1.0111 con7s not receiving menaclione generally sonred i11 about 12 hours 
n-hen held a t  the same temperature. They indicatecl also that direct addition 
of liieilailione to milk a t  the rate of 0.1 p.p.lll. retarded the rate of souring of 
milk at 37" C. However, they call attention to the fact that during one period 

Receive(1 for publicatio~l Deccmher 28, 1951. 

'Florida Agricultural Experiment Station JOIII.II~?~ Series, S O .  366. 
Department of Animal Ilusbandry and Nutrition. 
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of the trials neither the feecling of menadio~~e nor its addition to niilk retardeci 
the rate of souring. Other variations in results within the herd ancl for indiridnal 
corns also were obserrecl by them, and they therefore suggested the need for fur-  
ther research into the bacteriostatic properties of menadione before definite con- 
clnsions could bc dra~vn relative to this compound as inrestigated by them. 

This research was nndertaken to inrestigate fnrther whether feeding  ita am in 
K compomicls to co~vs has an influence on the rate of lactic acid ferlnentation ill 
the lnilk PI-odnced by thein and to establish concentrations of these con~pouiids, 
when atlcleil to milk, that are rc.quired to retard lactic acid derelop~iient b- co111- 
nirrcial dairy cu1tm.e~. 

EXPERIMENTAL PROCEDCRE 

The two vitamin K compounds used in this study were menaclione (2-methyl- 
1,4-naphthoqninone) ancl menadioiie diphosphatr (tetra-sodinm-2-methyl-1.4- 
napl~t l~ohyi l roq~~i~lo~ie  d iphos~l~or ic  acid ester). 3Ienadione is soluble in fat  but 
is only slightly solnble in water. Aleiiadione diphospl~ate is 1.eadi1y solllble in 
water. 

As there \vas some qnestion relative to the rate a t  wl1ir11 these mate~.ials could 
be fed wit11 safety to dairy cows, in the first trials menaclione \\*as fed at rates 
of 2.5 mg. per cow per day;  Kelley and 1)ittnier (7 )  had snccessft~ll- fed mma- 
dione at rates of up to 200 mg. per cow per day ~vi th  no apparent ill effects. 111 

other feeding trials, the rate was increased to the n ~ a s i m n n  of 600 mg. of mena- 
dione per cow pel. day. Informatioll on the toxicity to cattle of menadiolie di- 
phosphate \vhen administered orally is not arailable. but Foster ( 6 )  reported that 
an injection of approsimately 450 mg. per liilogram of body weight was lethal 
to mice. 

3lenadione was fecl to 18 cows at levels ranging from 25 to 600 mg. per c o ~ , ~  
per day for periods ranging fro111 11 to 45 clays. llIeiiadione diphosphate TTas fed 
to six cows at levels ranging from 1 to 10 g. per con- per day for periods ranging 
from 5 to 24 days. The various feeding trials were started in mitl-October, 1953, 
and rontinuetl through l\lay, 1954. Cows selected for the feecling trials were 
Jerseys and Guernseys comprising part  of the University of Florida Agricultural 
Experiment Station herd. The co~vs were being fed the regular herd concelltrate 
mist~lres ealcnlatrcl to mrrt the reqnircments of the Jlorrison (8)  standards, anil 
the ronghage portion of the rations a t  different times includetl i~nprorecl ferti- 
lized pasture grasses, corn silage, or alfalfa hay. 

Jnclividnal po r t io~~s  of the ritamin K materials were ~veighed. mixed into ap- 
proxin~ately 50 g. con1 ineal and blcntled into 2 Ib. of the c*oncentrate that each 
cow was to receive. TTsnally all of this offering was r o ~ ~ \ n n e d  before the r r -  
mainder of the conccntratp JTas fed. Milk :-ielcls xere  not affected by such feed- 
ing practices. TITllen thr rows were fed at the rate of 600 mg. per  cox^ per clay. 
the menadione was given twicr each clay at the rate of 300 mg. per feeding. I n  
a11 other trial\ the material was fed tlaily 01. once eve~ey otlirr day at the time of 
millring. Jlost of the cows consumed the offering\ ~vitliont any apparent objee- 
tions. but a few co~vs were somc~vhat hesitant in eating even wit11 the lowest level5 
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of nienadioiie in tlie feed. Tliere \\ere a few refusals when 300 nig. of llienadioize 
was offered in 2 lb. of concentrate, but \\-hen additional co~iceiit~ate \{,as sprinkled 
on the surface of the experiniental ration, usually most of the offering was con- 
sumed. These observations would indicate that the bitter and irritating proper- 
ties of nienadione are cietectecl by cows. 

The regular practice of iililki~lg was followt~l, the niilking lilachilies being 
cleaned and sanitized in the manner usu;illy practiced with large herds. One- 
quart samples of niilk were collected by pouring the Inilk directly from the milk- 
ing machine pail into glass quart bottles i.ecently washed in a co~ninercial bottle 
masher. Control salnples were collected froin other colvs on the sanie feeding and 
milking schedule but not fed the vitamin K compo~uids. Samples were delivered 
to the laboratory in less than 1 hour after collection. As total bacteria counts 
gelierally ranged from 1,000 to 3,000 per milliliter, occasionally up  to 10,000, 
and as preliminary studies had indicated that frequently the niilk collectecl was 
almost, if not entirely, free of the lactic acid-producing microorganisms, i t  was 
considered desirable to divide the saniples into two portions, one portion to be 
illoculated with con~mercial butternlilk cnltnres and the other not inoculated, 
the rate of iiioculation being 0.00019 to assure the presence of an estimated 
100 to 1,000 lactic acid-producing streptococci per lnilliliter of milk. Each por- 
tion was incubated a t  30" C., and titratable acidity determinations were made 
periodically to determine the rate of lactic aeid prodnction. 

RESULTS AND DISCUSSION 

Feeding trials. Periodic titrations of the various salnples of niilk were made 
to deterniiile the nunlber of hours required to reach 0.23% acidity. I n  Figure 1 
are shown the results obtained on samples of niilk collected fro111 one cow on 
esperinient and on control salnples from another cow during a %-day feeding 
period. This is a typical example of the day to day variations in rates of lactic 
acid development. Although the data are for samples of Inilk of only one cow 
receiving menadione and one control cow, the general relationships are typical 

No Inoculation 

0 I I 

%3 0.0001% Dairy Culture - 

4 0  4 5  
FEEDING PERIOD (DAYS) 

FIG. 1. Lnctic aeid derelopmel~t in raw milk at 30" C. wlre11 a cow received 25 mg. daily of 
n~enadione in the feed. 



of the data for milks of the other cows receiving menaclione and meiiaclione di- 
phosphate a t  the various levels. I t  m s  observed that there was considerable 
variation from day to day in the length of time reqnirecl to reach 0.252, acidity 
for the noninoculated samples of milk from the control cow. Some saiuples re- 
quired as long as 48 hours to develop 0.25v acidity. Apparently this was clue 
to types of organisms other than the recognized lactic acid producers. After 
fermentation, very few samples showed the typical lactic acid ferinentatioll char- 
acteristics but generally were gassy ant1 had a pntricl odor. Similar irregular 
daily variations were found in the different milks obtained a t  all levels of feeding. 
Because of these rariations due to organisms other than lactic acid producers, 
it was not possible to draw any reliable conclnsioi~s relative to the rate of lactic 
acid development in the milk not inoculated with ki~own amounts of lactic strep- 
tococci. The importance of inoculating the milk with slnall numbers of lactic 
acid-producing bacteria is shown in the two parts of Figure 1. 

I n  the samples inoculated with lactic acid-producing organisms the rates of 
acid development were more reprocluciblc from day to clay, the rate depending 
upon the amount of inocullnm used. Slight day to day ~ar ia t ions  inherent to this 
method of procedure could be expected when trials were conducted over a period 
of several montlis duration. The differences in the times required to reach 0.25r/r 
acidity in the samples of milli obtained from cows fed a t  all levels and corre- 
sponding controls in no instances exceeded the normal fluctuations of the controls. 
These studies, therefore, showed no effect in the rate of lactic acid production by 
lactic streptococci attributable to the feecling of menaclione or menadione diphos- 
phate to the COTS. 

Additive frials. Another phase of this investigation was colicerned with de- 
termining quantitatively the antibacterial activity, against commercial dairy 
starters, of the vitamin K compounds when incorporated directly into milli. As 
menadione is practically insoluble in milk, levels from 0.3 to 50 mg. were clis- 
solred in 1-ml. portions of ethyl alcohol before being added to 100-ml. portions 
of ~rhole milk. Afenadione-free controls, both with and without 1% alcohol, were 
included. Heat treatment was for 1 hour a t  90" C., followed by cooling to 30' C. 
before inoculation. Trials were made with various levels of inoculation with 
lactic acid cultures, ranging from 0.0001 to 576. A typical result of this phase 
of the study is shown in Figure 2. The effect of nienadione in the milk a t  concen- 
trations of 3 to 5 p.p.111. was evidenced by a ~neasurable reduction in the rate 
of lactic acid derelopme~lt. Similar results vere obtained ~vhen lower percentages 
of i ~ ~ ~ c u l a t i o i i  and lower incitbation tenlperatnres were used except that longer 
perioils of incubation were required for the acid to develop. Similar results also 
were obtai~zed when using sl<immilk as the medium. The direct addition of 10 
p.p.m. of menadioile to milk extended the length of time to reach 0.25% acidit!- 
by approximately 3 hours ; 50 p.p.1~. extended it by about 6 to 8 hours. TO pre- 
serve nlilk for several (la)-s. lerels greater than 100 p.p.111. ~rould be neecled: 
sllch practice vollld be of no value in the dairy industry, since lerels of 100 
p.p.m. or lnore of menadione cause a slight discoloration and also impart an 
nndesirahle flavor to milk. 
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FIG. 2. I~lfll~ellce 
3% dairy c.nlture. 

nlellailione on rate of lactic acid developnic~lt 

I n  trials with meliadione diphosphate similar to those with menadione, it 
was found that this compound did not exhibit antibacterial activity even when 
used a t  rates as high as 1,000 p.p.ni. in samples of milk inocnlated mith dairy 
starters. 

SUMl1.iRY 

Bacteriological studies were made of milk obtained fro111 colvs fed various 
levels of menadione and menadione diphosphate. Tx-enty-four Jersey and Gnern- 
sey cows were used. The maximum levels fed per cow per day were 600 mg. of 
menadione and 10 g. of menadione diphosphate. Feeding periods ranged froin 5 
to 45 days. Samples of raw milk were incubated a t  30° C. and titrated periodi- 
cally for lactic acid content. To assure the presence of lactic acid-producing 
organisms in the raw milk, additional salnples were inoculated with 0.00017, 
dairy culture. Data were compared mith respect to the n~unber of hours required 
to reach titratable acidities of 0.25r/r. None of the data obtained during the 
various feeding trials showed any reclnction in the rate of lactic acid develop- 
ment that could be attributed to the practice of feeding n~enadione or menaclione 
diphosphate to dairy cattle. 

When added to milk in low concentration lilenailioiie exhibited antibacterial 
action against dairy starter microorganisms, as eridcnced by a ~.cduction in the 
rate of lactic acid development. Menadione aclded to milk in concentrations as 
low as 3 p.p.m. reduced the rate of lactic acid development. Levels of 100 p.p.m. 
or more were needed to stop acid developinent for periods as long as 24 hours a t  
30" C. Such coilcentrations in milk rliscolored it and iinparted an undesirable 
flavor to the milk. 
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T H E  NUTRITIONAL REQUlREMENTS O F  LACTIC STREPTOCOCCI 
ISOLATED FROM STARTER CULTURES. 111. VARIATION I N  

GROWTH-PROMOTING PROPERTIES O F  FRESH WHOLE MILICS 

A. W. ANDERSOR', It.  R.  PARKER, .\so P. R.  ELIJKER 

Depnrt~nent of Bacteriolog!l, Orego11 Agricvlt~rral Bx)wr~~~tr?ct Stntio~!, Corrnllis 

Previous investigations ( 1 ,  2 )  demonstrated marked stimnlation of lactic 
streptococci in synthetic media and milk after acldition of liver fraction L and 
enzymatic digests of milk. Since liver L is coasidere(1 an  abundant source of 
peptides and similar compom~ds are liberated b>- enq-matic hydrolysis of milk 
proteins, the results suggested stimnlation by peptides. I t  also was considered 
possible that a similar factor might be involved in the rariation in rate of acid 
production frequently observeil for lactic streptococcus starter cultures in  dif- 
ferent individual herd or c& samples of milk. This study, therefore, represents 
an  attempt to correlate rate of activity of lactic streptococci with concentration 
in sllch milks of protein degradation products in the form of peptides, peptones, 
and proteoses. For the sake of brevity ancl to aroid misunders ta l~di~~p in nomen- 
clature in the following descriptions and discussion, the term pepticles will be 
used to designate all the protein fragments occurring between amino acids and 
the complete proteins (caseins, albumins. and plobulins~. 

EXPEKIMEST.\L METHODS 

Two series of experimmts were carried out to de~nonstrate that the peptide 
fraction in milk from different cows may cause marked variation in the growth 
of mixed strain lactic starter c~lltures and single strains isolated from them. The 
first or preliminary series represented an  indirect approach in order to shorn the 
correlation between rate of growth in Inilk and an equated protein degradation 
factor ( P D F )  basecl on for11101 titrations and total nitrogen. The second repre- 
sented a clirect approach in which rate of growth was correlated wit11 rluantity 
of peptide in individual cow samples. I n  the preliminar- stutly both normal and 
abnormal milks were included. Abnormal milks were considered those from 
animals with mastitis or animals on special rations or in early or late stapes of 
lactation (less than 30 or more than 300 days). Results inclicatrcl that abnormal 
milks often did not show a positive correlation betxveen rate of prolvth of lactic 
streptococci and the PDF. Therefore. the second series of trials ineludeil only 
normal milks. 

I n  both series of studies pint quantities of representativc~ san~plcs were ob- 
tained from IIolstein ancl Jersey cows in various stages of lactation. The milk 
from each animal was divided into two portions ant1 iimnediatc~ly refrigerated. 
111 order to minimize any microbiological or enzymatic action in the milk. it was 

Rereircd for puhliratiol~ Mnrch 8, 1965. 

Approved for publicatio~l nrt Tceh~~irnl Pnprr S o .  895 11y t l ~ r  Dirrrtor of the Oregon Agri- 
cultural Expcrime~~t Station. C o ~ ~ t r i l ~ ~ t i o n  of the Depnrtn~e~~t of Ilacteriology. 

1083 



1084 4 .  W. ANDE:RSON ET .\L 

chilled, skimmed, and tested as soon as possible. Five-1111. quantities of the 
skimmed milk from each ailinla1 were tubed in triplicate and heated for 5 nlinutes 
a t  121.5" C. in the first series and pasteurized by steaming for 10 minutes in tlic 
second series. This milk was used for rate of growth tests of starter culture oi- 
individual strains. 

Amino nitrogen determinations were nlacle in triplicate on each of tlie re- 
frigerated samples froill each animal. It was obserred that autoclaviiig (15 1b. 
for 5 minutes) or freezing milk altered the fornlol titration value slightly but 
did not change the sanlple sufficiently to affect a c t i ~ i t y  of organisms used. ,111 
form01 titration values used in the PDF calculations were obtained on raw, fresh 
skimmilk by the following modification of the forn~aldrhyde titration for nlillr 
protein by Pyne (4): Ten-ml. milk sa~iiplcs plus 10 ml. of water and 0.4 1111. of 
a saturated solution of aqueous potassinin oxalatc mere dispensed into test tubes 
and allowed to stand for 2 minutes, after which an excess of quinhydrone was 
added and the solution mas neutralized by titrating to pH 8.2 by ilieans of ;I 

quinhydrone electrode; 2 ml. of 40yj formaldehyde then \\-as added to the nen- 
tralized milk. This was shaken and allowed to stand for approsiruately 1 minute 
and then titrated as before to the same endpoint. The nunlber of nlilliliters of 
N/10 NaOH required to neutralize 10 ml. of milk mas considered the form01 titra- 
tioii value. 

The total protein was determilied on the saine sample by llsiiig the micro- 
Kjeldahl proceclnre (3). The protein degradation factor (PDF) against whit.11 
acidities were plottecl was derived as follows : 

Pol.inol tit~.ation value 
X 1,000 = PDF (protein degradation factor) 

I'er cent total protein 

Tlle method recoinmended by Shal~ani and Soluniers (5) for the detennina- 
tioii of proteose peptone minus the i lo~~protein nitrogen was used to obtain 
pepticle content of raw milks in the second series of trials. This method inade 
i t  possible to correlate rate of growth with a defined fraction of the milk and 
eliminatecl the error due to presence of fractions such as nonprotei~i nitrogen. 

Cultures enlployed for determining growth-promoting properties of the vari- 
ons milk sanlples included representative mixed strain conlinercia1 lactic strepto- 
coccus starters conlinonly used in this country for bnttermillr, cottage cheese, and 
Cheddar cheese mannfacture and single strains of Xtveptococc?ts lacf i s  (SLE) 
and 8. crentaris (144F and H - 6 ) .  Activity of the cnltnrrs was n~aintained by 
daily transfer in ~.econstituted skirnnlilk and incubation a t  21.5" C. Active 
38-hour cultures were inoculated into experimental milks a t  the rate of 1%. 
The results are presented as per cent lactic acid calculated from the actual acidi- 
ties produced by tlie organisms in a 5- or 8-hour incubation period at 30" C. 
At  the end of t h ~  incubation period they were quickly frozen to prevent fnrthrr  
growth and snbserjnently thawed, ancl titratable aridities vrere cletermineil. Thp 
quantity of acid proclucrcl \\-as used as an index of growth. This \\-as correlatctl 
with the PDF or tlie peptide nitrogen, and results \\-ere plotted. 
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RESULTS AND DISCUSSION 

Figure 1 shows the correlation between the PDF' and the acidities produced 
by culture A, a representative, widely used mixed commercial preparation. The 
normal milk shows a growth response giving a positive correlation, whereas that 
considered abnormal exhibits unpredictable results. F'ignres 2 ancl 3 present 
correlation between peptide nitrogen in milk and acid proiluction of two mixed 
commercial cultures (B and C) and Yignres 4, 5, and 6 shov- ~-esnlts obtained 

K I  CENT LdCTlC bC1D R R  CEhl LACTIC AC1D 

FIG. 1. Relation between protein degradation factor and acid produceil 11y commercially 
available mixed strain lactic streptoeoceus starter culture A in ind i~ idua l  cow samples of milk. 
Cultures were incubated a t  30" C. for  8 hours. Itegression equation is y = -0.200 + 0.067% for 
normal milk where y is protein degradation factor and x is per cent laetic acid. 

FIG. 2. Relation between peptide nitrogen and acid produced br commercially available 
mixed strain lactic streptococcus starter culture B in individual cow samples of milk. Cultures 
were ineubaterl a t  30" C. for  5 hours. Regression equation is y = 0.0824 + 0.3823: where y is 
peptide nitrogen in mg/ml and 3: is per cent laetic acid. 

with three individual strains of lactic streptococci used in starters. Results indi- 
cate that normal milk from healthy cows varies in its growth-promoting property 
for the lactic streptococci according to its peptide content. There is a significant 
correlation for each of the cultures tested since the correlation coefficient r is 
significantly greater than 0.5 a t  the 1% level for peptides and greater than 0.4 
a t  the 55% level for PDF. 

Previous studies ( I )  indicated that not all coli~niercial cultures or individual 
strains react similarly to peptide stimulation. Howerer, all that were investi- 
gated in this stndy showed a positive response when cultured in an otherwise 
nutritionally complete medium. I f ,  in the normal milk, the response to peptide 
was positive but no correlation existed, the cause usually could be traced to some 
individual strain nutritional requirement. 

Additional data not shown in Figures 1 to 6 indicate that high protein con- 
tent in milk does not necessarily favor inore rapid acid production by starter 
organisms. In  general, starter cultures and individual strains grew equally well 
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FIG. 3. Relatio~~ between ]>eptide nitrogen and acid produced by col~in~ercially availnblc 
mised strain lactic streptococci~s starter culture C in individual cow sa111~lcs of milk. Cultures 
were i~~cuhatetl at 30' C'. for 5 Ilours. Regressior~ erlt~atio~l is = 0.112 + 0.4212 ~dlere  y is 
prptidc nitrogen in mg/nll and x is per cent lactic acid. 

FIG. 1.  Relation llet~vecn peptide nitrogen and acid produced by a sii~glo strain lactic strep- 
tococcus starter culture SLE in individual cow samples of milk. Cultures were incubated at 
30" C. for 6 llours. Regressio~~ equation is y = -0.00258 + O.20G.r where !/ is peptide llitrogcn 
in nlg/ml and a is per cent lactie nrid. 

in high and lo~v protein milk. The two animals on a ration deficient in certain 
essential nutrients ( in this case, low carotene) produced inilk which supported 
poor growth, althongli the protein as indicated by total nitrogen was nor~nal. 
Other data also inclicatecl no correlation bet~veen rate of acid production of lactic 
streptococci tested and content of nonprotein nitrogen in various samples of nlillr 
from individual cows. 

The growth response of mixed conlmercial starter cultures to peptide varia- 
tions was conlparable to that of the individual strains. Some single cultures and 
one mixed co~nlnercial culture did not show a direct correlation, although the 
response to peptiile nitrogen was positive in aln~ost all instances. A possible 
explanation for this observation may be found in previous studies on the nutri- 
tion of the incliridual strains of lactic streptococci ( I ) ,  in which some cultures 
were sho~vn to require certain purine and pyrimidine bases for optimum growth. 
I t  is possible that milk may vary in these constituents. Other studies (2)  demon- 
strated that milk supplemented with adenine, guanine, or uracil acceleratecl the 
growth of the strains which previously had been shown to require one or more 
of the purine and pyrimidine bases. One fast-growing mixed-strain conn~lercial 
starter did not ~.esponcl as markedly as the others. Tt is possible that the strains 
used in the mixed culture in the present investigation initiate growth faster on 
less of the peptide fraction so that this does not become a limiting factor for 
growth in normal millr. 

Some extreme variations in rate of growth in abnorlllal milks are S~OII-11 in 
Figure 1. JIilli from the late lactation period or from mastitic animals showed 
greater fluctuations in PDF than milk from healthy aniinals in the middle of the 
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FIG. 5. Helati011 lwt~veen peptide nitrogel1 and acid produced by a single strain lactic strep- 
tococcus starter culture 144F in indiviilual cow samples of milk. Cultures were incubated at 
30" C. for 5 Irours. Regrensiol~ equation is !I = 0.0432 + 0.3222 where y is peptiile llitrogeii in 
mg/ml and x is per rent lactic acid. 

FIG. 6. Relati011 l)ct\r,eeli peptitlc nitrogen ailtl acid produced by a single strain laetic strep- 
toeoecus starter culture H6 in i~idividual eo\v sanlples of milk. Cultures mere incubated at 30" C. 
for 5 hours. Regression equatioli is ?I = 0.121 + 0 . 3 8 0 ~  where y is peptide nitrogen in mg/ml 
and x is per eelit lactic acid. 

lactation period. Six animals with active lilastitis were included in the original 
tests and, of these, the results of only three are shown in Figure 1. The milk 
from the others showed a higher PDF factor than the maxinitulii limits of the 
scale in the figure, which indicates the possibility of some protein breakdown. 
The NPN was included in the total nitrogen determination used in calculating 
the P D F  and may account for some of the observed discrepancies. Normal milk, 
which was characterized by small variations in NPN, exhibited good correlatioii 
between growth response and the peptide fraction or PDF. 

There may be variations in other substances i11 milk besides the peptides 
which influence growth of lactic streptococci. Milk sampled early in the lactation 
period and milk from some cows producing a high volume provided slower 
growth of cultures than normal milk from the middle stages of lactation. This 
might be due to some inhibitory substance in milk from cows in early lactation. 
I n  the milk from abnormally high-producing animals there may actually be a 
suboptimal level of certain metabolites in the milk which are required for fast 
starter culture growth. 

There was no significant difference between Jersey and Holstein milk in the 
amount of acid produced by starter cnltnres when the initial acidities were taken 
into consideration. Therefore, the amount of protein appears to have no appre- 
ciable influence on the rapidity of growth. The effect of increasing the milk 
protein was determined by the addition of various quantities of nonfat ~iiilk 
solids to fresh skimmilk. Amounts of powder so added ranged from 1 to 10% 
per 100 ml. of milk. The increase in initial growth rate by such a procedure was 
negligible. However, the addition of 0.1 to 1% of trypsin-hyclrolpzed skimniilk 
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caused a marked increase in the initial gron7th rate of cultures in both Jersey 
and Holstein milk. 

The variation in the peptide nitrogen appeared to be a characteristic of 
either the individual animal or the individual milking. There was no evidence 
that it mas related to either of the breeds tested. The milk samples used were 
tested as soon as possible after being drawn to reduce natural enzymatic activity 
to a minimum. The presence of a natural proteolytic enzyme might conceivably 
increase the peptide content if the milk were stored. However, Shahani and 
Sommers (5) hare shown such increases to be negligible over a 10-day period 
when storecl a t  temperatures from 0" to 5' C. Further studies are planned to 
determine variation in peptide content of individual cow's milk from one milk- 
ing to another and from herd to herd. 

SUMMARY 

Analysis of individual cow samples of inilk indicated variation in peptide 
content. Rate of acid production by mixed strain commercial cultures and indi- 
vidual strains of lactic streptococci, i n  niost instances, increased with increase 
in the peptide content of the milks from individual cows. Different cultures 
varied somewhat in their response to the peptide content of milk. 

The peptide confcnt appeared to exert greater effect on rate of growth of 
lactic streptococci than the protein content of milk. No significant difference 
was apparent b e t ~ ~ e e n  .Tersey and Holstein milk from which the fat  was removed. 
The correlation between rate of growth and peptide content was poor in a num- 
ber of samples of milk from mastitic animals and from those in early or late 
stages of lactation. 

ACKNOWLEDGMENT 

'I'lic :~utliors wish to csprrss tlirir appreciation to G. A. Richardson, Department of Dairy 
Husb:nidry. Oregon Stntr Collegc, for  11% valuable suggestions in preparation of the manuscript. 

REFERENCES 

(1) A s n ~ ~ s o a ,  A. R., \Nn EI.I,IICF,R, P. R. The Nutritional Requirements of Lactic Strepto- 
roc.c*i 1solntc.d from Starter Cultures. I. Growth in a Synthetic Medium. J. Dairy Sci., 
36: 161. 1953. 

(2) ASDEK~OS, A. W., .IND ELLIKER, P. R. The Nutritional Requirements of Lactic Strepto- 
cocci Isolatr(1 fro111 Starter Cultures. 11. A Stirnulatory Factor Required for Rapid 
Growth of Some S t m i ~ i s  in Reconstitiiteil Nonfat Milk Solids. J. Dazry Soi., 36: 608. 
1953. 

(3)  AssOCI~TIOX OF OPFICIZI, A R ~ ~ ~ ~ L T U ~ ~ A L  CHEMISTS. Official and Tet~tat ier  Methods of 
Annl,~lsis. 6th ed. p. 763. Wasliington, D. C. 1945. 

(4) PYSE, G. T. Fornialdehyde Titration of Milk Proteins. Bzoche?tt. J . ,  26: 1006. 1930. 
(5) SHAHASI, K. If., .%so SOMXLRS, H. IT. The Protein and Non-Protein Nitrogen Fraction 

in Milk. I. 3lctliods of Analysis. .J. I)azr!l Set., 34: 1003. 1951. 



TOCOPHEROJ, CONTENT O F  T H E  FAT O F  DAIRY PRODUCTS 

AS  AN INDEX OF ADULTERATION 

J. 11. JI.iIIOS, COKSTAKVJ!! ASGLIN,  I x n  ROSS '1. ('IIAPJIAN 
Food atrtl I1r11g Laboratorrr~s 

1tnrt111r~11t of 3-atio~tal Hc~altlr narl Il'elfare, Otlarc(r, Cc111crf7a 

A rapid proccdnre for d'terini~~ing tlie tocopherol content of butterfat was 
developed in  this laboratory ( 2 )  and has been snccrssfully eiiiployed for 2 years 
in the detection of the addition of ~egetable fats (except coconut) to butterfat. 
The application of the tocopherol procedure is based on tlie fact that the toco- 
pherol content of bntterfat is low (10 to 50 p.p.111.) ( 1 )  whereas that  of lnost 
vegetable fats is considerably higher (300 to 1600 p.p.111.) (2). I n  most cases. 
therefore, the addition of vegetable fats to batter will result in a significant in- 
crease in the tocopherol content of the ailnlterated butterfat. .\dnltcration wit11 
lard and tallow cannot be detected by this procetlure. 

I t  appeared of interest to extend this tocopherol procedure to the detection 
of vegetable fats in dairy products other than butter. I t  has been found that by 
using a modification of the butter pl.ocrdnre ( 2 ) ,  the adulteration of evaporated 
milk, condensed milk, whole milk p o ~ ~ d e r ,  ice cream, ancl cheese with vegetable 
fats can be detected. I n  all products the isolated fat  is analyzecl as for butterfat, 
and only the method of isolating the fat has been moclifiecl. A variation of the 
Sager and Sanders (3)  detergent procedure has been founil satisfactory for 
liberating the fat  from evaporated milk, condensed milk, whole milk powcler, ice 
cream, and cheesr. The details of these proceclures are given in the following 
sections. 

EXPERIMENTAL PROCEDURE 

Rengenfs: 

Detcrgc+lt solztfio~t.  Dissolve 35 g. sodium tetraphosphatel in approximately 
200 1111. of JT-arm water, add 15 g. of Triton s-1002, dilute to 1,000 1111. with 
water and mix. Store this reagent in a refrigrrator and use within 48 hours. 
If stored longer, low tocopherol valiles may be obtained for the isolated fat. 

l lfethyl olcohol. Prepare 50% methyl alcohol by volume. 

Zsolnfion of fnt from evaporated or co~ldcrtscd nlilk. Place 125 g. of sample in 
a 500-ml. Erlennieper flask, add 175 1111. of detergent solution, and mix. Place 
the flask in a boiling ~ ~ a t e r  bath, making certain that the water level in the bath 
is above the level of the liqnicl in the flask. Shake the flask several times during 
a period of 10 to 15  minutes or 1u1til the fat  layer has conipletelp separated. 
Allow the flask to remain in the boiling water bath for 5 minutes more, without 
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remixing. Remove the flask from the bath, add 50% met1i~-1 alcohol down the 
side until the fat  layer reaches the bottom of the neck, and then add water mltil 
the flask is full. Immerse the flask to within 0.5 in. of the top of the neck in a 
m t e r  bath a t  55" C. When no more fat 'ises, usually after 15 mintttes, remove 
the flasks from the bath. Skim off any scum on the surface of the fat, draw off the 
fat with a warm pipette, filter it, and store i t  in a refrigerator. Proceed as di- 
rectecl for the determination of tocopherol content of butterfat (2 ) .  

Isolation of fat from whole milk po~oder .  Mix 40 g.  of whole milk powder with 
85 ml. of water. Treat this mixtnre as the el-aporated milk. 

Isolafion of fot from ice creunl. A l l o ~ ~  the ice cream to melt. If fruit or nuts 
are present, filter the ice cream through a pad of glass ~vool and discard the frnit 
or nuts. Treat 100 g. of filtered ice cream as the evaporated milk. 

Isolatiol~ of fat front checsc. Place 40 g. cheese in a Waring blendor, add 85 
1111. of water and blend thoroughly. Treat this fluid product as the evaporated 
milk. 

The Sager and Sanders (3) d~tergeii t  reagent was elnployed a t  half the 
original concentration because i t  was found that emulsiolis form during the sal- 
furic acid extraction step if the full-strength reagent is cmployecl. 

No interferences have been eaconntered in  the analp is  of evaporated milk, 
condensecl milk, or whole milk powder. I n  ice cream, lio~vever, the presence of 
flavorings, nuts, fruit, and confections might be expected to influence the appar- 
ent tocopherol content of the isolated fat, and it has been f o ~ m d  that ice cream 
containing nuts yields nnusnally high tocopherol values. These results are caused 
b -  the high tocopherol content of the oil of inost nuts (450 p.p.m. was found in 
~valnut oil). Apparently, some of the nut oil is liberatecl from the surface of 
chipped nuts during the isolation of the fat  and raises the tocopherol content of 
the extracted fat. This error can be minimized by filtering off the nuts from the 
inelted ice cream before isolating the fat. The effect of n l ~ t s  in ice cream upoil 
the tocopherol content of the isolated fat  is illustrated in Table 1. 

TARIdE 1 
Effect of nzits in ice cream upon t7re forophrrol ron t r~ l t  of  tltc isolated fat  

Tocopherol content of tlie isolated fat  in p.p.m. 

Type of ice cream S u t s  present Nuts filtered off 

Butter pecan 50 3 7 
Maple walnut 47 35 

hiany kinds of ice creain have been analyzed to determine whether other ice 
cream ingredients influence the apparent tocopherol content of the isolated fat. 
Since chocolate, maple, strawberry, and ranilla ice creams are widely sold, the 
majority of analyses were conducted on these flavors. The sammary of 80 analy- 
ses is given in Table 2. 
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TABLE 2 
Tocopherol content of the fat isolated front differe~rtly pacored ice creams 

No. samples Av. tocopherol Tocopherol 
Flavor analyzed content of fat  range 

Banana 
Butter pecan (filtered) 
Butterscotcll 
Burgundy cherry 
Cherry 
Chocolate 
Chocolate (3-flavored brick) 
Maple 
Maple walnut (filtered) 
Oringe 
Orange sherbet 
Pineapple 
Strawberry 
Vanilla 
Butterfat at same time of year 

These data indicate that the tocopherol content of maple, ~a i i i l la ,  and straw- 
berry ice creain is in the same range as that of butterfat produced a t  the same 
time of year (1). The fat isolated from chocolate ice cream, however, exhibitecl 
a significantly higher tocopherol coiiteiit. This increase is attributed to  the pres- 
ence of the cocoa fat, which was fotnld to have a tocopherol coiiteiit of 150 to 200 
p.p.ni. The higher tocopherol content for the chocolate portion of three-flavored 
ice cream bricks was due to the higher chocolate content of this prociuct. 

The original tocopherol procedure for the analysis of the fat  of butter was 
designed to avoid interferences due to caroteiioicls, Oil yellow AB (F.D. & C. 
Yellow No. 3) and Oil Yellow OR (F.D. & C. Yellow No. 4) .  These are the only 
interferences that have been encolnitered in butter. I11 Chedclar cheese, annatto 
also may be present, but fortuiiately this vegetable dye causes no error in the 
tocopherol procedure. Of a large number of Cheddar cheeses exaniined, all 
yielcled fat with normal tocopherol contents, indicating that the cheese making 
and aging processes have no significant effect on the tocopherol content. 

Recently, a new type of cheese spread has appeared on the Canadian market 
which when analyzed yields abnormally high tocopherol contents. This peculiar 
behavior has been traced to the presence of other permitted oil-soluble color in 
the cheese, such as Orange SS (F.D. & C. Orange No. 2)  or Oil Red XO (F.D. & 
C. Red No. 32) .  If such colors are present, they are not coinpletely removed from 
the fat by the sulfuric acid extraction step ( 2 )  or by three or four additional 
extractions. Consequently, these lnlextracted colors contribute to the apparent 
tocopherol contents with the result that higher values are obtained. 

I11 order to avoid erroneous conclusions from the use of the tocopherol pro- 
cedure, its use shonld he restricted to the analysis of the fat  from micolored 
cheeses or to cheeses which contaiii only yellow AB (F.D. R- C. Yello~c, No. 3 ) ,  
T-ellom OB (F.D. & C. Yellow No. 4 ) ,  or annatto. 

Application of the tocopkerol procedzire for  the rlrteetio~l of atllilteration. In  
addition to butterfat ( I ) ,  the tocopherol procedure has been employed success- 



fullr  to detect the adulteration of evaporated milk, condensed milk, and ~vholc 
inilk pomder. Typical results on evaporated milk are illustrated in Figure 1. 

These data indicate a wide variation in tocopherol content for the fa t  from 
eraporated milk produced by manufacturer A. A few fat samples in September 
exhibited norlnal tocopherol contents, when, according to testimony given in 
court, this manufacturer had run  out of the adulterant fat. I n  addition, the 
samples produced in November, immediately after the seizure of the adulterated 
stocks, were found to have a normal tocopherol content. The average tocopherol 
content for the adulterated fa t  from evaporated milk produced by manufacturer 
A was 231 p.p.m., as coinpared to 31 p.p.m. for the sainples considered to be 
unadulterated. These latter values are in close agreement with those from genu- 
ine butterfats produced at the saine time of year, as well as with the fat  from 
evaporated milk produced by manufacturers B, C, and D. 

A sample of the fa t  obtained from the adulterant employed by inanufacturer 
A was found to have a tocopherol content of 620 p.p.in., a Reichert-JIeiss1 ralue 
of 2.5, and a Polenske value of 0.8. The adulterant consisted of vegetable fa t  
homogenized with milk to produce a cream-like product ~ ~ i t h  approxin~ately 30% 
fat. It appears from the foregoing analytical data that approximately 30 to 35% 
of the normal milk fat in the evaporated milk had been replaced with the adul- 
terant fat. 

Similar data relating to the tocopherol content of adulterated whole milk 
powder and condensed milk are given in  Figure 2. 

These data again demonstrate the excessive tocopherol content of the fa t  from 
~vhole milk powder and conclensed milk producecl by manufacturer A. On the 
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MAWICTURER 'V' 

MANVAGTUIER '7.' 

PROVlKE IN 1953 

WHOLE MILK POWDER CONDENSED 
MILK 

FIG. 2. Toeopl~erol content of the fat of ~vhole milk po~vders and condensed milks. 

other hand, the tocopherol content of the fa t  of whole milk powders produced by 
manufacturers W, X, Y, and Z was normal and of the same order as for genuine 
butterfat. 

The increasing tocopherol content of the fa t  of whole milk powder produced 
by manufacturer A during the period July to October, 1954, is due to the in- 
creased percentage of adnlterant employed. This observation is confirmed by the 
progressive reduction in Reichert-Meissl value of the fa t  as shown in Table 3. 
Available data would indicate that the fa t  of whole milk powder produced by 
manufacturer A contained approximately 12% adulterant in Ju ly  and 25% in 
October, 1954. The fa t  from condensed milk produced by manufacturer A ap- 
peared to contain approximately 40% of adulterant fat, as shown in Table 4. 

TABLE 3 
Tocopl~erol content, Reichert-Meissl value, and Polenske walue for fats isolated from 

ad~tlterntcd wkbole milk powders produced by man?ifactttrer A 

Month of Toeopherol Reichert-Meissl Polenske 
manufacture content value value 

( P . P . ~ . )  

August 131 21.5 1.4 
September 148 19.5 1.4 
September 153 19.0 1.4 
September 159 19.5 1.2 
October 180 18.9 1.3 



TABLE 4 
l'ocopltcrol co~ctrttt, Reichert-Merusl value, and Pole)t~X-P tal~te  for fat tsolatr~tl 

from adtllteratrd evaporated li~zlk prodlrced btl ~~ia~trrfacttrrcr -4 

Toeopllerol 
content 

- 

Polenske 
vnluc 

The data in Tables 3 ancI 4 indicate that the level of foreign fa t  present was 
sue11 that the Reichert-Meissl procedure could have been used to detect the adnl- 
teration. However, the tocopherol procedure mas employed routinely, since its 
use results in a co~~siderable saving of time. 

The Food and Drug laboratories analyzed 6,270 coll~n~ercial butterfat sall~ples 
(luring 1954-with the results given in Figure 3. 0111y one butterfat salllple 
rol~tai~led a tocopherol value in excess of .YO p.p.111. (58 p.p.m.). The average 

TOCOPHEROL VALUE. PPM. 

F I G .  3 .  'J'oeopllerol r:~lnes for 6 ,270  e o t ~ ~ ~ ~ ~ e r c i : ~ l  I~uttc'rfnt snllll)lt>s. 
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tocopherol value was 31 p.p.m. and the range, excepting the aforementioned 
sample, was 2 to 50 p.p.m., which is in excellent agreement with previous data 
obtained on genuine butterfat samples (I). I t  is believed that the analysis of 
butterfats from storage might have accotu~teci for the f e ~ v  samples with toco- 
pherol values of 2 to 9 p.p.m. 

SUMMARY 

The tocopherol procedure, originally developed to detect the adulteration of 
the fa t  of butter, has been extended to the analysis of the fat  of evaporated milk, 
conclensed milk, whole milk powder, ice cream, and cheese. This procedure will 
not detect lard, tallow, or coconut oil. 

The tocopherol content of the fa t  from evaporated milk, co~idensed milk, 
whole milk powder, and Cheddar cheese is very close to that of butterfat pro- 
duced a t  the same time of year. 

Nuts and fruit,  if present in ice cream, must be filtered off before isolating 
the fa t  or excessively high tocopherol contents may be found. The tocopherol 
proceclure cannot be applied to chocolate ice cream owing to the error caused by 
the tocopherol content of the chocolate fat. 

This procedure cannot be applied to processed cheeses that contain coloring 
~naterials other than annatto, Oil Yellow AB (F.D. & C. Yellow No. 3 ) ,  or Oil 
Yellow OB (F.D. & C. Yellow No. 4 ) .  Other colors, if present, may cause abnor- 
mally high results since they are not completely extracted from the fa t  by the 
sulfuric acid extraction step. 

Examples are given to demonstrate the effectiveness of the tocopherol pro- 
cedure for detecting the adulteration of the fat of evaporated milk, condensed 
milk, and whole milk powder. 
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THE PHOSPHATASE ACTIVITY O F  CHOCOLATE MILK 

F. V. KOSIKOWSKI, A. G. WOLIN, AND Mr. F .  \TITTER' 
D(~parfri~rirt  of Dairy Industry, Cornell Unirerstty,  Iilruca. S c ~ c '  York 

Chocolate milk generally is made by blending ram white milk with prepared 
sirups or powders and pasteurizing the mixture. Certain coinpoileiits of choco- 
late milk, not found in white milk, may influence phosphatase activity and color 
values so markedly as to make some "pastenrized" samples of chocolate milk 
unacceptable to health officials. These components, such as sugar and artificial 
flavors, have been shown by Hahn and Tracy ( 2 )  and Canlfield and Martin ( 1 )  
to alter significantly the phosphatase values of ice cream. 

For  a variety of reasons a wide range of pasteurization te~nperatures has 
been recommended for chocolate milk by chocolate manufacturers. Temperatures 
of 145" to 185" F. for 30 minutes are suggested for vat pasteurization but for 
HTST, in certain instances, the same minimum treatment given to white milk 
is advocated. A search of the scientific and regulatory literature has failed to 
disclose the minimum heat treatment considered necessary to obtain negative 
phosphatase values for chocolate milk. As a result, the present study was pro- 
jected to observe phosphatase activity in heated chocolate inilks and to determine, 
within practical limits, the heat treatment required for inactivation of phospha- 
tase in chocolate milk. 

METHODS 

The initial phase dealt with actual comnlercial pasteurization of chocolate 
milks a t  various temperatures. A Cherry-Burrell Super-plate HTST pasteurizer, 
capacity 3,600 lb/hour, and an R.. G. Wright 30-gal. vat pasteurizer were used. 
Both pasteurizers were equipped with properly calibrated indicating and re- 
cording thermometers. 

Mixed raw whole milk, averaging about 3.5% R.F., from the College herd 
and local producers was made into chocolate milk with sirup in proportions 
recommended by the manufacturer. For  each experimental HTST run, 2,000 
Ib. of mixed raw milk was required. Of this quantity, 350 lb. was pasteurized as 
such a t  either 161.5" F. or 162" F. for 15.5 seconds, and the remainder was made 
into chocolate milk, which immediately followed through the HTST pasteurizer. 
Successive portions of this chocolate milk were pastenrized a t  various levels 
from 161.5" to 171.5" F. for 15.5 seconds. Immediately after being cooled to 
50" F. or lower in the cooling section, approxinlately 1-1. samples were drawn 
from the pasteurizer for testing. 

Vat pasteurization was accomplished by heating 30-gal. quantities of raw 
chocolate milk to 150" F. & 0.5O. Small samples were withdrawn a t  appropriate 
time intervals, follo\red by quick cooling to -10" F. in ice water. 

Ilec*c~irerl for pnhlieation April 22, 1055. 

I Son- serving with the United States An~ly.  
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Samples of chocolate milk were laboratory pastenrizecl by iilealls of a series 
of water baths, theri~lostatically controlled, siinilar to the imn~ersion method of 
IIolland and Dahlberg (3 ) .  Milk sanlples in 2.5-ml. sterile test tubes and 125-ml. 
flasks were completely immersed in hot water for the appropriate times and 
temperatures, followed by rapid cooling to 40' F. 

Analysis of phosphatase activity for all sainples \\-as by the Cornell 24-hour 
methocl (4). One slight change was niade in the method for chocolate inilk in 
that final blue color was developed a t  room teniperature (20-24" C.) for 15 inin- 
utes instead of a t  37" C. Colors were read visually and also by using a Ransch 
and Lomb colorimeter, 660mp, on butyl alcohol extractions. I n  addition to the 
Cornell phosphatase method, a number of saniples were examined by using thp 
ether extraction moilification of the Kay-Graham phosphatase procedure (5). 

RESIJLTS 

Plcosphafase act i~*i t?l  of con~nlercial chocolnte milks after XTRT postelcrizn- 
tion. Phenol values (representing phosphatase actirity) on two large lots of 
chocolate milk made fro111 different sirups and pasteurized at varying tenipera- 
tnres are presented in Table 1. R a v  rliocolate inilks ~ ~ i t h  a sugar content, other 
than lactose, of about 5 to 676 displayed significantly higher phenol values than 
white milk when both 11-ere subjected to the same heat treatment. This phos- 
phatase activity in chocolate milk at the 161.,3°-162.20 F. l e ~ e l .  attributable in 
some degree to the enzyme sparing effect of sugar. represents a raw milk eqniva- 

TARTAE 1 
The plrosplrutune nrtiz9it!l of co~t~?ttercial chocolnte ~ttilk nftrv RTST pnsfrirrizntzoa 

Phosphatase activity hy 
Phosphatase actirity by ether extraction modification 

Cornell methodn of Kav-Omham 
Tcmp. with 

15.5 see. Nornial 3% added Normal 3% aclded 
Milk holding time sugarb sncrose sugar siicrose 

(" F.)  (y phrnol per 0.5 ml.) (stg. phrnol per 0.5 1111.) 

Cl~ocolatc milk m a ~ l e  with sirup A 

Plain white 162.0 0.0 - 0.000 - 
Choc. 162.2 38.4 45.0 0.019 0.022 
Choc. 163.7 25.4 30.0 0.014 0.014 
choe. 166.0 11.5 1n.1 n.010 0.011 
Chor. 169.0 1.2 5.5 0.012 0.005 
Choc. 171.5 0.0 0.0 0.000 0.001 

Chocolate milk mndc with sirup R 

Plain white 161.5 1.2 - 0.000 - 
Choc. 162.0 26.3 26.3 0.026 0.035 
Chor. 163.5 20.8 22.6 0.020 - 
Choe. 165.S 10.5 13.5 0.018 0.031 
Choc. 167.5 6.7 8.8 0.015 0.022 
Choe. 169.5 3.8 6.2 0.008 0.011 
Choe. 171.5 2.4 4.6 0.003 0.006 

a Any ralue above 5.0y/0.5 ml. i s  considered either u~iderpasteurized or ram, when Cor~lell 
phosphatase method is used. 

Normal sugar content of rhoeolate milk from s i r u ~ )  A-5.7% (447,- snrrose, 55% invert). 
Normal sugar rontent of chocolate milk fro111 sirnp R-6.8% (78% sucrose, 22% invert). 



lent on the order of 0.3-0.5v.. A temperature of a t  least 169' F. for 15.5 secolids 
was necessary before phenol values of ilormal sugar chocolate inilk became com- 
parable to those of white milk properly pasteurized at 161.5" or 162" F. for 15.5 
seconds (Table 1 ) .  

To observe the effects of excess conceiltration of sucrose in chocolate millr, a 
duplicate lot of raw chocolate milk with 35% added sucrose was pasteurized in 
the HTST apparatus a t  the same tenlperatures as llorlllal sugar chocolate milk. 
As observed in Table 1, excess sugar has a tendency to increase the protective 
action over the phosphatase enzyme against heat, although in general the over-all 
effect, at these lerels, was not extremely pronounced. Phenol values comparable 
to properly pasteurized white ~vhole milk were attained v i th  excess sugar choco- 
late milks at temperatures of 170" to 171.5" F. for 15.5 seconds. I n  practice sucl~ 
high lerels of sugar, 8-9r/r over-all, other than lactose \vonld appear lnldesirable 
because of the I-esulting intense sweetness. 

JSrasurement of phosphatase actirity by the ether extraction modification of 
the Kay-Graham inethod (Table 1) was introduced to observe differences by 
lileans of yet another methocl based on clifferent principles and reagents. This 
method, used successfully on ripened cheese, has not previously been applied to 
other d a i v  products. 111 chocolate milk the critical valne for deteriililiillg nuder- 
pasteurization is nildetermi~ied, although it mould appear from ralues in Table 1 
that 0.005 or 0.01 mp. phenol per 0.5 ml. might be satisfactory. Data obtained 
here with this secondary method reflect the general trend obtained by the Cori~cll 
phosphatase method. 

V a t  pnste~rrization of chocolate milk. IIeating of raw chocolate Illilk to 150" F. 
in a vat pasteurizer resnltecl in phenol values below 5.0r/0.5 ml. at the rild of IS 
minutes for chocolate milk A and at the elid of 22 minntes for chocolate milk R 

TABLE 2 
The plrospl~atase activify of eo~n~nercial elrorolafe  iti ill; aftrr rat pasterrrizatiotr 

Phosphatase activity by Cornell metl~od" 

Holding time Sormal composition choc. Sorrnal composition choc. 
at 150' F. lnilk made with sirup A b  milk made with sirup Bb 

(y pltenol per O..i 1111.) 
31.6 19.3 
15.6 17.6 
11.7 10.7 

14 10.7 8.6 
16 10.7 7.7 
18 3.6 7.7 
20 3.9 7.7 
22 3.8 3.9 
24 0.0 0.0 
26 0.0 0.0 
30 0.0 0.0 

' In the Cornell phosphatase metl~od, any lllilk llaring value gre:~ter t h m ~  .5.0y/0.5 1111. is ron- 
sidered underpasteurized or raw. 

Normal sugar content of cl~ocolatc milk froui sirup A-5.ir/o (44% is sorrosr and 55% in- - 
vert). 

Norrnal sugar content of cllorolate milk from sirup B-6.8% (7855 is sucrose and 22% ill- 
rert). 
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(Table 2).  Enzyn~e activity was reduced to zero with both lots of cliocolatc~ ~n i lk  
when a temperature of 150" F. was snstained for 24 minutes. 

Paste~crization of cllocolote nrilks irr the labor at or!^. T~venty-three difftwnt 
chocolate sirups ancl powclers from nine independent sources were n~ixed with 
ram whole milk in proportions reron~~nentled by their manufacturers. These 
individual chocolate n~ilks were laboratorj- pasteurized at  rarious t in~es and 
temperatures to note the degree of rariation in phosphatase values. 

Laboratory pastenrization a t  170" F. for 15  seconds and 150" F. for 25 
~ninutes (Table 3) reilllced phenol ralnes of   no st chocolate milks to a point 
comparable to heated, white whole niilk. Eren  ~vitli  the exceptions that rxist, 
the highest phenol value was only about IO-yI0.5 1111. These exceptions in  actual 
practice represent less than 0.1% ran- milk equivalent by the Cornell method. 
Silnilar temperatures nsed in conjunction ~vitli commrrr.ial eql~ip~nent \v0111(1 
more than likely lower these values ('re11 further (I). 

The use of pasteurization treatnic~nts ortlinarily assoc~iatecl ~vitli  white ~vhole 
niilk, 160" F. for  15 seconds or 14.5" F. for 30 minutes. sho~~c~el  re ry  nla~aketl 
phosphatase activity in chorolate niilk samples (Table 3). 

TABLE 3 
Pkoaplratnse activities of cliocolntr ,ttilks ?tlade front co~~i?~lrrrinl rlroeolntr sirups a,tt7 

~ o ~ c d r r s "  nirtl Iahoratorv nast~cu'izrd at dlfferettt tr1titternttrrc.s 

Chocolnte inilk 1nl)oratory pnsteilrized :it 
Clloc. inilk nlade 
wit11 commercial 170" - 150" - 160" - 145" - 
sirnp or polvder 15 ser. 2.5 1nii1. 13 see. 311 miu. Controls" 

(So.)  Pl~ospllntnse v:ilnes I)?. C'ornrll mcthoil (y 1~11r,tol/O..i (I.) 
1 2.5 4.4 i3 .1  26.0 16.G 
9 
d 1.0 7.n >144.o 45.1) 14.4 
3 7.2 10.2 $12.0 i3.0 12.0 
4 10.8 1.8 >144.0 .56.0 3.6 
5 2.4 3.2 66.0 51.0 3.G 
6 8.4 4.8 > l ~ . n  >I  44.0 5.0 
7 7.2 4.n ti(i.0 43.n 4.8 
8 4.8 4.4 >144.0 66.0 $3.6 
n 3 . ~  4.0 123.0 32.0 9.6 

10 0.n 4.8 >14-l.o > i ~ . n  9.6 
11 3.6 0.6 >144.0 i:<.II 4.8 
12 0.6 !).6 >144.0 !l2.0 1.8 
13 2.2 3.2 92.0 34.0 4.2 
14 1.2 0.0 123.0 74.0 1.8 
15 4.8 6.4 136.0 79.11 2.4 
16 3.6 3.n >144.0 123.0 14.4 
17 4.2 1.8 02.0 14.0 13.2 
18 0.0 3.4 >144.0 43.0 14.4 
19 0.4 1.3 3i.n 34.n 14.4 
20 0.3 4 .2 >144.n 32.0 5.0 
21  2.4 4.8 >144.0 :<O.O 6.0 
22 n.0 6.0 >144.0 36.0 3.6 
23 2.8 3.7 (i2.0 23.0 3.0 

White milk 1.8 2.4 1i.n (1.0 0.0 

a Ratlge of components of cl~ocolate sirnp or ]>o\vders-cl~oeolate, cocoa, suerose and invert 
sugar, corn sirup, dextrose, salt, carrageen, corn starell, mnillin, nonfat milk solids, vitniniii D, 
irradiated yeast, artificial flavor. 

Controls ol~tained by lleatiilg chocolate inilk to 190' F. for 2 ~ilinittes nitrl incubati~lg with 
buffer substrate. These values have been sllhtrncted to obtain the talnllated tlnta. 
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It is evident that the composition of the average chocolate milk is of such 
nature as to afford significant protection to alkaline phosphatase. The question 
of whether the same clegree of protection is given to pathoge~~ic-baqteria p a s m  
ex- &I chocolate nliIIi has received prior consideration (7), but this phase 
was not within the scope of the present investigation. The data obtained in this 
study point to 170' F. for 15.5 seconds or 150" F. for 30 minutes as being prac- 
tical miniinnm values for the pasteurization of chocolate milk. 

,I point should be niacle conceriling phosphatase control values of chocolate 
niilk, which are more variable and higher than found with white Inilk (Table 3 ) .  
These high control values result from such interfering compounds in chocolate 
milk as artificial flavors. They appear relatively uniform in value for the procl- 
ucts of the same mannfacturer but vary rather widely between the various manu- 
facturers' products. This is easily understood, as sirups or powders formulated 
by one mannfact~xrer may contain the same specific flavor compound a t  the same 
levels for all of his products. Such variability between the different manufac- 
turers' products empl~asizes the need for making control checks on all individual 
samples of chocolate milk when testing for phosphatase. 

The protective influence of sugar upon phosphatase during heating, previ- 
ously observed in ice cream, has been demonstrated here in chocolate milk. Not 
shown previously is the influence of sugar on the mechanics of the phosphatase 
test. I t  was observed that the final blne color developed in chocolate milk samples 
behaved very differently from blue color resulting in white milk a t  37' C. Though 
blue color eventually will fade even for white milk in phosphatase tests, its rate 
of fading is relatively slow, requiring many hours. Ia chocolate milk samples 
when blne color developed a t  37" C., the peak of color intensity was reached 
rapidly. At about 5-6 minutes the color began to fade, progressing from the 
bottom of the test tube npward. Generally the contents of the test tube became 
completely colorless in a few minutes. Estraction with bnt;vl alcohol when peak 
color was developecl arrwted color fading completely. This effect appeared 
clirectly attributable to the sugar in the chocolate milks, as the samples with 
higher sugar concentrations tended to increase in rate of color disappearance. 
The effect was also noteti with the Sanders-Sager phosphatase test but was not as 
pronounced. I t  r a s  not observed with the ether extraction methocl of Kay- 
Graham as the ether does not extract sugar and testing is done on a sugar-free 
solution. Concurrently, a similar type of reaction was observed in phosphatase 
testing of ice cream by Pyne (fi), who considered that not only TTere sugars re- 
sponsible but the rate of fading was affectecl by the type of sugar in the mixture. 

The present authors have found that, for chocolate milk. ice cream, or any 
clairy product containing added sugar, blne color development proceeds nor- 
mally if allowecl to develop a t  room temperature (25-25' C.), instead of 37" C., 
for 15  minntes. At room temperature, maximum blue color developecl in 5 to S 
min~ltes with Cornell reagents, and no problen~s resulted i_n color fading, as the 
blue color was stable for a t  least 30 minntes. 



Phosphatase activity of chocolate milk \\.as significantly higher than the 
activity in its white whole milk counterpart when both milks were pasteurized 
a t  minimum temperatures required for the latter. Sucrose was shown to con- 
tribute to the protection of the phosphatase enzynie during heating of chocolate 
milk. 

Heating of chocolate niilk under comlnercial and laboratory conditions indi- 
cated that the practical minim~un times and temperatures required for the 
proper pasteurization of chocolate niilk, using white whole milk as a comparison, 
should be 170' F. for 15.5 seconds or 150" F. for 30 minutes. 

The importance of proper controls aiicl the interesting effects of sugar on 
color development in the phosphatase test used are briefly discussed. 

ACKNOWLEDGYEKTS 

Tlie authors wish to express their appreciatiou to tlie follolr,ing companies fo r  their whole- 
hearted cooperation in advancing this project: Walter Baker Division, General Foods, Dor- 
cheater, Mass. ; Bowey '8, Inc., Brooklyn, N. P. ; Cherry-Burrell Corp., Chicago ; Chocolate 
Products Co., Chicago; Robert A. Johnston Co., Milwaukee, Wis.; The Benjamin P. Forbes 
Co., Cleveland, Ohio; J. Hungerford Smith Co., Rochester, N. Y.; Krim-KO Corp., Chicago; 
Limpert Bros., Inc., Vineland, N. J.; National Frui t  and Syrup Mannfacturcrs Assoc., Vine- 
land, S. J . ;  and The Nestle Co., White Plains, N. Y. 

(1)  C.~TLFIELD, W. J., AND MARTIN, W. H. Certain Factors Affecting the Phosphatase Teat 
when -4pplied to  Iee Cream. .7. Dair!~ Sci., 22: 261. 1939. 

(2)  HAITN, A. J., IXD TRACY, P. H. Deterniinillg tlie Efficiency of Iee Crenln Mix Pnsteuriza- 
tion through the Use of the Phosphatase Test. J. Datry Sri., 22: 219. 1939. 

(3) I~OLLAND, R. F., IKD DAHLRERQ, A. C. Tlie Effect of the Time and Temperature of Pas- 
teurization upon Some of the Properties and Constituents of Milk. N.Y.S. Agr. Expt. 
Sta., Trr71. Ball. 254. 1940. 

(4) Kosr~o~vsn~, F. V. Tlie Effectiveness of tlie Cornell Pliospliat:~se Test for Dairr  Products. 
J .  Dairy Sci., 34: 1151. 1951. 

(5)  KOSIKOIVSKI, F. V., AND DAHLBEW,, A. C .  A Modified Phosphatase Teqt for  Cheese. J .  
Dairy Sci., 32: 751. 1949. 

(6) PYKE, C. H. rllp~hlished data. Cornell University, Ithaca, S e w  York. 1954. 
(7) SPECK, N. L., AND IJTTCAS, H. L. Some Observations on the High-Temperature Short-Tinic 

Pasteurization of Chocolate Milk. J. Dairy Sci., 34: 333. 1951. 



ANTIBIOTICS AS GROWTII STIAIVLASTS FOR D.1IRT CATTLE: 

A REVIE'\\-' 

The feeding of antibiotics to far111 animals has bronght about a new era in 
livestock prodnction. The beneficial effects of adding small clnantities of various 
antibiotics to poultry and swine rations l~ave  been well establisl~ecl. The lnerits 
of feeding antibiotics to runinants are still of considerable interest to rumen 
nutritionists, physiologists, and bacteriologists. 

Most of the present interest in antibiotics as supplements to animal feeds was 
initiated in early 1950 and stemmed from the proclnction of vitamin BIZ ant1 
the feecling of crnde fermentation products as sources of this vitaniin (52).  
although Harned ct nl. (36) reported in 1948 that Duomycin (aureomycin) clicl 
improve the growth rate of chiclrs. These products were eon~nlonly nanled animal 
protein factor (A.P.F.) concentrates, and one of the products in general use 
was the fermentation procluct of Rtrcptoia!jccs ntrrcofacie~is. 

Stokstad c t  n l .  (117) reported in early 1949 that a fermentation product of 
I('ti.epton~!lcrs nirrcofncicns produced a gro~vtli rc>sponse in chicks which x7as 
greater than the growth response obtained from  itam am in BIZ. Early in 1960, 
Stokstad and Jukes (116) observed that crystalline aureomycin produced sinlilar 
results. This observation was confirmed b?- others worlting wit11 chicks ancl pigs 
(16, 26, 43, 51, 90. 97, 126). Lnecke e t  n l .  (7'6) also reported tllat streptomycin 
improved the growth rate of yonng pigs. Since these ear l -  reports it has bee-1 
well establishecl tllat various antibiotics, namely, anreomycin (chlortetracyclirie), 
terramycin (osytetracycline), penicillin, bacitracin, and streptomycin (dihydro- 
streptomycin), stimulate the growth rate of ~nonogastric farm animals, such as 
the chick, turkry, and pig. 

The effect of antibiotics on ruminants inight be expected to be different from 
that on simple-stomach animals since riinlinants depend basically on bacterial 
synthesis for proper nutrition. The reslilts of antibiotic feeding to ruminants 
at first appeared to be contradictory. Workers at the Louisiana (99),  Kansas ( . 2 ) ,  
ant1 Cornell (7'3) stations found that aureomycin promoteel growth and possibly 
helped to eliminate> scours in yom~g  dairy calves. On the other hand, Be11 e t  nl .  
(10) reported adverse effects from the feeding of aureomycin to beef steers, 
and Colby c f  a l .  ( 2 f )  founcl that aureomycin depressed feed ronsmnption and 
retluced the growth of lambs. Colby c t  01 .  (2.7) also founcl that these adverse 
effects could not be overcome by the fretling of rarions members of the vitamin 
B-complex group in addition to aureomyrin. These workers (22) had found 
earlier that anreomycin lowerecl the blood level of vitamin BI2 in lanlbs, thuq 
siiggesting an interference with riuiien vitamin syntllcsis. Penicillin and strc3p- 

Rceeired for p111,licntion Mare11 16, 1933. 

' Orders for rrpril~ts of this article nt 50 ce l~ t s  cn(~11 3\41 hc ncceptr~l by t l ~ e  crlitor until 
Dtv. 1, 1955. 
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tomyc*in were also fed, but these did not cause the sercre i.eactions of aureomycin, 
although no beneficial effects were observed. Bell et  n l .  ( 1 1 )  fo~lnd that the 
feeding of 600 ing. daily of crystalline aureomyciii to 6'20-lb. IIereford steers 
produced a marked anorexia and diarrllea within 48-72 hours. The level v a s  
reduced to 200 mg. daily and was fed xvitl~oat serious reactions to all but two 
steers, which still reacted to the trcatme~it. The digestibility of dry  matter was 
reilncecl 6 0 y  and thc digestibility of c r ~ ~ t l e  fiber 45% by aureomr-chi. Anreo- 
mycin also increased the blood levels of iwea nitrogen significantly. It  was 
proposed by these ~rorkers that aureon~ycain had a depressing effect on the eellu- 
lolytic ~nicroorgal~isms in the gastro-intestinal tract. 

Tf7ith these conflicting ~ e p o r t s  it hecan~ia apparent that there was a 111a.jor 
difference in the reaction aluong r ~ u n i ~ ~ a n t s  to antibiotic treatment. Tn thew 
early studies the major difference was apparently the result of the varying 
apes of the experimental animals. Re11 c t  n l .  ( 1 0 )  used about 600-lb. yearling 
beef steers, and Colby r l  nl. (22)  in ollr trial used fattnling lambs and in 
another trial used lambs ranging in ages from 4 to 12 weeks and in weight from 
7.5 to 68.0 lb. I n  the latter trial an animal protein factor concentrate co~ltaining 
aureomycin was nsed rather than erystalli~le anrcomycil~. 111 contrast to these 
studies, Rartley p t  0 1 .  (:$), T,oosli a11t1 Wallace (i:$), and Rnsoff (99), all working 
wit11 yolung (lair?. calrc.s, obsc~~.retl beneficial cfft.cts from the feeding of alireo- 
myein. Sinct. tllc. young ealf is essentially a nionogastrie animal and not a 
~ ' l ~ n ~ i n a n t ,  it  was spc1enlatt~tl that these conflicting ~vesults depentled on whether 
or not the nlirroflora of thc ~ I I I I I ~ W  \v;ls tlc~elolwtl at the time of antibiotic 
admillistration. 

I n  this revielr all attempt will hc made to adcclrlately collsider all antibiotics 
in respeet to all classes of dairy cattlc to the extent of pnbli.;l~ed clata. Some 
unprtblisl~ed data lla\-c, hccn illclnilt~il si~lrc. theil. iirclnsion I~ell>ed to  complete 
the disenssion. 

The subject of antibiotics as col~l~oncnts  of t1ai1.y cattle ratioiis will be dis- 
cnssed principally accol.di~~g to class of (lair\- cattle, namely yonng calve\, grow- 
ing aninlals, ant1 mature animals. such as lactating colrs, steers. a l ~ d  dairy bnlls. 
T~I-oughont this review the tratlelnark names of the antibiotic5 ~vill be nsetl 
ra t l~er  than the. chnnic~al nalnc of thrsch 1t1.od11c4s \ ~ I I C C  thr t~.atlerna~*l< IlarncJ is 
the one in grncr;~l us?. 

YOUNG CATAVES 

The principal jl~terest ~o11cerlri11g al~tibiotics for yo111ig (lair! cakes ha\ been 
their effect on (a) growth, ( 1 ) )  calf sronrs, ( c )  feet1 con~umption and feed 
efficiency, a ~ ~ d  ((7) nletabolisnl and the possible mode of action of antibiotics. 
These various p o i ~ ~ t s  of interest will be di\c.nsr;ed separately insofar as po\\iblr, 
but ~ r h e n  it seems a d r a ~ ~ t a g r o ~ ~ r  they will bt. colnhilretl \rith each other. 

A.  6 1 . o w f h .  
1 .  T7ai.iorrs n ~ t l i b i o f i c s .  Thcb feeding of antibiotics to far111 at~imals has been 

a contii~uatioii of the interest in thc~ role of vitamin Rl i  ill their i~~i t r i t ion  since 
ani~nal protein factor (A.P.F.) co~~centratrs  were used as soureps of vitamin 



I312 rather than the crystalline vitamin. Because of this some early workers fed 
various A.P.F. co~~ce~l t ra tes  which contailled factors other than vitamin El.,, 
and these later x7ere found to be antibiotics. Unfortunately, in a few reports 
the source of the A.P.F. was not given; therefore, the antibiotic 1~11ich it might 
have coiltainecl is not known. 

a. Aio.eonl!~ci~r. Rnsoff and IIaq (108) in Jnne, 1950, qucstio~~ed the feecli~lg 
value of A.P.F. concentrates in the rations of young dairy calves. The concell- 
trate (illerck & Co., No. 3)  used by these workers was adcled to an all-plant calf 
starter at a rate sufficient to supply 10 mg. of vitamin BI2 per ton. No advantages 

could be f o n ~ ~ d  by including this concn~trate in the ration of tlle calves. Tl~p 
antibiotic contel~t of the A.P.F. was not stated. Willia~ils and Kliodt (128. 129) 

si~nilar findings, using two A.P.F. concelitrates, one supplied by Jlrrclr 
and Co., and the other by Lederle Laboratories. These supplements were atltled 

to ~ililk replacement rations c o n t a i ~ l i ~ ~ g  60% inilk prod11cts. The autibiotic c8oll- 
tent of thehe proclncts mas not indicated. 

In  Korember, 19.50, Rartley e t  01. ( 3 )  at the Kansas station reported that all 
A.P.F. conce~~trate czolltaining aureomycin stimulated the growth rate of dairy 
calres fro111 birth to 42 days of age. These calves Irere fed tlie equivalel~t of 
about 15 mg. daily of aureoinycin per 100 lb. of body weight. The growth rate of 
the aureomyei~~-feil calves was the same as that of Ragsclale standards (.').i), 
but the gron'tll of the control calves was considerably less. The control calves 
gained 18.0 Ib. in 12 clays and the A.P.$'.-fed calves gaiaecl 30.8 lb., or 71.1fh, 
faster. The i~~eidt>~lce of calf scours was mnch lo~ver in the anreomyc~i1l-fct1~(1 
calves, and these c*alves also showed Inore thrifti~less ant1 ail improved over-all 
eonclition. These data cansect the authors to co~~clnde  that aureomyeiii ei~hal~c.e:l 
the gro~vtll of tlie calves by preventing scours. Certainly it \vonlcl appear that 
the disease proble~il in this stndy was great and that anreomyciii was be~leficial 
nnder these ro t~di t io~~s .  Rusoff (99, 100) reported also ill November, 1950, that 
ail A.P.F. concei~trate cwntainiilg aureon~yci~l improved the gro~vth rate of calre.;. 
Howeyer, the Louisiana worker was llsing dairy calves which ~ ~ c i - e  14 weeks of 
age, ancl sollle of these calves had previously been fed an A.P.F. conce~~trate 
conta ia i~~g \-itamill BIZ. This trial was conducted froill the time the calres were 
14 weeks of agcx nilti1 they were 34 week.; of age. Anreomycia iucreased the 
gl.o\\7th rate of the ralrcs over the control calres 60, 36, and 30% after 2, 4, ant1 
6 ~veeks of the. t.?cpc~riment. After 8 IT-eeks of aurco~i iyc i~~ fretling, the respo~lsr 
had ilecr~asetl to 8% and after 20 weeks there was no tlifference between the two 
groups of calves. This ~vorlz indicatrcl that anrcomycin did not cause anorclsia 
or diarrhea a11d ~ ~ ) ~ ) a r e l ~ f l y  hha no effect on rlulnell f l l ~ i c t i o ~ ~  of ruminating cal~r.;. 
These results Mere in contrast to the results of Bell e f  ol .  (10) and Colby ef ( 1 1 .  
(:'$), \vIlo i~~cliratc,tl that the feeding of antibiotics pr-odnced adrerse effects. 

Also in 1950, Loosli and Wallace (7'3) reported a growth r ~ s p o ~ ~ s e  in yo1ing 
calres both front an A.P.F. rollcentrate containing am.eomycin a~i t l  from crystal- 
line anreom>-tin. Jioth of these snpplemel~ts were fed in a milk s~~bsti t t~tc.  at 
the rate of 10.0 g. per ton of the crystallii~e antibiotic. The control calves gai~iccl 
0.92 1b. a~lrl the ii~~tibiotic-fed calves 1.11 lb. daily for the first 8 ~veeks. *IS I Y W ' ~  
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reported by the Kansas workers (3 ) ,  a significant rednction ill calf scours was 
observed from the feeding of aureomycin. This work is of special interest since 
the A.P.P. concentratc. and crystalline aureomycin prodticed siinilar growth 
responses. Seemingly, the growth response from the A.P.F. snppleinent was clue 
to  its anreom-ciii content rather  than to the vitaillin BIS ~vhich i t  contained. 
These workers postulated that  the reason RusoR and  Haq (108) ancl lITilliains 
and Icnoilt (128, 139) had not observed a significant g r o ~ v t l ~  respon4e fro111 the 
A.P.F. concentrates used by them was that  a sniall number of calves \\-as in\,olved 
in their studies and  the prod~ic t  was not fed i n  the milk; tl~erefore, i t  was not 
consumed i n  large enough quantities earl?- in  life. The Cornell ~vorliers (7.3) 
employed 27 pairs of calves i n  their stncl-. L41tliough this possibly coultl hare 
been true, the type of A.P.F. conccantrate fed conld also hare  been a factor. 111 

both studies no indication of the antibiotic coiltent of the snpplelnents was gi~-en.  
I n  the report of Williams and ICnotlt it will have to  be ass~mic~d that  conslni~ption 
of the A.P.F. slipplelnent did occnr. sillre it  ~ v a s  fed a\  a part of the inilk replarer 
ration. The growth responses produced by crgstallii~c anreomyc.iii o r  anreolnyci~l 
supplenients (Anrofac) i n  young calres \\-ere reconfirmed by ~ a r i o n s  ~vorkers  
IT-itliin 12 nlonths af ter  the first rcsnlts were pnblished (g. 18. 7:;. 83. 88, 10:;. 
10.7). Rusoff ef 01. (10.7, 10.5) fetl both the crude anreomyein supplements and 
crystalline aiireomycin and obtained similar results with both product\. 

Interest has been shown concerning the effect of the calf's age on the pro~vth 
rrsl,onse prodneed by antibiotic fredilig. The Lonisiana workers (10.7) observetl 
that aureomycin-fed calrc~s began to gain in  weight faster than the c o ~ ~ t r o l  calvcs 
a t  about 5 weeks of age. A11 improvenlent ill orer-all conclitio~l n-as noted from 
the feeding of allreon~yein. These ~vorkcrs also obserreil a breed clitference in 
the respolise to  aureomycin s n p p l e ~ ~ ~ e l l t a t i o ~ ~ .  Anreomycin prodnced a 25% in- 
crease in  growth in Jersey calres b11t o111y a11 18'1; increase in IIolstcin calves. 
These differences, ho~vcver, were not statistically significant. Loosli c t  01. (7.7) 
and Loosli ($2) reported the results of antibiotic studies involving 40 pairs of 
Holstein calves fed a inilk replacer ration carly in  life and  hay  ancl calf starter 
in adclition. Half of the calves \vere fed a11 a1lreonlycin S I I ~ ) P ~ P I I I ~ I I ~  the first 
8 weeks of life. F o r  the first 8 wec4is the antibiotic-fed calves gained approxi- 
mately 22% faster, but growth data to  16 ~veelrs of age indicated that  no fur ther  
growth improveinent was made by the aureomycin-frtl calves. JIurley rf 01. (88) 
evaluated aureomycin in the rations of calves fed either a whole milk. hay, and 
coilcentrate ration or a reconst i t~~tet l  slrimmilk, h a - ,  and co~icentratc ration. A 
greater grolvtli response was obtai~lcatl \rhen anreo~iigci~i  was acltled to  the, xvl~olr 
inilli ration, 31.9v. as cornpared with li.2f/, , but  par t  of thi4 clifferencc. probably 
can be explained by the fact that  the whole ~nillr-fetl ca1vc.s not given ail\- anti- 
biotic gained a t  a slo13-cr rat?  than c.alvcs fed 1.cconstitutct1 sliilnlnilli and no 
antibiotic. 

Rartley ef nl .  (9) reported an extensive trial c o i n p a r i ~ ~ g  t ~ v o  Ic\c.ls of aurcAo- 
niyc>in supplementation, 3 and 9 g. of a n  anreon~r-cin n n p p l t ~ n ~ c ~ l t  per 100 It,. of 
body weight daily. This trial was cond11c.trd froln 1 ~veelr of age to 22 \\ec.ks of 
age. At the end of the 2211(1 \ ~ ( , ( ~ k  the c.o~~tl.ol calves 1lacl ~ai l lpt l  :1T,(i'+ : tllc 



calves fed 3 g. of aureo~nycin supplement, 410% ; and those fed 9 g. of aureomy- 
cin supplement. 400% of their initial body weight. Ragsilale growth stanclards 
(95)  indicated that the calves should have increased in weight 340%. I11 contrast 
to the earlier Kansas study (3) ,  the control calves niade satisfactory gains in 
this experiment ; thus. by comparison the supplemented calves showecl a response 
to a u r e o n ~ y c i ~ ~  1v11e11 the level of infection was not high. Aturclock et al. (8.7) 
reported results which showecl that allreomycin feeding produced a growth rc- 
sponse up to 6 weeks of age but by thc time the calves were 12 weeks of age both 
the control.; ancl the aureomycin-fed calves Ilad made similar gains. Morrison 
and Deal (8f) approached the qnestio~i of feecling antibiotics to young dairy 
calves in a slightly different maniler than had been done prerionsly. These rvork- 
ers, believing that the first 2 weelrs of a calf's life were the nlost critical tiale. 
attempted to evaluate antibiotics dnring this period. An arrreon~ycin supp lc l~~c l~ t  
mas fed in the milk for the first 2 weeks after the calf was rcmored fro111 the tlani 
a t  3 days of age. The supplement was fed at the rate of 1% of the drx ~nat ter  
of the milk. Thtl amonnt of pure anreomycin fed was not noted. The s~ipple~lle~lt  
had 110 effect on the areragc daily gain to 22 ~veelrs of age, general health, iuei- 
dence of scours. or feed consumption. No i ~ l d i c a t i o ~ ~  was given as to the lerel of 
infection that \\.as present ; therefore, unless calf scours or other infectious were 
problems, it is tloiibtful if any advantages of the antibiotic eould br expeetctl 
during this short period of supplementation. 

b. Ter?*a~~l!jcilr. Not until the sulnnler of 1951 were there ally indications that 
other antibiotics might be of vall~e in stimnlating the growth rate of calves or 
reducing the il~ciilence of sconm. Cason and Voellrer (IF) fed two levels of it 

terramycin supplement, to wpply 15 and 30 mg. of terramycin per 100 Ib. of 
body ~veight claily, for the first 8 weelrs of the calf's life. In  this study a growth 
response 11-as obtained, but it was not great enoi~gh to be statistically s i g ~ ~ i f i c a ~ ~ t .  
The terramycin supplement dicl appear, howerer, to aid in the control of calf 
scours. The same workers (120) reported three experiments with antibiotics ill 
Novenlber of 1951. 111 Experin1ent I ,  thc feeding of 30 n ~ g .  of te r ramyci~~ per 
1001b. of bod-  weight daily increasecl the grolvth rate of calres about 2 1 y ,  
~vhich was significantly greater than the growth of the control calves. No indi- 
cation was given as to the length of the trial. I n  Exper imn~t  2, calves fed 100 mg. 
of terra1n;r-cin (laily gainecl 28% faster than the control ealves. AInrclock e f  al. 
(85) reportetl that terramycin inlproved the growth rate of calves fro111 birth 
to 6 weeks of age, but when terramycin supplementation was discontinued a t  
this age the a~~tibiotie-fecl calves grew at a slower rate dlxring the period 6-12 
~veeks of age than the co~ltrol calves, resnlting in a slight grolvth depressio~l for 
terraniycin-fed calves over the entire 2 2 - ~ r e k  feeding period. 

The infornlatio~i available on the value of terramycin in the rations of calrc.5 
is not nearly so volnn~inous as that concerning anreonlycin. Several reports ( . i f ,  
55, 65, 69, 78, 8.3, 127) in recent years have added much needed information 
concer~ling the feeding value of this antibiotic. Keslcr and Knodt (55)  fecl 
Holstein calves a 111illr replacement ration snpplemented with 20 mg. of terra- 
m y ~ i n  pep 100 Ib. of hotly weight daily. This ration was fed for 8 weeks, at which 



tinle one-half of the colltrol calves wrre fetl terran~yvin, and  terran~gcin feeding 
mas discontiliuecl 011 olle-half of the tc~rranlycin-fed calves. The calves fed terra- 
luycin \17ere 22.7% Ileavicar a t  8 wt~clks t11al1 the control calves bu t  their gains 
were about equal to  those. of a t11i1.d group fetl whole milk. Cessatiou or initiation 
of terraniycin feedi l~g at  8 \vrrks of age hat1 very littlt. rffect 011 growth, thus 
sholving that  thc ~naxinl lu~l  growtll responsc was obtainecl hy the t i l l~e calves \vrrth 
8 meek5 olcl. 

I n  a later report, which a p p a r e ~ ~ t l y  il~elucled so~nc* of t l ~ c  clata previously 
reportc>d (51). the s tatnnent  was n ~ a t l r  that  trrramycain in~proret l  the growth rate 
of the calves u p  to 8 ~vreks  of age but not to  16 weeks of age. I t  was also stated 
in  tlie later report that starting t r r r a ~ l l y c i ~ ~  ft~r(1ilig a t  7 weeks of age reduced thc 
grol~,tll ra te  of tllr calves. 111 a seco~ltl trial c*alves wercl fetl a ~ n i l k  replacen~e~lt  
ratio11 colltaining 2 g. of crystalline te~rranly~il i  per  1001h. of lllilk r e p l a e e l ~ ~ ~ ~ l t .  
Ter~.aniycili Ivas fed for  o111y 7 weeks, although the trial was 12 weeks in  le l~gth.  
111 this stlldy tc~rran~yri l l  stinlrllated the gro~vtll  ra te  of c.alves, as  measllrc~il h\- 
both ~veight gain and increase ill height a t  lvithers. 

JZacKay ef al. (78) reportetl that  a t e r r a ~ u y c . i ~ ~  sr~l)plemrllt inlprovt1tl t l l ~  
gro~vtli  ra te  of Holsteill, Ayrshire, Gnc.r~lsey. alld .J~rsey t~aI\~es over the gro~vth 
rate of control calves. Since srrt.ral breetls were involrc~cl ancl it  was difficult to 
balance both groups i n  rrspecat to  brc~rtls. the increasr ill gro\vtll ra te  was ~ O I I I -  

paretl t o  Ragstlalr s ta~l t lards (!l:i). Thr  c o ~ ~ t r o l  calvrs gai~lc~cl 18.6?, a11d t111. 
terranlycin calves 20.2% faster than Ragsdale standards. The length of the trial 
mas froin birth to  12 \vclclis of agr, a11d trr~~alllycili  ~ v a s  feat1 a t  t h r  rate  of 30 111g. 
per 100 1b. of botly \vrigltt daily. Thc calrcs consrll~letl fro111 19 to 82 nlg. of 
terralllycin daily. Thc ;~ntibiotic.-fctl cillrrs appearrcl to  he in br t ter  c.onditio11 
tllall tlie calrcs not fetl ter~.alllycil~, alltl t h r  fires of t h r  t r r ra~l~yt l i l l  calvrs \v(q-o 
firnler thall tllosr of t l ~ c  ~ o n t r o l  calrrs. 

JZoody ct 01. (8.7) rcportrtl tllilt tcr~.al~~yc. i~l  s t i l l l l ~ l a t ~ ~ ~ l  t111' gr01vt11 r;tt(> of 
female ca1vc.s nlorr tllatl that of 1llal11 calrcs a ~ l d  for111t1 110 1~vit11~1~ce that hllli.lll 
calves respo~~tled Inore to tcrlwll~yc.i~~ s ~ ~ l ) l ~ l c ~ ~ ~ r ~ l t a t i o ~ ~  that1 (lit1 tile larger l ~ a l v l ~ s .  
Lassiter r t  ol. (fi.9) fonl~t l  that c.rystallilltl t ~ ~ r r a l l ~ y t * i l ~  tlitl 11ot illll)rovc~ tl~c. gro\vtll 
rate of Holstci~i anel .Jrrsry calvrs feel a lill~itrtl an~orlllt of 111ilk a ~ l d  all a l l - ~ ~ l a ~ ~ t  
starter,  ~ h r r ~ v ~ s  a tcrralnyri~l  s n p p l r ~ ~ ~ r n t  hat1 s t i~nl l l i t t~~t l  thta gro\vtl~ ratl' ~f 
calves 1254 in a prcrioris trial (f;:i) 1vhr11 ;I si~llilar syste>lll of fe~~~tl i l lg  I ~ a d  ? ) ( ~ l ~ l l  

enlployecl. '1 slight brl~cfic.ial rR~.ct OII  calf srollrs was 11otc~tl fro111 tl111 fe.t~tlillg of 
crystalline terramycil~. Wil l i i l~l~s in~t l  .TI.IIS~II ( 1 % )  obsc~wc~tl 110 i n 1 1 ) r ~ r 1 ~ ~ ~ ~ ~ ~ ~ ~ t  ill 
t 1 1 ~  growth of calvrs 1vl1e111 t r ~ . r ; ~ ~ n y r i ~ ~  I~;IS i ~ ~ e l ~ i ( l ~ c l  i l l  a 111ilk ~ I * ~ ) ~ ~ I * ~ I I I ~ I I I ~  f l ~ t ~ l l .  

c*. P e ~ r i c i l l i ~ .  The. thirtl al~tihiotir to  rc~c.rivr c.o~lsitlrlwtiol~ Jvas pc~~ic . i l l i~~ .  
Becaause it  has provcxI1 to  1111 of c.o~~sitlt.~-;~hl~. va111e. i l l  sti~llrllating tl~c. g r o ~ v t l ~  ~.att. 
of rhicks antl, to son~c  (astent, s\vi~lr,  it ~ l ~ i g l l t  be e~sl)e~~tocl to  I ) ~ . I * ~ I ) I . I I ~  s i l~~i lat- ly  
in the rations of young tlairy t*i~lvc*s. Tlic rc>sults to (late. are1 vcl~.y IIIII(.II to  tl1~1 
contrary. I l l o o ~ l ~  ant1 K ~ ~ o c l t  ( 1 1 )  all11 Knotlt antl l:loo~u (:iR) ~*c~l)ortc.tl t11;tt 
potassium pcl~ic.illili \ ~ I I I ~ I I  f 1 ~ 1  i ~ t  the. rate1 of 10 1).1).111. i l l  a 111i1lc r t ~ p l i ~ ~ ~ t l l ~ ~ , ~ ~ l t  
feed sigliificAa~ltly lo~vc.rc.el the ga i l~s  of 1Iolstc~i11 1.a1vc.s. Son113 tlcaths I \ - I ~ ~ I I  rI1- 
corcled, and l)rllitaillill ~ O I ~ C ~ C I ~  t h r  c*o~isl l ln~)t io~~ of s ta la t (~r  cdo~~~itIc~rahl\-.  TIIC 



Pennsylrania workers (60) later reported results of feeding both potassiuln 
and procaine penicillin ill a nlillr replacement feeding program. l ' o t a s s i ~ ~ ~ n  peni- 
cillili was fed a t  a level of 0.5 g. per  100 lb. of milli replacemel~t feed. Procaine 
pcnieillin was fed a t  the levels of 0.1 g., 0.3 g., 0.9 g., anil 2.7 g. per 100 lb. of 
Inilk replacer. All lerels of procaine penicillin and  the ollc level of potassillm 
penicillin reduced the average daily gains of tlir calves, as  colnpared ~vi t l i  tllv 
control calves, from birth to  either 8 or 12 weeks of age. -111 levels of procaillc. 
pmicillin with the eserption of the 0.3 g. level prodncetl itliproved gains ortbr 
those of calves rrceirillg the 0.5 g. lerel of potassillm prnicillin. I n  this stntly 
therc did not appear to he a dt.pression i n  feed col~smnptioli. as  was obscrvetl 
in the earlier studies (12, 58). The illridellee of scaonrs was liigll anlong calve\ 
of all groups but was about twice as  scrcrc ill pcnici1li11-fcd calves as ill calves 
not fed penicillin. Penicbillin appearetl to ii~creasr the illcitlel~ce of scours ratller 
than to rctlnee it, as liatl been sholrtl to be t rue of al~reolnycin alltl. possibly, of 
terramycin. Gartlner r t  n l .  (3%) fed veal calves procai~ie pel i ic i l l i~~ a t  the rate  
of 15 mg. p r r  pound of milk n p  to 56 days of ag(,. TTnder t l t e s ~  t~oliditions ])elti- 
cillin had no effect on the growth rate  of tlie c.alvc*s. T'oelker and .Jac~obsoll (121)  
fetl procairir penicillili G to calres from 4 to 88 (lays of ape 011 a ~ v l ~ o l e  ~ni l l i  
replaemiellt diet. The ca1rc.s fed penicilli~t gained only 86% as ~nnc*ll a* tllc. 
control calvrs atit1 collstumed slightly less rollcvwtrates. Tllc calvrs were fcil pelti- 
rillin a t  tllr ra tr  of 40 mg. daily fo r  the first 60 days ant1 80 mg. daily from the 
61st to tlir 88th clay of life. IIibbs r t  01 .  ( I I )  foulltl tliat procaine pellic~illili ditl 
llot improve sigllificantly tlie growth rate  of calvt~s fed a hay to graill ratio of 
:3 : 2, altllongli a slight inlprovenient ill gro~vtll was obserrrtl. 

111 eontl.ast to tllesc stndies, Iloglle r t  nl. (11) rt.portetl favorable results fro111 
tht, fveding of a ~ n i x t ~ ~ r c  of bacitracin anil prnicillill (4 :  1 ) .  ant1 Kon c f  nl. (6.2) 
rcportecl similar results wit11 procaine penirilli~i. 111 the C'ornell stlldy ( I f )  tllt. 
~ i l i s tn re  of bacitracin alitl pellieillill sipnificalitly ii~crca.;ecl the growtll rate of 
calves for  the first 7 ~ ~ ( ' e l i ~  ( I S ? )  antl det~reasetl the clays of nbliornl;ll fccc\. 
ITowrrer. a t  16 nc.t4is of age there was no i1iffrrcnt.c bet\vcrl~ t l l ~  calrr \  fetl tht, 
antibiotic1 and tllc control calves as f a r  as  weight gain was eont.c~~.netl. Tt ih of 
interest to  note tliat tltr bacitracill-penicillin fcil calves colisumcd less s tar tc~r  
tll:ln tlrc control calves. This is in agrcenient wit11 th r  1.rsult.i of 1:looui ~11'1 
Knoclt ( I , ? ) .  Altliough in the Corllcll studirs a gt*ol~p of c~alrcs fed onlj- pelti- 
cillin was not int.luded, the rctlnctiot~ in  s tar ter  t~ollsilnil,tioll by the bac.itrac.ill- 
pt~nicillin ealvcls was probably dne to the prcsel1t.e in tl~c. liiisture. ICotl r t  01 .  
co~~(luctc.tl two t.speriltlt~nts wit11 procaint' pt~ltirillill wit11 ralv(~s fro111 birtli to  
12 weeks of agcl. Penicillin \\-as fetl a t  the Ievrl of 80 111p. p(>r calf daily. I n  
Esperitiimt 1 tllc. control calvrs gaitlei1 1.04lb. (Itlily. \ \ . l~t~i.t~i~\ tlie ~)cwicillin- 
fed calves gaillcvl 1.2.; lb. daily. Ti1 tilt. h(lcol~d t~s~>(~l* i l l l t~~l t  i~ slight i t i r rea~e  
ill gro~vtlt was obtaillctl, but it was ilot 1lc.ar1~- so great as ill the first rxpcari- 
nicnt. the control calrcs gaining 1 .:30 Ib. i~l ld  tlttl ('illvt*~ f ~ d  pelli(*illill 1.40 lb. 
tlaily. T11t.s~ gro\vtl~ t1iflerenc.t~~ w t ~ t .  not \tatistit,ally hirllific*al~t. Altrt~olnyci~l 
\ras 1isc.d ill  a third clsl~crillit~l~t, iil~tl bo t l~  a ~ ~ r c o n l y c i ~ l  antl ~wnieillitl canst.d 
;I ~narl t rd reilllctiot~ ill tllc int.itl(.l~t~t~ of c.illf ~ I . O I I I . ~ .  'I'l~t~st. IS11glisl1 \vorlic.~.s 
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also obserrctl a greater gro\vtl~ I.cspol1sc fro111 tllr frctling of al~tibiotics to  ca1vc.s 
bonl dnrillp t h r  fall nlontl~s t11a11 wit11 calves horn (luring the spring mo~lths. 
I t  \vas believed that  this observation could be relate11 to the seasonal inciclellcc 
of infectioll. \vhic~l~ was bclicved to bc llightlst tlnrillg the! fall ~nonths.  

I t  is difficult to tlxplain tllc cotlflic.till,a reports in the literature co~lcc~rl~i l lg  the 
feeding of lwnicilliil to  yonng dairy calves. l<oil cf  ( 1 1 .  (62) fed 80 1ng. of peni- 
cillin per calf daily, \vl~c~reas Kllotlt and Ross (iicl) fctl fl.onl 0.2 to  19 mg. tlaily, 
depel~tliap lipon tllc age of tho caalf. tllcb I t ~ e l  of prnic.il1i11 feel, and the anlou~lt  
of lllilk r e ~ l a e ~ ~ ~ ~ c i ~ t  fed, s i l l c . c b  the pcnit.illil~ \\-as inelutlc~tl in tllc nlilk s~lbstitl~tt:  
a t  various levels. This sllo\vs that aetr~al ly Koll c 7 t  nl .  f r d  pc111ivillin a t  a l~igllcr 
level than Knodt a11t1 Ross. I t  is t l ific.~~lt to  ~ l ~ ~ d e r s t a n t l  ho\v a lo\vclr Irvc4 of 
penicillin ~ ~ - o u l i l  c.auscl a gro\vtl~ tleprc1ssion alltl a higllrr I t ~ c l  of thc silnle 
antibiotic 1vo111tl protlncc. a g~.o\vtll s t i n l ~ l l a t i o ~ ~ .  Slic.11 facdtors its ~ ~ l i n ~ a t o ,  enviroll- 
n~clltal ro~ltlit io~ls, f(.eding ~)rograllls. 1t~c.l of i l~fe~ct io~l  ~)l.c.sent, ancl tllc. l o c a t i o ~ ~  
of the two r x p r ~ . i ~ n c ~ ~ l t s  n l ~ ~ s t  btl c*onsidcr(1d ill the illtcl'l)retiltio~~ of tllesr tl;~ta. 
Vocalkrr allcl Jacobsoll (121) f1.11 40-80 ~ n g .  daily ii11(1 1IihI)s c,f nl. ( . f l )  f e ~ l  0.9 nlg. 
of ~wnicillill pn '  valf daily for  tllc. first i ~vcclks an(1 1.0111g. j)cbim po1111c1 of fe(v1 
the rrlnaindrr of the. trial. 

el. O t h w  orrtihiofics. Availabl(l data o11 tile valut. of otllrr i1ntibiotic.s ill t l ~ s  
rations of y o ~ u ~ g  t1ail.y \-calvchs arc1 c~strcn1c4y linlitc~d. IIognr cf (11. (li) f ~ t l  stl.(~p- 
t o n ~ y c i ~ l  a t  lrvcls of 10. 20, i111t1 40 nlg. 1)c1* 100 lh. of bocly \vc.ipllt daily 1t11 to '7 
\~-erks of age. The c*olltrol 1.a1vc.s g a i ~ ~ c ~ t l  0.78 lb. tlilily, \vl~c~reas the s t ~ . c . l ) t o ~ ~ ~ y c * i ~ ~ -  
fed calves gili11~11 0.92 1b. elaily, 01- abo l~ t  18r4 faster. Tlle trial was c.oncluc.tc~tl 
for 16 wtlc~ks. alld a t  the c h ~ i t l  of this 1)c.riotl thc avrragr  tlaily pain orcBr tllc. c*rlti~.c. 
periotl \vas tllc saluc for b o t l ~  gro111)s. Tllr i ~ ~ ~ ~ c ~ o ~ ~ ~ y c i ~ l - f c t l  valves paillrcl 1.00 11). 
tlaily, o r  28:d fastclr, t l l i ~ l ~  tlle cw~~t ro l  c.;ilvcs. All al~tibioticas significdal~tly ill- 
errasc~tl tlaily gaiu an11 1l~i1l.t girt11 a ~ l d  tlccreasc~tl the clays of abnorl~lal frees 111) 

to 'i \\'(,elis of age. Rnsof  c't (11. ( I  11)  ~.c>l)ort(.d 011 tllc c'fcc.t of ~ ~ l u b l c l  stlnc.l)to- 
mycill 011 tllv gro\vt\r of yollng tlairy valves. 8trc~ptomyc.ii1 \vas fed a t  levols of 
:30 ant1 50 lng. pe l  c.alf tlaily to I 2  ~vc~rks of age. 1 ' 1 1 ~  50-lng. Ic~vel inlp~.ovc~tl t l l ~  
g rowt l~  ~ - a t c ~  of the c*alves 1 5 % .  b11t the 30-n~g. 1 ~ v 1 ~ 1  failc.tl to llavc ally c.ffec.t 011 

average daily rain.  1)nrillg the first S 1vc.14is tl111 50-111~. s t ~ ~ ~ ~ ~ ~ t o ~ ~ ~ y ( ~ i ~ ~ - f e ~ c l  villvc>s 
hael very loose fec.c~ alid lollg, ro11g11 l~aircoats.  Rcwl t s  \\-(.I.(, presc111tctl nl1ic.11 
inclic.ntt~t1 that str(q)tolllyc.il~ stinlulntc'tl tllc growill of tllcl c.illvt.s 111ostly aftc>~- 
ri \verl;s of age>. O\vc*n allel A\lIcx~~ (!)2) frtl ca1vc.s a \vllr>y 1)rotlnc.t 111ilk r(*l)li~c-~- 
mellt feed fl.onl 4 to 88 tli~ys of lift. ant1 snl)l)lc~nlrntctl this  atio ion wit11 t c ~ i l -  
lnyc*in, bat.it~.ac.il~. c.llloron~yc*c.tii~, or RI.SOII i c e  iteid. Te1'1'~11iy('i11 s t inl~~li l tc~d (la ily 
gain :3:3'.4. bavitrac.il~ 24'b , itlltl v l ~ I o r o ~ ~ i y ( ~ ( ~ t i l ~  o111y 10'h . All a~ltibiotica-frcl valycbs 
~ I I C I - I ~ ~ S C ~  fastor ill Ilc~igllt i ~ t  tllc, \\-ithers. but )lot i l l  ellcast an:l barrcl c . i r c ~ ~ ~ ~ ~ f c ~ . -  
rnce. tlla11 tllch caollt~-ol c.alvc.s. Rusoff ant1 1)avis ( IOf )  folnltl that  1i(~itll11r t).l*o- 
tlll'ivi~l 1101' havitra(*i~l ~ t i l l l l l l ~ t ~ d  tllc gl'o\vth of c~alvos. EIls\vortl~ ~f (11. (.!J'O) 

obsc~l~vc~t~ that ~ l l ~ ~ ~ O l l l ~ ~ ~ l l  illlp~Ovc~c~ tll(l gl'Olvt~1 rilt(' Of (?iIvc% 2:3' illlcl ~)aeitl'ilc+il~ 
improvtvl tl~c. g r o ~ v t l ~  rate> 14% flwm 3 (la?-s to 100 clays of i~pc.. Tllc.sc> c*alvrs 
\\.err frtl consitlcrablc. clnalltitirs of ritllc~r n-hole' nlilk 01. r ~ ~ ~ o t ~ s t i t ~ l t e ( l  ski~l~l~l i l l i .  
The grnwtll of tlle c.ontro1 c.alvrs was 24'5 g1,cJatc.1- tllan 13agstlalc~ sta~ltlilrtls. 



B y  1952 it had bee11 established that  rarious antibiotics, particnlarly arlreo- 
111yci11, and probably terramyeili, (lid s t i~nulate  the growth rate  of calres early in  
life. Since that time, stndies ~vhich adtled more i~ l format io~l  as to  tlie raluc. of 
antibiotics in the rations of calres 111lc1er rar ied feeding conclitiol~s were reportc~tl 
by &lacKay c t  nl .  ( T i ) .  Lassiter et  nl .  ( i i4) ,  I 'oelkt~ ant1 .Jacobso~l (121). 3Iurlt.y 
and Poll (R.9), ant1 King and 0'I)ell (:Ti). 111 the stlicly by  IInr ley and  Po11 
anreomyci~i did not ili~provr the gro~vtll  ~ .a tc  of tllo valve.\. ( ' o ~ ~ s i d e ~ a b l ~ ~  i l~trrcst  
has been nia~lifestetl iis to  the fiictors \vlrirli might inflilc~nc.c t l ~ v  rcac;l]ollrtb ohtaillc~tl 
fro111 the feetling of a~itibiotics to  c. n 1 res. 

2. E f l r c f i r r  n ~ ~ t i b i o t i c  I (  c'cl. One of tllc, l~lost i~lll)o~'tilllt (~i l (>st io~ls  ( + ~ I I C P ~ . I I ~ I I ~  

the f t ~ e d i ~ i g  of antibiotics to tlairy (~alvcs is tll(3 a111o1111t of antihioti(+ \vliicl~ I ~ I I I S ~  

he fed to  obtain a ~ ~ ~ a s i ~ n i i n l  g ro~r t l l  respollse ant1 to have ii sigllific.atlt c.fit~+t 011 

the illcidenec of sc.o~u.s. Infornlatiol~ of this 11i1tnrc. ih  t ~ s t ~ ~ ~ ~ ~ l e l y  tlitYic.ult to 
i~lte~.lwet I)P(*RIISP the 111et110ds of ft.cdil~g antibiotivs Ilwvr r ~ o t  bec.11 ( * o ~ ~ s i s t ~ ~ l l t .  
Only data  011 the1 o10ill acl lni~l is t~.at io~~ of a~ltihiotics will b(b dis(*rlss(~i( ilt this point 
hccalisr this mcthotl ilppcbars to  tl113 ollly pr i~et i~.al  I I I P ~ I I S  of a(111li11istratio11. 
.2lso, in most C ~ I S I ~ S  o ~ i l y  (Iata 011  t l ~ c  \ . i l l ~ l ~  of va~-ioll\ I ( ~ e 1 s  of a~ltihiofirs oh- 
taillet1 in th r  salnfb c.spe~.inlc.llt 11avc heen illvlutletl i l l  ol.tle~. to avoid th13 c.ff(.c.t of 
d i f f t~r t~~i t  fth(bdit~g I - I ~ ~ ~ I I I I J S  i111d o t l~(>r  i ~ ~ ~ c . o ~ ~ t r o l l a b l ~ ~  factors. 

As 1)r(~viollsly ~ l ~ o ~ ~ t i o ~ i t ~ t l ,  Rartlvy r t  (11. (!)) fcd :I ant1 I) g. of all H ~ I I ' ~ O I ~ I ~ - ( * ~ ~ ~  

~ l l p l ) l ~ ~ ~ i ~ c ~ i t  1)('1' 100 Ih. of h o t l ~  wright tli~ilj-. T l ~ r  inlloiult of pur r  allreolllycilk 
fell is not I ~ I I O ~ Y I I .  but both 11.rc.l~ protlncetl sinlilar inlprovc~llents ill gro~vtlr. Ill a 
later s t ~ i d y ,  t l ~ r s e  ~vorkers ( 2 )  fc'tl ca1vt.s 1 5  and 15 lng. of aul.eo111yci11 per 100 1b. 
of body weight daily froill birth to  25 ~veelis of age. The 45-mg. Ierel n.as Illore 
effective i n  controlling scours and  colds and stin~olatrcl g r o ~ t h  Illore t l ia~l  tllc. 
1.5-mg. level. The rontrol calves gained 291y  of their initial bod)- \vciglit; tlle 
15-mg. fed calves, 314% ; and  the 45-mg. lrvel calves. 849'J. Ericlener was ]we- 
sented which indicated tllat the higher level of antibintie feeding rednccxil tbc 
difference between seses i n  the growtli response to  the antibiotic. Another i11tc1.- 
esting obserration ~ v a s  tha t  EIolstcin calves respolidctl to  the 45-mg. Ierel a s  
~neasurrd by illrrcasecl growth rate  oilly u p  to 1 0  ~veelis of age, ~vhereas Ilolsteill 
calrcs fed tlie 15-mg. level responded from birth to 2.5 \veclks of age. Jersey c.alrr.s 
responded to hot11 levels from birth to 2.5 weeks of age. W h c ~ l  tlie gron-th tlata 
of IIolstein calres fed 45 mg. of ailreomycin per  100 1b. of body 1veip11t was con- 
sitlel-c~il from birth to 25 ~vceks of age. a signific*a~~t response fro111 the antibiotic 
\\-as not obsc~rved, i~lthongli a sigliificailt gro~vtll  resl)o~ise \Ti ts  obtai~ietl through 
tlre first 10 ~veeklrs of the triiil. The greatest r c s p o ~ ~ s c  from i~rirconlycin feeding 11-as 
obtained dilrilig the first 5 ~veeks and illiri~ig the 22-25 \veeli pcriod. No explarla- 
tion rvas given for the sti~nulation i n  grolvtli di11.i11g the 1iittc.1- perioil. 111 a third 
study ($), the Kansas ~vorkers  fcil 45 mg. and 90 1ng. of vrystalline aureonlyci~l 
daily from hirtll to  25 weeks of age. Both a u r r o n ~ y c i ~ l  treatments reducetl the 
illci(lence of infections. The 4.5-mg. level proiluced sigllifi~alltly greater paill\ 
t11a11 tlie 90-mg. lcrel up to 12 1vc>c4is of age. Based 011 the results of this experi- 
ment, these ~vorliers proposed tllat tlic op t imn~n level of aiireomycin feeding 
s]lolll(l be 45 mg. 1,er 100 11). of holly ~vcight daily fol. tllcl first 12  eelis is and  1 5  mp. 



f r o n ~  13 to 25  eelis is of agc. l'ritc*l~al.tl ( /  (11. (93) fount1 no at lva~~tage of ft.ctlil~g 
60 mg. per 100 Ib. of body ~ r e i g l ~ t  orer I .i n ~ g .  of t t ~ r r a n ~ ~ - ( ~ i l ~  daily. Hot11 I t ~ e l s  
stimulated thca gro~vth of caalves slightly orer that of t h ~  t.outrol ci~lvc>s, but this 
increase ~vas  uot stat ist i t~al1~ signifira~~t. Tl~rse \vorlrn.h, I~o\vt~rc~~., 111adc a sig- 
nificant observation on the continuation of fcctling antibiotit.~ in a tlairy 11e1-(1: 
The percentage respollse f ron~  the fretling of antibiotir.; oro.  the growth of thc. 
control calres hat1 retl~~c~ctl over a R-?-cala pe~.iotl. The lack of gro~vtll I'esl)onrc. 
was not due to ~ ) o o l - ~ r  gro~vtll of antihiotita-fctl c a l v t ~  but to i~nprovc~tl growtl~ 
of colltrol cal~res ~vith eachh succ.c~etling year. Tl~i.; can probably be esplainetl by 
the fact that the levtbl of infection of the housing facilities was rctli~cecl over thc 
3-year period by the cont in~~cd feeding of antibiotics. This supports the initial 
work of Bartley c t  nl. (.?), in w l~ ic l~  a 707; growth response ~ v a s  obtainetl fro111 
the feeding of anreo~nycin. This extren~ely high percentage gro\vth rtAsponse f ron~  
aureomycin feeding n-as probably ilne to tht. high incidence of calf scours, ~vhich 
resulted in belo~i- normal gr~o\vtl~ of t l ~ r  control calves. IIognc c f  nl. (if) rc- 
ported the results of studies involving the feeding of anreomycin, streptomycin. 
and a mixtnre of bacitraein ant1 penicillin (4  : 3 ) at levels of 10, 50, ancl 10 1ng. 
per 100 1b. of body weight daily. S o  advantage was obserx-etl for any partical~lal. 
level of feeding. 1\11 levels of c~ach antibiotic i~nprovecl growth 111) to 7 xrle~ks of 
age. These antl~ors conelntletl there were no atlvantages of feeding 'antibiotic\ 
to calves past 7 weeks of age. 

llochrie cf (11. (82) stndietl tllc. valr~c of various levels of anrcomycin in ;I 

calf starter npoll the g ro~v t l~  rate of calves. An anreomyein s~ipplen~ent was fccl 
a t  levels equivalent to 9, 18, 86, autl 54 mg. of aureomycin per pound of starter. 
Half of the calves were I~ousctl in a teluperature-co~ltrolled barn ancl tlie other 
half in a barn wit11 nncontrolletl tc~nperatnre. The lcngth of the trial mas from 
2 to 119 days of age of the test animals. Anreomycin at all levels increased daily 
gain, height a t  \\,ithers, heart girth, and girth of paunch, but these increases ill 
growth were not statistically significant. There was very little difference between 
the growth rate of the calves fed the various antibiotic levels. dl thougl~ i t  was 
not pronounced, the data indicated that aureomycin stimnlatecl the growth rate 
of the calves housed in the mnheatcd barn more than that of the calves in the 
heated b a ~ n .  Apparently this fact mas not related to the level of infection under 
the two systelns of housing because none of the levelc: of aureolnycin hacl a sig- 
nificant effect on the incidence of scours. 

Pennsyl\.ania workers (23,14,  59, cil) haye concll~etcd a series of trials testing 
various levels of aliloeomycin in inilk replacement feeds. K ~ ~ o d t  and Ross (59) 
fed levels of 0, 2, 4, 6, and 10 g. of aureomycin per 100 lb. of ~llilk replacement. 
All levels of aureomycin improved the growth rate of the calves a t  8 and 12 
weeks of age, although the stimulation from the 6-g. level xr7as very slight. It was 
not stated but is asst~mcd that aureomych~ was fed for o111y the first 8 \veeks. 
The 2-g. level of anreoniycin pcr 100 1b. of milk replacement i~nproved growtll 
more than any other level a t  8 weeks of age and was a close seco~ld over the 
12-week period. Based on these data, it  appears that 2 g .  of anreomycin per 
100 1b. of milli replacer was adeqnate to produce a rnax i~ l~un~  grolvth 1.cspollse. 



Cloom and Knodt (15) in a later trial frcl 0.5 g., 1.0 g., and 2.0 g. of anreomycin 
per 1001b. of lnilk replacement ill both tlie pure a ~ l d  supplement fonn. 111 this 
stucly the greatest growth stimulation was obtained dn r i~ ig  the first 4 \j-(>rks of 
the trial. A growth response  as prorlnced by all levels of anreo~nycin feeding 
from both the crystalline a11d the eruilc for111 of am.eoniyc.iu. When the calves 
\Yere 8 \veeBs of age, the greatest response \\.as obtainetl fro111 the feeding of 1.0 g. 
of anreomycin in the pure for111 a11d 0.5 g.  and 1.00 g. of a ~ i r e o ~ i i y c i ~ ~  ill tIi(3 erutle 
fonn. Hen-ever, at  12 weeks there was no difference bet~veen the levels of aureo- 
mycin feeding in the ernde form, but the 1.0 g. Irrel prodncchd the grcattst 
g ro~v t l~  response ~ v l ~ c i ~  aiireomycin was fed ill the c~.ystalline fonn. ,is can he 
seen fro111 tlrcse data, there appears to be no consiste~lt relationship betv-eel~ the 
levels of aureomycin fed ancl the growth response obtained. ICnodt ct 01. ((;I) 
reported si~nilar fro111 the freding of 2, 6, a~lt l  10 g. of anreowein  per 
100 1b. of ~nillr replacenlent supplied by an anrro~nyc.in snpplemrnt. All lerrls 
of am.eo~nycin stimulated the growth ratc of the ealres over the control calvcs, 
bnt there was no sigllifieant difference between the various levels of aureomyvin. 

The Pennsylvania ~ ~ o r l r e r s  fed a~u.eom>-cin at  ~-a~.ions lerels of a lnilk replaer- 
111cnt ration. Tn all other studies with one esccptioll (8.') the antibiotic was fcil 
so that each calf received a give11 anlolint daily or at a certain level per 100 1h. 
of bod?- weight daily. Aiochric ~t c11. (82) fed ilureomyci~l at  various levels in i~ 

calf starter. Since the basis for the freding of am.eomycin has raricd. all attenlpt 
\\.ill be mailt. to correlate the data of the Pennsylvania worlrers wit11 other arail- 
ablc data on the optimum lev(4 of antibiotic that sl~ould be frtl. Sincc ill thc 
Pe~i~lsylvania work the amount of antibiotic consumed daily varied wit11 the ap- 
of thc calf, aceording to the ~ni lk  replacement freiling program, the amolunt of 
antibiotic fed at various ages will be calc.nlated. Tsiially, the amolult of ~nillr 
replacement fed was 0.4 1b. for the first 10 (lays, 1.0 Ib. fro111 the 11th to the 28th 
day, 1.2 1b. from the 29th to the 421~1 day, and 1.4 lb fro111 the 43rd to the 49th 
day (61) .  This nleallr that calres fed the antibiotic at  the rate of 1.0 g. per 100 
Ib. of ~nillr replacc~* received 4 nip. daily for the first 10 days. 10 mg. daily for the 
11th-28th day, 12 mg. daily for t l ~ r  29tl1-.2'21ltl day. and 1.2 mp. daily for the 43rd- 
49th day. Wlie~l l<loo111 and TCnodt (1.7) fed 0.5 g. of aureomj-till per 100 1b. of 
milk replacement, the calreh received ouly 2 to 7 mg. of aureomycin daily orer 
the 'i-\veel< trial. I n  their study wllen this amount of aureolupein \\as supplied 
by crystalli~ie ai~rco~nyein a satisfactory growth rc3sponse was 11ot obtai~~eil ,  but 
t l ~ r  same amolu~t from a c1.11tle sl~pplc~ilcnt tlitl proil~lce a significant growth 
respo11se. 

111 st~~clics by the Pelinsylva~lia \vorkt~rs (1.3, .i:), 6 1 )  a satisfactory g r o ~ t l l  
~~esponsr was obtained n11c.n anreomycili was incllldeil in the ration at  the rat(. 
of 2.0 g .  of aureomycin per 100 1b. of mtion. The ca1rt.s fed this lerel collsumed 
from 8 to 28 ma. of anreon~yrin daily. JIThen this level of antibiotic feeding \\-a\ 
eonrerted to an amonnt of antibiotic per 100 lb. of body weight, estimated ralnes 
were used since the \veigllts of the calves are not kuo1v11 for ;uiy particular ape. 
EIo~vever, if it is assnmed that the Iiolsteill ca1vc.s \veigl~ed 90 1b. at  less than 
10 days of age and 1601b. at  7 xvcclrs of age, the calves reeeivecl about 9 mg. of 



aureomyci~i per 100 1b. of body \\-eight tlaily (luring tlw p(3riod f ~ + o ~ n  birth to 10 
days of age slid 18 mg. pel' 100 lb. of body ~veiglit claily tltlring the pc.riod fro111 
the 43rd to the 49th day. Tl~esc values agree closely wit11 the results of IIognc 
et a l .  (44).  \rhich sl~o\vcd that the fcecling of 10 n ~ g .  per 100 1b. of body weight 
daily stimulated growth as much as 40 I I I ~ .  per 100 lb. of botly mcight. I'ritcharcl 
e t  al. (9.3) found that the feeding of 15 and 60 ing. of antibiotic pear 100 lb. of 
body ~veiglit daily stin~nlatetl gro\rtli s i i~~ilarly.  Bartlcy ef 01 .  ( 2 ) .  I~o~vevcr, 
found that 1.5mg. (lid not prodncacx the same g~.oxvtll ~-esponse as that ohtainetl 
by the feeding of -15 mg. of alrrcon~ycil~ per 100 Ib. of botly ~ re ig l~ t .  111 a 1atc.t. 
stltdy 4.5 mg. was as effective as 90 111g. per 100 lb. of botly ~veigl~t  as a growth 
stin~nlaiit. JIocl~rie ct (11. (82) foluid that 9 ing. of alli'eon~yci~l p('r po1111d of 
starter possessed the swnc gro~vth-pronlotii~g prol)c~rties as 54 ing. Rased on tlicsc 
studies, it  appears that tlie ini~iiii~rnu effective level of aul.eoluycil~, alltl probably 
of terran1;r-cin, for feeding yomig dairy calves is approsi~nately 13-20 111g. of 
antibiotic per 100 1b. of body 1~rc1iglit daily. This concl~lsioii cloos not agree wit11 
the observatiolls of Warner ( I=) ,  11-110 stated that the opti~num level of aureo- 
myciii feedillg was abont 30 ~ n g .  per calf daily, but it shonlil be reiilenib(~~.(~rl 
that a t  the time Warncr established this level of aureoniycin feecling, inucli of 
the data nsrd by the l)~-estlnt antlior was not arailablc. Tt sl~ould be gointetl 
out, I~owerer, that a slightly higlier level than 15-20 mg. per I00 lb. of botly weight 
probably shoul(l be lls(l(1 by far inc~s  to t~oinbat Iligh level infections that ]nigh! 
exist 011 some fanl~s .  I'resent data illdieate that ll~illi I - P I I I ~ C ~ ~ I ~ I I ~  f~(2ds shonltl 
contain about 10 Ing. of antibiotic per pound of feclil. 

The previous tliscussion alq~lies only to aureoinycil~ ant1 ttlrralnycin. 1)ata 
available at tlie present tiiiie oil other antibiotics are not snfficient to draw valiil 
conch~sions as to proper levels of snpplcmentation. I t  is very difficult to cstiih- 
lish a satisfactory value for tlir aiiio~mt of antibiotic that slioi~lcl be inc~lntled i n  
calf starters. Tl~is is true because the c o ~ i s u ~ n p t i o ~ ~  of starte~, by the calf early 
in life is sinall ant1 vai-iablt*. The work of lIor11rie c t  01 .  (82)  indicatetl that 9 mg. 
of ai~reomycin per pound of starter l~rodl~cecl a masininin growth respolise, bnt 
apparently ill this stndy calf s c o ~ ~ r s  was not a problem. I t  is possible that an 
ad(lec1 growth response wo111d 11avr becn obtained from t l ~ e  feetling of aurconlycin 
if the antibiotic hat1 been incltltled ill the nlillr as \re11 as in the caalf starter. A t  
the present tinie it seems that these antibiotics shollld he inclntlecl in calf starters 
at levels of 10 to 20 mg. pel- pouncl of starter. 

3. Jf ethoti of adji? irtistrat iotr. Several researcli workers llave beell illterestetl 
in the effect that the metllod of atliiiinistratioll of a11 al~tibiotic llligllt llave 011 

the growth response produced. Rlisoff c t  nl. (106) stncliecl this problell~ by sup- 
plementing the rations of one group of calves ~vith aureonigci~l ill tlle 111illi alld 
the calf starter alltl givillg a s~colltl group of calves neokly intralllnsclllar injec- 
tions of 400 nig. of aureomycin. 111 this study orally atliniuistered aureolllycill 
increaseil tlie arelaage daily gain of thc c.alres 2-154, ~rliereas the i ~ ~ j c c t e ~ l  anreo- 

1vci11 ilnprovrcl the gro~vth rate only 1574 over that of the co~ltrol calves. The 
injected calves s l ~ o ~ ~ e d  an in~pt~ov(~ii~ent in conditioll over the control calves a t  
9-10 \veeks of ag?, but tlic orally f ~ t l  calves did not sho\v this i~n l~~ovnnr l l t  ill 



condition lu~t i l  12-16 weeks of age. I t  ~vac, also fo~und that the in j ec t io~~  of allreo- 
111-cin caused a significant increase in thc fat  content of the 12th rib and that 
oral administration caused some increase in fat percentage. but to a lesser 'steni. 
In a later study ~v i th  anreomycin the salil? ~vorkers (107) fonnd that iujrctions 
increased the gro~vth rate of calves 30% autL oral feeding 2 0 7 .  Although these 
results Tryere contrar.j- to their earlier report, it  shonltl be pointer1 out that thr 
difference bet\veen the growth rates of the anrcomyciii gronps was not statis- 
tically significant in this study. Ricliarclso~~ e f  al. (98) folu~d that daily or 
~veekly oral feeding of allreo~nycin was abo~lt  equally effective in stimnlatiiig the 
gro~vth rate of calves over that of the controls, but this was llot true of n-eeltly 
snbcntaneons impla~~tations or ~57eekly intramuscular injections of anreomyc*ii~. 
Rartley e t  al. (8) observed that aureomyciii given as oue weekly intran~uscnlar 
injection (1251ng.) was not so effective in in~proring tlie growth rate of thc 
calves as daily oral administration (46 mg. daily). Rased on these reports, it 
appears that oral administration of antibiotics is as cffectivr, if not more so, tlia11 
other methods of administration. 

Bloom and Knodt (14)  and Bartley t f  al. (8) stnilied ~ a r i o u s  niethods of 
oral feeding of aureomycin. Bloom and Knodt attempted to determine ~vhethcr 
the antibiotic should be placed in a milk replaeemn~t aud the calf starter, 
the milk replacement only, the calf starter only, or various conibinatioils of these 
two. The results of this study indicate that i t  is not necessary to include the 
antibiotic in the milk replacement feed if the calf starter contains adequate 
amounts of the antibiotic and if the starter is consumed in adequate amonnts. 
It shoulcl be mentioned that the calves in this experiment consumed about 2 Ib. 
of starter daily from birth to 8 weeks of age, which mould be considered very 
good consumption of feed by calves of this age group. It is possible that thi\ 
amount of starter may not be consumed by ralves m ~ d e r  far111 couditio~ls and. 
therefore, if a milk replacement is fed it 1vo11ld probably be advantageons to 
include an antibiotic in this feed. 

Bartley e t  01. (8) were interested in the same problem. In  a stud- with calves 
from birth to 8 weeks of age these workers found that the control calves g a i ~ ~ e d  
1767 of the starting weight; calves fed 17L of an aureomgcin supplemei~t 
(Aarofac 2A) in a calf starter, 185% ; calves fed 45 mg. of anreomycin daily 
by capsule, 1 9 1 v  ; calves fed 45 mg. of anrcon1~-cin da i l -  in the milk, 207% ; 
and those given weekly injections of 125 mg. of aureomyc~in. 183r4. These results 
show that when aureomycin is fed only in a calf starter sollie gro\vth st i~nulatioi~ 
will be produced but not so n~uch  as when the antibiotic is placed in the milk. 
These data show the necessity of i ~ ~ s n r i n g  adequate conslu~nption of aureomyci~~ 
by calves early in life. It a p ~ e a r s  that ~vhen the antibiotic is fed only in a calf 
starter, maxi~nnm effect mag not always be obtained, owing apparently to the 
lolr- consumption of starter early in the life of the c~alf. These morlrers explainetl 
tlie lack of maximlull growth rcsponse from aureon~ycin adn~inistered by capsulr 
by the fact that the capsule probal~ly welit into the rmnen 11pon administration, 
whereas milk enters the abomasum. 

Gaunya ~f 01. (3.7) observed that aureomgcin (lid not improve tlie growth 



rate  of calves o r  influeace the incitlence of calf scours 1v11en inclncleil in  a calf 
s tar ter  a t  the rates of only 4.5 and 9 mg. of aureomycin per pound of starter.  
Apparently the calves (lid not eonsmne adequate amounts of s tar ter  to  ins l~re  
the consumption of the i n i a i ~ n n n ~  amount of anreomycin required to  proclnce a 
growth response or to  retluce the i ~ ~ c i d e n c c  of calf sc.onrs. ('ertainly. lllore re- 
search is needed to determine Inore effectire 111ea11s of ac.hieving niasi in~un bene- 
ficial effects froin the feeding of an antibiotic to calves when it  is to  he fed ill ;I 

calf starter.  
4. Infl?tewcr of 1 ypr  of ?.of iolr. Sonic. consideration has bec.11 given to the 

effects of variolls types of rations 011 the grotvth response producetl by a n  anti- 
biotic. Rl~soff ~t ul .  ( 1 0 1 )  in  one s tu t l -  fonutl that  the type of plant protein in  
a calf starter,  i.e.. s o y h ~ a ~ ~  oil meal, llydraulie cottonseed oil nieal. or degossy- 
polizeil cottonseetl oil n~c~al ,  did 11ot affrct the amonl~ t  of gro\vth response pro- 
cluceil by anreon~yei~i .  111 a later e x p c r i ~ ~ ~ r ~ ~ t  by t l~ese ~vorkers  (102). which 
appears to be a continnation of thc. earlier stl~tly. it was fou~lt l  that  anreomycin 
s t i~nulated the gro\vtl~ rate  of c.alvcls to a greatcr ext t~nt  whe~i  addetl to  a sta+rter 
containing soybea~i oil 111tvil t l la l~ when atltl(.tl to a s t a r t ~ r  e o ~ ~ t a i ~ l i n g  either 
one of the cottonseetl oil ~lieals. I~assi tcr  131 01. ( 6 . 3 )  fou11c1 that  ,711 ai~reomycin 
supplement improved the growth ratc of ( * i ~ l ~ ( > s  11V over that  of the control 
calves when addecl to ;I calf s tar ter  (.ontailling (.or11 distillers dried solubles 
(plant protein) but only 9% w11c.11 adtlc.tl to  a s tar ter  c o n t a i ~ ~ i n g  nollfat d r y  
nlilk solids (animal protein).  The growth rate of calves fed the al i i~nal  pro- 
t e i ~ ~  ration ~vi thout  all a~~tibioti(a \YilS abolit 10'k glrP(~ater than that of cah'es fed 
the plant protein r i~t ion withont an al~tibiotic; this nlay aci+onnt partly for  
the greater grolvtll ~.c~sponse from anreomyein \vhen added to the plant protein 
ration. These results a re  in agreclnent ~ v i t l ~  those of Sanford (11.7) and Henser 
and Norris (-78). working with chicks. 

Hibbs and Conratl (3 .9)  and IIibbs r f  (11. (12) obserreil that  aureon~ycin 
improrecl the grolvtli of c+alres raised on a high roughage systrm b11t fomld tha t  
variations in  the 11ay to grain ratios (4 : 1, :3 : 2, and 2 : 3) had 110 effect up011 the 
response from the a~~t ib io t ic .  Elliott ant1 Nlls~vorth (2.9) fonncl that  the greatest 
response from aureomycain fectling of lanibs was obtained on a high-roughage, 
low-grain ration and the poorest response on a low-roughage. high-grain ration. 
Cla\vson ef nl. 121) obscrrecl that \vlit1n clalvc,s were fcxd anreomyc.in to  10 weeks 
of age the types of hay frd,  alfalfa or prairicx, hail no effect on the growtli re- 
sponse protlncetl. IIo\vc~ver, from hirtli to 16 weeks of age, calves fetl alfalfa 
hay r m p o ~ ~ t l e d  Inorcx to i~nrc.oll~yc.i~~ s n p p l c ~ u r ~ ~ ~ t a t i o ~ ~  than did ca1rt.s fed prairie 
hay. A c t ~ ~ a l l y ,  the (lati1 ~ v l ~ i c l ~  \rere sho~vn i~~i l i ca ted  that aureoniyci~l caused ;I 

growth depi-cl\sion ill ( ' i ~ l ~ ( ~ s  fctl prairicl hay l)etwcxc~l~ the 10th and 16th weeks of 
the e x p e r i n ~ e ~ ~ t .  This \\.ils t r ~ ~ c  also of cslrc~s f ( ~ l  a lu ro~i~yc i l l  for  thc. first 10 \reeks. 
wit11 alfalfa hay f t v t l i ~ ~ g  s ta r t i~ lp  ;it 8 ~\-clc~lis of age. 111 all of th~sc. c.oniparisons 
aureomyc*i~~ was fctl o111y for thc. first 10 \vc(~I(s. 

Gardner r t  01. ($2)  i~nt l  S \ r i~nso l~  a ~ l t l  Ili11to11 (118) str~tlic.tl tllr c,frc.t that 
heavy milk f('edi11g n ~ i p h t  have O I I  the g r o ~ v t l ~  1.rs11o11se ~) rod~~ct l t l  by a n ~ . e o ~ ~ ~ - c i ~ ~ .  
Gartlne~* r t  (11. fount1 that ar~rc*olnyc.i~~ snp l ) l rn~c .~~ta t io~l  of a n.l~ol(. ~ ~ ~ i l k - v e ~ l  calf 



ration in~proved the growth rate of milk-fed veal calves. The exact an~ount of 
improvement mas not stated. Swa~lsol~ ant1 Hiuton fed calres a colnrnercial nlilli 
replacer containing 60vj milk products a t  very high levels t u~ t i l  the calves were 
30 days old and then reduced the 111ilk replacenlent feeding until they werr re- 
movecl from milk feeding a t  51 days of a g e  Under these col~ditious aureoniycin 
inlproved the growth of the calves 24.1% for the first 50 days and 17.5% ovcr 
a 16-week esperilnental period. As shown by these two studies, apparently anrro- 
n~ycin ~t-ill inlpro\~e the growth rate of calves cren when large quantities of 111ilk 
are fed. JIcGilliard et a l .  (7'9) fom~ct that ralres fed aureomycin for 35 (lays 
followed by cud inoculations on the 36th and l l s t  days gained as fast dluiug a 
second 35-day period as a control group of calves and faster than calres fed 
anreomycin to 3.3 (lays and then discontinued without c11d inoculations. Tlic 
growth of all gronps of calves was approximately the sanle at the end of 1G 
weeks. ,ilthongh data were reported on only three caalres per group, these data 
iudicate that a~~reoniycin possibly caansetl sollie tlisturbance in nornlal ~ I ~ I I I ( ~ I I  

function. 
5 .  Con~birtcctron of nntibiot ics  t ls .  sitrgle c~) l t ib io t ics .  Son~e interest has beell 

sho~v i~  in the feasibility of feeding a cornhinatioll of antibiotics rather than the 
single antibiotic. Edgerly (28) found that ai~reomycitl aud terralnycin iinprovrd 
the groxrth rate of calves about the same, 177, but an eclnal ~nixtnre of am.t.o- 
mycin, terramycin, bacitracin, ant1 l~roeaine penic~illiii i n ~ p ~ o r e t l  the areragc 
daily gain of the calres over their controls about 2 7 v .  I t  was also observetl 
that aureolnycin- ant1 terramycin-fed calves did not gro~v as fast as control calves 
2-3 ~veelis after the relnoval of the antibiotic fro111 the ration a t  12 weeks of agc. 
but with calves f ~ t l  the mixtnrr of antibiotics this I-ednctio~i in the growth curve 
was not noted \vllel~ the antibiotics were re~nored fro111 the ration. I~assiter c t  nl. 
(67') f o n ~ ~ d  that the feeding of a eomhinatioii of aureomycin ancl terramycii~ 
supplements dicl not producc a greater growth response or afford other adran- 
tages than those proilnced by the single antibiotics. 

6. CI-!l.sfnlline i.s. crtrcle nrztibiotics. Some 1ro1-1rcrs have c1uestioned the rela- 
tive feeding ral11e of crystalline antibiotics and the crude snpple~iients. LoosIi 
and Wallace (73) fonnd that crystalline anreon~ycin produced a growth response 
similar to that securecl from an A.P.F. sul>glement containi~lg aureomycin. 
Rusoff e f  (11. (103, 105) observed sinlililr results ~vi th  anreomycin. Bloonl ant1 
Knodt (13) fed three. levels of both crystalline al~reo~nycin and anreornycin sup- 
plements. Tn every respect equivalent a~uomits of both forms of aureomycin 
were fed. Althoug11 the growth c1ifferenc.e~ between levc~ls or between methods of 
supplying anreo~uycin were not statistic*ally sigllificant, the calves fed the ernde 
aureomyrin supple~uent gained faster thau the crystalliue aureomycin-fed ralvcs 
at two of the three lerels of anreomycin fretling. Bartley e t  (11. ( 7 )  fed gronps of 
calves no anreomycin, 45 mg. daily of crystalline aurtlonlyein, 45 mg. daily of 
aureolnycin from Anrofac, and 90 mg. daily of crystalline aureomyciu. Growth 
data from birth to 12 lveeks of age of the calves receiving 45 mg. of anreomyc~in 
from Anrofac slionetl that they gained significantly faster than calves fetl ail 
equivttlent aniount of crystalline anreoniycin, but fro111 13 to 25 I?-eeks of agcl 
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those fed 45 mg. of crystalli~ie anreomycin gainect sig~iif ica~~tly faster than all 
other groups. Calves fed 90 mg. of crystalline anreomycin daily a t  110 time 
gained faster than did calves fed 45 mg. of anreomycin. These ~vol-kers postnlatecl 
the presence of a factor(s) in Anrofac which was not in crystalline aureomycin 
and which benefited the calves m ~ t i l  runien ST-nthesis prorided the factor (s )  . 

7. Skeletal groulflz. Throughout this discnssio~~ rery  little has been men- 
tioned about the effect of antibiotirs on growth other than gain ill body weight. 
Early workers in this fielcl mere co~~cerned as to whether the increase in body 
weight was due to increased fatness and condition or whether skeletal growth 
was affected. I n  general, a~itibiotics seen~ingly sti~nnlate skeletal gro~vth as well 
as body weight. Voelker and Cason (120) reported that a u r e o ~ ~ ~ y c i ~ ~ - f e d  calves 
shelved more structural body growth than clid control calres. Si11c.e this report, 
sereral workers (12, 41, 46, 47, .if, 61, 61, 6.7, 67, 106, 107) liare ro~~fimrned the 
observation of the Arkansas worlrers. ;\furley a ~ l d  Po11 (8.9) observecl that anreo- 
mycill (lid ,lot increase skeletal growth, but in this trial neither dici it illcrease 
body weight gains. Rusoff ef  a!. (106) ro~~duetei l  carcass studies of antibiotic-fed 
calres which showed larger mnsc.les and skeletal size of calres fed anreo~nycin. 

E. Calf sco~trs. Bartley e l  01. 13) reported that the fredi~lp of all A.P.F. 
conceiitrate coataining aureoniycin to yo1111p dairy calres lo~rc~red the il~ciclence 
of scours. These workers therefore proposed that anreomyci~l e~ihaaced the 
growth of calves by preventing sc*om.s. Loosli and Wallace (7.7) ~ueporteil similar 
results, obserring that control calves sc.onrei1 a11 arerage total of 6.9 days per 
calf from birth to X weeks of age and calves fecl a ~ r e o m y ~ i ~ ~  \toured only all 
average of 2.5 days. Several workers (1,  6, 7 ,  l:?, 1 f, 19, .i9, 62, 68. 10.7) have 
confirmed these early reports. Pllorriso~~ a ~ ~ d  Deal (84),  JIacKay cf (11. (i"i), 
Iroelker and Jacobson (121), illurley ancl Pon (89),  ?IIochrie r t  (11. (8Z), Knodt 
e t  01. (GI), swan so^^ a ~ i d  Hiliton (118), and Warner (123) reporteil that anreo- 
myci~l eithc.r had no effect on the incicle~lce of scours or that scours and other 
types of infections were not a problem ~u~c le r  the conditions existing in their 
studies. I n  the study by Warner the rxperi~nent xvas conducted ill a portion of 
the housing facilities that had never been occupied by dairy calres. and the level 
of infection was extremely lo\i,. Rortree e f  01. (15) condncted some field trials 
011 the use of anreomyci~l for the prerention a~i i l  treatme~it of scours. I n  one 
trial, 58 cases of scours were treated with 51 a~iimals respondi~lp inimcdiately, 
fire gradually, and two dying. Tn allother trial, 67 calres were given a -500-mg. 
oblet of aureomycin at birth. Forty of these calves remained healthy ancl 27 
developed scours of rarying sererity. Txi*ent>--one of these calres responded to 
a single treatmelit of 500 ma. of au~*eomycin, six required further treatment, ancl 
olle calf died. These data are the results of field obserrations, but evide~lee is pre- 
sented which a t  least indicates that antibiotics, in this case anreol~iyci~l, are 
effertire in the preve~~tion and t r ea tme~~t  of scours. 

Voelker and C'ason (1%0), &lacKay e t  al. (;Y8), ancl Lassiter cf (11. (69) ob- 
serred that terra~ligci~i probably helped to reduce the iucide~lre of scours, al- 
though appare11tl)- 11011e of thesf. stll(1ies \\.as collill~~ted 111ider co~ id i t i o~~s  jvhere 
scours mas a lliajor problem. 



Very little inforinatioii is available concerlling the use of other antibiotics 
in the control of scows. Hogue e f  nl. (41) observed that calves fed either anreo- 
nlycin, streptomycin, or a mixture of b a ~ i t r a ~ i n  and penicillin had fewer days 
of abnorn~al feces than calres which received no alltibiotic for the first 7 weeks of 
life. Kon et nl. (62) reportecl that procaine penicillin reduced the incidtwce of 
scours. On the other hand, Rnodt and Ross (60) found that procaine or potas- 
sium penicillin increased the incidence. 111 an earlier study IClioclt ancl Bloom 
(58) found that penicillin-fed calves had a higher incitlcnce of respiratory ills 
than dicl control calres and two penicillin-fed calves (lied during the experiment, 
whereas there were no deaths among calves not fed pe~nicilli~~. Gardner e t  nl. (32) 
and Voellier and .Jacobson (121) failed to obserre that penicillii~ hat1 any effevt 
on the incidence of sconrs. 

Unfortmnately, sufficient data are not available concerning the effect of anti- 
biotics on scours when it \va\ a major probltb~n. Srrc~ral in\restigators have ob- 
tained indications that various autibiotics aitl i11 the control of scours, but vtxry 
few experinlents hare been conidurted under contlitions wlic~l disease ~i.oblrrns 
were encountered. L\ppareiltlj-, the first c.spcrintel~t reported by Rartley ef nl. (3) 
was conducted wider such conditiol~s. 111 this stutly it \\as clearly tleinonstratctl 
that anreomycin did reduce the incidence of scours. 

C. F r r d  cons?rwption ancl feed cf ic io?c! j .  There is good agreement antonly 
investigators as to the effect of antibiotics 011 the consu~nption of feed by dairy 
calves and how well this feed is utilizecl. Research work in general indicates that 
all of the antibiotics studiecl, with the possible exception of penicillin, increas~ 
the consumption of hay, starter, or both, aiid improve the efficirnry of ft.c,tl 
utilization over that for calves not fed antibiotics. 

Rusoff e t  al. (105) reported that aureomgcin-fed calres coi~sumed more stal.tel- 
than did calres not fed aureomycin. Loosli et 01. (75) ancl Loosli (72) found that 
aareomycin-fed calres consumed 30-40% more starter and required less TDN 
per ponncl of gain than calves which were not fecl anreomycin. These workers 
found that anreomycin had 110 significant effect on hay consumption. Murley 
et  al. (88) observed an increase in feed eaciency from the feeding of anreoinycill 
to young calves. Several workers (6 ,  $1, 1.3, 30, 39, $9, 59, G J ,  67, 82, 118) have 
confirmed the early reports that aureomycin does stimulate the consumption of 
grain or starter. Xorrison and Deal (81), AIacKay et nl. (77) .  3Znrley and Poll 
(89), Rartley et nl. (7') and Kllodt et 01. ( b ' l ) ,  however, observed that aureoinycin 
had very little effect on starter or grain consnniption. 8everal investigators (7,  
59, 61, 7'5, 82, 8 f ,  107) founcl that aureomycin hacl very little effect upon con- 
sunlptiol~ of hay by young dairy calves, but &furley e t  nl. (87) observed that 
aureomyci~l-fed calres consuniecl 21% more hay than did control calves. ,111 
calves \,-ere fed a basal ration of either whole reconstituted slrimmilli, hay, ancl 
grain. ,Jacobson et al. (46) confirmed this observation with calves which mere 
16 lveeks of age a t  the start of the experiment and remained 011 trial for 12 weeks. 

The effect of terramycin on feed co~lsuliiptioii and feed utilization by calres 
has been siiililar to that reported for aureomycin. Kesler and Knodt (55) ob- 
served that the aildition of terramycin to a milk replacement ration improvtvl 
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the appetite of the calves. Kes1t.1. (55)  later rt-portetl that terramycin appeared 
to stimulate the appetite of the caalvt~s for s tar ter  but not for  hay. I n  fact, terra- 
mycin-fecl calves failed to c20nsumt~ as  nluch llay as ditl tilt. control calves. Mac- 
Kay  ef al .  (78) reported greater starter consn~uption for calves fed terralnycin 
than for  the controls. I'ritchard (4 nl. (95) and  TAassiter r f  rrl. ((i.9) failed to  
fintl that the feeding of tc.rramyrin to calves ltatl any  effect on t l ~ e  consnmption 
of hay or  grain and the ~ltilization of feecl. I t  sllo111tl he nlrlltioned that very 
little improveinent in g r o ~ v t l ~  was ohst~rvetl by Pritc.11al-tl c t  nl. and that  terra- 
mycin reducetl slightly thcx gro\vth rate of c*alves as  coinp;~~*etl wit11 that  of their 
controls in  the stntly rc.ported by the latter workers. 

1)isagreement cxists concernillg tlie efft1c.t of ptlnit.illill 011 tlairy calf feed 
consumptiolt. Rloo~n and l<liodt (1.2) R ~ l o d t  ant1 l<loo111 ( 5 8 )  reported that  
the inclusion of 10 p.p.ln. of potassinnl penicillin in a nlillc rtlplacement ftwl 
redneed feetl c*onsimlption. The cwntrol c.alres eonsn~nc~tl. on the arerage, 211.3 
lb. of starter for  the first 10 \vc~llts of t h r  trial. \vhc~.ras ca1vt.s fed penicillin 
during this sainr period consnnletl only 103.2 lb. of starter.  During the next 2 
Ivreks very little ilifferrnre in s tar ter  ronsnnll,tion wits obserretl. Penicillin (lid 
not appear to  have any  effect on liily 1.o11~11n1l~tion. Tn a later st11tl)- ICnotlt and 
Ross (60) again obserrcd a rei111t~tion in the gro\vtll rate of 1)enicillin-fed CHIVPS 
as compared wit11 calves not fed peuic.illin, hut the gro~\.tll depression appeared 
to he due to  a higher incitlencr of sc.onrs anlong penicillin-fed calves rather  than 
to a reduction in feed consmnlption, a l thougl~ the c+o~ltrol calves were slightly 
more efficient in frcltl iltilization than the penicillin-fed calves. Voelker and 
.Jacobson (121) obserrc.tl that  procaine penicillin G \v11en fed to  ealres cansed a 
sligllt rednetion in the c*onslun~ptio~u of starter.  011 the other lland, Kon ct al .  
(62) .  Gardner of 01. (:72), and  E-Iihbs cf (11. (41)  folmil that  penicillin hat1 very 
little effect on the consmnption of feed or feed utilization by calves. 

Tlata concerning the effect of the other antibiotics on feecl consu~nption are 
estrenlely limited. El ls~vorth t f  nl. (30) found that  a bacitracin snpplement 
when fed to calves l ~ a t l  no txffect oil s tar ter  o r  hay consninption but  did increase 
the eficiency of feed utilization. IIogne c t  01. ( I f )  found that  both strepto~nycin 
ancl a nlistnre of bacitracain and penicillin (4 : 1) incl.eased feed efficiency of the 
snpplementetl calves over the control calves. Tn this stnily the calves given baci- 
tracin ancl penic*illin c~onslllned slightly less starter tl~aiu did those fecl aureo- 
~nyc in ,  streptomycin, or no antibiotic. 

On the basis of these data. a~~reonlycin.  t e r r a ~ n y ~ i n .  and possibly bacitracin 
ant1 strepto~nyc-ill sc~enli~tgly inereas(& the consninption of feecl and/or improve 
the efficiency of feed utilization in young dairy ealrcs. There appears to  be very 
little tliffrrence in the cfftlet of anl.t.onlyein i ~ l t l  tcrmnlycin. a l thongl~ i t  must be 
remembered that consiclerably inore research is ~ieedetl to snbstantiate the stimu- 
latory effects of tcrralnyc*in on feetl c.onsmnption. 

In this clisc.nssion the term "efieie~icy of feed ~ i t i l i ~ a t i o ~ ~ "  SigllifieS the llllits 
of feed reqnirctl to  proclnrr a llnit of gain in  body \vcligl~t. This Ilsage s11o~ld 
not be confnsecl wit11 a n  improvrnlent in the lltilizatio~l of feed as  might he 
iletermined by ~netabolis~ll stntlies. Since antibioticc; ill g(lllcra1 ilnl,rove the laate 



of gain of calves, a11 improvement in feed efficiei~cy might be expected unless a 
correspo~ldi~lg increase i n  feed c o n s ~ ~ ~ n p t i o ~ l  occnrreil. Apparently this does not 
occur, a t  least not ill all  cases; therefore, a n  illcrease i n  feed efficiency nsoall\- 
results. These conditions pose the question as,to whether the i m p r o r e l l ~ e ~ ~ t  ill 
feed efficiency from the feeding of ai~tibiotics is tlue to an increasetl growth rate 
by all antibiotic-fed calf or a n  a c t ~ ~ a l  improvenlent in thi. ntilization of a unit 
of feed. Unfortu~iately, data  are  not available c o ~ ~ c e r ~ ~ i n g  yo1111p (lair\- calves as 
to n-llether a n  increase in  growth ~ironld be obtained if the c o ~ ~ t r o l  calves and 
al~tibiotic-fed calves were fecl eqnal amoui~ts  of feed thro~ighout the anreomycin 
f(~ediilg period. Eat ing habits of young calves make this type of data extremely 
ilifficult to obtain. 

D. J1ctaBolic ps~ocrsscs r r t ~ ( 1  thc po.s.siblc ~rrotlcs of ncfiotr of ntrf ibiofics.  Sev- 
eral workers have stntlied the effects of a~~t ib io t ics  on various ~ ~ ~ e t a b o l i c  pro- 
cesses it1 the young calf ill all effort to  tletrrnli~ie \vIiy a~ltibiotics improve the 
grolr-th rate. Investigators \r-orking with (.hicks hal-a establishetl that  a~ttibiotirs 
in the ration probably cause some chailge in thc. intestinal flora of th r  chiclr that 
is respollsible for  tlie ilnprovemmt it1 tlie growth rate. 

Loosli c f  al .  (75) observed that  aureomycil~ n h r n  ferl to call-c.s utlder 16 
~ ~ e r k s  of age hat1 very little effect 011 the total bacteria c o u ~ ~ t  of the rulilen or 
the types of bacteria presellt. Rnsoff e f  (11. ( 1O.i) failrtl to  find all)- eridel~i.cl 
froin the c s a m i ~ ~ a t i o i ~  of rlunell smears that aureomyri~l 11ad ally effect on tllc 
microscopic flora of t l ~ e  rnmen. Voc~1lrc.r a11d C ~ S O I I  (120) made baciteriologiciil 
s t~idics  of colon inaterial and f o n ~ t d  no col~siste~lt diffei.ences in bacterial pop11- 
lation b e t m e e ~ ~  terran~yci~l-fed calves anil those 11ot fed terra111yci11. Ells~vortll 
e f  nl. (30) observeil that neither aureonlyci~l 11or bacitracin 11atl any  significant 
effect 011 the total 111ullber of bacteria of either the colifo1*111 or streptococci 
groups ill the feces of calves. Rartley r f  111. (!/) and Rr~soff c f  01. (101, j0%) 
reported results si~llilar to the data  discussed p~.c.l-ionsly, indicating that  aureo- 
myc.in has no cons i s te~~t  effect on the il~testinal microflora of the young calf. 

Several illrestipators have been ii~terested in the effect of antibiotics 011 the 
establishment and function of rllllieil ~iiicroorga~lisnls ill the yol111g calf. Kesler 
and Kliodt (5:i) fouail that  rnmen il~ocnlnm talrc~ii froill calres not fed terra- 
mycin digested cellulose in the artificial rnmeIl a t  the rate of 67.42 ,  ~ i ~ h e r e a s  
the i~~oc.ulnm from t e r r a n ~ y c i ~ ~ - f e d  calves had a cellulose digestive power of only 
21 .27 .  These samples were taken fro111 calves 12 and 16 weeks of age. 111 atlother 
trial i t  was obsewed that calres not fed t e r r a ~ u y c i ~ ~  had a cellulose digestive 
po~ver of 49.5:4, bnt after they \vere fed terramycin the cellulose digestion ill 
the artificial nlmen dropped to 12.3% . T h e n  terramyciu s n p p l e ~ ~ ~ e ~ ~ t a t i o i i  was 
ilisco~~tinuetl, cellulose digestion returned to nor~na l  in 6 days. I t  was f ~ ~ r t h e r  
f o m ~ d  that neither the th ian~in  nor the riboflavin lerel in the rllnlen of calves 
a t  6, 12, or 16 weeks of age was affected by terra~i lyci i~ f e e d i ~ ~ g .  Hibbs and 
Collrad (39) observed that  anreomyein had 110 effect oil the average total steam 
volatile fat ty  acids or acetic acid c o ~ ~ t e n t  ill rlilNell juice of calves 12 weeks old. 
Rlllllell propiol~ic acid was slightly lower ant1 bt~tyrie  acid slightly higher ill 
aureo~~lyein-fed calves than in colltrol calves. 111 a later study. Hibhs r t  01. ( 4 3 )  



conducted metabolisni stnilies with 13-~vcc.k-olcl calves which hacl been fed aureo- 
mycin since birth. These studies inclicated that aureomycin had no effect on dry 
matter, cellulose, or protein digestion. Aureomycin-fed calves did have a slightly 
higher retention of nitrogen. In those studies and in a subseclnent experinlent 
(25) anreomycin had no significant effect on the riboflarin and thiamin content 
of rumen juice and urine of calves. After aureomycin feeding was discontinued7 
a slight reduction in growth occnrred. Dnriug this period a change in "hay 
group" bacteria of the rlunen .was ~ioted. which was possibly the reason for the 
reduction in growth tlllring this periocl. 

Radisson ef 01. (9f) in artificsial I.lunien stutlies fonnd that rumen sa~llples 
taken from aureomycin-fed calres had a lower digestion of filter paper cellulose 
with or mithont starch or grain, antl/or when grass juice was aclded than runwn 
samples taken froin calves not fed anreomycin. When alfalfa ha)- replacecl filter 
paper only a slight, if any, inhibition was noted. These workers postulated the 
presence of a factor in alfalfa hay not in filter paper ~vl-hirh prevented the ile- 
pressing effect of allreo~ilyci~l on cellnlose digestion. 

Rusoff e t  nl .  (107) reported that aureomycin had no effect on rumen en- 
viro~lrnent (p11 or Eli) ,  fiber digestion in the artificial rumen, runlen flora, or 
E-vitamin le\-(>ls of runien fluid. These workers fonnd that the injected aureo- 
mycin was excreted n ~ a i ~ i l y  in the urine and the oral-administered aureonlgci~l 
in the feces. Sortlc anreomycin was fo~und in the bile of injected calves, ~vllich 
\~-as thought to explain why anreomyc~in was found in the feces of injected calves. 
These ~vorlrers stated that this probably signified that the rumen had been by- 
passed; also, since a grou~th respousr was proilnced by the injection of aureo- 
mycin, they postnlated that the rniiien was not the site ~vhere aureomycin stimn- 
lated grorvth. I t  was also stated that the small amount of aureomycin in the 
intestine of injected calvcs indicated that probably tlnc intestinal flora was not 
involred in the growth s t i~nn la t io~~ .  ,\nother interesting observation was that 
aureomycin-fed ca1vc.s hho\ved hcwvier ~vciglits and \ver(> larger in size of carcass 
and bone than coiltrol calves. 

Man11 ct  01. (80) stnclied the effect of feeding anreomycin to calves 011 the 
establishment of normal runien microflora and nlicrofauna. They fou~ld  that 
anreonlyci~i-fed calves had a less acid rllnien content and produced a runlen p H  
(less than 6 )  needed for rumen bacterial and protozoan activity a t  a much earlier 
age than calves not fed aureonlyci~l. Aureomycin hacl very little effect on the 
final fonnation of a typical rllnlen viable streptococcal population. These ~x,orkers 
believed that \vhcn aurromyc*in was givcn orally it (lid not act directly on the 
runleu microorganiwns. Kartley e f  (11. ( 0 )  fonnd that anreon~ycin had no infln- 
ence on the strength and number of 3'11111~11 ~ i ~ o ~ e n n e n t ~  01' rn1ne11 toile in young 
eah-es. 

Murley et 0 1 .  (81;) fo~ultl that aureomycin Iiad no effect OII the reducing 
sugars and nitrogen eontent of the urine of calves or on the fecal excretions of 
dry matter, reducing sugars, nitrogen, c>ther extract, and ash. JIurley et  0 1 .  (8;) 
also observed that when calves \vertl fed a restricted diet, aureom-tin produce(1 
a slight improvement in the ntilizatio~l of carbohydrates. nitrogen, aqh, and ether 



extract, but these differences were not significai~t. Lassiter e t  al. (G8 )  studied 
the effect of aureoinyci~i on the digestion of feed nutrients by young dairy calves, 
checking digestibility at 5 ,  8, and 11 weeks of age. Although uniform feed 
intakes were extremely difficult to obtain a t  the 5- and 8-week-old trials, it was 
contended that these trials were needed since it has been shown that the greatest 
stimulation in growth by anreomycin occurs by the time calres are 8 weeks old. 
These studies sho~ved that aureomycin had no effect on the digestion of any feed 
nutrient orer the 12-week trial or for an>- single digestioil periocl. 

Kntnerons investigators have studied the influence of antibiotics on rarious 
blood constituents. Pllllrley et  al. (86) obserrecl that blood sugar levels rose 
sliplitly more rapidly and exhibited a greater increase in alxreomyrin-fed calves 
tlian in the control calres. These tliffere~lces were, holverer, not significant. 
Hibbs cf al .  (39, 10) observer1 that 8- to 12-week-old calves fed aureotnycin maill- 
tained a blood sugar lerrl of about 9 mg. per 100 ml. higher than that fo~uld  for 
the control calves. Voellrer r f  al. (126) stndied 1,500 blood samples from animals 
fetl aureomycin (200-240 nip. daily) ancl founil that aureomycin had no effect on 
blood glncose lerels. The age of the anilllals used in this study was not stated, 
but it is beliex-ecl that the dairy animals involved were growing heifers aiirl not 
pomlg calves snch a? those used by the Ohio ~vorkers (3.9, 40). 

I'ariow ~vorlrers ( . ? I ,  50, 82, 92, 112, 113. 11:;. 221) hare studied the effect 
of antibiotics on such blood constituents as blood erythrocyte count, hemoglobin 
percentage, packed cell volume, red blood cell counts, corpuscular rolume, cor- 
pnscular Iieinoglobin, corpuscular hemoglobin coi~cc~ntration, plasma "Allen " fa t  
lerels, plasnla cal(1iniii and inorganic phosphorus lerels, and the blood levels of 
rarious vitamins but have found none of these blood constituents to be affected 
significantly by the feeding of aureomycin to calres. Lassiter c f  al. (68) found 
that anreoinycin dicl not affect blood lerels of nrea nitrogen but did cause a 
significant depression in blood nonprotein n i t rogn~  lerels during the first 7 weelrs 
of the calf's life. I t  was also during this period that the greatest stinlulation 
in growth occurred froin the feeding of aureom>-cin. Since anreomyciii did not 
proilllce an increase in the digestibility of protein, these data were interpreted to 
il~clicate a greater utilization of absorbed nitroge~l by calves fed aureomycin. 
Unfortnnately, nitrogen balance valnes were not obtained in these studies. 

Rusoff e t  al. (112) observed that anreornycin had no effect on the weight of 
the pituitary, thyroid. or thyillus glands or the liver when 1.ecorded as a per- 
centage of body mcipht. IIowcver, it was found that aureomycin caused a de- 
crease in the thickness of the duodenal and jejlnlal sections of the intestine ancl 
an increase ill the thicknrss of the ileuni section of the intestine as compared wit11 
those of the control aniinals. IIester ef  al. (37)  stutliecl the distribntion of orally 
administered and injected anreomycin in the bodies of clairp calres that hacl 
sholr-11 a prolvth response from aureomycin snpplementatioi~ I n  the injected 
calves tlle highest concentration mas in the urine. ~vitli measurable amounts in 
the liver and kidneys. Nolie was found in the spleen, thymus, pituitary  gland^, 
or ~lluscles of any calres. When aureomycin was ii~jected, none was foun(1 in the 
mll~ell. 111 the small intclstine the conceiltration increaseil from the upper to the 
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lower portions and decreased in concentration in the large intestinr between the 
lower small intestine and the anal end of the large intestine. Voelker et  al. (11.9) 
concluded from in vitro studies that the pro~vth-promoting action of aureomycin 
and terra~nycin mas not due to a lowering of the surface tension of the intestinal 
tract contents since these antibiotics do not lower the surface tellsion of \I-ater, 
whereas penicillin and variolxs surface-active agents do. yet these latter products 
did not increase the growth rate of calres. 

Little discussion has been devoted to the possible mocles of action by which 
antibiotics stimulate the growth rate of yonnp dairy calves. Two general types 
of action have been suggested. Rartley e t  al. (3) proposed that anreomycia in]- 
proved growth by reducing the incidellce of scours. G r o ~ ~ t h  responses havr been 
reportecl (1.3, 33, 59, 61, 67, 77, 12.?), howel-er, from the feeding of antibiotics 
to calres when tlie incidence of scours lTas not a problem. Ilo\verer, such reports 
do not rule out the possibility of subclinical infections which would probably 
never result in scours, yet if they were reducecl by f e e d i ~ ~ g  ail antibiotic an 
increase in growth of the calves \vonl(l probably result. Considerably n~orc. re- 
search, possibly under farm conditions, is needed on the effect of antibiotics on 
the control of scours \vhen the level of infection is high. 

Loosli (72) and Jac20bson e f  01. (47) hare proposed that antibiotic-fecl c*al\res 
grow faster because of increased appetite. The question arises as to whether such 
calres eat more because of the action of the antibiotir or because of theit. larger 
size. 

TABLE 1 
Effect of  antibzotics on the consttnlption of hay and grain by yoa~rg datry calven 

Consumption of feed (daily) 
Length of 

Refcrei~rc Control calves Antibiotic calves trial 

Aureomyein 

1,oosli et al. ( $ 5 )  
Bartley et al. ( 6 )  
Ibid. 
Lassiter et al. ( W )  
Bloom and Knodt (13) 
Hibbs et al. (42) 
Mochrie et al. 182 J . , 
Ibid. 
Murley et al. (87) 
S ~ ~ a n s o n  and Hinton (118) 

Terramyci~l 

Lassiter el al. (67) 

( lb .  fcrd per lb. body wt.) 

" TDN/lb of body weight. 

The data presented in Table 1 are a further attenlpt to answer this questiol~. 
The feed consnn~ptioi~ (hay and grain) data for supplemellted and calves not 
fed antibiotics from several experiments hare been recalculated in terms of daily 
feed consumption per pound of body weight. In  fairness to the original 
anthors it slionld be stated that these figures have been calenlated fro111 the data 
presented and were not included in the original reports. I n  a few cases an aver- 
age starting weight of the calves was a s s~~med  to be the arcAragr for the breetl 



of calves inrolrecl in the study. The daily feed coiisnniptio~i per pouiiil of body 
weight was calculated by dividing the total amomit of feed consuii~ecl over tlic 
esperimeiital period by the encl body weight of the calves and by the ~iumber 
of days in the trial. I t  mas impossible to calculate the consumption of feed per 
pound of body w i g h t  at various stages of growth since the ~veight of the calves 
and the consumption of feed were qlxotecl only in ternis of average daily gain 
ant1 total feed consumption over the entire experimental pcrioil. 111 tlie experi- 
ment by Bartley ~t al.  ( 6 )  this information was already stated in terms of frecl 
co~isumption per 100 lb. of body weight on a ~iyeekly basis. 

When the feed coiisn~~iption data froin these esl~eriments are c a l c ~ l a t ~ t l  ill 
this manner some very interesting results are revealed. In erery experimel~t, 
\\,it11 the exception of the studies by Bartley e t  nl. (ci) and IIibbs e t  01. ( I , " ) ,  
there was very little differelice in the coilsuinptioa of feed by antibiotic-fed calves 
and by control calves when the weight of the calres was considered. I n  the study 
by Rartley a t  ol. anreomycin-fed calves consnined inore hay and grain per potuid 
of body weight cluring the first 7 ~veelrs of age bnt not froni birth to 12 weeks 
of age. Jlochrie e t  al. (8%) presented data on calves froill birth to 5 weeks of age 
as ~vell as from birth to 16 weeks of age, but in this study aaureo~iiycin improved 
the growth of the calves o~l ly  about 5'7 over the 16-week trial. These data err- 
tainly do not answer completely the original question but do sho~v that much 
of tlie increased feed consmnption by antibiotic-fed calves nlay be due to the 
larger size of such calves. If antibiotics affected the appetites of calves directly, 
one might expect calves fed aiitihiotics to consume more feet1 ~ I P I '  poni~rl of b o t l ~ ~  
weight. 

Generally. very few data at present indicate that the niicroflora of the intes- 
tinal tract has any great roiinection with the growth respo~~se proclnced by anti- 
biotics in dairy animals. This docs not mean, ho~vever, that antibiotics clo not 
cause changes in tlie flora of the digestive tract of the calf, because it is clonbtfnl 
if bacteriological methods have been perfected \re11 enough that the niicroflora 
of the digestire tract can be characterized accurately to i letermi~~e all the changes 
that could occur as a resnlt of antibiotic feeding. 

Two definite modes of a c t i o ~ ~  have bee11 postulatetl, ancl appareiitly there is 
very little relationship between these two. Rusoff e t  01. (107) hare presented 
evidence ~vhicli i~idicates that in some manner anreomycin might stimulate the 
pituitary gla~id to produce move grolvth hornlone, r c sn l t i~~g  in greater bone 
lnetabolis~n ant1 over-all gro~vth. These \vorkers rule out the rumen of tlic calf 
as being the site of action sinc*c groli7th rc~sponses fro111 injectecl anreomycin were 
observed. A small amoiult of anreomycin was found in the intestinal tract and 
feces of injected aninials, but this suggcstetl that the bile was probably the liieaiis 
of excretion illto tlie intestilia1 tract, thus by-passing tlie i.uinen. I t  slionld be 
~oi i i ted  out that Kraus c t  nl. (63)  foimcl anrromycin in the salira of litunians 
after oral adininistration; this would provide a pathway of excretion that monltl 
not by-pass tlie rnmen. Ti1 a later study these I~ouisiana worlrers (.17) could not 
detect any anreomycin in the rumen of i~Jected calres. This finding certainly 
makes it appear that the rumen is probably not the site of action of antibiotics. 
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Another supporting reason for this statelnent is that several workers have sho~vn 
that the maximum growth response obtaineil froin the feeding of antibiotics 
occurs before the calf is 8 ~veeks of age. It is generally accepted (56) that the 
rlulnen does not begin flinctioning m ~ t i l  the calf is about 3 weeks old and is not 
fully developed until soine time later. Kuo(1t and Bloo~li (1.7) found that the 
greatest growth stiinn1;ttion from a~ireomycin feeding occurred during the first 
4 weeks of the calf's life. 

Rusoff e t  al. (107) also attempted to rule out the i~~tes t ina l  tract as the site 
of action of antibiotics by the fact that only very sn~all  anlounts of aureo~nyein 
were fonnd in the intestinal tract and feces of calves injected with aureo~r~yrill. 
These calves were injecterl with 400 nig. of aureomyein ~veekly. It s h o ~ ~ l d  be 
remembered that this amount of anreomycin, about 57 mg. claily, was about two 
and one-half times the amomlt of aureonlycin that is believed to br the effective 
oral level. I t  is possible, therefore, that enough ai~reomycin was escreteil illto 
the digestire tract by way of the bile dl~cts to cause a sti~nulation in growth. 111 

a later stud)- (37)  the Louisiana workers (lit1 not find any measnrable a ~ n o u ~ ~ t s  
, of anreomycin in the pituitary gland. One might expecht to fi11c1 a i i rco~nyci~~ in 

this gland if that is thc means by which this antibiotic i~nproves the growth of 
calves. 

Hibbs e t  nl. ($2)  wggestetl that the mode of action of antibiotics is one of all 
alteration in energy metabolisn~, possibly involring the ~nicroflora of the 1.unie11. 
These workers f o ~ u ~ i l  that anreomycin-fed calves had sigl~ificantly higher blood 
sngar lerels tlian control ealres during t l l ~  8- to l2--\reeli-old period. By chrom;tto- 
graphic separation it Ivan foulld that 12-~veek-olil anreomycin-fed calves hacl a 
lower percentape of p~~opionie acid ; n ~ d  a higher pcbreentape of butyric acicl ill 
the rumen juice than did control calves. It mas believed there was a relationship 
between these rnnlen short-chain fat ty acid 1-alnes and blood sugar levels. There- 
fore, it was snggestrd that a possible mode of action of a11tibiotic.s was throng11 
energy metabolism. It was further statecl that anreomycin possibly ha4 
energy-sparing effect manifested through its effect on the niicroflora of the rnmen 
and lower digestive tract. These were very interesting findings, but two tllillgs 
shoulcl be remembered in light of these data. Toelker c t  nl. (12.') analyzed 1,500 
blood samples of dairy anin~als fe$ aureonlycin ancl fonnil no effect 011 blooci 
wgar  levels. I t  is possible that these d u e s  were obtaineil wit11 older a ~ ~ i ~ l l ~ l s  
tlian the 8- to 12-week-old calves used by Hibbs e t  nl. (f2). The other point is 
the relationship bet\r*ecw the tin1c3 the ~ n a s i ~ n ~ r n i  antibiotic stin1uliis occurs and 
the time IIibbs e t  nl. observed this alteration of energy n~etabolism. I t  is not 
kno~vn, of course, ~rlien the stilnnlation i a  gpo~vtl~ fro111 the feedil~g of anreo- 
mycin orcnrred in this experiment, but most workers agrec that the greatest 
stin~ulation from anreon~ycin feeding results during the first 7-8 weeks of the 
calf's life. Hibbs c t  01 .  did not observe this energy relationship until the calygs 
were 8-12 weeks old. These blood and rumen ~ a l n e s  were checked before the 
calves \rere 8 11-eelrs old, but no differences bet\\-ern t l ~ r  anreon~ycin-fetl calves 
and the control calves existed. Therefore, the time of ~nasinilml gro\~th  impro.i~r>- 
rne~tt and the time when this energy relationship existed are not the same. Tt is 



possible that the effect of aureoniycin on blooci sugar an11 rtuiieli fatty acid level\ 
is a seconclary one rather than the primary reason why aureoniycin improves th- 
growth rate of calves. 

The only other clearly demonstrated effect of anreoiiiycin on nietabolic pro- 
cesses in the calf was thc depressing effect of aureomycin feeding on blootl 11011- 

protein nitrogen levels in calves under 7 weeks of age, as reported by Lassiter 
e t  01. (68). It was believed that these findings indicated a greater ntilization of 
absorbecl nitrogen by aureomycin-fed calves, but these data are too prelimi11a1.y 
to draw any conclusions as to the inode of action of aiitibiotics i11 the calf. As 
can be deduced from the foregoing discussion, considerably niore i~iforniation is 
neecled on the effect of antibiotics on the metabolis~n of the calf before it will bs 
possible to stat(. nit11 ally degree of certai~ity their trne motle of action. 

GROWING D.\IRY .ti\'lMSLh 

'1 problnn foreiiiost in the nlinds of clairyme~i is tl~c. cl~~estioll of icrtlillg 
autibiotics to g r o w i ~ ~ g  heifers anrl the long-time effec.ts of feeding a~ltibiotics to 
dairy animals. Rnsoff (100) fed Jersey illale calvc.~, ranging fro111 11 to 31 weeks 
in age, 90-180rng. of aureompcin daily. 60'/r increase in gro~vth oecnrrecl for 
the first 2 weeks after the initiation of aureoinycin fet.(li~lg, follo\\.ed by incrc.ases 
in growth of 36% after 4 weeks, 3O'/; after 6 ~veeks, and Hfh after 8 weeks. 0rc.r 
the entire 20-weelr feeding period there was no tliference in the growth rate of 
the control taalves and those fed alxreomycin. Aureo~nycin apparently liatl very 
little effect 011 rumination, and no anorexia or diarrhea \\,as obserred ill  the 
aureomycin-fed calves. Toelker aiicl Casoil ll20) fed 4.8-montli-old heifer calves 
on pasture aurromycin for 8 weeks. During the first 6 weeks of this study tlic 
aureomycin-fed calves gained 17% more than the control calves. In another trial 
heifers were fed 200 mg. daily of crystalline aureoinycin plus 2 . 5 9  of an il~ireo- 
niycin sl~ppleinent in the grain ration without ally hamif111 effects. .Tacobson et  
al. (47)  reported the feeding of aureoiuyciii to calves lip to 300 days of age. This 
experilllent was started when calves were 16 ~vtxeks old, hut half of them had 
receired aureomycin fro111 birth. The group of calves that received anreomycin 
from birth to 200 (lays of age were the largest calves at the (.lid of the 28-\v(>ek 
trial. Those tliat received anreomycin froin 16 ~ ~ e e k s  to 200 days of age were the 
next heaviest animals, follo~ved by the calves that were fecl aureomycin from 
birth to 16 ~vedrs of age; the sinallest calves were those tliat T Y ~ I T  not fed aureo- 
mycin. These ~vorkers coiiclnded that previous feedi~ig of aureomyc.in hacl soine 
effect on the gain of aliimals over 16 ~veelrs of age but not so nillch a? tht' actllal 
feeding of aureomycin from 16 weeks of age to 200 days of age. 

Fincham and Voelker (31) divided 40 pairs of heifers into two groups and 
fed one group 80 mg. of allreomyein daily from birth to 200 days of age and 
240mg. daily to about 21/2 years of age. They founcl that most of the growth 
stin~ulatioii froin the feeding of aureomycin occurred before the heifers were 6 
nionths old, but the growth advantage obtained was maintained afterwards. At 
18 months of age the control heifers weighed 7551b. and the supplemented 
heifws, 794 lb. The aureompcin-fed heifers were bred 19 days earlier thau the 



control heifers but reqnired 1.6 services per conception as compared with 1.4 for 
the controls. In  a later report Jacobson e f  01. (49)  fed one heifer of each of 17 
pairs 240 mg. of aureonlycin daily for a ~ i~ i~ i in iun i  of I 5  niontl~s prior to parturi- 
tion and during the first lactation. The average botly ~veiglit for the co~itrol 
heifers 10 (lays after e a l v i ~ ~ g  was 939 1b. and for the anreon~ycin-fed heifers it 
was 995 1b. Aureoniycin f ~ e d i n g  had no effect on niilk and butterfat production 
during the first lactation. The average birth weight of calves born to tlie control 
animals was 66 1b. and that of calves born to the aureon~ycin-fed heifers was 
76 1b. There mas no difference in the average age of the aninials in each group a t  
first calving. The calres from each group of heifers w\-rre divided into two co~n- 
parable groups, onr receiving aureotnj-cin to 16  reeks of a g ~ .  Tlie lreigllt gain 
of the aureomycin-fed calves was 26% greater than tliat of the nnsupplenic~~ted 
calves and apparently was not affected appreciablj- by the dams' rations. 

Bartley e t  al. ( 5 )  reported on thc fcrding of anreomycin to dairy c a l ~ r s  fro111 
birth to 13 months of age. Their data concer~l the period after the calres \\,ere 
6.6-7.0 months old, although this was a continuation of a previous stndy. During 
the next 6 months the control calres gained 233 lb., a 79'/; increase over the 
starting weight, while the aureomycin-fed aiiinials gaiaed 237 lh., or a 68v in- 
crease over the 6.6 nionth starting \wight. The anreo1i1ycin-snpple111e11te(l calves 
~veighed 57 lb. more when 6.6-7.0 n~ontlis old than the control calves. These data 
slio\r that the growth adrantage of feeding anreomyci~i to ealres early in life 
was maintained but there was 110 further stimulation in growth. It was not 
Irnown, however, urhether it is necessary to feed anreomycin to maintai~i this 
early aclrantage. These data also do not ans\~-er tlie clnestion whether growth 
sti~ntilation would have been obtai~led at this oltler age if aureomycin had not 
been previously fed. These workers ( 6 )  reported that calves fed an~.eomycin 
fro111 birth to 7 weeks of age increased in weight 199v of their starting weight 
to 12 ~veeks of age as comparctl with 190'/: for calves not frtl aurroniycin and 
228y for calves fed anreomycin contin~iousl!- from birth to 12 weeks of agc. 
At 7 lveeks of age aurcomycin-fed calres and control calves had increased in 
~veight 155% and 138v /:. respectively, of their starting weights. Huffnian (15) 
fed olle heifer of a sclt of a~iastomose twins anreomycin from 42 days of age to 
abont 19 months of age. At the end of this period tlic twin fed anreomyrin had 
gainc>d 781 lb. and the control twin 743 1b. Tllc. calves consumed about the salne 
amoluit of TDN c111ring the 18-mo~itli feeding period. 

Bartley e f  (11. (9) fed daily doses of 200-800 nlg. of i~urt~oni~-cin pcr 100 Ib. of 
body weight to calves 12-16 weeks old nithont any tletri~nental effects. One calf 
16 117eeks old that had not previously received alu-eolnycin was fed 2.500 ma. of 
this antibiotic daily for 4 \reeks withont any l~armfnl effects. 

ILIATURF, DAIRY .4SIJIAT.S 

The reluctance of resc~areh ~rorkers to feed antibiotics to nlature tlairy aninials 
is based primarily on the adverse effects of anreomycin on ru1nc.n fni~ctio~i,  as 
repo~.ted by Be11 cf ((1. (10)  in beef ani~nals and ('olby r f  rrl. ( 2 f )  in sheep. 
UTassernlan ef 01. (I") conducted in vitro stntlies on thc t3ffrct of vti~-iolls anti- 
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biotics 011 cellulose digestion in the artificial rumen by rmnen lilicroorga~iisnls. 
These workers f o l ~ l ~ d  that low concentratio~~s of penicillin (5.0 and 7.5 units per 
milliliter) stinildated cellulose digestion but that 15 units per milliliter causetl au 
inhibition of the digestion of cellulose. All lerels of neomycin (6.25, 12.5, ant1 
25.0 units per milliliter) increased cellulose digestion, but these effects were 
inrersely proportional to the conceatrations of neoa~ycin. Strepto~nycin hat1 
no influence on cligestion a t  12.5 7 per milliliter but decreased digestion at 25.0 or 
50.0 y as well as did chloro~nycetin at levels of 25.0 and 50.0 units per milliliter. 

Lodge e t  al. (71 )  fed dairy animals 240mg. of aureomycin daily from an early 
age to nlaturity and found that cellulose digestion in the artificial ramen was 
decreased f ron~  83% for animals not fed aureonlycin to 72'/: for those fed anreo- 
mycin. When SO nlg. of aureoniycin was fed to 4-moi~tli-olcl calves daily, the 
tligestion of cellulose mas reclnced to 58C/;, compared to '78% for the co~ltrol 
animals. The adclition of 1.6 7 of anreomycin per milliliter to the fernlentation 
mixture lrhen inocnla fro111 cows not fetl aureo~nyci~l were I I S C ~  sererely iiihibitrd 
cellulose digestion. This sallle addition had little effect on the cligestion of c4elln- 
lose by the inocula from anreomycin-fed colvs. .Jnrtshalr r t  01. (5.3) found that 
the presence of both anreomycin and ter ramyci~~ 1100 y/lOO~l~l.)  reduced the 
ability of rurnen bacteria in the "resting state" to utilize the rarbohytlratrs 
xylose, arabinose, glucose, maltose, and cellobiose in ritro. 

Hacl ef al. (.?-I, 35) and Rusofl and Hacl (10.9) fed lactating cowh aurc~on~ycin 
and obserred no significant effect on nlilk and fat proilnction, niilk coni1>osition, 
bacterial count of milk, appetites of the colrs, or rumination. In one stlldy (31) 
similar results vere observed for tyrothrici~l. No measurable amonnts of the 
antibiotic were founcl in the milk. Rusoff et  01. (110)  fed matnre dairy bnllq 
300 mg. of aureomycin daily for 10 weeks without having a significant effect 011 

the ntlnlber of ejacnlatio~is, vol~u~~lc  of senlell per ejaenlate, per cent initial 
motility, l~iotile spernl per c,jacnlate, or breeding efficiency as lueasured by the 
perce~itage of 60-90 day nonre tnr~~s .  W a r ~ ~ e r  (12.3) and Loosli and Warncr (7f 1 
folllid that the feeding of '700 mg. daily of anrco~nyrin to co~rs  had no effect on 
feed eonsn~~~pt ion ,  bnt thc feeding of 7,000 mg. daily canset1 feetl ~.efusals. h'o 
aureolllycin \yas found in the milk of the c o ~ ~ s  fed '700 mg. of aurcon~ycin clailp 
for 10 clays. No effect on cheesc starter activity was obsrn-ecl 1vhe11 500mg. of 
allrromyci~l Iras fed daily to cows for 6 ~veelrs. The feetling of 100 mg. of aureo- 
rnycin daily to lllilking co\rs prodlleed neither harlnfnl nor beiieficial (afft.cLt~ 011 

111i1li p rod l~e t io~~  and feed co~~snmptio~l.  
1:artle:- et  (11. ( 1 )  observed that the fecding of 32 ~ n g .  of aureomycii~ per 100 lb. 

of body ~vcigllt daily to lacatatin:: dairy cows had no cffcct 011 the general licaltl~ 
and rrrll-bclii~g of the animals, milk or fat yield, co~isn~nption of feetl, body wc.igllt 
changes. pulse rate, body tempt>ratureq, or runtination. The anioul~t of al1rc.o- 
mycin frtl rangcxd fro111 300 to 500 nig. daily per ('ow. In a later report (81)  
Kansas ~rorkers fount1 that the fec i l i~~g of this aniount of anrromyci~~ to colts hat1 
110 significant effect 011 tlic total platr cou~lts of milli or the anionnt of arid t1rvc.l- 
oped in the milk inoculated with starter. No aurcomycin was clctecated in the. niilk, 
alld tllc fretling of a~~reoin>-c~in (lit1 ilot al,pc.ar to have. any rffcct on the (111ality 



of Cheddar cheese nlade from the milk. E111fftna11 (1::) fetl as  tllucll as  4 p. of baci- 
traein daily from a bacitracin sl~pple~lleltt  to lac-tatil~p c.ows allil as  much as 3 p. 
of aureomyrit~ fro111 Aurofar ~vi t l lol~t  a tfrct i l~g t h r  prodnetiol~ of Inilk or the 
appetites of the colvs. S t r e p t o t ~ l y e i ~ ~  also was frcl a t  Irvrls of 1, 2, A I I ~  10 p. daily 
without any  atlvclrsr effects. Si111ili11- ~ .es l~ l t s  wrr r  fo1111tl wit11 the. frrtlillg of 
tleomyrit~. 

Lassiter ct  01. ((;/;) fetl yearlillp tlairy stc1c.r~ 500 Inp. tlaily of crystallillc~ a1vt.o- 
n1yci11 alollc and ill c.ombillatiorl with a sl~rfaetallt .  Ethonlitl C/15, to strlcly the 
effect of anreomyrin and snrfi~c.tants OII t h r  clipestiot~ of fret1 ~lutr ients .  I t  was 
f o n l ~ d  that rrystallinr aurromycit~ drc.l.rasc~d tlry 111atter clipestihility fro111 64.0y 
on the basal ration to 60.5v.  This rctlurtiol~ was 11ot statistically sip~lifical~t.  
Crude fiber digestibility was 1.etluct3tl f r o n ~  :35.5 to  22.7');. ant1 this rc~durtiotl was 
sigl~ific.allt. WIICII a ~ ~ r r o m y r i ~ l  i111d lCthol~li(l C/15 IVPI-C f rd  i l l  ~ o ~ ~ l b i n i l t i o l ~ ,  the 
tlrpressi~lp rffret of allrro~llycil~ 011 c11.y 111attc.r i111t1 ('r11dr fiber tligestion iil~l>ei~r(~tl 
to be I~ssenrtl .  111 this strldy iu~r ro~l lyc . i~~  llatl 110 sigllifi(~at~t r f f e ~ t  011 t h r  HIIIIC- 

tites, c o ~ ~ s i s t t ~ n r y  of fccrs. ovc~l.-~111 colltlitioll of tlrc~ sterrs, o ~ .  diprstioll of clry 
nlattel., rrntlr l)~.ott.ill. ct11c.r cstract. illld ~ ~ i t r o g ~ ~ i - f ~ ~ ~ e  ~ s t r a ( ' t .  

Chance r t  01. ( I N ,  I!). 20) reljortcvl a sc1ric.s of stutlirs 011 th r  c.Rects of ilIIr(.o- 
nlyrill 011 rnmc3n tlipc.stio~~ autl s j - ~ ~ t l ~ c ~ s i s .  Two f i~ t~~l i l t ( ' t l  tlairy stc.el.s \v(lr(. frcl 
0.5 p. daily of crystallillc i111rronlyri11 for 15 tlilys. follo\vcttl hy a sill~ili~l- feetlillcr 
prrio(1 \vht311 1.0 g. of a ~ ~ r t l o t ~ l y ( + i l ~  was f t ~ l  daily. T11c ~ I I I * ~ ~ I I I ~ ( * ~ I I  f r e ~ t l i ~ ~ p  lwrio(1s 
wrre ~r rce t l r t l  by a l5-tli1y pcx~-ioil 1v11rl1 110 ill~l.c>ol~~yc.in was ftvl. i\urc.olnyc#i~~ 
hat1 no rffcrt on tltr ilpprtitrs of t11r strtlrs or 1)otly nc~ight c . I~i~l~pc~s ~ 1 1 ~ 1  (lid I I O ~  

c.ausc. tlipestivcb tlist~u.l)al~t.es. T11r ri~tch of tllr re~uovi~l  of t11.y  attor tor, CI.II(I(~ f i h ~ ~ ' .  
crlrclr prottai~l. and nitropc.ll-fl.rc. c.stri~c.t from tllc. I-11111~11 ~ v a s  Iligll(~st I ~ I I I ~ I I  0.5 g. 
of anrtwrnyc.i~l was fotl ( 1 9 ) .  'l'11(. ftbctlillp of 1.0 g. of i~urroln.c.ill tlaily cai~sc.tl 
a11 aec . l l~n~~la t io l~  of tlry 111att(~1.. (.r1111r profc~i~l.  alltl ~~i t lsogrn-frrr  clstrac.t a t  the 
0-hour of fc~rtlil~p. ~v l~ i r l l  was tllc. (11111 of O I I I ~  21-11011r pe~-iod 01- the hegilll~illg O F  
tllr n r s t  24-llo~n. periotl. T3oth I(.vt~ls of a~~reo~nyc. i l l  cvi11sc~1 a11 ac*c.~~ln~~liitio~l of 
ether extracat a t  tlrr 0-11o11r of rollrctio~l. 

111 a sc~.ol~tl s t ~ ~ t l y  (18) t11r r2ffrc.t of i~ur (~ot l ly t* i~~  011 tllc. c.onc.rlltratio~~ il11(1 
s y ~ ~ t h e s i s  of alllino acaitls iilld I:-~itatllil~s i l l  t 1 1 ~  r11111e11 \vas stl~tliocl. TIlt1 0.5 p. 
level of aureolliycin frcvling p~.otl~~c*rtl  ;I lo~vc~r ~ o ~ l c ' ~ l l t ~ ' i ~ t i o l ~  of all~illo aei(ls a t  t l~t .  
6-hour collrctio~l periotl. \vhieh \\.its pro1)ahly tlur to  the. illcreasrtl rat(. of r(a111ovi11 
of protc>il~ fro111 tht. r11111r11 dl~l*illg this ~cl.iotl. Tllr c>vitlrnrr of ally all~illo i ~ c . i t l  
synthesis \vils lac.ltillp. TIIP alnoul~t of rihoflavil~ i l l  tllc, I~IIIIIPII was 1*(~t111(~e11 I ~ I I ( I I I  
0.5 p. of a ~ l r r o n l y r i ~ ~  was frtl tli~ily. 110th Irvrls of a~~l.cwlnycill a p ~ c ~ a r ( ~ d  to I O \ ~ ( ~ I .  
the syt~thesis of llic*otil~ic avitl. 

In  a third stnily ( 2 0 )  tllr efTrc.t of ~ I I I I ' ( ~ O ~ I I ~ V ~ I I  011  I . I I I I I (~I I  1 l l i ( . r o o 1 - ~ ~ l ~ i ~ ~ ~ ~ ~  \vitll 

slxxcial rrferrncr to the st~.r]>toc.occ.i i111d (.olifo1'111 g r o ~ ~ p s  \viIS s t ~ ~ t l i e t l .  It  
ohsrrvrtl that ~vllcn ;~ureolnycill \rils i~~clutl(.tl i l l  tllc. ratioll a h i p l ~ t ~ ~ .  p l l  c.sistc.tl 
ill th r  runirn tllali nllrll the stc1el.s \vorc1 ,lot ft.11 i ~ ~ ~ r e o l l ~ y c . i ~ ~ .  Wl l l~ l l  0.5p. of 
aurt~o~llyc.i~l was f rd  tlaily, ;III illc~rc.ilsc. ill total rllnlel~al bactc,I.ia c*or~llt I.c.srlltc~tl 
but not ~ v h r n  1.0g. of a ~ ~ r c o ~ ~ l y c i l ~  was frtl t1itil.v. not11 lcvcsls of a ~ ~ r ~ ~ ~ ~ ~ ~ y c . i ~ ~  

c.i~llsed a retl~lction of ~ I I I I I ( ~ I I  st~~(~l>tot~oc.e~i. hilt a t  ~ J I I S  0.5 ?. l(iv(bl alll.(lOllly(.ill 



feecling an increase in coliforiii bacteria occurred in one steer but not in the othr,-. 
I t  was noted that at this level of anreoinycin feeding the largest amount of nutl-i- 
ents was removed from the rumen. Anreomycin causecl an increase in the total 
bacteria count of fecal material but hacl no effect on the nuii~ber of streptococci 
or colifornl groups in tlie feces. This was believed to be due to the ability of these 
organisins to adapt themselves qnickly to aiireomycin, but their metabolism conltl 
have been altered. The results of these studies indicated a roi-relation between tho 
increase in coliforln population of tlie ruinen when 0.5 g. of aureoinycin \\-as 
fed ant1 the increased removal of dry matter, c~rnde fiber. carnde protein, ant1 
nitrogen-free extract froin the rumen. 

In  all of these studies relating to mature dairy cattle it is intei-esting to note 
that aureomycin apparently had no pronounced effect on the appetites or the 
well-being of the animals, whereas the initial data reported with mature r~unin-  
ants intlieated very adverse effects from the feeding of lolv amolints of aureoiny- 
(.i l l  (200 mg. per day).  

DISCUSSION 

Considerable discussion has been devoteci to the effects of antibiotics 011 the 
growth, n~etabolisin, health, and well-being of dairy cattle. Consideration has 
bern given to the relative nutritional merits of the rarious antibiotics in thc 
light of present-day knowledge. The feeding of antibiotics to dairy cattle appears 
to be justifiecl only in the rations of young dairy ealres, or those under 16 weeks 
of age. The feeding of antibiotirs to older aniinals does not appear to afford any 
ec.onomic advantage and may possibly have some harmful effects. 

lVh(>n antibiotics are included in the rations of young clairy calves the follow- 
ing changes are likely to occur in the normal life span of the calf: (a) increased 
gro\vth rate as measured by both body weight gains and skeletal growth, (b)  
lower incidence of scours, (c) increased feed consumption, particularly of con- 
centrates, a t  an earlier age, (tl) iinproven~ent in feed efficiency as nieasurecl by 
the pounds of feed required to produce a ponncl of gain in body weight, and 
(P) iniprorement in the condition and the well-being of the young calf. The 
aniount of growth response produced by an antibiotic depends upon many fae- 
tors, but generally the increase in growth rate has ranged from 10 to 30%. 
A few stndies have been reported in which an antibiotic did not iinprove growth. 
The ol~ly antibiotics that have been studied enough to inerit their inclusion in 
calf freds are aureoinycin and possibly terramycin. Bacitracin and strepto- 
111~cil1 appear to hare some growth-promoting properties, but insufficient data 
are available conceri~ing them. Considerably inore inforlnatioll is available on 
the feeding value of anreomycin than of terramycill; consequently, when feeding 
r eeOln~~~enda t io~~s  are made this difference must be borne in mind. There is secJin- 
ingly rc.ry little difference in the nutritional merits of these two alitibiotics; 
Ilo\~ercr, as illore i~lforinatioil becomes available, this stateinent )nay need to be 
clualified. 

111 this review rery little iliseussion has been given to the econonlic arpcvts 
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of feeding a~itibiotics to yomig clairy calves. The question arises whether the 
added growth advantage can be justified from an ecoiioinic standpoint. I t  is 
the author's opinion that the answer is in the negative \vl~en one speaks of added 
growth alone. Most dairy aniinals are raised for the solc purpose of herd re- 
placements. The only exceptio~i ~ rou ld  be calves sold for real. For  herd replace- 
ments, available data indicate that any growth aclvantage produced by antibi- 
otics is small and is of even less i~npo~ tance  when the calf grows to maturity. 
If animals are to be marketed a t  an early age, less than 6 months, antibioticc; 
mould probably then hare sonic economic value strictly fro111 the standpoint of 
improving body weight gains. 

I n  this discussion co~lsiderably no re  space has b e ~ n  ileroted to the t>ffect of 
antibiotics on the growth rate of calves than to the effect of a~ltibiotics 011 calf- 
hood diseases, particularly scours. Since lllost of the reports have stressed the 
influence of antibiotics on growth Inore than on scours, this distinction seemed 
to be justified. Present reports, however, clearly indicate that the true reason 
for including an antibiotic in a calf feed is not only to improve growth but to 
reduce the incidence of calf scours. Reports by Ragsclale cf 01. (9G), Wing (130), 
Weaver et  al. (125), Ormiston (91) ,  Davis (27) and Lassiter a i d  Seath (SO) all 
show that nlortality among young dairy calves ranges fro111 15 to 3051 and that 
calf scours is one of the leading causes of death. This high niortality rate means 
a tremendous economic loss to dairymen in this country, as well as elsewhere. 
Since antibiotics apparently reduce the incidence of calf scours, losses c8n be 
reduced by their inclusion in calf feeds, thus iuaking a11 i ~ n p o r t a ~ ~ t  ecoi~o~uic 
contribution. Rased upon foregoi~ig discussions, the effect that antibiotics have 
on the i~lcide~lce of scours is the iliost ralid reason for i ~ ~ r l n d i n g  these products 
in calf feeds. 

Althongli this field of nutritioti has been given consitlrrable attellti011 by 
research workers, many questions on the feeding of antibiotics to dairy cattle 
remain unans~~*ered. Inforniat io~~ regardiug the effect of al~tibiotics 011 SCOIII~S 

under far111 conditions is ~ ~ e e d e d  to verify or disprore data collectecl nnder es- 
perimellt station coliditions. The long-time experimellt\ in I)rogress need to be 
contiuned to study the effects of antibiotics being fed early in the life of the 
calf or continuously on the later productive life of the cow. C:c>rtainly the nlannc'r 
by which antibiotics stimulate growth and reduce sco~~rc; nc.etls to he clarified. 

An attempt has been lnatle to rc,riew thc. arailable i ~ ~ f o r w a t i o ~ ~  on the feecli~~g 
of antibiotics to dairy rattle as ~o~nple te ly  and in a ina1111er as n~ibiased as 
possible. IIang reports used in this re vie^^ are conf icting ;  everthe he less, tlicl 
follom-ing coiiclnsio~w seem to be valid. 

1. The antibiotics, aur~omyc~in and terramycin, are the only ones ~vhicli 
have been studied sufficiently to warrant valid conclusions. Co~lsiderably Inore 
research needs to be conducted wit11 tc*rramycin before conclusions co~lceriling its 
use call be accepted with tlic salnc tlrgrec of confitlcnce au rcco~nmcntlatio~~s for 
aureomycin. 



2. Seemingly no beneficial effects are derived from t l ~ c  feecling of antibioti:., 
to mature dairy cattle. 

3. Antibiotics probably improve the gro~vtli rate and efficiency of feed utili- 
zation of g r o ~ ~ i n g  dairy animals (over 4 mo~itlrs of ape), brlt lniless tliese animals 
are to be marketed soon, little economic advantage will resnlt from the feeding 
of antibiotics. 

4. Aureomycin and terramgcin stimulate the grovth rate of calves fro111 10 
to 309 during the first 16 weeks of age. Most of this gro\vth improvenient re- 
sults before the calves are 8 tveeks old. In addition to an in~pro\~cment in growth. 
antibiotics appear to reduce the incidence of calf sconrs. increase feed consump- 
tion and feed effiricncy, and inlprore the orcr-all contlitio~l and ~vell-being of the 
animal. 

5. The inclusion of anreomyein or tcrra~nyein in the rations of tlairy calvcb~ 
seems to be best justified by the beneficial effects of these antibiotics in reducing 
calf scours ancl tlins calf mortality. Any growth a t l r a ~ ~ t a g r  affordecl by these 
antibiotics ilnring the early life of the calf becomes insignificant in a Ii1atlu.r 
animal. 

6. Prrsent data indicate t l ~ a t  a ~ l r e o ~ i ~ y r i i ~  slionld be fcd at levels rar ig i~~g 
froin 15-20 n ~ g .  per 100 lb. of body weight daily. Tllerc appear to b~ \-cry fin 
adrantages of feeding ailtibiotics after the cal\,es are 12-16 weeks of a g ~ .  

7. T T T ~  funilamental explanations 11arr bee11 r)rese~~trd w g a r d i ~ ~ g  t l ~ r  possibltl 
mode of action of antibiotics in calves. One of these postulates a stininlation of 
t l ~ c  pitllitary gla~id aucl increased proih~rt io~l of growth hormone. Thc other 
postulation states that autibiotics possibly incarease the grolr-th of calves through 
all alteratio~i in enrrgy metabolisni probahly involving thc ~uicroflora of tllr 
ruinen. 
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PROPERTIES O F  TIIE GA~IETOI<INETIC SUBSTANCE 

IN T H E  FECES O F  T),IIRT CATTLE' 

U. K. BANIK .\SD E. P .  REISEKI.: 

1)~pnrlrrre~tt  o f  Plr!/siolog!l anrl Plictrn~nrolog!l, Jlichign~c Stntc Col l~~!lr~,  En.uf Ln~rxirrg 

111 1949 Bhadnri and Rardhan (2) reportcd a ne~v  prcgllallcy test for cattle 
based upon the injectio~l of water rstract of fecaes into tlie male Indian toad 
(Rlrfo nlelarzostictlts) and snbseqnrnt observatio~~ of sperln released into the 
urine of the toad. In  further papcm by tl~ese authors r ~ ~ ~ p l ~ a s i s  has been placed 
lipon the importance of rstablishing the corrrcat fclers to matcr eoncrntration in 
tests on cattle (3) and other r~uuinant spcc*irs, s~lch  as the hnfi lo,  goat, sheep, 
and deer (l), ill order to corrcac.tly tlistilignisll thc. pregnant ani~nals. 

In  the ~rorlr to be rclportrd here, c1x~erinle11ts were first ~untlertakcn to d(~ter- 
mine ~rhether the common North A~nerical~ frog ( R n ~ l n  ~ ) i l ) i ~ r r s )  will responcl to 
the gametokinetic substance tliscoreretl by the Illdian workel-s. Il~asmuch as 
little is known abont the iilrntity of the active. suhsta~lc*r. a partial charactrriza- 
tion of it has been n~lclertakrn. 

Urine-free fcces ~ r c r e  collcetecl fro111 cows or hrifers of thc IIolstein, .Jersey, 
Brown Swiss, ant1 Guc~rnsey brerds in the Collrgc 1)airy IIerd. 

Preparnfion of ext~ .ac ts .  111 preliulinary esperin~cnts a11 aqueous fecal exti.act 
was prepared, \\.it11 slight modifications, by the n~ctl~otl  of Rliatlnri and Bardllan 
( 3 ) .  In tlie procedure adoptrtl aftc.1. repratcxd trials ~vith varying feces to water 
roncentrations 20 g. f(>ces was ~ n i x ( d  t l ~ o r o ~ ~ g l ~ l y  ~vi th  100 1111. clistilled Hz0 in a 
Waring Rlendor. The solntion was d r a i ~ ~ r d  througl~ I I I I I S ~ ~ I I  and thrn filtrred 
through Whatn~an No. 2 papclr. 1Wtratio11 was r r r y  slow, r(vll~iring 12 hol~rs to 
obtain 20 ml. of filtrate. This initial filtrate was elal-ifietl bg shaking with a sl~lall 
amount of celite and r~filtering through No. 40 paper. 

Biological assay.  Coulnlon n~ale  Ic1opard frogs (Rorro p i l ) ic~rs) ,  wrigl~ing 25-45 
g., were ob ta i~~ed  froxn a biologic*al snpply house. Male frogs call be distingnishe:l 
from females by the heavy ~nnscular tl1111nb pad in the former. The frogs were 
stored in the refrigerator a t  40' F. ant1 bronght illto the laboratory 15-30 minutes 
before use. Tn tach (>as(. a sl>rciincl~ of the frog's nrillt. was cxan~ined ~nicro- 
scopieallg prior to in,jection. To datcl. a11 sprc i~ur l~s  csa~ni l~ed at this stage have 
been liegatire. ,\n initial illjectio~l of fcc.c.s filtrate 11-as lnatle into the tlorsal 
lgniph sac wit11 a 22-ga~~ge ~lr~c~clle. To avoid Icakagr, thc nc~cdl(1 was passed 
oblirluely throng11 the skin ant1 thigh ~nusrlr  before cl~tcxring thc ly1111)h 4av. The 
frog was then placed in a dry, vcntilatcd jar a t  roo111 tc~~i~pc.ratm.cl. After 30 
minutes a san~ple of nrinr was eollec~tccl, c~it1lc.r in a bcalirr or tli~*rctly fro111 the 

l<rrrivc~d for p t~ l~ l i ra t io~ i  April 4, 7!)55. 
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frog's cloaca by illcalls of a ilropping pipette, and e x a i ~ ~ i ~ ~ c d  tultlrr a n~icroscopc. 
(1017 power) for the presence of spernl. If 110 sperm were observetl, another 5 1111. 
of extract was injected and the 11rine was rxa~~l ined  30 1nii111tes l a t ~ r .  If ~~ega t ive  
a t  this tiine, another 5-1111. i~ljection was given ant1 the m.inc> was rsan~ined in 30 
min~ltes as before. Esploratory trials on the clnantity of cstraet 11erc1c.tl to p1.o- 
d11c.e a positive response sl~o\vc*il clearly that I 0  1111. of extract i1111st bo gireti ill 
the initial (lose to get a consistc~nt rri\(,tion. When 20 1111. of cxtra(*t was inje(~t(5d 
ill four (.qua1 portions of 5 1111. each, give11 at  30-n1in11t(~ intc'rvals, 0111~- tht'(v~ 
positive reactions lverc obtaincltl out of 21 samples of pregnant cow frc.rs that 
were prepared in a concentratioi~ of 20 g. f ~ c c s  to 100 1111. II,O. Tlir i11fll1c11c.e 
of the frres to ~vatcr  eonc~eiitration on the p o t e n c ~  of resulting (~xtravts is s11o~v11 
in Tahlr 1. Wit11 1.7 g. frres to 100 ml. 11-0 n o  positive rcspo~~sc.s \vci.(. obtai11c1il 

TABLE 1 
I?ipi~orrr of frccs to ir.rttcr ro~rrr~rlrnfioir a?rrl stn,oc of prrg~rniic!l oir Ihc <lrriiirtol:i~rrlic rcspoirrr 

15 g. 00 g.  .> - 
Gcst:~ tioil 

-.I g .  

])t~io11 ill S o .  of Yo. of So .  of 
11:c.l-s trsts S o .  +" S o .  -" tests So .  + S o .  - tests So .  + S o .  - 

35-1 00 10 n 1 
IOl-l(i5 :I 0 3 15 10 3 1 1 
l(ifi-230 4 0 4 8 5 3 1 1 0 
0.11 -275 1 0 1 3 0 > 

Sol~-],tegnnlit li 11 f i  15  5 10 :: 1 

" + Positive response. 
" - Xrgntive responsts. 

in eight tests fro111 1)rc.gnant and six tc~sts from nonl)rcgt~ant cattle. With 20 g. 
per 100 ml., 26 tests out of 35 fro111 pregnant cows were positive; ill Ilonpregi~ant 
cows. fire out of 15 were positive. Only a f c ~ v  sa~nples were tested ~ v i t l ~  a con- 
centration of 25 g. feces per 100 rill. 1120, but no increasc. i l l  respollse was appar- 
ent from these resnlts. 

111 most of the positive reactions a gan~etokinetic. response was observed ~ v i t l ~ i i ~  
30 nlinutes after injecting 10 1111. of extract. iZ few aclditional responses occurrc.d 
after each of the acliled 5-ml. doses. A further esa~nination of Table 1 suggests 
that the concentration of active substance in fwes is the highest during the first 
100 (lays of pregnancy and dcrlii~es thereafter. IIo\vevc.~.. thc data are 110t cx- 
tensivc enongh to clearly establish this point. 

Co~tcc l~t rnf io~~ of actit-c filfrntes. I t  was observetl that the active substance is 
rcaclily solllble in ~nixtures of water aud acetone. Such ~nistnrc.s are filtered a l ~ d  
clarified much more easily than ail aqueous extract. Two procedures were em- 
ployed. In  the first a positive aqueous extract was obtained as alrclad- describ(.d 
and then treated with an equal rolunlc of acetoncx. I n  a inore rapid proceclure. 
SO g. of feces was mixed ~ r i t l i  100 1111. of distilled water, and 100 1111. of acetone 
~vas  aclded. After being thoronglilp  nixed and alloxved to stand for 6 hours. the 
n~aterial was filtered throngl~ a Ruc l~ i~e r  funnel. The acdctone was rcino\~ed by 
vaclmm distillation. The sollition reinaining ~ ~ a s  adjusteil to 100 ml.. inised wit11 
a pinrh of celite, and filtered throng11 Whatman So .  40 paper. Snch estra(.ts 



Ilcsponse 
So.  of Estr:ic*t il~jc'tcvl 
tcasts ( 1 1 1 1 . )  KO. + S o .  - Time ( l t r . )  1lrm:lrks 

I ~ t i t i n l  v .~ ' t rnc I ,  1011 1111. 

11 10 12  2 l h - l ? ;  I'rrgllal~t 
I 5 1 4 1.4 I'rc~gllnnt 

Y 1 0  I 3 1 k S O I I ] ~ ~ ~ I I : I I I ~  
I I I )  I Xolil~rcgn:lnt 

(.:olll~. I n  50 1111. 

1 0  10 1 0  I I lh-llh 1'rcagll:int 
> .5 4 1 1-1 "5 l'rt~gllilllt 
ti 10 I 1 1-1 1,; Sol~l~regn:ll~t 
I I 1 4 14 S ~ I I ~ I ~ ~ , ~ I I : I I I ~  

f 'fl l lf*. I n  .2.i 1111. 

li 5 t i  I I t i - 1  l'rc-g11:111t 
l i  2.5 > 1 l i - I  I ' ~ O ~ I I : I I I ~  
4 1 :? 1 lh.1 so1i~lrt~gll:llit 

2.5 2 1 1.5-1 ~ - O I I ~ I ~ ~ > ~ I I : I I I ~  
-- . - -- ~ 

\vrr(. 1.c.1ativc.ly ~lol~tosic* to  fl-ogs iis colr~l)itl.c.tl to tl~c. c.al.lic.1. cbst~.iic.ts. 111 a s i i l ~ i l i ~ ~ '  
I I ~ ~ I I I I ( ~ ~ ,  t l ~ v  c1strac.t fro111 20 g. of frc.(bs was c*oi1c*c~11triitc'(1 to  \ , ~ I I I I I I ( ~ S  of r)O ii~i(l 
25 1111.. 1*(~sl)(~vt i~(4y.  1)y vacdlllllll (listil l i~tiol~. 

I.:iicll of tllcx csti.ac.ts \\.;Is trstcbtl 011 nlill(' flogs iIS all'c.iitly tllbsc.l.il)c.tl. .is sllo\v~i 
ill Table 2, tlrr potcbllc.y pel. unit volu~rlc~ of c.st~*iic.t i~~c.i-c*ased l)rog~.c.ssivrly \\.it11 
( l ~ ( * ~ - ( ~ i ~ s i ~ ~ g  volrii~ie. Wit11 10 1111. of ii~itiiil ts~t1*ii(.t fl-0111 pr~g11a11t (*o\v fchc~s I 2  
o11t of 14 tests \vercb positirc, in lk2 to II~III-s .  WIlc~il this ( b ~ t r a ( * t  \\.as ( a o ~ ~ c a ( b ~ ~ -  
tl-attvl to 50 a11d 25 I I I ~ . ,  ~ * t ~ s ~ i l t s  \ v ( ~ e  ol)tiii~~(vl ~vitll -5.0 all([ 2.5 1111. of tbst~*ac:t, 
rcasl)(.c.tivc.ly. 8omc\vllat Icss potc~1lc.y \Vi IS  folultl ill c~st1'ilc.t~ fl'olll ~ l o l l j ) r ( ~ g ~ ~ i l ~ l t ,  
volvs, but tllo activity was c.ollc.c~~tratetl i l l  t l l ~  si~c~vc~ssivc~ ~)rcbl)iiriitio~~s just i ~ s  in 
thc l ) r e g n a ~ ~ t  allill~als. The facat that littlv or I I O  loss of acbtivity oc.c.111.1.c~cl ( I i ~ l ' i ~ ~ g  
t l ~ t ~  tl.chat~rlc.llts i~~volvr t l  illt1ic.atc.s that tllt. ac.tircb ~,ri~lc.iplc is cluito s o l ~ ~ h l ( *  ill 
\vat(>r allel also co~nl~iirativc.ly stablo. 

.~olrtbilit,t/ ill ic-~f(>t.-nc.c.fo,rc' ttti.rfrrt.c,s. 111 vir.\v of tllc. I1igI1 solubility ill \v;rtc.r 
of tllc> gai~lc~toki~~ct i t .  snbstii~rc~c~. it was tlc~c.itlt~tl to tletcwlrillr \ v l l c ~ t h ( ~  ally of tllc 
ac.tivc8 snhstii~~c.e cor~ltl b(. ~)rcvil)iti~tt*tl \\-it11 inc-~.c.itsi~~g c.o~lc.c.~~triitic,ns of ac.c.to~lr. 
To 20 ml. of ii ~ , o t c ~ ~ t  rstriic.t pl*c.l)i~i.ed as  i l l  tllc. ~t~.c,c.rtlillg ssrvtio~~ ( t l~rc~sl~ol t l  tlosc,, 
2.5 1111.). a c . ( ~ t o ~ ~ c ~  was atlel(.tl stc.p\visr iii ~ ) o l ' t i o ~ ~ s  of 20.  20. a ~ ~ t l  40 1111. TII(* l)l.cb- 
c.il~itiitt. that formc~l  aftt.1. chac.11 iitltlitio~l of ac.t~toiic~ \vils ~.c~nlovcvl 1)y ~ . ~ ~ ~ ~ t i . i f r ~ f i i i -  
t i o ~ ~ ,  tlissolvc~tl ill tlistill(.tl \vatc>l., allel tcbstc'cl i l l  it ~ i ~ i t l o  fl.og. 'I'l1(1 l ) ~ w * i l ) i t i ~ t ( ~ s  
\v(A~.(, ~lc'gativc. i l l  cvn-y tc'st. Pillally the, ii~c'to~l(a was ~.c*~i~ovcel by V ~ I ' I I I I I I I  distillil- 
ti011 irt 40' ('. ,iftcbi. filtrittioi~ of tlic~ acluc8ous solr~t iol~ ~.c.uiili~iii~g \\.it11 tl~t.  aitl of 
c-rlitc*. a positive. ~ .c~ac . t io~~ \vi~s ohtt~illetl i l l  t l ~ r  f1.0~ \\.it11 2.5 nll. 111 f i i~. t l~(b~* tl.iills. 
acltlit io~~ to iin aclncolls (3st1~i1c.t of 111) to 10 volri~l~c~s of i ~ ( ~ ~ t o ~ ~ r -  fi~il(.tl to  yical 1 i i l r  

ac.tivc. 1)l'c.t.il)itatc' ~Io\vc~vci1., \v11c~11 the. i~(.( ' to~l(.  vo111111(' (~sc.~'cb(l(~(l by 1 1 1 0 1 ~ ~  tl1i111 
fivc~foltl tllc' vol~rlncb of ol-igi~lal ('stlaii(.t, t l~c, ac.tivitj- of tilt ircl~~c~or~s 1)ortioll \\.;IS 

tlt>c.~.c.i~sc.tl i ~ s  I I I I I ( * ~ I   IS 50';  -I)?. \vl~at I I I ( ~ ~ I I I S  is 11ot 1111~11~i~stoo(l i ~ t  t l ~ i s  tillr(~. 111- 



though treatment with acetone is h e l ~ f u l  ill elillii~latilig so~lle foreign matter. 110 

concentration of active sltbstance was obtained. 
Soltrbilif!j ill orgn?fic S O / ? ~ F I ~ ~ S .  separate 15-nil. portions of active aclueolls 

estract (threshold dose, 10 1111.) were placaed ill dist i l lat io~~ flasks and evaporated 
to dryness u11dt.r \racnum at  40-50' C. I n  each sa~ilple the dried residue was 
estraeted with three portio~ls of the selectetl s o l r e ~ ~ t  (20 ml. total). The solution< 
were centrifngeil, ant1 the nndissolved ~iiat ter  was take11 up ill distilled water 
for assay (~0111. A) .  Organic so lve~~ t  was re~lloretl from the suptlrllata~~t so lu t io~~ 
by vacuum ilistillatio~~, and the rcsiclue was dissolretl in tlistilled ~ratc.r \\.it11 the. 
aid of a few drops of acetone ~ r l i c l ~  necessary to effec.t c.olllplete solutioll (~0111. R , . 
The active substa11c.e was foulld to be soll~ble in ,I-huta~lol, but not in diethyl 
ether, chloroform, acetone, or ethyl alcohol (Tablr 3 ) .  With tile four 1attc.r 
solvents the activity ~ r a s  foluid in thc so l \ . t~~~ t - i~~so l~ tb l (~  ~'( 'sidll~. 

'I'ABLE 3 
Sol?rbilit!/ of tltc ortit3c t71Yc'c7 ~~iatc,rirtl i ~ t  tliffc*rori o~ycctiir solroits 

Solvent 
Soln. R Soln. A 

Solvent soluble Solvent insolul~le 

" -Material inartire, gives negative reaction in frogs. 
" + Material active, gives positive reartion in frogs. 

IIcnf stobilit?/. 111 the research reported by I%liad~u.i and IZardha~l consic1e1-- 
able rare was talren to keep feces extracts chilletl during proc(~ssil1g. although 110 

data were reported 011 the heat stability or lability of the artive material. I n  
esperi~nellts nndertake~i to test this point, 20-1111. sa1111>1(~s of ac'tire oxtra~' t  ~ r t ~ r ( ~  
heated at  different temperatures for varying periods of tin)(. (Table 4) .  .ill 
extracts, e17eli m-l~en heated to boiling for 1 hour. retai~ltyl s~lffic*ie~lt activity to 
give a positive response ill frogs. This illnstratc~s vlearly that the srtbstallc.e i.: 
eo~nparatirely stable to heat. 

O~YVI cli.?ji?ig. As a further check 011 its heat stability. 20-1111. portiolis of an 
active extrart (threshold dose, 5 1111.) \rere evaporated to dryness in all ove11 at 
94' C .  The residue was ~llised with 20 1111. distilled \rater, chilled in the refriger- 
ator for 4 lio111's. slid celltrif~~grcl. Only the silpernatant fluid \ran injected. 

TARTIF, 4 
Rcnt .~taBilit!/ of tltc ortivr 111ttlrrio1 

- - 

Tt.itipc~r:it~~rc. " ('. 
S o .  of 

Tiine Irr:~tc{l tests 65 I :J 99' 
- - 

- 
15 1 +" I + 
30 4 i t- - 
GO 5 + + + 

:' R*~iIing point. 
" + Positive rmrtiol~ \vitl~in 1 11011r aftc~r i n j ~ ~ t i l i g  into t l ~ c  iii:11(~ frog. 



Positive resnlts wert. obtai~ietl in all tests with 10 1111. of tlxtrat*t. With a (lose of 
.5 rill. a positive response was obtainetl ill only half the tt'sts, i~ldit*atiilg S O ~ I ( ~  loss 
of activity by exposure to  d r y  heat. 

Acid h!jt/r~o/!jsis. To 20-1111. portio~ls of ill1 avtivr c.strac.t (thrrsholcl tlosc, 
2.5 ml.) concentratetl IICI was atldctl ill a l ~ ~ o u n t s  etlnal to  10, 15, and  203, of 
the rolmne of cbstrac.t. The solutio~i was rt.flusei1 for  15 ~ n i ~ ~ u t r s ,  coolc~l. ilud 
~leutralized to a p I I  of 5.0-5.2 by adtling -5 S NaOlI. (:~~ystalline salts we1.c. r r -  
movecl by filtration, ant1 the s o l l ~ t i o ~ ~ s  \vertl tl~tlti l>Ia(*ed ill P C I I O P I I ~ I I ~  c a s i ~ ~ g  a ~ l d  
clialyzetl against r u n n i i ~ g  t a p  watttr for  1 11o11r. The tlialysis effected the renloval 
of soluble salts and probably other toxic ~iiaterials that  were invariably lethal to  
frogs in  earlier trials with undialyzetl I~ydrolyzates. Sollie loss of activity oe- 
clirred with 10% RCl,  as sIio\v11 by the inc*rease ill dosage froni 5 t o  1 0  ml. of 
extract needed to give a resl)onscl (Table 6 ) .  coiiiparrtl to  2..5 ~ n l .  of the original 
extract. Completc loss of acdtirity ovc~u.rctl with adtlitioll of 1.5y aalicl 20'k by 
volunie of concentrated IICI. 

D1.y nznttrr rrg~rircd fo r  ~crrrrc~fokirrcfic rcsl)c~rrsr. ~ I I ~ S I I I I I ~ ~ ~ I  HS all c~a~*lic.l- 
estracts were preparecl rolluuetric.ally, it was of i~l te~.est  to  t l r t e ~ . ~ i i i ~ ~ e  the aiilori~lt 
of d r y  matter rcqniretl for  a response a~icl also the amount of ~ ~ i t r o g n l o n s  ~ i ia t t c r  
involved. F o r  tllese tests, a series of clstrac.ts was ~ i . e p a r r d  fi-0111 a sallipl~' of 
feces from a pregnant cow as follows: 

Estrnct 1 .  20 g. frees ill 100 1111. tlistillecl ~ v a t c ~ r ;  prt.lra~.rd as tlt~s(*l-ibed pty1vi- 
onsly. 

E.rtr.net 2. 20 g. fetaes + 100 1111. distilled water + 100 1111. a(at'to~le; filtclretl, 
a r r to~ ie  distilled off, filtered again, and voluliie ailj~lstetl to  50 n11. 

Esfrncf  .?. 500 g. feces + 3,500 ~ n l .  distilled water + 3,500 ml. acetone; trcate(1 
as  in No. 2. Yi11a1 v o l ~ ~ i n e  a ~ l j ~ i s t e d  to  1,750 ~iil., boilrtl for 2 ini~lntes 
to  prerent  bartc2rial growtll. and stored in rrfrigerator for f r~rt l ier  
work. 

Extrnct 1. 800 1111. of extract 3 cso~icetltrated u ~ l d e r  vacimm to 200 nil. ; filt(lrp(1 
ancl stored i n  refrigerator. 

Exfrncf  5. 100 nil. of extract 4 mixed with 500 1111. ace to~~e .  chilled over ~ l i g l ~ t ,  
ant1 centrifuged. The prec2ipitate, being inactive. was iliscartled. 
After removal of acetone the ~?ohinle was adjusted to  100 1111. 

The d r y  ~ i la t t e r  c.onte11t of eac.11 extract was determined by tlrying a 2-1111. 
saniple to  ronstant weiglit a t  94' C. Nitrogen content ~ v a s  tletcwni~ied by  Nesslcr- 
ization of a sulfnric acid digest, the final conrelitration being tletermi~ied i l l  a 
Coleman Universal Spect1.ophotol1ictt.r. All rxtraets \\.err tested in male frogs 
as described previously. The minimuln volulne of so l l~ t io~i  needed to stimulate 
g-a~netokiiietic reaction was (letermined a.; shown in Table 6. The g a n i e t o k i ~ ~ e t i ~  
action per unit of d r y  1nattc.r atllili~listerccl to the test animals was practically 
identical in  tllr first fonr estracts. The s~na l l  r o l u n ~ c  of 2.5 nil. of sol~ltioli re- 
qliired in estlwct So .  4 is offset by its hifill tlry mat t r r  colitc~it of 16.0 1 1 1 ~ .  p ? ~  
milliliter. The final t ~ . t ~ i ~ t ~ n e ~ l t  wit11 five r o l ~ ~ n ~ e s  of accto~lr  ill extracat No. 5 
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TABLE 5 
Art ir i ty  o f  the snbstanrr a f t r r  rraporating to  tlr!lwrxx nt 9.I" C .  

No.  o f  tests 1)ox:lgc ( ? I I I . )  No.  +" \-o - .  -" 
6 5 3 3 
5 10 5 0 

" + Positive response. 
- Negative response. 

rc~nored  so~ne  estraneons matter, as  intlicated by its ~.cclnc.t.tl d r y  1nattc.r co11tc111t 
as compared to Xo. 1 and also its increased potency on a tlry inatter basis. The 
nitrogel1 eontent of all preparations was low\-, rang i~ ig  fro111 0.15 to 0.305:. Tllis 
\vonltl represe~it only 1.1 to 1 .93  protein on a tlry matter basis (>rt1ll if a11 of tl1(5 
nitrogen were in protein combinatioa, a point that l l i ~ ~  not been c~\tablisl~ed. 

Tests of e . r f~ .nc f s  ill the fcnlnlc rob6i t .  Tnasmneh as all p r e v i o ~ ~ s  tests OII  t l ~ r  
g a ~ n ( ~ t o k i ~ ~ e t i c  factor in b o v i ~ ~ e  frccs were co~~tlnctetl  only i l l  all~phibia. it ~ v i ~ s  of 
intrrest to d e t e r m i ~ ~ e  tvlietl~er a go~latlotrophic effcct could be 1)rodnced ill a 
mammal. Since the initial crude extracts ~ v c r e  lethal 1vl1e11 iujevted i ~ l t r a r e l l o ~ ~ s l y  
in rabbits. they coultl not he testetl. I Io~verer ,  samples purified as ~ v a s  extract 
KO. 5 .  described in the preceding sectio~l, were well tolcratetl. In two trials. 
a ~ n o u ~ ~ t s  of 15 ancl 20 nll. of this extract (six and eight times the effectire frog 
dose) \vclrc i~ljected intrarel~ously into isolatetl virgin doe rabbits. 11) 11eit11er 
test was there any  eridenee of ovulation or follicle stiniulatio~i IS to 20 11oul.s 
after the injection. 

J~iscc l lanco~rs  obscvr ,a f io~~s .  The actire substa~icr  tloes not pass t l ~ r o l ~ p l ~  ;I 

cellophane membrane. E r e n  1v11nl dialyzed against flowing t a p  water f o ~ .  18 
ho11rs the solntion withi11 tlip dialysis hag has given a positive response. KO 
active s u b s t a ~ ~ c c  is precipitated by saturating the solntion ~vitli  ammoniulu snlfatc 
or b -  varying the pII. The substailce appears to be rharactprizetl particularly I>>- 
its high solubility in water. 

These results fully confir~n the discovery by Rbailiiri a ~ l d  Hardhall ( 2 )  of a 
gametokinetic snbstance in bovine feces. r ~ i d e i -  the conditions of tliess tests tlic 
sllbstanee was fomid in samples fro111 both pregnant and ~ ~ o ~ ~ l ? r t ~ p ~ ~ a i l t  co~vs. 
altliongh i t  was present in highest concentration in the former. Ran and Krish- 

TABLE 6 
Efftrt  of h!~drol!~srs toit11 lSclry!Iig concentrntiona of IICl 011 g o ~ ~ ~ c f o l , . r ~ ~ r t r c  orticit!/ 

Vo l .  per c e l ~ t  o f  No.  o f  
co~lc .  IICl atldeil 1)osc (1111.) tests Xo .  - ^  No.  + 

-- - 

10 5 4 1 3 
10 3 0 3 

15 5 3 3 0 
10 4 4 0 

00 5 0 3 0 
10 4 4 0 

- Negative response. + P o ~ i t i v e  response. 



TABLE 7 
Dr.11 atattrr ( L I I ~  tiitragor c o ~ i t c ~ ~ t  o1tr7 tlrc ~ ~ t i ~ r i ~ ~ t r ~ r ~ r  c/itanlit!l of I)..ll. rvqrtirt.tl 

for yotrietoki~retic venctio~r with #r.c difT(#rc~it c .~Ir(~eIs  
- - - - - -. - 

S o .  of Nitragell 1)osc. 11(.1?ql(v1 for gn~~lc.tokit~r,tic 
c ~ t m ~ ~ t  nrs al:lttcl. - .- 

~ I I  D.M. reaction -- 
( I I ~ ~ / I I ~ Z )  1%)  (1111. S O [ ~ . )  011.q. 71.M.) 

namnrth,- ( 7 )  as ~vel l  as nllailnri ant1 I3artlhan ( I )  hare  1.c~portt~t1 that  toatl.; 
collected in  8outl1 111dia (13angalore) responilecl to  fwes extracts froni botll 
pregnant and nonprc*gnallt rows. Whether or not t1le1.r is s~~ffit.it*nt tliffcrclncc* 
between pregnant and nonpregnant an i~na ls  tested under the conditions here 
described to proride a basis for  Iwegnancy tliagnohis cannot h r  stated fro111 tlit. 
l i~nitetl  data in this report. A critical test of this cluestion c rill r ec l~~i re  nlo1.e tAx- 
tensire studies, not only at  rarions stages of p1.egnanc.y b11t also (Illring tht. 
tlifferent stages of the estrons c.ycle in open t.o\vs. 

The common nlale lcwpartl frog Hnrro pipiots rc.spontls to tllc ga~nctokint~tic* 
substance as  reatlily as  the Intlial~ toatl Rlrfo 11lo1nrrosfictrr.s. The snhsti~llcc is 
characterizetl by its solnbility in water ant1 ~vatrr-i~c.t~tonc mistures. I t s  failnrc. 
to preci j~i tatr  xvitli acetone 01- satill-ated amnloliiun~ sulfate, its good heat stability. 
i ts  resistance to  inactiration by  II(11, and its failnre to  iuducar ornlation in thc. 
rabbit tlifferentiate it  cltlarly fro111 the Irnon-n go~~atlotrophins. 

The actire factor also diffcrs fr-om the antlrogen d i seo~ered  in bovine feces 
by Riley and IIammontl ( 8 )  ancl clliiraeterizrtl f11rtlle1. by ?tIille~* and Turnc11. (5). 
Fecal androgen is inactivated by c11.ying at  tenll>cJratnres above 45" C. T l ~ e  
gametokinetic factor is quite stable to  heat in ei t l i (~~.  the moist or d r y  stat(>. Frcal 
androgen also appears to  diffw fro111 the gan1c1tolrinc.tic factole in its soh~bil iy  ill 
variolls solvents. Wherras androgc~n is extractable f~.onl tlrirtl feces wit11 ~ncltha- 
1101, ethanol. butanol, ancl acetone ((i), the gan~rtolrinctic factor could br  dis- 
solreil fro111 the d r y  state in  the prc3se~it esperin~ents  only with hutanol or watc.1.. 
I-Io\~rrer,  i t  is reatlily estrartahle from f res l~  fcrt's hy water o r  water-i~retonc 
mixtnres. Fnrtlier xvorlr will be rrclllirrtl fol. isolation ant1 eo~nl,letc. e11arat.trriza- 
tion of t h r  substance involvetl. 

Studies arc. rrportrtl  that confi1.1n t h r  presc.1lc.c in bovine fcrc.s of a pa~~lr tol t i -  
netic factor that will indnee release of spernl in  ~ n a l c  an1l)llibia. Male Rnlr(~ 
p i p i r ~ ~ s  frogs responded in a lnanncll* similar to that ~-eportc.d for  tlie 11ldia11 to;itl 
B ~ r f o  ~~lr ln/rosf icf~rs .  The actire substanre was I~igl~t l r  ill feces of p regna l~ t  tl1a11 
of nonpregnant cattle, bnt its possible ~ ~ n l i d i t y  in p~.rgnanc?- tliagnosis was 11ot 
eralnated. I t  is 11ighl~- soluble in ~ v a t e r  and water-acetone mistures. I t  is also 
soluble in pure 11-biita~lol. but not in cliethyl etllrr, c l~ lorofo~-~n ,  ;leetone. 01- (.thy] 



aleohol. Tt is nondialyzable t l~ roug l~  a ccllopliane nlrlnbra~le. Partial i l~ac t iva t io~~  
occnrrecl when rstracts were drietl at  94' (1. However, appreciable i~lactivatio~l 
did not result from boiling acdtive solutiol~s for as long trs 1 hour. Inactivation 
\\.as co~llplete upon reflusing rvitll Is'/: and 207 of c o ~ ~ c r ~ i t r a t r d  I1Cl atlclcd. 
hut was only partial ~ v i t l ~  10'2 I-ICI. Pnrifietl estracats failed to intlucae ovul~tio11 
when injected into virgi11 doc rabbits. l"rom tllc rc~snlts obtainrtl. it is co11c.ludet1 
that the gametolrinetic factor differs fro111 the BIIOIVII g o ~ l a ( o t r o p i r ~ s  arltl aha 
fro111 the a~idrogc~l  prcvionsly descr~ibed in cattle fcc.os. 

\Vib : ~ r ( ~  i11dc1rtc.d to E. S. Smiley, Sul>crintelltle~lt of 1)nir.v C'attlr, for  mnki~rg nvail:~l~le tilt, 
f:~c.ilitiex :111rl rcrortls of the Afirl~ignl~ Stnte C'ollrge 1):liry Ilrrtl for tllc. work re1)ortral Ilrrr. 
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FURTHER STUDIES ON POLPSACCHARIDE I'RODUCTIOS 

BY BOVINE RUMEN BACTERIA' 

H. J. G I R R O S S ,  K. S .  TIOETSCH, A N D  .T. ('. STlhlV 
I ~ c p a r t ~ ~ t e ~ r i s  of BartrrioZog.il a1111 Uatr!j II~rsban~lr.!l, U ~ i i ~ . ~ r . v i f ! /  of .Ila1.!/1~11rl, COIIP~P Park 

In  recent years the iodopliilic niicroorganisnis of the rmncAn liare attracted 
the interest of some ruminologists. Osfortl (1%) and JIassou ancl Osford (11) 
found that holotrich ciliates from the rumen of sheep were a c t i ~ e  ill clepositing 
i~itracellnlar polysaccharide granules. These workers have estracteil the granules 
from the cells and found them to be siniilar to an aniylopectin. the main coni- 
ponent of which was belieretl to bt> glucose. Heald (9) has sho~vn that the carbo- 
hydrate content of rumen microorganisms increases slrarply after feeding, fol- 
lo~ved by a rapid decline. Elsden (6) has demonstratril the salne phenomenon 
after feeding glucose to sheep. Ilortsch r t  ol. (-I) reported that an iodine staining 
substance, clesignatecl ISS, was produced by niist~d snspensions of runen  bacteria 
in vitro from a variety of rarbohydrates, includinp nialtose, cellobiose, glucose, 
and xylose. Finally, Robinson e t  ol. (IT) h a w  further tleterniined sonle of the 
conditions which govern the formation ant1 utilization of ISS rising an empirical 
nlethod of estimation. This group has proposed that ISS forn~ation represents 
olie'of several normal processes rl~aracteristic to a ~najority of authentic rmnen 
microorganisms. I t  was thereforth suggested that ISS fornlation may be used as 
a criterion for estimating the "nornialcy" of the physiological state of the bac- 
terial flora of ruminants. The purpose of the work reported here is to character- 
ize ISS chemically and to note further the effect of sollie c.onditions which nlight 
occur in the rumen upon the in vitro productiol~ of ISS \\-it11 a Inore sensitive 
method of estimation. 

EXPERIMENT.\IA PROCEDURE 

Rumen liquor samples were obtained from a 7-year-old Jersey cow fitted with 
a permanent rumen fistula. The diet consisted of alfalfa hay and a 16y, protein 
grain mixture. Cell suspensions were prepared by filtering rumen liquor through 
four lagers of cheesecloth, the filtrate being centrifnged for 10 minutes a t  771 
x G. The resulting supernatant liquor was centrifuged a t  72,500 X G for 10 
minutes, the clear supernatant liquid decanted off, and the cells suspended in 
11/15 phosphate (pII 6.9) buffer as previously described ( i ) .  This buffered 
suspension was then centrifuged in 15-1111. conieal centrifuge tubes for 2 nlinutes 
at 1.200 x G. This last centrifuging ren~oretl ahnost all of the residual plant 
fragments ancl protozoa, the bacteria remaining in suspensio~~. This suspension 
was standardized (I), flushed with nitrogen, and inc.nbated at 39' C. for 1y2 
hours to obtain utilization of stored ISS which niight be present in the cells. 

Rcceirccl for 1)ublicatio11 April 6, 1955. 

' Paper S o .  A-503, Co~itributiol~ S o .  !!ti14 of the Maryland Agric.ultur:~l Esperiment Station. 
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It has been s11o1v11 that I S S  is produced readily from glucose and other carbo- 
hydrates by washed s u s p r ~ ~ s i o n s  of rmnen bacteria. A p I I  of 6.9 seems optin~uln. 
and a n  atmosphere of carbon dioxitlr or nitrope11 gives equivalent results ( 1 7 ) .  
Therefore, in  all e s p e r i n ~ m t s  reportetl here, gluc+ose was used exclusively as  ;I 

substrate in a final concentration of 1 per ~nillil i ter,  and incnbated a t  39' C'. 
under a n  oxygen-free nitrogen atn~osphere. I)issi~nilation tests ~ v e r e  perforn1c111 
in 50-rill. Erlenmeyer flasks, 3 1111. of the crll snspens io~~ being inatle 1113 to ii 

rolume of 10 1111. with s ~ ~ b s t r a t e ,  various factors under i ~ ~ v e s t i g a t i o ~ ~ ,  and buffel.. 
Efecf  of vnr io~ts  f'netmj.s otr INS ?)roductim,c. It is n o ~ v  a \\-el1 rcac.og~~izetl pl~cb- 

I I ~ I ~ ~ I I O I I  that rumen bactrria nlay ~~tilizc. Ilrea as a sollr(.r of 11itroge11 for the for- 
1natio11 of protein ( I f ; ) .  S ~ n i t h  a11d. Raker ( 1 8 )  have fnrther den~onstratetl t l ~ ; ~ t  
iodophilic organis~ns i~~rl.c.ase in 11111nbrr d ~ i r i n g  131.otein synthesis from 11rr:a. 
These workers hare  suggrsted that  iodophilic. o r g a ~ ~ i s n ~ s  are  respo~~sible  for thr. 
bulk of protein sy~~thes i s .  The rffec.t of ~ ~ r e a  on the production of this polysaca- 
eharicle was studied with c . o n c r ~ ~ t r a t i o ~ ~ s  of 100 r J l  ancl 1,000 r,lI per milliliter. 
Rnrroughs e t  al. (2 ) ,  nsing the artificaial rnnlen tc~c.l~niclue. 1-eportec1 an increasrtl 
utilization of urea ant1 ecllulose wI1e11 a salt i u i s t ~ l r r  lvas atltletl. Therefore. thtb 
effect of Rnrronghs' salt ~ n i s t n r e  on ISS synthesis xvas 11otc3tl. In this 111istnrf1 not 
all of the salts arc in s o l n t i o ~ ~ ,  and therrfore both the entire ~nistnrc> and the sol~l-  
ble portion \\-ere used. 0.5 1111. of eavh being atltled to t h ~  tlissimilation flasks. Rob- 
i ~ l s o ~ ~  et ol .  ( 1 7 )  reportetl that a c h e l a t i ~ ~ g  agent, sotliunl ve lwr~~ate  (sotlium salt of 
e t h y l e ~ ~ e c l i a ~ ~ ~ i ~ l ( .  tetra acrtic. acid, E D T A ) .  rc~t111c.cd the a ~ n o n ~ ~ t  of I S 8  prodnc*cltl 
~ v h e ~ ~  11si11g an empirical methot1 of tle1termination. This was rc~pcatetl with a 111or(~ 
sensitive colori~nctric. tec.l~nicluc. for  ISS ; ~ l r a s ~ r e ~ n e n t .  Cobalt has been show11 
to be required by r~uninan ts  for  t h r  s y ~ ~ t l ~ e s i s  of v i t a n ~ i ~ ~  1Il2 (3,  8). 111 esprri- 
merits with cobalt-clc4icient sheep, it has beell rrportetl that 1 Ing. of robalt p(v 
(lay is requiretl. Tliereforr, the rffec4 of caobalt as C'oC'l? - 61120 on  I S S  protlnc.- 
tion was inrestigatecl. 

To d e t e r m i ~ ~ e  the effecat of these varioris s ~ ~ b s t a n c e s  ~ I I  the protlr~ction of ISS. 
a series of t l iss in~i lat io~~ flasks was ~) repaw( l  for c1ac.h c.onc+entration of substanc.c. 
tested. An identical cwntrol series of flasks was preparetl wit11 the exc.eptio11 that 
the s u b s t a ~ ~ c e  in rluestion was omittc'tl. Tl~c~se flasks \vcxre inc.ubatecl for ra~.yin= 
periods of time r a n g i ~ ~ g  fro111 % to  4 I IOII~S.  .It the end of the t les ig~~ated tinle. 
the rolltents of the flaslis \verc2 ~-e~novc~tl i111t1 t ~ ~ ~ a l y z ( ~ d  for 1SS ant1 resiilnal gln- 
rose. 

The an~ount  of ISS was 111easr1rrt1 c.olo~.i~~~c~tric.all~- by p l a c i ~ ~ g  5 ~ n l .  of tl1c1 
fern~rntat ion mist11rc1 in a c.olori~~~cltc~r t ~ t b e  and t~dding  2 1111. of a soll~tion of 
0.29 (Iv/,) iodine in 2'/r ('v/v) potassium iotlitlr. The t111)es were inverted to  
mix, and the optical clensity of the s ~ ~ s p e n s i o ~ i  was l-eatl im~netliately with ;I 

T<lett-S~umnierso~~ (111odel 800-3) photoelectric colorin~etrr wit11 a red (640 1 1 1 ~ )  

filter. A blank was prepared in a similar I I I ~ I I I I ~ ~  with the exception that th r  
sllbstrate was on~ittetl  fro111 the dissin~ilation flask. Thr  i ~ ~ s t r u m e n t  was ir~itially 
set a t  100% transmittance in respecat to  this b l a ~ ~ l i .  To (leternline the effect of 
rarious substa~~c.es 11po11 ISS proi1nc.tio11. thczir optical tlensities ~vere  compa~.c~tl 
\vith those of the control series. Rrsid~ial g l ~ ~ r o s e  was cletrnuinetl by r e n ~ o r i l ~ g  
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the cells from the fermentation licluor by Seitz filtration, the filtrate being ana- 
lyzed for total carbohydrate by using Urey~voocl's anthrontl reagent (5). 

Extraction and identificafio?~ of ZSS. The polysaccharide was extracted from 
the cells in the following manner: 11 1. of rumen liquor \\-ere processed in the 
manner described above and the resulting unstandardized cell suspension was 
incubated with 14 g. of glucose dissolved in 100 ml. of buffer for 6 hours a t  39' C. 
At the end of this time the mixture was centrifuged at  12,500 X G for 15 minutes, 
and the supernatant liquor was tlecanted off and discarcled. The resulting cell 
paste, which colored intensely purple when tested with iodine, was heated a t  80' 
C. for 10 minutes with constant stirring to inac#tivate enzymes. It was then 
frozen over night at  -20" C. The paste \!-as thaxvetl ant1 portions were ground 
with an equal volume of altunina (80-200 JIM, Fisher Scaientific Co.) and com- 
bined. This mixture was extrac*tetl wit11 200 1111. of a ca1c.iuin c.hloride solution 

(sp. gr. = 1.20) and 4 ml. of 0.8'/: ('I,-) acetic acid at  100' C. for 15 min- 
ntes. The r e sn l t i~~g  mistnrc~ was c.entrifuged at 551 X G for 20 minutes, the 
snl)en~atant licluor being collec.tt~t1. The residr~e was c.strac.te(1 in a likcl manner 
two additional tinles with 100-1111. portions of cal(.iunl c.hloride, the supernatant 
liquors being eombinetl. To this lic[uor sufficient triel~loroac~etie arid was added 
to 111ake the final concentration of tricdhloroacetic acaitl 10',; ("/v). This solution 
war; per~nitted to stand at  4" C. for several holu*.; to assure conlplete protein 
pre(~ipitatio11. The mixtnrc. was then cr~ltrifuged at  1'1..500 X G for 15 minutes, 
and the opalescent supernatant solution was plac.ed in rellol~hane bags and dia- 
lyzetl against r~uming  tap 1vatc.r over night. 1)ialysis was continilc~tl against 
several changes of distilled water until the water no longer gave a positive test 
for chloride ions, as tleter~ninetl ~vith silver nitrate solution. The ilialysate was 
the11 co~~centrated by vacuum distillation bt~lo\~- 30" (I1. until the volume was 
retlucecl to approximately 75 ml. This solution was highly turbid and colored 
all illtense brownish-pnrplc color when testetl with iodine. I t  was evaporated to 
dryness over calcitml chloride in a desiccator at room telnperatnre nnder racullm. 
Tlre resulting light tan-colorecl resitlne was sc.rapec1 free and po~vdered by grind- 
ing in a mortar. The average yield of extract was 1.5 g .  Nitrogen content of 
the dried extracts mas determined by the micro-Kjeldal~l nlethod. 

Fifteen to 20 mg. of the crude extract was hydrolyzed in 1 1111. of N EI,S04 
in a sealei1 tube at  100" C'. for 3 hours. I t  was nentralized by the addition of 
solid barilnn carbonate ant1 centrifugetl, the resulting clear supernatant sol~ltion 
being nsecl for chromatographic. analysis ant1 for the tleter~ninatioi~ of the per 
cent total sugar by using anthrone reagcwt. 

Ascel~tli~lg paper c.hron~atography was e111l)loyetl. ant1 the filter 1Iapc.r sl1eets 
were made into cylinders ant1 s tap l t~ l  toget1lc.r. Glas.; c+yli l~der~ Irere nsetl, the 
solvent was plavecl in the bottom, a n ~ l  the p a p ~ r  ~.li11(1el.s ~vere permitted to rest 
ill the solvent. Whatman No. 1 filter paper was usetl tl~rorlgllout. The spots were 
applied with the end of a fine stirring rod;  referellce sllgars \\.ere llsed along 
with the hydrolyzate in all cases. The solvellts used \verp butanol. acetic. acid, 

~vater  (4  : 1 : 5 )  (lf), butanol, pyridine, water (3 : 1 : 1.5) (10). and ace to~~e  to 
which IOV xvatc.1. by volmnc. was atltlrtl (7) .  The spots 1vc~1.e located by 



with the aniline hydrogen phthalate reagent of Partridge (15) and heated at 
105' C. for 5 minntes to bring out the color. Ketoses were tested for by spraying 
with napthoresorcii~ol and trichloroacetic acid ( 1  f ) .  Both single and double 
developmeiits were used, donble developments being used to obtain good separa- 
tion of glucose and galactose with the bntanol, pyridine, and water solvent. 

RESULTS AND 1)IPCUSSION 

The results (Figure 1 )  show that 100 pM per inilliliter of urea do not alter 
the formation of ISS but hasten its utilization, once produced. Glucose was 
utilized more rapidly than in the control, and this agrees with the results of 
Arias e t  01. (1) using the artificial rnmen technique, who founil that the presence? 

EFFECT OF UlEA ON ISS PRODUCTION 
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EFFECT OF SALTS ON ISS PRODUCTION 

FIG. 1. Effect of urea on ISS production. A-co~~trol; R-100 phf urea per nll.; C-1000 
p&I urea per 1111. 

FIG. 2 (r igl~t) .  Effect of salts 011 ISS production. -4-control; R-0.3 1111. of entire x:rlt 
~ l ~ i s t u r c ;  C-0.5 ml. of soluble portion. 

of starch or glucose increased protein synthesis from urea. I t  appears that a 
demand for carboh>-clrate is placed upon the bacteria when converting urea to 
protein. With 1,000 plCI per milliliter of urea, ISS formation n7as retarded and 
utilization increased as with the lower urea conce~itration. The utilization of 
glucose, however, appeared to be retarded. An explanation of this may be that 
with high concentratiolls of urea, cell permeability is affected in some way. 
However, protein synthesis still requires energy, and the reserve energy available 
in ISS is callecl upon as with lower concentrations of urea. 

It was fomid that the presence of Burroughs' salt i~lixture decreased the 
ainount of polysaccharide produced, the soluble fraction exerting a greater effect 
than the entire mixture (Figure 2 ) .  The utilization of the glucose substrate was 
found not to be altered. Whether these salts are stimulating the carbohydrate 
metabolisnl of the bacteria or are inhibiting enzplatic reactions necessary for 
ISS formation has not been determined. As the ntilization of the polysacchariile 
itself does not appear to be markedly accelerated, it seems that the latter view 
is reasonable. 



Sodium versenate (EIITA) co~~centrations of 0.5 aud 2.0 PJI per nlilliliter 

reduce ISS synthesis (Fignre 3 ) .  Corresponcling to this decrease, the utilizatio~l 
of the gliicose substrate also appears to be retartled. I17hether this efect is dne 
solely to removal of esse~~tial  metal ions or to the tosic*itj- of ETITA per se has 
not been detern~ineil. 

EFFECT OF ED72 ON /SS PROW%T/ON EFFECT OF COBALT ON /SS PRODUCTON 
AESIDUAL GLUCOSE 
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FI~;. 3. Elfc-ct of EI)TA (111 188 ])ro<lllrtio~~. A-co~~trol;  R-ll.5pJI EII'I'A prr 1111.; ('- 
2.0 pX[ El)Tl\ pel. 1111. 

]"I(;. 4 ( r ig l~ t ) .  Effort of rol,:~lt 1.111 JS8 ])ro<lurtio~~. A-ontrol; 1:-11.5 or 2.OpXf col):~lt 
per ml.; ('-2.0 phl col):~lt pcv 1111. :~dclc~cl 3II 111i11utes ],revions to sul)str;ltr. 

In  a conc.entratio11 of 0.05 $I1 per n~illiliter. ceobalt (lid not afect polysacchar- 
ide synthesis or glncosr ~ l t i l iza t io~~.  IIowever, in concentrations of 0.5 P&I and 2.0 
,L%I, synthesis of ISS equaled that of the control, but utilization mas nlarkedly 
retarded (Fignre 4) .  With these cot~centrat io~~s of cobalt, glucose utilization 
did not appear to be altered. As the cobalt seemed to exhibit its effect after being 
in contact with the bacteria for a period of half an hour, cells in a cobalt con- 
centration of 2.0 PM per ~nilliliter were incubated at 39" C. for 30 minutes before 
the addition of the snbstrate. In  this instance the production of ISS was greatly 
retarded, as \\-as the uti l izat io~~ of glncose. The lerel of ISS synthesis did reach 
that of the control after 4 hours i~lcnbation, however. Thus, the presence of 
cobalt in high concentrations retards polysaccharide synthesis and utilization as 
\\-ell as the utilization of the substrate itself. Ho\ve\.er, in low conce~~trations such 
as   night normally be found in the rnlnen, cobalt \\-as ineffective. 

The extracted 1158 \\-as fonnd to contain 1.!)5% nitrogen, alld. upon hydrolysis, 
787 carbohydrate as glucose. It was sparingly soluble in water and colored 
brownish-purple ~ v h e l ~  tested with iocline. Chromatography of the hydrolyzatc 
resulted in a single spot. When the 11-bntanol, acetic. acid, water solrent ~vith 
reference sugars mas used (Figure 5 ) ,  the Rf value of this component was founcl 
to be that of D-gliicose. IIo\vevrr, \\.it11 this solvent good differentiation between 
n-gllicose ancl n-galactose \i7as not obtained. Therefore, double development em- 
ploying the it-butanol, pyricline, water solvent was nsctl, as suggested by J r a ~ ~ e s  
rt 01. (10). ISS is believet1 to hc a polymer composed solely of n-plncose. but 



FIG. 5 .  ( ' l ~ r o n i : ~ t o g ~ . : ~ ~ ~ ~ s  of TSS I~ytlrolyz:~tt.s. RIIOJVII rcfvrrl~er r:~rI)ol~ydr:~tiw: l - ~ y l o s ~  
])lrls glr~cosc.; '7-arnl1i11osr  lux g:~l:~rtosr; R- - I I I : I I I I I~IS~  plus rillosr; &~II:IIIIIIOHC ])IIIS frlle- 
tosv (tllv latter too light to I I V  S ~ ~ ( > I I  Irc,rc,) ; 8-185 I~yclrolyz;itr. St11ve11t systrn~ In~t:~llol ,  :lc.c'tic 
:~ricl :IIIII \vatcar. A-g111cosc 1rl11s galartoar; R--1SS 11.vdrolyzatc. (fro111 gluConr)  lux gl~lrosc.: 
('-ISS I~ytlrolyz:~tc (frollr g l l~rosr)  ~ ) I I I H  g:~l:~ctosc~; 1)-ISS I~ytIrclyz:~tr ( f r o n ~  sylost~)  ~) l l l s  
glueosc~; E-ISS I~yilrolyz:~tr (from sylosc,) ~ ) l u s  ~ : I ~ : I c ~ o s I ~ ;  F-ISS Irydr~lyz:~trs f r o n ~  glueoscl 
: III~I  S ~ I O S C  COIIII,~IICII; (;-ISS 11ytlrolye;itt- fr.0111 glllcosv: H-ISS I~ytll.olyz:~tc. fro111 syltrsr. 
Salrc~l~t  systc.111 I~ut:~nol.  ])yri~lillc, :c11t1 \r:~tt,r. 

si11c.c. tht. srlbst~.atc usc*tl to procluc+ch this polysirc.c.hari(1th was ~)-glnc.osc, it \\.tic; 

c.ol~sitlrred i ~ n p o r t a ~ ~ t  to tlrtc~rlni~le what rffec.t a tliffrrr~lt c-arboltydrate substrat(. 
~vonltl hare on its co~npositioii. Therefor(., n-sylose was used and the resul t i~lp 
polysac*cliarile was rxt~.ac*tecl as  preriously tlesc.rihet1. Tliis estrar t  was foluicl 
to c.olitai11 1.4X7i 1iitropc.11 a11(1 74'h carbohydri~tc~ tletc~r~~iined as glucoscl. Whc'11 
testrtl ~vitli  iotlille. it p1-ot111c.cd a rolor siniilar to tliat of the rs t ract  fro111 gluc*osch. 
Chronlatograpl~y of the hytlrolyzetl polysac.c~l~aritl(.ilt revt~aletl a siligle c.o~npo~lc~l~t,  
1vl1ic.11 was also idt.~~tificltl as  n-glut-osr. Thrrs, it appears tliat tllc same polysac.- 
cliaritlr is protlnced hy thc1 bacteria rt~gartllrss of \vhetl~t~r a 5(: or 6C carbohy- 
d ra t r  is used as substratc.. This rchaction may be consi(1c~red one of 111any \rliicIi 
tleniollstratc. the metabolic. vcbrsatility of rntilrll bac*ttxria i l l  respec+t to their ability 
to lltilize a witlr ~ a r i e t y  of substrates a l ~ t l  y r t  protlncc. sintilar end-products. 
Tliis is probably the rt~snlt of t h t ~  i~lteraction of ;I large ~ ~ n ~ l i h e r  of ~lietaboli(' 
systems such as  one filids in the r1111ien. If this contention is correct, the ISS 
r e a c t i o ~ ~  snpports the Ilypothesis that  the rmiieli niic.roflora is not subject to  
radical 1,Iiysiologic.al c.l~a~lges by al t r rat io~ls  i l l  tllt. aniinal's diet. nnless these a1.r 
n~insnal  or un~latnral .  

I t  is belitbred that this polysac.c.11aridc. is of the starch-glyc*oge (.lass, but 
fnrther work must bc done to prove or (lisprove this. Oxfortl (1.7) has r s -  
tractc.tl a polysacc~haritlc. from 1)11rt~ c.r~lturcs of rumc.~~ streptoc.orci a11d b(lli('ve'i 
i t  to br of tlic1 starcah-plyc.ogc.11 class. I t  ~voultl tllc.rc.fore appear that these poly- 
sacc.l~arides are  ide11tica1. Experi~i ie~l ts  to f11rtllt.r purify thew extracts ant1 to  
c.lia~*ac.terize the p11ysic.o-c~liriiiical proper tic,^ of this polgsac.c.liaritle are u ~ ~ d c r  \vay. 

Thr  procll~ction of I S S  niay be ronsitlered to be a 1*t~a(4io11 characteristic of a 
large number of authentir rnlilen bacteria. I t  is belierc.tl that the reac.tion nlay 
be nspd for estimating the physiological normalcy of the runlen microflora, as  
Robi~iso~l  c t  nl.  ( 1 7 )  hare proposed. Tllt~ reac.tioli Itlay be sigliificant to  tht. 



ruminant in that it enablrs the n~icroorganisnls nlost active in cellulose digestio~l 
and protein synthesis to store a readily available so~trce of energy fro111 the 
soluble rarbohyclrate portion of the diet. If it is adinitted that the cellulolytic 
bacteria are anlong the inost important in the rumen, then a reaction which 
enables them to store a readily available energy source assumes that these organ- 
isins ~vil l  be able to attack cellulose and synthesize protein using ISS \vheil the 
soluble carbohyilrate in the feed is depleted. The fm.ther possibility exists that 
the amount of readily arailable carbohydrate in a feet1 ]nay be evaluated by 
nsing the degree of polysacchariile synthesis by t11c.se organisms as an index. 
This ~vould provide a rapid in vivo lneans for comparing rarious feeds in regard 
to supplying available carbohydrate to mmen bacteria. Fnrthrr  worlz along this 
line should yield profitable results. 

1SS produced by washed suspc~iisions of ruinell bacteria has been extracted 
and found to be a polymer of glucose. Identical polysaec.haritles were prodnced 
\vhe~l either a pentose or hexose was lisetl as substrate. The influence of urra. 
Burroughs' salt mixture, a chelating agrnt, and cobalt upon the synthesis of ISS 
was studied by nsing a colorimetric methocl for determining ISS. Possible sip- 
nificance of this reaction and snggestioi~s for further \vork are cliscnssrd. 
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SELECTION 1KI)ICES RASE11 ON BIILK AN11 FAT 'IELI), FAT 

P E R  CENT, AND TYPE CLASSIFICATION1 

K. A. TABLER" AND H. I\'. 'IOTCITRERRY 

nr))ccrfr~rr~rf of Dnir!~ Seic~trcr~, C~ri~.rrs i l ! l  of Illi,roin, r r b n ~ r n  

Genetic improve~~~ent  ill several traits call be   no st effectively accomplished 
if the informatio~l aboat those traits is co~ubined into an index of net merit or 
expressed as a total scsore (7 ) .  The application of this principle to selection for 
fat yield and type in dairy cattle was recently denio~~strated by I1arvc.y and 
Lush (5). Ho\re~-er, t l ~ e  effectirc~ness of selection indices which i~iclutl(. ~nillr 
yield, fat yield, fat per cent, and type has not bee11 establisht~tl. Therefore, tlir 
ohjrrtires of this study were to o b t a i ~ ~  thr nt.cessary parameters and suitable 
ecot~oniir values to construct several selec*tion intlices involving milk ancl fat 
yield. fat per rent, and type to ~ P ~ P ~ I I I ~ I I P  1101~ c.ff(lctirclly thclse indices \roultl 
iudicate the relative brecding worth of inclividual co\rs and subsequelltly to 
determine the eapc1etetl genetic improveinent per generation of srlection. 

SOURCE AND DESCRIPTIOS OF D.\T.\ 

The data for this study were provideil by the *hntlriean .Jersey Cattle Club. 
They included the Herd Tmprovenient Registry lactation reeords of all Jersey 
cows that had completed recorils some time during the years 1947 through 1950 
and the official type classification of the cows that had been rated under the 
Jersey Herd Classificatio~i progi-am. The type classifications were not necessarily 
made during the years represented by the productio~i data. From the cows that 
hat1 both a production record and a type classification, 2,810 daughter-dam 
pairs were obtained from 414 herds. The daughters were the progeny of 756 
sires with each sire having a t  least two daughter-dam pairs. The (lam and her 
danghter(s) were included only if their records r e r e  made in the same herd. 
There were 196 two-or-more sire herds which had 2,146 daughter-clam pairs, 
with nearly 42% of this total being in herds having ten or more pairs. The sires 
with four or more daughter-dam pairs made up 58.65 of the total sample size. 

The first single lactation records available in these data were used a11t1 con- 
sisted of milk yield, fat  yield, and fat per cent with the milk and fat yield ad- 
justed to a mature-equivalent, 305-day, twice-a-day milking basis. The fat per 
cents \rere con~erted from percentage units into decimal fractions. For example. 
a fat per cent of 5.3 is equal to 0.053 as a decimal frartion. No record of less 
than 270 days or more than 305 days was included. 

The type ratings were converted to a nmnerical score by assigning nnmbers 
to the ratings beginni~ig with Fai r  = 2, Goo(1 = 8, Good PIIIS = 4, Very Good = 

Received for publication April 7, 1955. 

' The data ill this paper are from a thesis ~ r e ~ e n t e ( 1  the senior a~ltllor in partial f11lfill- 
went of the requircme~lts of the Ph.D. degree, University of Illinois. 
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5,  and Excellent = 6. In these data there \\-ere no cows with "l'oor" ratings as 
the registratio11 is antonlatically ca~iceled 011 such animals. 

The ilieaiis of the nlillr yield, fat J-ieltl, fat per caent, and typcl of the daiiis and 
tlieir daughters are given in Table 1. The iiiea~ls for the danls and daughtei-s 
were nearly equal in all cases. The intra-sire stantlarcl der ia t io~~s  ill Table 1 indi- 
cate that the daughters w3re less variable in their pl-odnction than the clanis eve11 
thong11 the dams arc pres~l~necl to be a more selected group. 

TABLE 1 
Xrann o18d i , ~ t r a - s i ~ e  standard draiations of ~ 1 1 1 1 ;  !j~eltl, fat !/ieltl, 

- 
fnt per crnt,  a~zrl t y p e  of the rla~ns alld i l i e ~ r  daiigl~trrs 

Means Standard deviatiollu 

Dams DnugBters Dauiq Daughters 

Milk yield ( 1 0 . )  8,733 8,600 1,583 1,419 
Fat yield ( l b . )  462 461 83 72 
Fat (%) 5.31 5.38 0.45 0.43 
Tvne Isco~caJ 4.43 4.18 0.fiB 0.06 

IIri.itabilif.tl. The pi.oc*ednre of doabli~lg the intra-sire regression of daughter 
on tla~li was usrtl to estinlate the heritabilititls. The heritable differences in sinpl(~ 
records of milk yield, fat  per cent, and fat  yield were 0.25, 0..56, aud 0.20, rc- 
spectively. The cstiniates for nlilk and fat  yield are smallrr than those reportclcl 
by Tyler and Hyatt (I.?), but they are coilsistent in that inilk yield has a higher 
heritability than fat yield. The heritability of fat yield of 0.20 is the saiile as 
the ilitra-herd estimate, also for Jerseys, recently reportetl by Legates a ~ ~ d  L i ~ s l ~  
(11). 

The intra-sire heritability of type classification \\-as 0.25. Harvey ancl L11sl1 
( 5 )  obtained an intra-herd heritability of type of 0.14. This differel~ce of 0.11 
has a staiitlarrl csrror of 0.064. The probability that surli a tlifference is title to 
sampling error is less than 0.10 and is approaching sig~iificance. IIarvey and 
Lush suggested that their estimate might hare been an indicatio~l of the impor- 
tance of jndgc differences sinre ill the herds classified illore than oncc3, tllcre were. 
sollie pairs in ~11ich one .judge classified the (laughter and a different judge at :i 

diff'erent time had classified the dam. 011 the other hand, Tyler ancl ITyatt (I I) 
found a heritability of 0.28 in Ayrsl~ire data from an intra-sire regression of 
claughter on clam where all pairs within any sire had been classifiecl by the same 
judge 011 the same day. 

Phc~~ot?jpic ond grtietic co~.~elntio~ts. The intra-sire phenotypic an11 gt.netic 
correlations bet~veen characters on the same individual are listed in Table 2 for 
nlilk yield, fat yield, fat  per cent, and type' The phe~~otypic corrclatiol~s 
estimated fro111 the daughters' records. ill1 of the phenotypic correlatious except 
the one bet\\-een fat per cent and type are highly significant. The standard errors 
of all of these phenotypic. correlations are of the order of 0.026, or less. 

The phenotypic correlation bet~vecxn fat ~ i e l d  and type is approximately the 
same as that folmtl by IIarvey a11d T~isll ( 5 )  but soine\vhat sn~aller than that 
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TABLE !? 
111tm-sive phenotypic and graetic correlatio~~x brtrreelr niill; 

?lirlrl, fat per crnt, fat yieltl, altd t.1111~ 

Phenotypic Genetic 

Milk yield and fat per cent -0.36 -0.50 
Milk yield and fat yield 0.88 0.72 
Milk yield m ~ d  type 0.08 0.07 
Fat per eelit and fat yield 0.15 0.20 
Fat per rent and type 0.05 -0.01 
Fat yield and type 0.11 0.08 

reported by Tyler ant1 E-Iyatt (If). The sniall size of the phenotypic correlation 
between fat per cent ant1 type i~~dic.ates that thest. traits are virtually indr- 
pendent. 

When coml~aring the phc~iiotypic cdorrt*lations f o u ~ ~ d  in the prese~it study 
~vitli those fou~ld in other studies, the largest differences artk those inrolring the 
correlatio~l bet\veen ~nilk yield a~i t l  fat per (Sent and the c~orrelation bet~veen fat 
yield and fat per cent. 111 studies involving saiilplrs of recol.cls from several 
breeds. investigators ( I ,  1%) reported a correlation bet~vee~i inilk yield and fat  
per cent ranging froill -0 .114 to -0.198 in the Holstein and Ayrshire breeds and 
from -0 .295 to -0 .354 in the Jersey ant1 Guernse- breeds. I t  could be that the 
difference bet~vceii the estiinates of the correlatiotl b e t ~ e e n  inilk yield and fat 
per cent obtained in the present analysis and the -0.14 reported by Tyler and 
Wyatt (1.2) is an i n h e r e ~ ~ t  breed differenre anil not necessarily a consequence of 
sampling error. 

The niethotl of ca l rn la t i~~g genetic correlations as outlined by Hazel (6) was 
follo~vetl ill estimatii~g those in this stndy. The genetic correlatioils between milk 
yield and type and bet\vec~n fat yield and type in Table 2 indicate that milk yield 
and fat yield hare about the saine genetic relationship to type. The intra-hercl 
estimates of these two genetic correlations were both 0 .14 ,  which is nearly turicc 
as large as the intra-sire ones. The differences could be sampling error, but they 
also could indicate that the breeders tended to stratify the dams aecordiiig to 
their type and then mated the dams in each of these groups to a different sire, 
as a large nuinber of the herds in this study were using two or illore sires con- 
currently. Another possibility is that the ages a t  \t*hich the dams and daughters 
mere rated may have differed considerably. 3lany more of the dams than daugh- 
ters ~ ~ o u l d  have had a ellanee to hare their classification raised and, secondly, 
the j~tdges arc likely to be Inore co~lsrrrative whe11 classifying young co~vs. Thc 
intra-herd genetic correlation of 0 . 1 4  bettveen fat yield and type is comparable 
to the 0.18 obtained by Harvey and Lush ( 5 ) .  

The genetic correlations obtained in the present study alee ill rather close 
agreement \vitli those of Tyler alid Hyatt (1.3) except for the genetic correlatio~l 
betlveen milk yield alld fat  per cent of -0.50, ~vhicll is colisitlerably larger tl1a11 
the -0.20 they reported. The reason for this d i f f e re~~re  is not readily appare~lt. 
but they studied data from the Ayrshire breed, lvhereas the p r e s e ~ ~ t  data canle 
from the .Jersey breed. Farthing and Legates 1.') fonnd a genetic eorrrlation 
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between milk yield and fat per cent of - 0.57 for Guel'l1sen; and - 0.38 for Hol ­
.. teins, which brackets th r corresponding corrrlation of - 0.50 found in this stUlh- .
Thus, the more recent rrsults indicate that the geneti c correlation betwecn l1Iiik
yield and fat prr cent may be higher negatively than was reported ea rlier by
Tyler ancl Hyatt (1.'/). The work of Farthing an<l Ll'gates with Guernsey and
Holsteill data appears to ronfirm the earlirr contention of Gaines (3) that th r
higher-testing brf'eds should have a higher negative relationship between milk
~' i eld and fat pel' cent . This does not appear to br true within a breed, fo r wht'n
Farthing and Leg-atrs stt'at ified thr ir data for rach brerd into ten groups 011 the
basis of the avr ragr fat JWI' cent of the hr rd thr r e was no (· ll'ar indication of allY
trr lltl in the lI rgative rr lationship of the geneti c co)']'elation as the herd len'l :-If

fat pel' cent incl'easPll.
Rl'1afil'c cC() //()l1Iic l'n/ll cs . The economic values to bl' <\ssi~lIt'd to milk yield ,

fHt prl' ernt, fat yi r ld , and type elassificat ioll in 11 srlr<'tion in(lr x arr IikPly to
vary with clitfel'rnt hel'ds of cattl e. Commercial dair,vmf>11 will depf>nd almost
wholl y on the rl'cripts from the saIl'. of milk 01' butterfM, ",h l'l'( '<\s soml' brel'd r l'>;
receiw an additional incomr fl 'om tbe sale of thril' catth' fol' bl'PPding- purposes
and hom shm\" ring- aC]yPI'tisemr nt aml pl'izrs.

An estimate of the ]'elative valurs of milk and bntterfar was obtained from
the 1945-;)2 avrrag-l'S of .\·early pl'ices paid to milk produeel's in thl' Chicag-o fluid
milk marketing arra and the Roston cream markl'ting H1'l' (\ . Thl' a\'l' ragr blelHl
Iwicr J)(' I' pound of Gradl' A- Gradr B milk t esting- !i.3'/' \\'as *0.0.J.!1 . The fat
test of 5.3 7< is tlH' awrage fat prr cent of tIll' .T('rse,\· milk ill th rse data. SineI'
there \\'el'e no fignrrs a\'ailablr fo r th r prier of buttprfat marketrd as crram on
the Chicago mark('t, thr Boston price of *0.869 prr pound of butterfat was usr(l.
This is based on tllr ]JI'i ce of 40% crram which was intr ndrcl for buttrl' Irss tIl('
rost of rrfrigerat rd transpOJ·tation from Chicago to Boston. Fl'om these l)l'i ees
the a.verage 11umber of pounds of 5.3 'J, milk ll ('crssar~' t o ('qnal th r pricl' of a
pound of butterfat was 17.!i7, Fat p(' I' rent was given an eronom ie valnr of z('ro
in all of the indices.

The economic valur of a.n incrrasr of one t~'pe r lassification will deprllll
largely upon the individual dairyman; howr \'r r , the two rxtl'PlIl rs of giving t~'IW

a value of zrro anel the cq uivalent of a standard (lrviation in milk or fat will
illustrate thr influ r ncr that paying attrntion to type has on the rate of exprcted
progress in increasing milk and fat y ield . Th r assnmed pCOllomic value for t~rpe

for the lattrr extr enw, in pounds of milk reqnire(l to equal a change of on(' gnHlc
in t,vpr, was 2,]39.3 as (ll't r l'mined from the ratio of th (' intl'l1-s il'r stanllar(l drvia­
tions of milk and typr ,

Th e il/dex. The prin r iple of selection by means of an indpx as dcvploped b.v
Hazr] (6) was folJowrd in deriving the indicrs. Romr mOllifica tions of this
method as sugg('stecl by Henderson (8) and includrd in rrcl'nt paprrs by Karam
et al. (10) and Bernard et nl . (1) were also used .

The aggrrgate g'pnot,\'pe ( H ) of an individual is designatr(l here as
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where GM, G f ,  G p ,  and GT are the genic ralaes for inilk yield, fat per cent, fa t  
yield, and type classification, respectivclly, anil the n,'s are the relatire ecoaomic 
values of these four traits. 

Henderson (8) has proposed that an inclex of each genotype be calculated 
from the phenotypic measures of all of the traits under consideration. On this 
basis, the best estimate of the breetli~ig value of an i~~dividlial may he defined 
in this study as 

I = n,l/ I l l  f O f  It f ( I f -  IF + ((7' IT 

~vherc 131, I f ,  1,;. ant1 IT are incliccs for esti~nating (;.I/. GI,  U; ... and GT fro111 thc 
phenotypic measnremeuts, Xu, I f ,  SF,  ancl ST of the four traits, millr yield, fat  
per cent, fat  yield, and type classifiration, respectirely. 

7.11, I f ,  I F .  and 7 ,  arc further defined to be : 

xvhere the b's are regression coefficie~its \vhich were derived by iiiaxinlizing BaIi 
of the following equation : 

E ( G ,  -5) is the csprcted genetic gain in the i-th trait, B is the regression of 
the i-th genic value G ,  on the i-th indcs Ii .  The height of the ordinate on the 
nonnal curre at the point of truncation is represented by 2,  and 11 is the fraction 
of the popnlatioi~ saved. Calculating thc b's in this manner maximizes the corrc- 
lation between G ,  and I ,  as well as the correlation between B and 1 (9). 

The system of eqnations fro111 1vhic.11 b, , .  l),,. 11, :, and !I,, were obtained is 

b , ,  v2SjI + b , ,  vSMSf + 11,:: vSlrSF + I),, oSJrST = v2G.lr 
I),, U,\'~S.~~ + 1) ,, v2Sf + b,:: v - T f S ~  + b v.17fSr = vGjG.lI 
b , ,  crSvSjr + b , ,  C S F . ~ ~ ~  + b,:; c r 2 S F  + h l +  v S p S T  = vGpGJl 
1) , , cr.\'~Sj/ + b , , v x ~ x f  + b ,  :: v-TT-yI: + 1), , w L S T  = 

The phenotypic variances and corariatices 011 the left represent those of the 
records 011 the daughters as presented ill Table 3 and are the salne for estimating 
all four sets of the 1) 's. The right iiienlbers of this ST-stem of (~clnations are the 
appropriate genetic variance and covariances given in Table 4. 

TABLE 3 
Phcnot!~))ic ?:ariancrs nnr7 cot'nriaaccn o f  ?311lk ]ltrlt7, fnt per 

c e ? ~ t ,  f a t  yicltl, n ~ t d  i ypr  clanxifieation 

Milk Fat Fat 
yield per cer~t rield T s ~ e  - - 

Milk yield 2,014,i70.0 -2.19827 90,003.3 78.103 
Fat per cent 0.0000183 0.04665 0.00014 
Fat yield 5246.2 6.325 
Type .440 
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TABLE 4 
Grnetir t.aria~lces and cornrinnces of ~ t ~ i l k  yirl/7, fat 1)rr 

cent, fa t  yield, a i d  t ype  c lass i f ia t io i~ 

Milk F a t  F a t  
yield per cent yield T Y P ~  

Milk yield 495,968.7 -1.13228 16,439.0 17.081 
Fa t  per cent 0.0000102 0.02037 -0.00001 
Fa t  yield 1,051.(;56 0.828 
Type 0.1 11 

The amount of genetic progress to be cxpc~cted fro111 the selections based O I I  it 

particular indtbx is proportional to rlll. selecting for one trait, the rorrchla- 
tion. rlf1, serres as a basis for deterinining whether or not there is any addi t io~~al  
i~~for~i la t ion  provicled by traits correlated with the desired trait. When selection 
is practiced on lllorc than one trait, 1.1, provides a basis for c+hoosing the il~tlex 
whirh is expected to proride the greatest amount of total genetic progress to~vartl 
the desired aggregate gellotype. 

When selecting according to indices the expected genetic changc for each of 
thc different traits can be detern~iiied for each index. Thc3 rspected gtb~~rtic* 
change in any one of the traits iueludrci in the index is 

~vhere z is the liright of tlie ordinatr of tlie normal curve at the point of tr tu~ca- 
tion and p relwese~~ts the fraction of tlie population saved for brc>c~cli~ig. The cj's 
arc regressioii coefficients obtained by collecting the appropriate a$,, terms. The 
,rG,G,'s are the genetic covariances bet~veen the i-th trait and each of the j-th 
traits tlxcept ~vhen i = j ,  in which case uG,G, is the genetic rariance of the i-th 
trait. d i ~ ,  the standard rleviation of the csti~nated brcecli~~g ralue. The above 
for~nula is the salne as that used by Karain (9). 

Several selection indices weye calculated fro111 the phrliotypic and genetic 
rarianres ancl coraria~~ces i a  Tables 3 and 4. Fire  of these are listed in Table 5 
along with r.lff anii the expected genetic cl ia~~ges per ge~ieratio~i of female selec- 
tion. 

Thr first two indices, I ,  and I,, arcA designed to esti~nate the genotype for 111ilk 
yit1ltl. JII I ,  the. genotypcl for niilk yicld is c.stirnatei1 from niilk yield whereas ill 
I, it is esti~i~atc~d fro111 niilk and fat yield. The correlatio~~, 1'1rr = 0.496 for I ,  
i~~clic.ates that if ~nilk yield alone is 11srd as all i ~ ~ d e s  the genic raluc of thc 111ilk 
yield of all i~itliridual call be esti~natccl about half as acenrately as it woulcl be 
if the g e ~ ~ r t i c  c.onstitlition of each aniinal we1.e completely kno~vn. This call be 
i~lc.rc~asetl by sligl~tly niore than 10% ~vitli the aclrlition of fat yield to the i~idex 
as tlenionstratctl by 11, ill Table 5. An increase of 13 Ib. in the expected genetic 
imp~-ove~nent of n~ilk r~s11lts in a t+orres~~lldill,rro~~li~~g re~111ctio11 of 1.5 Ib. in fat yield. 
,411 i~itlcs ill ~\-Iiic.li niilli yield, fat yield, and fat per cent were included was pal- 
culatecl, but thr rrsnlting linear tlrl,r~idrnct~ redncecl considerably the predictirc 
ralllt> of the intl(1s. 011 tlic other hand, all index which i~~clntletl only ~iiilk yirltl 
and fat per c~rlit gar(. ;11)o11t the sanle results as I, .  
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TABLE Z 
The ii~dires, tire rrrr's, and the r.~prctrtl  gr~tct ir  elta~t.qrs prr pr~rrratio~r 

of fe?~?ale selection In ? ~ ~ i l l i ,  fat prr ernt, fat, and t!lpr 

Index 

Expected genetic cl~ange" 
Aggregate 

rrrc eeootrne Milk / Fat Trne 

I1 = Xa 0.496 Jf 122 -0.03 4.1 0.004 
1 2  = 0.46Sj1 - 4.7Sp 0.548 Jf 135 -0.06 2.4 0.004 
I I = X F  0.448 F 79 0.01 5.1 0.004 
11 = 0 . 4 2 1 ~  - 0.81S1 + 5 4 6 1 ~  0.477 MFT 106 -0.02 3.4 0.040 
I :  = 0.391% + 5 4 2 1 ~  0.476 MFT 103 -0.02 3.5 0.040 

Assuming that 20% 
Milk + 17.6 fat. 

females their valne. 

I n  I.: fa t  yielil is 11scil to estimate the gt.notypt. for  fat yieltl. A colupariso~l 
of the 1.~1,'s for  I, and In shows that  the breeding r a l l ~ e  of a c.ow for milk yield 
call be estimated 22'/: more accurately than her breeding valne for  fa t  yield. The 
expected genetic change in fa t  yield fo r  I :  is 5.1 Ib. as  co~nparcil with 4.1 Ib. for 
I,. Holrever, the increase of 1 Ib. in  the esprcted genetic pain for fa t  yield is 
accompanied by a reduction of 43 Ib. in the expecteil ge~letic gain in ~ n i l k  yic.ltl. 
These results i~lclicate that  Jersey breeders who sclt1ct their cows on the basis of 
milk yield alone are  improring the gt111ic ralue of these rows for fat  yieltl SO'/: 
as  fast as  they ~ ~ o n l d  if they paid attnltion only to f a t  yield, but in the reverse 
situation, those breeders who pay attcwtion only to  fa t  yield as a basis for  selec- 
tion are  improving the genie ralucl of lllilli yield o111y 6.5% as fast as they \roultl 
if they were selecting their c o ~ ~ s  on the basis of ~ n i l k  yic.ltl. IYhcther o r  not the 
relatire differences in the expected gencltic changes for milk and fat  yield ill I ,  
and 1,; are typical of the other brcc~ds, particnlarly the lowcr testing breeds, is a 
matter to  be investigated. 

I f  milk yield, fa t  yield, and typc' are  being selectetl for  ancl arc  considrrc~d 
to be of equal economic importance, index 1,. which includes only the phenotypic 
measures of milk yield (XI,) and type ( S T ) .  is s ~ f f i ( + i e ~ l t  to depict the merit of 
sueh an aggregate genotype. This is evident from the ?'IN'S and the expected 
genetic gains for  I ,  and I , .  The use of either index I ,  or I ,  nlay be expected to 
resnlt in  a slight aclilitional increase ill the genetic improvement of type but a t  
a sacrifice of 15v in the genetic change of milk a11i1 fat  yic.1~1. Therefore, thest. 
ralues indicate that  r e r y  little genetic i n ~ p r o v c ~ ~ n e ~ ~ t  in type van be expected from 
female selection withot~t  a t  the same t in( .  rrducing tht. ra te  of i~nprorement  it1 
production. 

The magnitndr of the rxpcctt,d ge~~ct ic .  ~'hangcr(' ill fa t  per cent was slight in 
all of the inclices a11t1 terldcd to be in the negative direction. There was all in- 
crease of 0.01 in I :  where emphasis \\-as on fa t  )-icld. 

In order to compare the rate  of i~nl)~.oreinent in protlurtioll for  the tlifferent 
indices, the expeetetl genetic change in fa t  was convc.1.ted to a milk e q ~ ~ i r a l e ~ ~ t  
by m u l t i p l y i ~ ~ g  it by  17.6 a ~ ~ t l  atlding it to that  of 111ilIi. The factor of 17.6 is the 
eco~lomic equivalent in p o m ~ d s  of 5.3% milk of a polmtl of b ~ ~ t t c ~ f a t .  These 111ilIi 
equivalents for the illdices a re  given in the last eo111in11 of Table T,. 

The expeetc.tl pmetic. changes ill Table 5 i1l.e thaw that n o ~ ~ l t l  c.onlr aholrt i f  
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selection were on the fe~nale side only. Hc~leetion among the sires call b(. illor,. 
intense and this makes it possible to increase the level of 11rrfo1.1iiance colisitl~~r- 
ably. For esample, if only sons of the 5% of the dams \\-it11 the highest iiides 
ralnes are saved for breeding purl~oses, the coi~tribt~tion of tl~c' nlale selection to 
the net rate of improrenlent expertetl per generation wonltl be 10s Ib. niilk and 
17.1 lb. fat. 

The indices in Table 5 were based on parameters clr~~ivetl f~ .o~n  si~lgie recorcls, 
and their use is liniited to the inforination provirled by a single recortl. The 
inereasecl arcnrac- of prediction of an intlrs when prorisions arc3 nlatle for taking 
into ac.rouiit the rariation in the ~il~ii ibrr  of fat records available on the iiitlivicl~~al 
being indexed as lve11 as rarious close relatires has been demonstratecl by Harvey 
and Lush (5) and by Legates and Lush (11). Thus, tht1 indiees which they de- 
velopetl for selecting for fat  yield may be Illore iiseful than those presentetl in 
Table .5. Holverer, it appears froin the reslilts of the present study that milk 
yield is a better rriterion of selection for the genetic iiiiproreinent of produrtio!~ 
than is fat yield. 

The neressary statistics for cleriring several selection indices were obtained 
from the lactation and type records of 2,810 daughters and mates of 756 sires 
fro111 414 Jersey herds. The heritability of differences in singlr records of niilk 
yield, fat yield, fat per cent, and type were 0.25, 0.20, 0.56, and 0.25, respectively. 
The intra-sire phenotypic correlations were -0.36 betwee11 n~ilk yield and fat p r r  
cent, 0.88 between milk yield and fat yield, 0.08 between inilk yield and type, 
0.15 between fat per cent and fat yield, 0.05 between fat per rent and type, ancl 
0.11 between fat yield and type. The rorresponding genetic correlations \\-\.ere 
-0.50, 0.72, 0.07, 0.20, -0.01, ancl 0.08, respectively. 

The genic value for illilk yield can be estimateil 10% inore accurately by also 
taking into consideration the co~v's fat  yield, while fat yield alone is a good cri- 
terion of selection for improving the genic value of fat yield. The expected 
genetic in~provenlent of milk and fat  yield was greatest 1~1ien inilk yield alone 
\\-as the basis of selection. Selection for type along with niilk and fat  yield re- 
snlted in a 15C4 decrease in the expected genetic gain of milk ancl fa t  yield. 
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CORNCOBS WITH AUREOMYCIN AS ROUGHAGE COEIPLIREI) 

TO HAY FOR DAIRY HEIFERS 

K. E. RARSHRARGER 

I)e))nrlrrrr,?~t of 1)niry Science, Univcvsif!/ of Illirroix, t:rbntltr 

I t  has been dcn~onstrated previously 11) that corncobs can be utilized by 
bref cattle to supply part of the digestible energy needetl for growth aiid fat- 
tening. 111 view of tlie si~nilarity in tlie digestive systems of beef ancl dairy cattle 
and the relatirely low \-nutrient rerlnirement for grolvtli compared to lactatio~l 
one might assume that large amounts of corncobs coulil be used for feeding dairy 
heifers. 111 the con1 bt4t states cobs are generally plentiful. In using cobs for 
feed the n~a in  C O S ~ S  arc for Iialiling ant1 grinding, lvhicl~ ma>- range from $5 
to $10 per ton. 

Perry ef 01. (1) r~por t ed  an increasecl rate of gain in grolviug steers ~vlie~i  
aureomycin supplemeiltetl a corncob aiicl Piirilne supplenie~it A ration. The feed 
intalres were equalized for tlic two lots of steers, and one lot rereired 'i5mg. 
aureomycin daily pr r  steer. The steers reeeivi~ig anreomycin gained nore weight 
ant1 utilized feed more efficiently than the controls. Seumann et 01. ( 3 )  observed 
no benefit from fceding 2 nig. of a111.eo111yein per pou~id of dry feed to yearling 
heifers. Reid cf ol. (.i) in a review on aureomyci~l state that "anrcomyci~l stimu- 
lates grolvtli in calves up  to 6 nlonths but it has little or no effect thereafter." 

This paper reports the results obtainetl \vlien corilcobs and sul)plements re- 
placed the hay normally fed to dairy heifers. Anreomycin1 (3nrofac 2 h )  was 
atltled to tlie rations to tletermine ~vhetlier or not larger anil more efficie~it gains 
~vollld he obtainetl. 

EXPERIMENTAT, PROCEDI'RE 

T~velre gro\vinp tlairy heifers ranging from 6 to 9 months of age were assigned 
to four ration groups so that each group was ina(1e up of three heifers-two 1101- 
stein and one Brown Swiss. The half sisters (sired by one bull) were distributeci 
throughout the groups. There were two sets of four half-sisters, ancl one sister 
of each set mas assigned to each ration group. The average initial live weights 
were 542, 505, 524, and 500 Ib. for groups 1, 2, 3, and 4, respectively. 

Each gronp of lirifcrs mas fed its expcrimel~tal ration for the duration of 
the experi~nrnt ~vitliout change-orer. Co~nplete indiridual feed records were 
maiatainecl. Eacah heift.r n7as fed as mnch corncob ~nixtlirc or hay as she ~vonld 
consume ~vithout esccssire refusal. The amount of conce~ltrate mix tn~e  fed was 
the same for all heifers. The four rations fed were as follows: 

1. Corncob mixture No. 45 and concentrate mixture Ko. 43. 
2. Corncob mixture No. 45 and concentrate mixture No. 43 wit11 18 lug. 

anreo~nyei~i added per pound. 

I<cccircd for p~~ l> l i r :~ t io l~  April 7, 1955. 

' Aurofne ?A Jrns sltpplic<l h ~ .  R.  F. Elliott, Lederlc Lal)or:~torirs I ) iv ix io~~,  .4111rrie:1n Cyan:&- 
mitl Company, Pcnrl I<irt,r, N. Y. 
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3. Brolliegrass hay and concentrate mixture No. 43 1vit11 18 iilg. aureoaiyci~l 
acldecl per p o u ~ ~ d .  

4. Broniegrass hay ancl coilcelitrate ~ i~ix t l i re  So.  4 3 .  

With this experiiliental design, the six heifers being fed corilcobs were coui- 
pared to the six receiving hay, and the six heifers being fecl aureoniycill were 
co~lipared to the six not receiving aureo~iiyei~l. 

The feed mixtures were composed of the follo\ving itlgrcclie~lts: 

C'orncob nrixttrre No. 45 ( l b . )  C o t t c e ~ ~ t r n t e  nrixf?o'e No.1.3 ( l b . )  

Ground corllcobs 1,500 Corn ~iieal 400 
Soybeau oil meal 450 Gro1111d oats 400 
Steamed bonenleal 30 Soybean oil ~neal  170 
Trace-n1ineralizet1 salt 15 Trace-iiliileralizet11 salt 18 
vita mi^^ A-1) conce~itrate .5 Stealned bo~lel~ieal 10 

Vitamin A-D concentrate 2 
i iureomyci~~ a 

" Aurofnc 2A was used to supply 18 mg. aoreon~yrili per 1)0111111 of grnil~ for r:~tiollu 2 : I I I ~  :$ 

hot was not ineluded for rations 1 and 4. 

The average daily intake of anreomyein \)-as 81 mg. pel. heifer-90 mg. cluri~ig 
the first 12 weeks and 72 mg. duriag the last 12 ~vt.eks. The vitamill A concen- 
trate supplied Illore than 75,000 I. U. of vitamin A daily per heifer. 

The corncob li~ixture was formulated so that it \~~oult11 be esse~itially eclnirale~it 
to bromegrass hay in protein coilteiit and \yonid supply adequate a~iloli~lts of 
calcium and phosphorns, according to JIorriso~i's ( 2 )  fcctl colllpositio~l values. 
This procedure equalizes the nutritive values for p ~ r p o s ( ~ s  of luaking economic 
coliipariso~is of the rations. 

The bronlegrass hay for ratio~is 3 alld 4 c o ~ ~ t a i ~ i e d  a vclry slilall proportion of 
alfalfa. I t  w7as harvested at a metlium stage of 111aturit.v a ~ l d  ~va r  ~nedium in 
clnalitg with only slight weather damage. 

The heifers were honscd in a good barn with sti111c.11ions and i~lilivitlual feclcl 
mangers. Wheat straw bedding was used. The h r i f t ~ s  \\-err per~nitted to c.xc.~.c.ise 
in a dry lot daily except (luring i~iclemeilt weather. 

The live weight, heart girth, and height of withers were rcvordetl 011 thrc.c* 
snecessire days initially awl at the end of the 168-day feeding trial. 111 acldition. 
single measurements were recordeil every 4 weeks. The cliffere~~res ill gains TY~I-1, 

nsed to measure the relative feedillg ralnes of the rations. 

The average amount of air-dry feet1 co~~snmc~tl was 14.61. 14.02, 16.22, ailtl 
1.5.63 lb. pel* heifer daily for rations 1. 2, 3, ant1 4. ~.c.spectirely (Table 1 ) .  The 
heifers receiving eonicobs eo~~snnied about lo'/! less feed than tlicl the oth(~l-s. 

111 rations 1 and 2, corlicobs niatl' up 513 of the total feed consmnecl. Thc 
colicentrates eonsnmed in the corncob mixture anloluited to 2..i and 2.4 lb. per 



TAELE 1 
Brcranc2 r7ael11 feed consicntntion nfl' lir ifrr. at?-drv basin Ilb.) 

Rn tion Houghnge Conce~~tmtes  Total 

1. C o l ~ ,  grai11 10.11 ' 4..5 14.61 
2. Cohs, gmin, aurro. 9.52 " 4.5 14.02 
3. Hay, grain. nareo. 11.72 4.5 16.22 
4. Hay, grain 11.13 4.5 15.G3 

" Corncob mixture No. 45 (75% cobs). 

day for rations 1 and 2, respectively, in acldition to thr regular concelltratc 
allolvance. 

Palatability of the cobs when mixed ~vi th  soybeail meal was not a serious 
problem. When the heifers were changed froin standard rations to the experi- 
mental rations at the start of the experimeut, the corncob mixture was consumed 
in relatively large amounts. 

The arerage lire weight gain for each ration group \vas normal or above. 
based on Morrison's (2) normal growth values for IIolstein heifers (Table 2) .  
The average daily gain in live weight was slightly higher for rations containing 
cob% (1.50 lb.) than for the hay rations (1.46 lb.). The increase in heart girth 
was 9.2 in. for cob rations compared to 7.7 in. for hay rations. The increase in 
height of withers was 4.85 in. compared to 5.13 in. in faror of the hay rations. 
These differences are not statistically significant. The analysis of rarianee for 
gain in live weight is given in Table 3. 

The addition of aureomgcin to rations 2 and 3 ilicl not increase the lire weight 
gains. The arerage daily gain for the aureomycin rations was 1.50 lb. comparecl 
to 1.55 lb. for the non-aureomycin rations. Based on a comparison of gains for 
rations within each kind of roughage, no beneficial effect of anreo~nycin was 
evident. 

DISCUSSION 

The live weight gains from the corncob rations ilemonstrated that cobs fur- 
nished a large amount of energy for growth. 111 planning the rations, protein 
concentrate mas added to the cobs to make a mixture equi~alent  to the hay in 
protein ancl digestible energy, based on arerage feed compositioll ~ralnes. The 
cob mixture had a calculated TDN ralne of 51.3'7; and shonld hare replaced the 

Arcrage pains in bod?/ ~ncas lrr~~~ lents  per 7ieifc~. (84 ~ C E C ~ S )  

Heart Height a t  
Ration Lire weigl~t  girt11 withers 

f1b.j (Av/cIay) (in.) (in .) 
1. Cobs, grain 270 1.61 9.0 4.5 
2.  Cobs, gmin, aurro. 364 1.57 9.4 5.2 
3. Hay, grain, nurro. 240 1.43 1 .a 4.9 " - 
4. Hay, grain 248 1.48 7.9 5.4 

Aureomyrin rations 253 1.50 8.3 5.1 
Other rations 259 1.55 8.5 5.0 



TABLE 3 
.i ~rnl!lsi.s of rnl.inncc for indii.ir11tnl lirr rc., ;!!lrl !mi~r.s 

- - 

1)cgrccs of 3Icn11 
Source fl c.rdom W I I I ~ Y C S  F vnlue 

Total 35 - - 
Pcriods 2 2,016 12.07** 
llrifors 11 339 2.03* 

Rations :i 194 1.16 
Within ratiol~s 8 394 2.36* 

Error 2" 117 - 

* Significant at 5% level. 
*' Higllly significant at 1 o/o lcvel. 

hay on an equal weight basis. llowever, the obscrved 11ay replacen~ent value of 
the corncob mixture was ec~niralent to 63.3r/r TDN. 

Tf the extra protein needed in the cob rations hacl been supplied by illcrc1asing 
the protein percentage in the concentrate ~uixture, less energy mould have been 
supplied by concentrates and lo~vrr  gains \vould h a ~ e  hew expected. Holveve~, 
it was deemed desirable to atltl snfficient supplement.; to the cobs to malte a mix- 
ture c~qnivalent to the hay in nntritive valnc. Thew \yere several rra%ons for 
this : The cob mixtnrc was nlore palatable than the cobs alone : the supplemelits 
nredt.d to corrert the defieiel~cies of the cobs \yere consnmecl in propo~-tion to the 
robs vonsumt~il; and a sinlple rchonomic comparison can he 111atl(> bct~veen the 
costs of the ~TT-o rations. 

111 practice,  atio ions fed to heifers may contain inorc3 than thc, nlini~~ilun 
a~nount of protein reqnilwl. Gooil quality legmne roughage n s ~ ~ a l l y  supplies 
more than the n~inimmn allo~vanrrs and, also. it is not practi(.al to ftvd the exact 
niiiiinimn. Thns, t11~ snbstitntion of corncobs for part of the, high-protein ro11gh- 
ace. thereby reducing the sn rph~s  protein intalie. may appear to rllov an eco- 
nomic advantage for corncobs. Thc critical economic test shonltl h(3 ~natlc with 
rations of equal or similar nutritive valnes. 

The co\t of the, corncob n~istxwe, which supplied a liberal an~oiint of prott411. 
ai ls  $83.80 per toil with corncobs priced at $6.00 pw ton. Thus. there was no 
eco~~onlic adrantage for fcrding cobs in placr of hay at normal prices of $2.5 to 
$30 per ton. Tf hay is n~~nsna l lp  high in price, it might he econo~nical to fecbtl 
cobs. 

T~veIve dairy heifers Iwre fed experimental rations for a 24-xvclek periocl to 
con~pare corncobs with bromegrass hay as the source of roughage. dureon~ycin 
was fecl to half of the heifers in each roughage group. P~wtein, mineral, and 
vitamin supplements were  nixed with the corncobs to 111a1ie the 1nixtm.e equiva- 
lent to the hay in nutritive values. 

The rations containing cobs and extra supple~uents compared fax.o~ably with 
brolnegrass hay rations. The average daily gains I!-ere 1.59 Ib. for the cob rations 
and 1.46 lb. for the hay rations. The addition of aureomyein did not increase the 
live ~veight gains. Differences in gains were not statisticall- significant. 
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TECHNICAL NOTES 
THE DESTRUCTION OF OXALATES B 

It has heen klio~vn for inany years that 
rulninants can consulne large qnantities of 
plant osalates without suffering any apparent 
ill effects due to osltlate poisoning. This im- 
munity to osalate poisoning. which is not ex- 
hihited by nol~rulninants, has been explained 
generally on the basis that osalic acid is 1)roken 
down by the rurnen. Another explanation that 
is so~netitnes offered is based on the postulate 
that an  appreciable portion of the osalates pass 
through the cligckstive tract as intart calciul~~ 
osnlate. These esplitnations, one or  both of 
which can be found in n~ost  textbooks and re- 
views on runtinant nutrition, have been offered 
with reservations hecnuse no direct evidence has 
heen available to support them (2). Talapatra 
recently d(.lrrotlstrated in a clualitative Inanner 
that oxalates are destroyed in the rulnen (-I). 

Iluring :I r(~cc~nt feeding trial in \\*llicl~ an  
oxa1atc.-rich diet was fed to dairy cows, it was 
ohsc.rved that no 1110re than tmce alnoulltr of 
osalates appeared in the blood, urine, and feces. 
These ohservatiolis were in agreenlent wit11 those 
of Tal:~patm ( d )  and strongly indicattd that 
thr osalates had been broken down in thr 
runten. However, this evidence was not ct>n- 
siclercd to he ~~nequi\*oral becanse it did not 
c.linlinate the possibility that the osdates had 
been ahsorhed and rapidly drtoxifitd. 

The present study was niade for the purpose 
of collecting quantitative data on the destruc- 
tion in vitro of osn1att.s hy the ru1116~11 c~lltt'llts 
of cows. 

The tecl~niclnes nsed in ~ t l a i~~ ta i l l i l~g  condi- 
tions as regards to pH,  tenlpemturc*. :lnd :ill- 
aerobic coliditio~ls 1ve1.e essentially t11osc. clerel- 
opecl and cliscussed in detail by JI:~ynard and 
co\vorkers (1). 

Througll the cooperation of the local slaughter 
house, an  unlintited supply of fresh rnnlen in- 
gesta ~ v a s  available. Sanlples of ingests were 
collected under anaerohic c~onditions by forcing 
it out the cardiac orifice into glass containers 
~naintained a t  38' f lo C. All samples were 
~ollected in~unediatel- afttar the cows had ht.eti 
slaughtered. A sanlple weighing approrin~atelp 
.5OO g. was found to he n convenient size for 
this study. An aqueous solution of sodiuln osa- 
late, previonsly warlned to 38" C. and adjusted 
to the proper pH, ~ v : ~ s  added to eilc.11 s : ~ ~ ~ l p l r .  
These nlistares \vr21r t h m  incubntecl a t  :3S0 % 

lo  C. Aliquots \verc' rell~oved after 1. 2. 3. 4. S, 
16, and 24 hours, and the oxalate conct.ntratinl~ 
was detertnined by the 111t~thoc1 of RIoir (3). 

The results obtainecl during sev?ral initial 
incubation trials were very cw-atie. IIowerer. 
more consistent results were obtained when in- 
gcsta salnples n-ert. taken fro111 cows that hall 
grazed during the ~ l lon~ ing  and were slaughtered 
during the cbt~rly nftt.rnool1. T:thle I sl~ow.; solw 
of the data collected after incubating salnplr. 
from 35 diffel.r>nt con-s. These resnlts clt~tn4,rt- 

IY THE RUMEN CONTENTS OF COWS 

TABLE 1 
Thr destrtrction in vitro of odalic acid by tJw 

~.trtttrn contents of cows (inctrbated ~tnder 
anaerobic co~tdititions at  38" f 1" C.) 

Oxalic Oxalie Hate of 
Weigllt acid aeicl re- destrue- 
of oxa- added r 7 ~  maining tion for 

('ow late-frrc sodium after 100-lb. 
Xn. ingestn oxalatc 1 llr. rrllnrn 

(R.) (mg.) f w . )  (n/da.ul 
:: 18.5 625 505 265 . 51 f i  625 551 150 

'74 492 625 4Ri 306 
2.7 489 60.5 4 i 2  342 
nl 305 625 481 311 
22 49.5 62.7 543 181-1 

Average 259 

i trate cotlclusivc~ly that a full rulnen is able to 
destroy the osalate ion. Further, the quantity 
that can he broken down in a given period f a r  
exceeds that which is apt  to be consumed hy a 
cow while grazing any of the cotn~nonly en- 
countered forage grasses. Certain weeds and 
herbs ~11ich niay contain extremely hidl  con- 
centrations of oxalatcs are not nieant to be 
included in this discussion. 

I t  should he pointed out with emphasis that 
this study does not demonstrate that the con- 
zunlption of oxalate-rich grasses is not detri- 
nlental to cattle. This study tnerelp shows that 
any ill effects resulting fro111 the consutnption 
11f osalate-rich grasses could not be due to the 
oralate ion, per se. The decalcification of ru- 
rtlinaltts maintained on certain oralate-rich for- 
ace is not due to the precipitation and excre- 
tion of calcium osalate, as Itlay he true with 
nonrulllinants, such as the rat. This drcalcifica- 
tion of rulninants appears to be due to, or 
closely related to, the high concentri~tions of 
certain cations w11ic.h relnain after the destruc- 
tion of the oxalate iolt. This latter 1)ossihility 
i~ heing investigated. 

31. 1'. MORRIS 
AXD 

d .  ~ A R C ~ A - R I ~ E R . ~  
Frdrrfll Expcrittw~tt S't~itio~z, 
iMo~yrcgtorr, P~r r r to  Rice 

REFERENCES 
(1, Lo'I~, J. G., WILLIAMS, H. H., AND M~YNARD, 

T,. A. A New Method for the Study in 
rltro of Rumen Digestion. Sciencr, 110: 
4 i 8 .  1949. 

( 4  1 1\I \ Y N  XKD, L. A. A~riwiuE dT~frit io~l,  3rd ed., 
1). 125. McGraw-Hill Co. 1951. 

(:: 1 JIOIR, K. W. The Determination of Oxalates 
in Plants. Qnpcnslnnd J. Agr. Sci., 10: 
1 .  1953. 

(1, T \L.\PATRA, 5. K., RAY, s. C., AND SEN, K. C. 
Calcium Assimilation in Ruminants on 
Oxalate-Rich Diets. J. Agr. Sci., 38: 163- 
1948. 



Pioneers in the Dairy Industry 
(.'~.a\vsos T o u s c  C ~ a s s o s  has a long and 

distinguished record in the dairy field. Born at  
Salt Lake City, Utah, he graduated from Utah 
Agricultural College in 1913 and relllainc~d a* 
instructor in dairy husbandry until 1914. Fro111 
then until 1920 he was an  instructor in agricnl- 
turc* a t  Boise, Idaho, High School. Stnith-Huglies 

work and the dt.vc~lo1,- 
tllrnt of voci~tional ax- 
riculturt. courscAs in high 
schools \vrrtJ first intro- 
duecad in Idalio dnrillL: 
that tinlr. 

Fro111 1920 to 19:;o. 
Cannon \\.as ;I 1n(~1111>t.r 
of the anilni~l h ~ ~ ~ l ~ i ~ n d r y  
staff at  Brig11a111 Youn- 
Ihiversity. I t  was tlur- 
ing this titll(*, as 11\\-\-1i(.r 
of 21 far111 itnd n .Jer.ry 
herd, that IIP 1)c.rsonally 
hretl, fed ,  dc~vr loprd ,  '' Cannon nnd ~i l i lkcd a Je r sev  
c o w  w h i c h  111ade a 

\vt,r.lcl's production rrrord, as ~vc.11 as another 
which took t\vt.lfth place.. 

Spurwd hy an int(lrc>st in tdueiltioni~l \vork, 
C(;IIIIIOI~ ohtained leave for admnred study and 
ohtained the M.S. degrer in 1923 mid the 1'11.1). 
rl~.,nrecl in 19'27 fro111 Iowa State ('oll(~ge. T h i ~  
\\.as the first P11.1). degree in clairy Iinshanclry 
gl.ilntc~d 21t that institution. 

111 addition to his duties on the anitnal Itus- 
hilndl'y staff i ~ t  Rrighanl Young Cniversity. I)r. 
Cannon servcsd as dclan of the SII I I I I I IC~ Selio(11 
fronl 19'27 to 1930. A tough dc>rision was facc.11 
when he \\.as invited in 1930 to succeed Earl  
1Yrart.t. as head of Ilairy Hwhandry a t  Iowa 
State College.. To accept would mean leaving 
his hrlovc~d Lytah, his farm, and his d;~iry herd. 
I t  \\-as ~llaracteristic of C. Y. Cannon that he 
i~ccepted the challenge and cast his lot with the 
developtllc~nt of dairying in Iowa. His ~vife,  
\\:inifred JIorell Cannon, was a pioneer, ton. 
and did not liol(1 hi111 to fantiliar ties. 

Cannon was a stinlnlating ancl enthusiastic 
tc.achcr and his inquiring nlind Ird hi111 into 
Illany intc1resting resc.arcl1 areas relatrd to dairy 
production. He is the iluthor or co-;lnthor of 
~ l ~ o r e  than 60 publications on nutrition :+nd 
r~lani~gelnent. 111 atltlition, he has writ tm Inany 
~)ol>ulm' articles for agricultural illagazinc~~. 
\Yhm IIP reach~d the ngr of rrtii.rln~.nt ~ I I I I I  

:~cln~inistr;tti\-r duties in 1951, his fo r~ne r  stu- 
tli'nts. ~r-ho are connec-trtl 1%-i th rl~any utti~(~i.hiti(,s 

:rlltl other organizatioas :111 ovchr this czoutitry 
:ind in foreign lancls. ])resc~ntc.d hilt1 with a 
portfolio of lettrrs co~ t l~~~ i~ t l~o r :~ t i l i g  Itis Itbacl- 
~.rship. 

If is  early puhliration of investigatiolis on 
1vntc.r consull~ption of dairy r.o\vs 11;1s hreonle a 
"landrllark." Soyheans \vtLrc. nciw in Iowil and 
(:anno11 directcad his vfforts to rescwrch on th(- 
u.c. of soybeans and s o y h c ~ : ~ ~ ~  hy-proclncts in 
thc. ~ . ic t i~~ns  of dairy c.o\vs. ('onstruc.tion on the 
tiled t~tilking pi~rlor in IOI\-;I was st;utecl a t  Town 
St;ltc. (!oll(.ge unclrr his dirc.ctioll. 

111 spite of a husy schcdulr, ('anuon alv-ays 
i'11u11d  tin^^^ for  his fillllily. His t1irt.e sons t111d 
:I tlang11tc.r \vrrc3 gri~di~i~t( 'd fro111 Iowa Statr  
C'~)llc.gc.. R o h c ~ t  Cannon is on th(3 dairy stati 
:tt .\li~h;~nla Polyteclnli(' 111stitntc~. C l a ~ s o n  is 
in t h ~ .  >Insic 1)t~part1111~11t ilt Rrigliallt Young 
1-nivc~rsity i ~ t  S;llt 1,akv City. The. daughter, 
.\IF. \\-inifred .l:~rdine. 11:ts colltinued to us(. 
II(T ,journalisln training :IS Food Editor of the 
I)c.rc~rct St1\vs in Salt Lake City. 

('iinnon served on nlany co111111itte~s of the 
.\.I).S.A. nnd was on the hoard of dirc.ctors. 
I-It. \v:ls ;I I I I C I I I ~ C ~  of Phi I<appa Phi, Signl:~ 
Si. C ; ; I ~ I I I I I ~ I  Signla I)rlta, the -4ntc.riean Society 
8 1 t '  -4ni111al Pro(111ction :tnd the -1.L\..4.S. 

In Sovcwlhrr, 1951. C'ii~nloll \vas gl.;lntc~d 
Ita;\\-e of al)sc.nct. to nc.cept ;I position iiud(.r 
thc Oilict. of Forc.ign 8gricnlturi1l Relations in 
H~airut. 1,rhaaon. \vherc. It(. has ~.c~tnainrd as 
:~~~.icultul . ist  and rc~sc.arc11 advisor in anilllal 
I1us1~:tndry. ht.lping devrlop the dairy progr;llll 
C I ~  tlt;~t ronntry. Dr. and Mrs. C:unnon wtnrn(~d 
to thc. Ivllited S t i~ t r s  to visit friends ; ~ n d  reln- 
tivc~s ill the sumnler of 1954 hut went hac*k tn 
l A t ~ l ) i ~ n ~ ~ ~ ~  to assist in progranls of lirt.stock i n -  
~wove~netlt \vhicli 11c had helpc.tl pest startcd. 

C'. I-. ('annon is rc~c.ognizc.d :is :I pioneer in 
~lilirying hut is l>(ast tliongl~t of ;IS f a t l i ( ~ ,  
fric.nd, and teachn. -4. H. PORTER 

National Intercollegiate Dairy 
Cattle Judging Contest 

The. Produetion Scbction of the ;\.I).S.A. in 
the* 11usinc.s~ lneetilig at the 50th ilnnual J1et.t- 
ing of the Association voted to rcestahlish its 
authority over the Sntional Intcreollegiatr 
Dairy Cattle Judging Contest and officially 
authorize the rules under which it is conductc.d. 

I t  then voted to reconlmend to the Associa- 
tion that the puhlished rules ancl rc~gulntions for  
the conduct of the 19.55 Sationnl Interrollegiatt. 
1):liry Cattle Judging Contcbst, c.sc~,pt for  tinlr 
ant1 placca of thts contc~st. hr.c.ejt,~c~ t11r official 
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rules of its conduct subject to the changes later 
approved. The official rules and regulations as 
adopted are as follo~vs: 

The teams shall consist of three rnettibers 
representing the agricultural college in which 
they are regularly enrolled. 

Each contestant must be a student of a Land 
Grant agricultural college in the United States 
or of an agricultural college of corresponding 
rank in the Dominion of Canada or of an  insti- 
tution offering a full degree course in agricul- 
ture with a full major in dairy production in a 
division of animal husbandry or dairy hus- 
bandry, whose application is approved b ~ :  thv 
menibership of the American Dairy Sc~encca 
Association a t  their annual meeting and ac- 
cepted by the management of the National 
Intercollegiate Dairy Cattle Judging Contest. 

The student ntust he enrolled in a 4-year or 
longer course leading to a degree in agricul- 
ture, veterinary medicine, or agricultural edu- 
cation and must hare completed not less than 
36 weeks of college work. Any student who 
has been a member of a team conipeting in the 
Kational Intercollegiate Dairy Cattle Judging 
Contest or has acted a5 an official judge of 
dairy cattle a t  a fair  or show or has a t  any 
time served as a teacher of dairy cattle judg- 
ing in an  agricultural college or secondary 
school or has completed a 4-year course in 
college work or has competed in more than two 
intercollegiate dairy cattle judging contests is 
not eligible for entry in this contest. 

If  the eligibility of any student is protested. 
such protest may be made in writing at  the 
arena side on the d a ~  of the contest hefore the 
contest begins. The protest nlust be accom- 
panied hv a check for $25, which will he re- 
iurned if" the protest is sustained. If  the pro- 
test is not sustained, the $25 shall be forfeited. 

The superintendent shall have conlplete 
charge of the contest. He shall see that all 
rules and regulations governing the contest are 
duly carried out and that the contest is con- 
ducted with fairness and justice to all con- 
cerned. The superintendent shall also decide 
all questions which tnay arise in connection 
with the interpretation of the rules. 

JUDGIXG SYSTEM 
A cotnti~ittee of judges shall place all classes 

and hear and grade reasons. I f  the number 
of tea~ns entered indicates that additional asso- 
ciate judges are necessary to expedite and make 
more efficient the hearing and grading of 
reasons, the superintendent shall have the au- 
thority to appoint such judges. 

Xeither a member of any tea111 nor the coach 
shall be allowed in the cattle barns or have the 

privilege of inspecting any cattle on the 
grounds previous to the contest. 

Inspection of cat t le .  Team nien~hers shall be 
divided into a sufficiei~t number of groups to 
provide the best opportunity to view and judge 
the animals; one assistant superintendent shall 
have charge of each group. Contestants shall 
not a t  any time place their hand< on any 
animal. 

Rrnnons. Contestants shall give oral reasons, 
2 minutes in length, on one class of each breed, 
and of these not less than three nor Inore than 
four cow classes shall be included. The super- 
intendent shall notify the contestants before 
the contest starts, the classes on which reasons 
will be required in order that contestants may 
take notes. Reasons will be given on the after- 
noon of the day of the contest. 

nlotcr inlr .  The superintendent shall supply 
placing cards and any other necessary forms 
for conducting the contest. KO contestant shall 
he allowed to take any book, notes, or writing 
paper into the ring escept such lnaterials as 
are furnished by the superintendc.nt. 

Time allowed. Contestants will be allowed 
15 minutes to place each class and will hv noti- 
fied a t  the end of 12  ~ninutes. 

Ten classes of four individuals each shall be 
judged. These shall consist of five classes of 
cou-s, two 'lasses of bulls, and three classes of 
yearling heifers in the IIolstein, Guernsey, .Jer- 
sey, Brown Swiss, and Ayrshire hreeds. The 
anin~als shall he held in a careful manner so 
that all contestants may hare a fa i r  chnnce to 
esamine them. The anituals shall he lined u p  
consecutively in single file and nutnbered 1 to 4, 
inclusive. 

Ratings shall be based upon a possible score 
of 50 points for each ring placed and .5O l>oiuts 
for each set of reasons. Since thrm are teu 
classes to he placed and fire sets of rchasons, 
there will he a possible total score of 750 points 
per contestant. 

The final rank of each contestant in each 
breed shall be determined hy totaling his grades 
on placing and reasons for that hrerd. The 
individual rank for all breeds shall hc drter- 
tnined hg adding his grades for t~ach of the 
fire hreeds. 

The teatn ranking for each breed shall be 
determined by totaling the grades on plncings 
and reasons of each of thr three tea111 tnetnbers 
for that breed. In  like nlanner the tea111 rank- 
ing for all breeds shall be determined by eotn- 
bining the grades of the three teatti tnenibers 
for each of the five breeds in the contest. 

I n  case of a tie, the individual or the team 
ranking highest in placing shall be awarded the 
prize in question. 
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Is Your Department 100 Per Cent? 
LYMAX RICH, chairman of the A.D.S.A. 

membership committee, has reported that all 
members of the Dairy Dept. of the Utah Agri- 
cultural College are now ~t~embers  of our Asso- 
ciation. It is Lyman's hope to make this 
achievement universal throughout the country. 
H e  has organized a connnittee to cover all sec- 
tions to solicit members from industry as well 
as universities. Every ntember should feel ob- 
ligated to help. Why not give men~herships in 
A.D.S.A. as Christtnas gifts this year? 

Ohio News 
The Dairy Technology Dept. of the Ohio 

State Univ. assisted in conducting the dairy 
products phase of the Ohio State Fair. I n  the 
dairy products building there were several es- 
hibits, inclnding a full size cow sculptured in 
butter and a full size figure of Davy Crockett, 
also in hutter. The sculpturing was done by 
J. E. WALL~CE,. who has been appearing a t  the 
Ohio State Fair  since 1914. Other exhihits 
included a nlodel ntarket 111i1k plant operation, 
a moving slide story of the dairy industry of 
Ohio, and a series of color transparencies de- 
picting ice crealtl manufacturing operations. 

A unique feature of the building was the sale 
of prize Swiss cheese, prize Cheddar cheese, 
Swiss cheese and rye bread sandwiches, high 
quality ice cream, and plain and chocolate milk. 
Approxi~nately $20,000 worth of these products 
were sold. Contests were held for Swiss cheese 
in block, Swiss cheese in wheels, Cheddar cheese 
under 3 n~onths of age, Cheddar cheese over 3 
months of age, cottage cheese, and butter work- 
manship, wherein the co~~testants were awarded 
prizes for good co~~sistent effort in making 
good hutter. Cash prizes and ribbons are 
awarded for winners in each of these classes. 

Another feature of the dairy products phase 
of the Fair  were the judging contests. These 
contests were open to anyone, including stu- 
dents in dairy technology who luay later be on 
the judging teams. There were four contests: 
milk judg~ng, ire CI 'C~UI,  hutter, and cheese. 
Sisty dollars wns awarded in prizes among the 
top five contestn~~ts for each contest. 

Manufacturers Conference at MSU 
Thc lGth annual Jrichigan State Univ. Dairy 

Manufacturers Conference will he held on 
Wednesday and Thursday, Sov. 2 and 3. The 
Wednesday afternoon progra~n will feature 
products clinics on n~ilk,  ice cream, and butter. 
The third annual JISU Dairy Manufacturers 
Award will he presented to an  outstanding 
member of the dairy processing industry a t  the 
Wednesday evening banquet. On Thursday the 
nearly co~npleted JISU Dairy Manufacturing 
Center will he opened for  inspection. 

Kentucky Events 
The faculty of the Univ. of Kentucky has 

approved a rather extensive revision of cur- 

ricula of the College of Agriculture and Home 
Economics, including those of dairy production 
and dairy manufacturing. Both of the dairy 
curricula have been redesigned to give the stu- 
dent a stronger background in basic sciences 
and an  opportunity to include more cultural 
courses in his program. For the freshman year 
the curricula are identical. I n  the following 
years the curriculu~n in dairy production will 
include more training in nutrition, breeding, 
and management. 

I n  the dairy manufacturi~lg curriculum all 
individual products courses have been dropped. 
Basic instruction and theoretical work concern- 
ing the produrts have been con~bined on a 
utility basis. Practical work and management 
will be taught on this basis also. At the begin- 
ning of their junior year, students will be 
required to choose one of the following options: 
general dairy manufacturing, laboratory re- 
search, or adn~inistration. 

LINVILLE J. BUSH, field agent in dairying, 
has resigned in order that he nlay continue 
study for a Ph.D. degree at  Iowa State. 

Representatives of six western Kentucky 
dairy firms  net with ~nemhers of the Dairy 
Section a t  Bowling Green to organize the West- 
ern Kentucky Manufacturers Milk In~prove- 
~nen t  Assoc. Purpose of the organization is to 
further in~prove the ~ni lk  quality in that area 
of the state and to meet and discuss other prob- 
lems of the dairy industry. J. 0. BARKMAN, 
associate professor of dairy ~nanufactures, and 
IF1. L. KISG, field agent in dairying of the Uui- 
versity, will work with the group in develop- 
ment of a program. 

South Carolina News 
The Bgricultural Center of Clc~nson College, 

consisting of two new buildings, was dedicated 
on Aug. 17, 1965. The Plant and Aninla1 Sci- 
ence Building contains 175,000 sq. ft. of floor 
space. Completely air-conilitioned, its rooms 
furnish classroonls, laboratory facilities, and 
office space for dairy teaching, research, and 
estension personnel. The Food Industries Lab- 
oratory, adjacent to the Plant and Aninla1 Sci- 
ence Building, provide3 facilities for processing 
dairy, poultry, livestock, and horticultural 
products. This building contains 75,000 sq. ft. 
of floor space and will be used for teaching and 
research. The dairy section features a quality 
control laboratory and ntodern equipment for 
processing milk, ice cream, cheese, and other 
dairy products. The Cle~nson Blue cheese proj- 
ect is provided with facilities in a special space 
for establishing control conditions. 

A graduate progranl leading to a master of 
science degree in dairy industries was initiated 
a t  Clemson College for the fall semester. The 
graduate program in dairy production has been 
in effect for  several years. 
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News from the Illinois Campus 
G. IT. SALISBURY, head of the Dept. of Dairy 

Science at the Unir. of Illinois, left Sept. 1 
for sabbatical leave in The Ketherlands. Dr. 
Salisbury will study and teach at the Wagenin- 
geu Agricultural College during his stay there. 

Prior to his return in August, 1956, he will 
attend the III rd International Congress on 
Animal Reproduction at  Cambridge Univer- 
sity. During Dr. Salisbury's absence K. E. 
GARDSER will serve as acting head. 

C. S. RHODE, who has been in charge of dairy 
extension at the Univ. of Illinois for a number 
of years, retired August 1. He is devoting full 
time to the selection of bulls for the Northern 
Illinois Artificial Breeders' Assoc. a t  Hamp- 
shire, Ill. He has been succeeded at  the Uni- 
versity by J. G. CASH, who has been assistant 
to Professor Rhode for a number of years. 

Illinois to Hold Disaster Conference 
A conference on "Practical Planning for 

Emergencies in the Dairy and Food Indus- 
tries" is to be given under the sponsorship of 
the Department of Food Technology at  the 
Univ. of Illinois, Dec. 7 and 8. Registration 
will be limited to 75 and is open only to key 
men in the food industries. A series of related 
conferences will be held throughout the state 
a t  a later period to acquaint workers with 
proper procedures to follow in time of a disas- 
ter. Governliient and state officials will coop- 
erate in presenting the material. Disaster areas 
to be covered include atomic explosions, tor- 
nadoes, floods, and biological and che~uical con- 
tamination. P. H. TRACY, professor of Dairy 
Technology at the Univ. of Illinois, is chairman 
of the planning committee. 

Virginia Polytechnic Institute News 
The name of the Dept. of Dairy Husbandry 

at  TT.P.I. has been changed to Dept. of Dairy 
Science. An attractive, printed brochure de- 
scribing the departlnent and the opportunities 
in dairying in Yirginia for graduates in dairy 
science has been prepared. The brochure, en- 
titled "1-our Future and the Dairy Industry," 
will be used in the recruitnient of students of 
dairy scirnce. The brochure was sponsored by 
the Virginia Dairy Products Assoc. and pre- 
pared by the Dept. of Dairy Science. 

H. B. HEXDERSOS, Univ. of Georgia, was 
one of the featured speakers at the general 
sessions of the Institute of Rural Affairs on 
the V.P.I. campus on July 28. His topic was 
"Rfilk and You." The Dept. of Dairy Science 
sponsored t i o  sectional meetings during the 
Institute. One prograni dealt with the use of 
dairy products in the home and was attended 
by farm women; the other dealt with green 
forage feeding of dairy cattle, dairy research in 
progress, and the V.P.I. dairy herd. 

A Rogers spray milk dryer with a capacity of 
approxilnately 50 lb. of dried product per hour 
is being installed in the dairy building. 

D.H.I.A. Records Point the Way 
The following table, taken from a recent 

Dairy Herd Improvenlent Assoc. letter, shows 
the production of the Association cows since 
1006. 

Average production 

Pear COWS on test Milk Butterfat 

" Estimated. 

According to the letter, the fundatnental 
principles that have been followed by the asso- 
ciation members throughout this period are: 

1. Cull the unprofitable cows from the herd. 
2. Feed according to individual producing 

ability. 
3. Select the best animals for breeding stock. 

A sitiiple yet effective program such as this 
should not be difficult to sell the dairytnen of 
our country. 

Business Notes 
The Tastee Freez Corp. plans to establish 12 

new stores in Trinidad, British West Indies. 
The first two stores will be l~uilt in Port of 
Spain. By the end of 1956 the Corporation 
expects to hare 2,000 stores. 

The Continental Can Co. has added the 
"Bondware" line, a nested paper service for 
the dairy and food industries. 

Beatrice Foods Co., Chirago, has added fur- 
ther diversification to its line of dairy and food 
products by the purchase of the D. L. Clark 
Co.. Pittsburgh candy manufacturers. 

~a i r toon t  f'oods c;. of Otnaha has added to 
its increasing list of dairy plants the Beach 
Milk Co. of Denver. 

The Cherry-Burrell Corp. recently announced 
the addition of the Tvestfalia clarifier and sepa- 
rator to its line of dairy plant equipment. 
These machines are nlade in Germany by the 
Kestfalia Separator Ag., a conipany founded 
in 1893. The machines are built in a wide 
range of capacities with either the liquid or 
hermetical seal. Either white enamel or stain- 
less steel finish can be obtained. 
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3Iinute Maid Corp., Sew York City, has con- 
sented to dispose of the Snow Crop Division of 
Clinton Foods (Iowa), which i t  recently pur- 
chased as a result of suit brought against the111 
by Sttorney General Herbert Brownell for 
violation of thc Clayton Act. Minute Maid, 
one of the largest processors of frozen citrus 
juice, purehasrd the Snow Crop plants a t  
Dunedin and Frostproof, Florida, in which 
state they have extenqive holdings. 

Completed Theses 
31.R. d c g r ~ e :  
D. L. ~ ~ a c F a o ~ ~ s - T h e  determination of body 

eonlposition by the use of antipyrine in 
aureomycin fed dairy calves, noting their 
rate of gain and feed eficiency. Univ. of 
Delaware. 

J. 31. TREEPE-The inheritance of head pat- 
terns in spotted breeds of cattle as repre- 
sented by Holstein-Friesians. The Ohio State 
Pniv. 

Ph.D. [7rgree: 
H. E. ;IFFSPRUSG-T~~ use of ion exchange 

resin ~llclnbrane electrodes in the study of 
the inorganic erluilihria of milk. Univ. of 
31issouri. 

J r s ~  31.4~s11.i~~ B a ~ ~ ~ - S t u d i e s  on the inor- 
ganic eqnilihria in milk by an ion exchange 
resin contact time  neth hod. Univ. of Missouri. 

The Dairy Industry Today 
A Guest Editorial 

Our  indust ry  today 
differs c o n s i d e r a b l y  
from that of 25 years 
ago in respect to meth- 
ods of production, dis- 
tr ibution, regulations, 
and outlets. All of these 
have changed the phi- 
losophy of business in 
respect to the present 
and the future. A look 
a t  the production phase 
of our industry is re- 
realine. n. n. oaya l   here h a v e  b e e n  

changes in milk processing as follou~s: 
Short,-tinie high-temperature, rontinuous pasteurization of 

milk. 
Vitamin enrichment of milk. 
Homogenization of milk. 
Bulk liandling of producer's milk. 
Paper containers. 
Continuous in-place cleaning of sanitary lines and other 

equipment. 
Elimination of 40-qt. cans in processing of by-products. 
Equipment of better sanitary and mechanical design. 
Reduction in bacterial standards for product%-raw and  

finished. 
Improved houaekeeping and sanitary plant conditions. 
Improved plant design. 

hlechanization of operations. 
.4utomation to a limited degree. 
The 40-hour 5-day week. 
The addition of new items, soc l~  ns the 2-qt. and 1-gal. 

rontainer and special hy-proclnrts containers; orange 
juice and flavored drinks. 

A greater and better otiliration I I ~  refrigeration in pro- 
ressiug and delivery. 

Warehouse delirery. 

I n  our ice creanl operations, in addition to  
sonle n~entioned ahore, the follo~ving practices 
are now e o ~ l ~ ~ n o n  : 

Continuous freezers. 
Automatic paeltacinc. 
A complete change lrotn bulk to n lz~rxe mriety of smaller 

units of anle. 
Mechanization of operations \\.it11 soltle nntomation. 
Mechanization in produrt I~nndlinq nnd transportation. 

A11 of these changes have resulted in better 
products with longer shelf life and a much 
higher productivity ptar 111an-hour. 

However, new prohle~ns no\v confront man- 
agelnent, sue11 as : 

Xeed for hetter trained men in s ~ ~ p e r ~ i s o r y  and junior 
exerutive positionr;. 

Greater variety of items needed to rare for sales. 
Chancing trends in types of ootlt'ts and private labeling. 
The short work wcelt. 
The nttitnde of labor. 
The maintenance prohl~tii resnltit~g from n~erhanization. 

I n  the early days of our industry, Inany sci- 
entists were interested in the i~nprovement of 
dairy products and devoted their efforts in that 
direction. These were the men who did the 
lnost in developing the industry to its present 
state. They usually received recognition but 
not always a n~onetary reward. Today there 
seem to be fewer of these Inen in our industrial 
operations. Perhaps this is beeause manage- 
~nerit may have lost sight of the need for such 
Inen. I f  trne, this is an unfortunate situation 
which nlay erentually retard the progress of 
our industry. The need for hcie~ititically trained 
men is greater than ever l~efore. Managelnent 
should encourage thrln by providing the oppor- 
tunities and recognition nrccssary to keep thcm 
satisfitad to renlain in the industry. 

The emphasis in rcrent years has been placed 
on ~nechanization, autonlation, n~cthods improve- 
nrent, and productivity. ,111 of this is impor- 
tant, but i t  should not be forgotten that there 
is a need for men ~vitll knowledge and avvrecia- 
tion of the science of dairy technolo&-if we 
are to do the best joh with these new tools. 
There is an  ever increasing need for men with 
initiative and ilnagination and a desire to make 
a career out of the science of dairy plant man- 
aeement. 
u 

Currently Inore and more is being done in 
the nlanagenlent of our husiness by junior or  
mid-line executives in respect to planning, or- 
ganization within the plant, conference super- 
vision, elnployee problen~ solving, labor han- 
dling and training. The junior executive is not 
the over-all plant manager but the specialized 
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manager of production, selling, accounting, or 
engineering. 

Many plant operators or superintendents 
grew into the job without scientific, engineer- 
ing, or managemrnt-training background. Yes- 
terday's background of "growing u p  in the 
business" does not provide the tools for today's 
joh. The need now is for 111m with the proper 
background to learn a specialized phase of the 
businchss. Today's j o l ~  in plant operations re- 
quires Inore tinlc for thinking, planning, and 
organizing, than for ~nusrlc. The industry has 
now grown to man size but with too few men 
capa1)lc of coping with today's complexities. 

It is impossible to obtain a ready-made man, 
college trained in dairy technology, accounting, 
engineering, and n~anagenlc.nt, ~vho  hns the 
skills necessary for an  over-all joh of proclue- 
tion plant management. This is not an  inclict- 
nlent of the colleges and universities. 111 this 
age of specialization in industry, as well as in 
education, i t  perhaps is not to bc expected that 
an  all-around, broadly-trained nlan would be 
available from any school. 

I t  was once custo~nary to call the nlan in 
charge of operations a superintelident. Truly 
he is a production managcr required not only 
to get out the nu~iiber of units desired but to do 
it efficiently and under the niost exacting con- 
ditions of housekeeping and sanitation. H e  
must plan smoothly, hire effectively, deliver 
and transport efficiently, and direct labor rela- 
tions and safety programs. H e  should be 
trained for these responsibilities and should be 
paid a salary commensur~te with the level of 
his responsibilities. 

TYherc can industry get snch men9  They can 
take graduates trained in dairying, enginectring, 
n~anage~nent,  and accounting. After the men 
have been properly screened and appraised, 
they will then need to be extensively trained in 
the specific requirements of the job. They n~us t  
learn the scientific and engineering backgrounds 
and be given experience in work simplification 
nlethods, managenlent and hullIan relations 
prohlelns, and the accounting SYS~CIII used. 
Skills in these areas cannot all be obtainocl in 
college, but they can be acquirctd in industry 

if a properly outlined program is set u p  and 
followed. 

Such a program is expensive and time-con- 
suming, requiring application and patience on 
the par t  of hoth the e l~~ployer  and the employee. 
Industry may be reluctant to embark on such 
a program because of the cost and time in- 
volved. However, those who do not will be 
behind the tiriles in respect to methods, costs, 
morale, quality and efficiency in their plant 
operations. The program to train an  indi- 
vidual nlay take from 3 to 5 years. I t  may re- 
quire enrollment in special schools of instruc- 
tion (now available) from 3 to 6 weeks each 
year, in management, in work simplification, 
ancl in other phases of the business. 

I n  the past, a plant manager had to he a 
salesman, an  accountant, a production man, an 
engineer-a jack of all trades-without the 
background and qualifications needed. Today, 
because of the co~nplexity of business and the 
growing importance of each phase of the busi- 
ness, the organization of operations with a 
thoroughly trained and competent production 
manager in charge is necessary. 

Industry today, in addition to  being complex, 
employing new ideas and mechanization, and 
being involved in hunlan relations, is a t  a turn- 
ing point in respect to the immediate future. 
What happens will depend on its ability to 
attract the right caliber of Inen and to train 
and develop that man power. Attracting the 
right nlen involves paying the111 a satisfactory 
wage and providing opportunity for  advance- 
ment. Industry has been slow to recognize that 
good nlen should be paid good salaries and 
given opportunity to develop and grow. 

Produrtion is only one angle of the change 
in industry. There has been a similar change 
in accounting, transportation and delivery, 
selling, and other phases of business. I n  all 
phases there is a common problem-it pertains 
to the selection, training, and rewarding of 
men for leadership. The solution of this prob- 
lem is u p  to top managenlent in industry. 



OUR ASSOCIATION 
Credits and Debits-and a Job to Do 

Dear Fellow JIenlhers : 
Can we not imagine what would happen to 

our Association--or to any association-if the 
~l~etnhers were ~nainly of the "getting" and not 
the "giving" kind? The dismal and rapid de- 
mise of such an organization is clear to foresee. 
And how pleasant is the task of the president 
in an organization ~v11n.e the tncmbers "pitch 
in," where the?- accept rooin~ittee appointnients 
m-illingly and eagerly. and where there is the 
common spirit of getting the job done. Such a 
response hy the ~nemhers has been mine to 
enjoy these past few nionths in the process of 
organizing the Association committees, and i t  
brings to tne-as I 11111 certain it did to Iny 
predecessors-a glow of pride to he even a stnall 
part of a group where men~hrrs are so willing 
to play the galne 100%-to iicarry the ball" 
when their i i ~ ~ ~ n i h e r s  are ealled." Surely, this 
cooperative spirit hotlcs well for the Associa- 
tion and insures for it the grand GOLDEN 
JUBILEE TEAR \vc are hoping for and the 
bright future we all envision. My heartfelt 
personal thanks to all who have accepted these 
mrions assigntnents and \t-lto are already hard 
a t  work for the Association. 

And KO\\-!--\vill you tnark Sovemher 1 on 
your calendar-and fix it in your tnind-be- 
cause this is the kirk-off date for the most aln- 
hitious ~ne~nhership and Journal subscription 
ri~tnpaign in the history of our Association. 

Our ~nenlhersliil) is now 1,750 and a tnini- 
I I I U I ~  goal of 2,000 has het.11 set for this ycbar. 
L ~ I I I H I I  Rich of Vtah and his rnthusiastic III(~III-  
1)c.rship contntittee Ilnvcl the ralnpaign organiza- 
tion estahlishrd at the state level-and each 
state has a qnottl-to increase ~nelnbers by 
allout 117:. They hare ligl~tc.d the torch and 
started t l ~ r  paradc ant1 are anxious that yon 
~ l ~ i ~ r c l i  with t l~en~ .  IVC all know that 1netn1)c.r- 
ship srlling is tunst etTectire when conducted on 
a ~)ersotial hitsis; th(.refore, will yon not each 
11ecotne a 1):jrt of t l ~ r  n~etnhersl~ip ron~ntittc.c' 
and do your sharcl to solicit ncb\v I I I ( ~ I I I ~ ) P ~ S  1'01. 

the Assorintion and II(.I\- suhscri1)rrs for t h ~  
Journal ? 

Wot only will the getting of new ~nentl)ers 
ant1 sul)~cril)crs r(>sult in a stronger Association 
cnpahlr of ~'(~lidrring great(.r srrvi(~c, but, in 
tt.rtns of tloll;~rs and eca~~ts, it is just good husi- 
,less on the part of the present n~c~tnhership. 
IVe cannot ignore. the fact that it takes tnoncy 
to run our Association, and t l ~ r  requirements 
I~ave inc-rrnst.d greatly in rt.ceut ythars mainly 
hrcauscl of a norntal rise in printing costs of 
the Journal. Last ytSar (1951). $6,000 worth of 
govenlnlent bonds, hrltl in rcscnrvtl, were cashed 
in order to 1)alancr tlrc. hudget. Also, increases 
ill reprint chi~rgcs and in tn~nibrrship, subscrip- 
tion, and advertising rates were tnadc in order 
to achieve reasonahle balancing of the 1955 
bndget. Financially, our Association is now in 

1 

a better condition. However, costs are con- 
tinuing upward, and, in addition, continuing 
expansion and improvetnent of the Journal and 
an enlargenlent of the Assoriation activities are 
desirable and inevitable-all of which will re- 
sult in a further cost burden. I t  stands to 
reason that the sirnplest means to greater Asso- 
ciation income, and the one ~vhich is least costly 
to the present tnen~hership, is by increasing 
the number of ~ncti~hers and subscribers. Indi- 
rectly, too, this will help through greater ad- 
vertising revenue. 

The sellinz of our Association is not difficult. 
We have a great deal to offer and positive sales 
points are before us. To he a nlenlber of the 
leading scientific and educational organization 
in the dairy field \vould seem to he a profes- 
sional necessity for any aggressive and pro- 
gressive qualified person, or a t  least a lnatter 
of professional pride. To have the opportunity 
to speak through the Journal, to attend the an- 
nual ~nertings, to elect officers, and to partici- 
pate directly in Association affairs are privi- 
leges that should he desired by every person in 
the dairy field having technical background and 
holding a position of responsibility. All those 

are staff ~nemhers of dairy departtnents of 
educational institutions nlay be expected to 
belong to the Association-and to wield their 
influenee in guiding the dairy students into the 
Affiliate Membership fold. 

Frotn the cost standpoint, the ~nc~tnhership 
and subscription rates arc. low in contparison to 
those of other organizations of sitnilar stature; 
front the qu:~lity standpoint, the .Jonrn:~l is the 
outstanding puhlication of its kintl. IVhcn 
someone offers sales resistance by saying, "I 
don't unilerst:iud the Journal." or "It contains 
too nlany articles on subjects 1'111 not concrrned 
with," cbtc., the ol~portnnity is ours to point 
out that the Journal is a puhlication of ideas- 
idrns \vl~ieh cotnc frotn original rescharch-and 
that, page for page, issue after issue, there is 
no other puhlication which can ntatch its idea 
valur! And what is an idea worth? Certainly 
n~nny, Ittarry titnes the nlen~bcrship or sub- 
scription fee! The Ahstmct section i ~ n d  the 
Industry and Erc~nts sections are othcr logical 
points to entpl~asize, espt.ci:~lly in contacting 
persons in the con~tnercial firld. 

Surely, we need feel nothing hut pride and 
eontidrncr in etnl~:~rliitlg upon this sales catn- 
paign. The goal is high hut is within easy 
reach. Can we not tnake the I-month prriod of 
Kov. 1 to AIarch 1 outstandingly productive in 
new nlen~hers and new subserihers? 

.Just a word ahout another inlportant ronl- 
111ittt.e that is hard a t  work: the special Edu- 
cation Connnittee Ileadcd by E. L. ((;EKE) J A C K  
of California. This comrnittt.e has the big task 
of finding ways and means by which the Asso- 1 
ciation nlay effect itiiprove~nent in the teaching 
ability of its memhers. The time is long overdue 
when we should look critically a t  the teaching 
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methods and materials heing used a t  the under- 
graduate, graduate, and adult education levels. 
The committee will be planning for  a special 
session on teaching a t  Connecticut and will wel- 
come your suggestions. Also, with your help 
the Committee tnnst reach a decision as to 
whether or not our Association should estahlish 
a new section on Dairy Education. 

I n  conclusion, I invite you each to serve as 
eyes and ears of our Association and to convey 
to us, your officers, the things you see and hear 
which will make for a hetter organization. Free 
conl~nunication and open discussion are essen- 
tials of a strong Association. 

Cordiallv. 

THE AMERICAN DAIRY SCIENCE 
ASSOCIATION 

CONSTITUTION AND BY-LAWS 
Revised 1955 

Article I - Name 
Section 1. The name of this organization 

shall he The American Dairy Science Associa- 
tion. 

Article I1 - Object 
Section 1. The ohjert of the Association is 

to promote the welfare of the dairy industry by 
sti~iiulating scientific research, improving ~ d u -  
cational methods, encouraging worthy intra- 
industry and inter-industry cooperative en- 
deavors, and by publishing the Journal of 
Dairy Science and other official periodicals. 

Article I11 - Membership 
Section 1. Any person shall be eligihle to 

nlelnhership who has had College training in 
dairying or who is in a position of responsi- 
bility that recluires a tt.chnical knowledge of 
dairy srienre. 

Section 2. Any person shall hc eligihl(a to 
nonvoting tnetnberahip as a student affiliate 
who is a regularly enrolled College student and 
who does not hold a rank of instructor or 
higher or the equivalent thereof. 

Article IV - Officers 
Section 1. The officers of the Association 

shall he President, Vice-President, Secretary- 
Trtlasurer, Journal Editor, and seven Directors, 
one of ~vhotn shall he the i~nmediate Past-Presi- 
dent. 

The Vice-President shall be elected hy the 
vote of the membership for a tertn of one year 
beginning a t  the time of his installation during 
the first annnal meding of the Association 
following his election. If  an  annual meeting 

cannot he held, his term of office shall begin 
on July first. On the completion of his term 
as Vice-President, he shall automatically he- 
come President for  one year beginning a t  the 
time of his installation during the annual 
meeting, or, in the absence of such a meeting, 
on July first. 

The Secretary-Treasurer and the Journal 
Editor shall he elected annually by the Execu- 
tive Board. 

Two directors shall he elected by the meln- 
hership each year to hold office for a tertn of 
three years beginning either a t  the time of the 
installation of officers a t  the first annual meet- 
ing following their election or on July  first if 
an  annual meeting is not held. 

Section 2. The Executive Board shall con- 
sist of the President, Vice-President, seven 
Directors, and with the Secretary-Treasurer 
and the Journal Editor as ex-officio members. 
The Board shall he responsible for  the business 
of the Association. 

Article V - Meetings 
Section 1. Meetings of the Association shall 

he held a t  least once during each calendar 
year. The exact date and place of each meeting 
shall he fixed by the Executive Board. Notice 
of the time and place of meetings of the Asso- 
ciation shall be given to all melnhers not less 
than four weeks prior to the date of the meet- 
ing. I n  an  emergency the annual meeting may 
he canceled by action of the Esecutive Board. 

Article VI - Amendments 
Section 1. The Constitution and By-Laws 

may be alnetided a t  any meeting of the Asso- 
ciation hy an affirmative vote of three-fourths 
of those mc~nbers present, provided not less 
than five per cent (5%) of the voting memher- 
ship is present a t  the meeting. All amend- 
ments tnust he submitted for approval only 
after they have been presented in writing to the 
mcmhership a t  the previous regular husiness 
nleeting or have been published in the Journal 
of Dairy Science a t  least 30 days before the 
regular nieeting a t  which the amrndrnmts are 
offered for approval. All a~nrndrnents must 
have heen acted upon by the E:secutive Bomd 
prior to final action hy the Association. 

Section 2. The Esccu t i~e  Board n ~ a y  suhn~it  
proposed amendments, approved hy the Board, 
to the ~ n e ~ n h r r s  of the Association for vote hv 
mail. I n  such a case, a minimum of twenty- 
five per cent (25%) of the ~nen~hership lnust 
vote on the proposed anlendrncnt and an affirm- 
ative vote hy tx-o-thirds of all roting shall he 
necessary for its approval. 

BY-LAWS 
Article I - Duties of Officers 

Section 1. The President of the Association 
shall preside a t  all meetings of the Association 
and the meetings of the executive Board, and 
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shall perfortn such other duties as pertain to 
that office. The President shall call meetings of 
the Executive Board, and notices of such meet- 
ings shall be sent to each tnetnbcr of the Board 
not less than ten days before the meetings. As 
chairman of the Executive Board, the Presi- 
dent shall subn~it  to the Executive Board for  
approval his nominations of ~nembers to fill 
racancies that may occur anlong elective offices 
of the Association. The President shall appoint 
aithout the approval of the Executive Board 
the standing, nonelective committees of the 
Association. 

Section 2. The Vice-President shall perform 
the duties of the President in the absence, ill- 
ness, resignation, or death of the President. 

Section 3 (a) .  The Secretary-Treasurer shall 
manage the business of the Association in ac- 
cordance with the policies established hy the 
Executive Board. 

(b). He shall hare custody of the hooks and 
records of the Association, keep the minutes of 
all ~neetings of the Association and the Execu- 
tive Board, maintain a list of all members and 
subscribers, keep the funds of the Association, 
maintain in current condition an official Pro- 
cedural Handhook of the Association, submit 
an  annual budget for consideration by the Ex- 
ecutive Board, tnake disbursenlents as author- 
ized in the budget approved by the Executive 
Board, and cause an  annual audit of the books 
to he made by a certified public accountant. 

(c) .  He shall receive applications for ment- 
bership which are submitted in writing and 
endorsed by one tnetnher. H e  shall refer to the 
Executive Board applications of doubtful eligi- 
bility. He shall, upon receiving the annual dues 
of the successful applicant, enroll hi111 as a 
~nember of the Association, and shall place his 
name upon the list of those to receive the 
Journal of Dairy Science. 

(d).  He shall retnore from the roll of n ~ c ~ n -  
bers those indiriduals who have failed to pay 
the annual dues on or before January first. He 
shall restore these individuals to membership 
upon receiving their payn~ent of current dues. 

Section 4. The Editor of the Journal of 
Dairy Science shall have direct charge of all 
editorial details of the Journal and of other 
official regular publications of the Association 
under the general supervision of the Journal 
3Ianagement Con~wittee and shall assume such 
other managetnent responsibilities as may be 
designated by the Executive Board upon the 
recom~nendation or with the approval of the 
Journal Alanagetnent Committee. 

Section 5 ( a ) .  The Executive Board shall 
have full control of the l~usiness of the Associa- 
tion and shall report its official actions to the 
nlenlbers of the Association a t  the annual busi- 
~ ~ e s s  meeting, or, if such a meeting is not held, 
through the Journal of Dairy Science. 

(b) .  The Executive Board shall hold the title 
to all property and funds of the Association 

and shall have all the rights and powers rested 
in the Association by the laws of the District 
of Colun~bia under which it was incorporated. 

(c).  The Esecutive Board shall pass upon all 
applications for the estahlishn~cnt of divisions, 
sections, and student branches of the Associa- 
tion. 

(d).  'The Executive Board shall fix the 
a~nount of annual dues to be paid by tnen~bers 
and student affiliate ~nen~bers,  and the aniount 
to be paid by nonnlember subscribers to the 
Journal of Dairy Science. 

(e).  The Executire Board shall adopt the 
annual budget under which expenditures of 
Association funds 1%-ill be authorized by the 
Board. 

( f ) .  The Esecutire Board annually shall elect 
the Secretary-Treasurer and the Editor of the 
Journal of Dairy Science. 

(g ) .  The Executive Board shall elect three 
metnbers of the Association, who, with the 
Secretary-Treasurer and Editor of the Journal 
of Dairy Science as es-officio nren~hers, shall 
constitute the Journal AIanagetnmt Co~nnlittee. 
This Committee shall be responsible to the E s -  
ecutire Board and shall have general super- 
vision of the Journal of Dairy Science and 
other official periodicals of the Association. 
The Executive Board shall elect to the J o u r ~ ~ a l  
Alanagement Con~mittee one member each year 
for a term of three years. Illenlbers Itlay he 
elected to succeed the~nselves for one term 
only. The elected 111etnber having seniority of 
service shall be the chairntan of the Journal 
Managetnent Cotnn~ittee. A ~ne~nber  reelected 
for a second ter111 shall beeonle the junior 
men~brr of the co~ntnittee. 

(h) .  Thc Esecutire Board nlay appoint or 
cause to be appointed such committees of the 
Association as it dect~ts necessary. 

( i ) .  The Eseeutire Board shall have author- 
ity to approve or disapprove notninations made 
by the President to fill vacancies in unexpired 
tertns of ofice that lnay occur among the elec- 
tive officers of the Association. 

(j). The Eseeutive Board shall have the 
authority to present to the Association a reso- 
lution asking the espulsion of any tnen~her 
whose conduct has been sho\rn to be dan~aging 
to the Association, or its rc~putation, or to the 
objects of the Association after:  (1) the indi- 
vidual has appeared before the Board; (2 )  the 
individual has heard reasons for his expulsion 
presented by his accuser; and (3) the indi- 
vidual has had opportunity to present his wit- 
nesses and to plead his case, with or aithout 
the benefit of counsel, who tnust he a nlemher 
of the Association. 

( k ) .  The Executive Board shall have author- 
ity to define and establish a sa rds  and to grant 
honorary and life n~enlberships according to 
conditions described in Article I11 of the By- 
Laws. 
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Article I1 - Election of Officers 
Section 1. So~ninations for the offices to be 

filled hy ~nrn~hership  voting shall he by a 
Sominating Con~~ni t t r r  ap1)ointrd hy the Presi- 
dent. 

Section 2. The Son~inating C o ~ ~ ~ n t i t t r r  shall 
hare fivr ~n r~nber s  including the im~nediate 
Past-President, one represc.ntativr earh from 
the extension, manufarturing, and production 
sections, and one reprrsenting co~nmercial in- 
terests. The names of the Co~nn~i t t re  shall ap- 
pear in the January issur of the Journal of 
Dairy Srit.nee to permit ~ ~ ~ c ~ ~ n h r r s  to offer sug- 
gestions to the Com~nittrr. Such suggestions 
should be in the hands of the Co~n~nittee not 
later than April 1. 

Section 3. The Notninating Committee shall 
select two candidates for  each offire to be filled. 
The selections shall be made preferahly to per- 
mit yearly alternation of the office of Vice- 
President between the two hroad fields of 
interests of production and processing of ~nilk. 
Seleetion of candidates for the offices of Di- 
rectors shall he chosen to provide equal reDre- 
sentation of the produc~on,  man;faetu&g, 
and extension sections. 

Section 4. The official ballot, containing the 
nominations of the Xominating Committee and 
pertinent hiographiral information regarding 
each randidate, shall br mailed by the Secre- 
tary-Treasurer to each ~nen~her  of the Associa- 
tion on or before May 1. Ballots shall be re- 
turned to the office of the Sccretaly-Treasurer 
by the members voting. 

Sertion 5. The ballots shall be opened and 
counted by a three-member Balloting Commit- 
tee appointed by the President, one of who111 
may he the Secretary-Treasurer, and the re- 
sults certified to the President. A tie vote 
shall be broken by the Executive Board. 

Section 6. The elected officers shall he so 
informed by the President prior to the annual 
meeting a t  which the election results will be 
announced publicly. New officers will begin 
their tern1 of office on July first if the annual 
meeting is not held. 

Article I11 - Awards and Recognitions 
Section l ( a ) .  ,4n award of Honorary N e ~ n -  

bership may he bestowed by the Association 
upon any person who has been a member of 
the Association for not less than ten years, who 
has participated in the activities of the Asso- 
ciation, and who has rendered meritorious serv- 
ice to the dairy industry in research, academic 
teaching, extension, administration, or industry. 

(b). Honorary Members shall he entitled 
durlng their lifetime to all the rights and 
privileges of n~embership and shall receive the 
Journal of Dairy Science without the payment 
of annual dues. 

(c). The citation and award of Honorary 
JIelnber shall he presented a t  a suitable func- 
tion of the Association during the annual con- 
vention. 

( d )  . S o  more than one honorary ~~te~nbership  
may be a\varded during any one year. 

Section 5. The Assoeiation, upon the recom- 
mendation of the Executive Board,  nay grant 
life ~rir~nhership to any individual who has 
been a 111cmhc.r of The Bn~er i r ;~n 1)airy Science 
Assoeiation for 25 years or more and who, 
upon rrtire~nent, advises the Xxrc.utivt~ Board 
in writing of his eligibility. The status of life 
~nen~hership shall entitle the holder to all the 
rights and privileges of regular ~ ~ ~ e ~ n h r l . s  nith- 
out the payrnent of annual clurs. 

Section 3. The b~nerican 1)airy Science As- 
sociation may honor rhosen ~nen~hr.rs for dis- 
tinguishrd services or achieve~nents. The Ex- 
ecutive Board shall be charged with the respon- 
sibility of defining and establishing, or causing 
to he defined and established, suitable awards 
or recognitions to accomplish this purpose. 
The Executive Board may accept the coopera- 
tion, financial or otherwise, of organizations or 
individuals who may wish to participate in 
honoring the man chosen to receive such awards 
or recognitions. 

Article IV - Organization of Divisions, 
Sections, and Student Branches 

Section 1 (a ) .  Divisions of the Association, 
organized by members of the Association on 
the basis of geographical location, may be 
authorized by the Executive Board upon peti- 
tion hy ~nembers of the Association. 

(h). Nembership in Divisions is open only 
to those who are members of the Association. 

(e).  The Divisions shall select officers, one 
of whom will be the chairman, and shall goverli 
thelnselves in a manner consistent with the 
Charter, the Constitution, and the By-Laws of 
the Association. 

(d) .  Divisions may collect funds and/or 
dues to be expended for their o m  purposes. 

Section 2 ( a ) .  Professional groups organized 
by members within the Assoeiation on the basis 
of specialized interests and to be known as 
sections, may be authorized by the Executive 
Board upon petition of not less than ten 
menlhers. 

(h) .  The Sections shall elect their own offi- 
cers and make rules for  their own guidance 
consistent with the Constitution and By-Laws 
of the Association. 

( c ) .  Sections shall conduct their official 
busmess during the annual meeting of the 
Assoeiation. 

Section 3. Student Branches of the Associa- 
tion, organized by college and university groups 
with interests in the dairy industry, may he 
authorized by the Executive Board on petition 
fro111 a majority of the local group's members 
and on recomnlendation by two faculty repre- 
sentatives who are regular members of the 
Association. Annually, the secretary of each 
Student Branch shall submit a brief report of 
its activities to the Secretary-Treasurer of the 
Association. 



Evaporation of Water from Milk by Spray 
S. T. C 

Deportmetzt of Dairy Hzrsbnvdr?/, 

The distinguishing characteristic of spray 
d~ying  is the large surface area presented to 
the drying air. Because of the large surface 
the drying rate is rapid and the drying time 
very short. Mathelnatical relationships have 
been developed for air drying under static con- 
ditions such as in tray drying. The general 
theory of air drying can be applied to spray 
drying, but adequate data are difficult to ohtain 
because of the shortness of the drying time. 
AIathematical treatment of the drying data is 
complicated because the conditions of drying, 
such as the humidity and temperature of the 
air, the ~noisturc content and diameter of the 
particle, and the re!ative lnotion between the 
particle and the alr stream, are constantly 
changing. 

Owing to the lack of adequate data on which 
to hase Idesign, spray dryers~enerally have been 
built on an empirical basis. Widely different 
designs have heen evolved. The effect of varia- 
tion in operating conditions on powder charac- 
teristics may not he the same in all dryers, and 
the complcsities of dryer operation tend to 
obscure these relationships even in the same 
dryer. 

Spray drying usually is visualized as involv- 
ing three operations : (a) aton~ization, (b) 
evaporation from drops, and (c) flow and mix- 
ing of gases and particles. This paper will 
include a brief discussion of pertinent aspects 
of drying theory and a consideration of opera- 
tional and design factors influencing milk pow- 
der quality. Commercial operators are pri- 
~narily concerned about meeting quality stand- 
ards at a reasonable production cost. The 
necessity of minin~izing heat damage and at  the 
same time attaining low moisture levels in a 
heat sensitive, hygroscopic material such as 
dry milk is at times difficult. Factors which 
influence heat damage, therefore, such as the 
temperature and time of drying, and those 
determining the moisture content of the powder 
are of primary importance. 

Drying usually occurs in two more or less 
distinct stages. The first is a period of surface 

'Presented at 50th annual meeting of American 
Dairy Science Association, East Lansing, Michi- 
gan, June 20-23, 1955. 

Paper No. 897, Miscellaneous Journal Series, 
Minnesota Agricultural Experiment Station. 

~OULTER 

Uniuersity of Miiznrsota, S t .  Pa~t l  

evaporation known as the constant rate period, 
and the second, a falling rate period, during 
which the rate of evaporation continually de- 
creases. The evaporation of pure liquid drops 
would involve only the first or constant rate 
period. DdEe and JIarshall (1) have shown 
that the time for complete evaporation of pure 
liquid drops increases as the square of the di- 
ameter of the drops. At moderate temperatures 
particles 20 to 30p in diameter may dry in a 
fraction of a second. Larger particles may 
require several seconds. ICitzes (2 )  secured 
data in spray drying milk products showing 
that there is no clearly defined constant rate 
period, but a t  about 80% solids the drying rate 
begins to fall off sharply and at the lower mois- 
ture levels may be very slow, particularly from 
the larger particles. 

During the early stages of drying, water 
moves freely to the surface to maintain the 
surface colnpletely wetted. Even while the sur- 
face is co~npletely netted, the drying rate falls 
because of changes in a number of factors, 
including the rate of movement of the air in 
relation to the ~novement of the particle, the 
size of the particle, and the hurnidity of the air. 
As the concentration increases, the rate of water 
nlovelnent becomes so slow that the surface is 
no longer maintained completely wetted. Rate 
of water ~noven~ent then becolnes a limiting 
factor and this decreases with further increase 
in concentration. With some materials the zone 
of evaporation ]nay recede from the surface 
so that diffusion of water vapor also becomes 
a limiting factor. Microscopic examination of 
spray dried milk reveals no distortion of the 
surface, as would be expected if expansion of 
water vapor occurred within the particle, which 
seems to be evidence that evaporation occurs a t  
the surface of the particle. Probably the time 
of drying during the falling rate period also 
increases as the square of the droplet diameter, 
although adequate data on this point are lack- 
ing. 

One effect of the relationship between parti- 
cle size and time of drying is that the larger 
particles will have a higher moisture content a t  
any given stage in the drying operation. As 
shown by the data in Table 1, this may persist 
for several days after the powder is removed 
from the drying chamber, although equilibra- 
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TABLE 1 
Xoistlrre co~rtent of 17iffrrpirt S ~ Z C S  of particles sirred ~ T O I I L  nonfat d ry  litilk solids 

Size of mesh Sample 1" Saniplr 2" 

Passrd Retained 
tllroueh on Tniti:~lly Aftcr 24 l ~ r .  After 7'7 l ~ r .  1niti:llls After 5 days 

so 
80 100 

inn  140 

"Moisture content on origilinl eonlposite 3.0%. 

tion of the moisture among the particles in 
mass gradually occurs. The difference in the 
time required to dry various sized particles 
must he considered not only in the design of 
dryers, but also as a factor in dryer operation, 
since heat damage during drying is determined 
by moisture content as well as temperature of 
the particle and the time of exposure. 

The temperature of a droplet of water evapo- 
rating in a spray dryer would correspond to 
the wet-hulh temperature of the air. This, of 
course, is determined by the dry-hulh tempera- 
ture of the air and its humidity. A droplet of 
milk would he a t  a sotnewhat higher tenipera- 
ture since materials in solution and suspension 
in milk lower the vapor pressure. This effect is 
greater than might he expected, as Ranz and 
Jlarshall (3) have shown that a droplet evapo- 
rates with a surface temperature corresponding 
to that of the saturated solution even though 
the droplet concentration is less than saturation. 
Nevertheless, during the initial stages of dry- 
ing and under maximum conditions of tem- 
perature and humidity, the temperature of the 
drop will be nearly that of the wet-bulb ther- 
 nom meter, which will not exceed 130" to 140' F. 

The temperature of the particle increases 
rapidly during the falling rate period. I n  
strictly cocurrent flow dryers the maximum 
temperature of the particle will he essentially 
that of the dry-bulb temperature of the exit 
air  with which i t  is in contact. I f  flow were 
strictly counter-current, the ten~perature of the 
nearly dry particle would approach that of the 
dry-bulb ten~perature of the hot inlet air. No 
spray dryers are strictly counter-current, al- 
though some involve a t  least partial counter- 
current flow. I n  these dryers the particles dur- 
ing the falling rate period come into contact 
with the hot incoming air. Thus, the tempera- 
ture of the particles during the later stages of 
drying niay he considerably higher than in 
cocurrent flow dryers. Recycling of the par- 
tially dried particles back into the hot gases 
even in cocurrent dryers also must he con- 
sidered in evaluating the extent of heat ex- 
posure. 

The driving force for the drying action is 
pm-pa where pw and pa are the vapor pre4sure 

of the water associated with the milk particles 
and air  respectively. I n  cocurrent flow dryers 
p ,  should approach pa as the powder particles 
are renioved from the exit air. Only the surface 
of the particles, however, ever attains approxi- 
mate equilibrium with the drying air. Kitzes 
(2 )  by actual vapor pressure measurements has 
shown that the vapor pressure of the water 
associated with the milk powder particles in- 
creases on storage so that after holding for  2 
weeks to perlnit moisture equilibration, the 
vapor pressure is considerably higher than that 
of the exit air  from the dryer. This difference 
would he greater as particle size increases 
since, as previously pointed out, large particles 
have a higher moisture content a t  any given 
stage during drying than small particles. 

Logarithmic plots of the vapor pressure of 
the water above dry milk against the vapor 
pressure of pure water a t  the same temperature 
give straight lines as shown in Figure 1, taken 
from Icitzes (2) .  Dryer operators comn~only 
regulate the moisture content of powder by 
varying the exit air  temperature. The water- 
holding capacity of air  as measured by the 
vapor pressure of water in a i r  over water iu- 
creases semi-logarithmically with increase in 
temperature, whereas the partial pressure of 
water vapor itself increases only in proportion 
to the absolute temperature. Thus, pw-pa, under 
any given set of conditions, increases with 
increase in temperature, resulting in a lower 
moisture powder. 

Icitzes (2) has shown that in a cocurrent 
flow dryer the moisture content of the powder 
increases with increase in the exit air  humidity 
under any given set of drying conditions. This 
relationship is shown in Figure 2. Since the 
exit air  hurnidity is attributable to the inlet a i r  
humidity plus the water evaporated from the 
milk, plots of the inlet humidity and moisture 
eontent of the powder show a similar relation- 
ship (Figure 3). The differences in moisture 
content attributable to air  humidity as shown 
on these charts are probably greater than would 
he observed in commercial practice. Commer- 
cial units would rarely, if ever, operate over 
such a wide humidity range, and any change 
in operating conditions affecting particle size 



1182 JOURYAL OF DAIRY SCIENCE 

VAPOR PRESSURE OF WATER,mm.Hg. 
FIG. 1. Relationship between vapor pressure of 

water over dry whole milk and the vapor pressure 
of water. 

would tend to obscure the effect of humidity. 
The use of a redryer ~ ~ o u l d  further obscure the 
relationship. 

One of the major advantages of spray drying 
is that heat damage may be held at a low level. 
Heat damage in spray drying is evaluated 
largely in terms of increased solubility index 
but certainly is not limited to casein destabili- 
zation. Wright (5) has shown that the time 
required to precipitate 50% of the proteins in 
heating milk decreases rapidly with increase in 
concentration up to about 88% solids. A fur- 
ther increase in concentration, however, in- 
creases the stability of the proteins, and in milk 
powder of normal moisture content they are 
quite heat stable. This fact is of importance in 
the design and operation of dryers. Heat dam- 
age will be lowest under conditions which pro- 
ride most rapid drying at  the lowest tempera- 
ture, particularly during the later stages of 
drying. Townley (4) has shown (Figure 4) 
that in cocurrent flow dryers the solubility in- 
dex increases semi-logarithmically with increase 
in exit air temperature above a certain critical 

MILK RATE 
Ib./min. I 

__---- 

9' AIR RATE 

,a' - Io.SfI./sec. 
0--Q 14.9fl./sec. 

I I 
.02 .03 .04 .05 .06 .07 

EXIT AIR HUMIDITY(LB.WATER/LB.DRY AIR) 

FIG. 2. Effect of exit air humidity on the mois- 
ture content of dry whole milk. 

temperature. The critical temperature varies, 
depending upon the design of the dryer; the 
operating conditions, particularly with respect 
to those factors influencing particle size; and 
also with the heat stability of the milk. In  
dryers in which air-spray flow is partially 
counter-current, the inlet air temperature also 
would be a factor, since in these dryers the 
temperature of the particle as it passes through 
the concentration range of maximum heat la- 
bility will be higher than in a strictly cocurrent 
flow dryer. The time required for drying 
through the critical concentration range in- 
creases, of course, with increase in particle size. 

Factors in Design 
Spray dryers may be classified according to 

method of atomizing and as to arrangements 
for mixing the drying gas and the sprayed par- 
ticles. Because of limitations of space, methods 
of atomizing will not be considered in this 
article. With respect to arrangements for mix- 
ing, dryers may be classified in the following 
categories : 

1. Cocurrcnt or counter-current. 
2. Updraft, downdraft, or horizontal. 
3. Straight line or rotary flow. 
Dryers have been designed to utilize most 

possible combinations. There are few objec- 
tive data available for the evaluation of various 
design arrangements. Counter-current air-spray 
flow would impose severe limitations on the 
temperature of the inlet air in drying heat 
labile materials such as milk. Nevertheless, 
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PIG. 3. Effect of inlet air humidity on the mois- 
ture content of dry whole milk. 

dryers utilizing partial counter-current flow 
have been widely used in drying milk. The size 
of the powder particle has a material influence 
on the time the particle must remain in contact 
with the drying air. For lack of precise infor- 
mation this usually is evaluated primarily on 
a "cut and try" basis. The fact that widely 
different designs are successfully used is evi- 
dence that no one arrangement has outstanding 
advantages in all respects. 

Operational Factors 
The operator has the problem of producing 

the best possible product a t  the lowest cost with 
the equipment available. Quality as influenced 
by dryer operation is evaluated in terms of 
moisture content and heat damage (solubility 
index and presence of burned specks). The 
operator may regulate the inlet and outlet air 
temperatures and the particle size. The hnmid- 
ity of the inlet air may vary with weather, 
plant conditions, leaky coils, etc., but is rarely 
changed at the will of the operator. 

Reasons of economy dictate the use of the 
highest possible inlet air temperature and the 
lowest possible outlet temperature. The inlet 
air temperature may be limited by the method 
used for heating or by the design of the dryer. 
Direct fire gas burners are becoming popular, 
since they permit heating to considerably higher 
temperatures than are practical with steam 
coils. Any design which provides partial coun- 
ter-current air-spray flow or permits re- 
cycling of the partially dried material back 
into the hot air stream reduces the maximum 
air temperature which can be used without 

EXIT AIR TEMPERATURE - O F  

FIG. 4. The effect of exit air temperature on 
the solubility index. 

causing excessive heat damage. Some dryers 
are now operating at  inlet temperatures of 
about 500" F. for drying milk and at much 
higher temperatures with less heat-sensitive 
materials. The difference in temperature of the 
air entering and leaving the dryer is primarily 
the result of moisture evaporation; therefore, 
other factors remaining constant, the higher 
the inlet temperature the higher the humidity 
of the exit air. Since the exit air humidity 
influences the moisture content of the powder 
in cocurrent flow dryers, there is a practical 
limit to the inlet air temperature even though 
heat damage of the product is not a factor. 
This limit would vary with the design of the 
dryer and the product being dried. 

Dryer operation commonly is controlled to 
secure an exit air temperature which will yield 
the desired moisture content without exceeding 
permissible limits for heat damage. Liquid feed 
may be altered to secure the desired exit air 
temperature at  an essentially constant inlet air 
temperature, or the inlet temperature may be 
varied to adjust for minor changes in liquid 
feed or concentration. The latter method is 
most practical with direct fire in dryers in 
which the inlet temperature is not a critical 
factor in powder quality. 

There has been a demand for products of 
lower moisture content in recent years in recog- 
nition of the inverse relationship between mois- 
ture content and storage stability. This has 
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added to the difficulty of dryer operation, par- 
ticularly in drying highly heat-sensitive mate- 
rials, such as whole milk a t  times when the air  
humidity is high. When exit air  temperature 
cannot he raised sufficiently to bring the mois- 
ture content within permissible limits without 
exceeding the critical te~nperature for heat 
damage, the simplest recourse is to reduce par- 
ticle size. Reduction in particle size lowers the 
moisture content, since under any given set of 
drying conditions the ~noisture content decreases 
with decrease in particle size. It also reduces 
heat damage since the drying time is presumed 
to be proportional to the square of the diameter 
of the particle. First change in reducing par- 
ticle size may be the usual manipulation of 
spraying pressure and orifice diameter. Under 
severe conditions and with other types of atom- 
izers, i t  niay be necessary to reduce the vis- 
cosity of the condensed milk a t  the time of 
atomizing. This may he effected by increase in 
temperature or reduction in concentration. 

Obviously, an increase in temperature may 
not be possible as heat exposure may already 
be approaching critical limits. Reduction in 
concentration very effectively decreases particle 
size even a t  the lower spraying pressure which 
may be necessary with fixed inlet air tempera- 
ture to compensate for the increased water 
content. 

Quality requirements inay be expected to be- 

come still more stringent if dry milk products 
are to enjoy increased usage, particularly a t  
the household level. The ideal is a reconstituted 
product which is indistinguishable flavorwise 
from the original. Heat damage is difficult to 
avoid, even in spray drying. Minimum mois- 
ture content is desired for n ~ a x i ~ n n ~ i l  storage 
stability. Attainment of low moisture without 
heat damage is the goal of dryer design and 
operation. Progress still i s  to be ~nade. Re- 
search on the fundamentals of spray drying 
may point the way. 
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Streptococcus Lactis and the Streptococci of the 
So-called Lactic Group 

J. M. SHERJIAN 
Depart~tcent of Dairy Industry, Cornell Cniuersity, Ithncn, S. T. 

Broni the nature of the problem, any attempt The species name has only the value of a 
to divide bacteria into more or less ho~nogeneous nome on a package; we must always be ready 
aggregate., that may be designated as “species" to change i t  or to (10 alvay with it. 
must of course be a rather arbitrary procedure. 
Be that as i t  may, every bacteriologist is  en- However clear and secure our species may 
gaged in the classification of bacteria; that is, have looked 15 years ago, in view of the pres- 
he must deal with biological divisions contain- ent findings in the field of microbial genetics 
ing closely related organisms, whether these with respect to ~nutations, sexual reproduction, 
entities be designated as species and varieties, and other mechanisms of genetic recombination, 
or as groups and types. one can scarcely be so sure today. On the other 

However, I wish to make i t  clear a t  the hand, whatever nlay happen in the future to 
outset that I have no fixed ideas on the subject our taxonomic criteria, the better work of the 
of species in the lactic group of streptococci. past 35 years or more on the physiological and 
I have no quarrel with those who wish to con- biochelnical aspects of these organisms will re- 
sider the group as consisting of one species, tain its value. I t  is especially gratifying to 
Streptoccorrts Inctis, with its several varieties. note that the work of the past 15 years on the 
Since, on the other hand, I spent much time newer aspects of bacteriology has on the whole 
twenty years ago helping to 'Lprove" that Orla- extended and confirmed the work of the earlier 
Jensen's S. cremoris is a distinct species, I Years. 
naturally cannot disagree very violently with Although students of S. lactis and its reIa- 
those ~ - h o  wish to recognize that and other tives among the so-called lactic streptococci 
types as being entitled to rank as species. have sometimes reported results that vary 

But before we take our views on this subject slightly in detail, these variations in results in 
too seriously, it might be well to recall the the vast majority of cases a ~ - e  accounted for  by 
oft-quoted statement of Duclaux : slight differences in technique, as Abd-El-Malek 



and Gibson ( 1 )  have indicated, the basic facts 
being verified by practically all investigators. 
Far  from seeing any great disparity in the 
results of most workers, I am particularly im- 
~ressed with the fact that the same basic con- 
clusions have been reached among the majority 
of students of the streptococci based upon 
works that involved extensive physiological and 
biochen~ical reactions, nutritive requirements. 
metabolic processes, and serological properties. 
Whatever the approach, these diverse studies. 
from various parts of the world, have supple- 
mented and confirmed one another. 

Streptococcus lactis 
S. lactis, which was isolated from milk and 

studied by Lord Lister and reported by him in 
1873 and 1878, is the first streptococcus that 
was described. The fact that he gave it the 
name of Bacterium lactia is entirely logical in 
that the generic name Streptococcus had not 
been proposed at that time. Even though the 
species could not be differentiated from some 
other streptococci by the methcds he used, there 
can he little doubt that Lister really isolated 
and studied S .  lactis. 

Some early investigators identified S. lactis 
by its ability to reduce litmus in litmus ~nilk 
cultures before the milk was curdled. I t  is 
now known that this property is correlated 
with the production of a low oxidation-reduc- 
tion potential, or, in other words, a strong re- 
ducing action. On the other hand, reduction c l  
lit~nus after the milk is curdled is of little dif- 
ferential value, as such reduction is in consider- 
able part caused by the reducing action of the 
milk itself after the elimination of convectiou. 
currents follolving the formation of the curd. 

This simple test, on the whole, served very 
well the few bacteriologists who used it on 
streptococci from milk and sour milk products. 
They were wrong, however, in thinking that S. 
lactis is the only streptococcus that has this 
characteristic, which is shared by a lnajority of 
strains of S. faeealis and some other varieties 
of the enterococcus group. There can be little 
doubt, in view of present knowledge, that many 
cultures that were isolated from cheese, espe- 
cially later in the ripening process, that were 
identified as S .  lactis were in fact S .  faeenlis. 

In  1918, the lactic-acid streptococcus was 
defined as having, in addition to other charac- 
teristics, a strong reduclng action, a lninimum 
temperature of growth below 10" C., and a 
maximum growth tenlperature below 45" C. 
This conlbination of character~stics still appears 
to be unique to the S. laetis group, though of 
course much more is now known, including 
nutritive requirements, serology, and other 
physiological properties. 

I n  America, there has been no confusion 
about the identity of S. laetis and its differenti- 
ation from other groups of streptococci for 
more than 20 years, and as new techniques and 
criteria have become available the differences 

between the "lactic" streptococci and other 
groups and species within the genus have be- 
come more clearly and completcly defined. On 
this occasion there is not time to discuss in 
detail the characteristics of S. lactis, nor is this 
necessary, as these details hare hern renewed 
and published ~nany titnes during thr past two 
decades. 

Perfectly correlated with the physiological 
characteristics are the serological findings. That 
S. lactis has a group-specific antigen and that 
the so-called lactic streptococci constitute a 
distinct serological group was established inde- 
pendently in England (8, 12), in Germany 
( l l ) ,  and in America (18). hut our English 
colleagues are the ones have done the most 
estensive and thorough work on this subject. 

I n  1955, as opposed to 15 years ago, a full 
consideration of the species should take into 
account what is known about the nutrition and 
metabolism of the organisms, the antibiotics 
they produce, and bacteriophage phenomena, 
hut these subjects are reserved for others on 
this program. 

I n  a consideratiol~ of a group of n~icroor- 
ganistns and the species and varieties that it 
contains, attention should he given to the occur- 
rence of these organisms in nature and espe- 
cially their probable natural habitats. I n  work 
done in our own laboratory years ago, authentic 
strains of S. lnctis isolated from various 
plant nlaterials and consisteatly from a number 
of these that were tested over and over, but it 
was not possible at that time to den~onstrate 
these organisms in large nu~nbers from such 
sources. Since this group of organisms has not 
been shown to be animal parasites or consist- 
ently associated with any animal source, the 
habitat associated with vegetation appears to be 
the most logical one based on present knowl- 
edge. This is especially true of S .  cwtrtoris, 
which has a very low tnalri~nut~l temperature of 
growth, a large proportion of strains failing to 
grow at the body temperatures of higher ani- 
mals. In  this connection, also, it should he 
noted that the species or variety that has heen 
named Strcptococczcs diacetilactis was first iso- 
lated from fermenting vegetable lnaterials and, 
on the basis of present information, should 
probably be considered as heing associated with 
plants in nature. 

Although many of us may be strongly in- 
clined to the point of view that the lactic-acid 
streptococci had evolved to their approximate 
present status long before there was any or- 
ganized dairy industry to furnish milk as a 
more or less continuing natural habitat, Hirsch 
(5 )  suggests that the evolution of these organ- 
isms may be so recent that milk may be con- 
sidered their true habitat. I n  fact, Hirsch 
considers S. lactis and S. cremoris as probably 
being not only quite distinct species, but as 
perhaps having different lines of descent in 
their courses of evolution. 

As an illustration of the fact that we must 
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keep our ideas son~ewl~at flcsiblc with respect 
to what we think we know about bacteria is 
the possibility that the lactic-acid streptococci 
may be very rarely associated with infections. 
It is nolv known that the early reports of such 
pathogenicity ~\-\.ere based upon inadequate 
identification of the organis~ns used. More 
thorough studies with authentic cultures of S. 
lactis in later ycars showed that virulence could 
not be easily developed in cultures of this or- 
ganis~n by serial aninla1 inoculations, as had 
been claimed by a fcw earlier workers. Note 
should therefore he made that Wagner ( l ( i )  
has reported two indances of S. lactis being 
associated with hun~an infections, and Wood 
et al. (1,") hare reported the recovery of 8. 
lactis fro111 the blood of a patient with sub- 
acute bacterial endocarditis. In  both of these 
eases, it is stated by the authors that the organ- 
isms recovered agreed with the description of 
S. lactis on the basis of a large nu~nber of 
physiological and bioc.he~nical reactions, and in 
each case extracts of the organisms were found 
to react with group seruln prepared against S. 
lactis. I n  view of what we know about the rare 
occurrence of many ordinarily nonpathogenic 
bacteria in hu~nan and aninla1 infections, this 
should not come as too niuch of a shock, how- 
ever distasteful it niay be to some of us to 
think that S. lactis should ever invade the 
human body. 

Streptococcus cremoris 
Whether eonsidered as a species or a variety, 

the S. cretnoris of Orla-Jensen ( 1 0 )  deserves 
special consideration. -4s opposed to the typical 
S. lactis, S. cremoris fails to grow a t  40" C., 
and many strains do not grow a t  37' C. (13, 
18). It does not hydrolyze arginine or does so 
very feebly (1,  9). It is also inhibited a t  lower 
concentrations of sodium chloride, alkali, and 
other inhibitory substances than is S. lactis. As 
grown in the laboratory, i t  is in general a more 
delicate organism than is the typical S. lactis 
and ferments fewer substances, most strains 
failing to ferment ~naltose. Orla-Jensen con- 
sidered the inability to ferment maltose and 
dextrin as being especially valuable criteria in 
the differentiation and identification of S. cre- 
ntoris. On the ~~~orphological side, strains of 
8. cremoris in general form longer chains and 
are inclined to have son~ewhat larger cells than 
does S. lactis. 

I t  should be noted that those who have studied 
the nutrition and metabolis~n of the lactic group 
have detected slight differences between S. lactis 
and S. cr~tttoris, and the English investigators 
have shown that thc-sc two organisms are also 
different on the basis of the antibiotics they 
produce. 

Despite the apparently imposing list of dif- 
ferences between S. crencoris and S. lactis, on 
the basis of serological grouping their relation- 
ship is close. All of those who have produced 
group-specifie sera against S. lactis have oh- 

tained prcsun~ptire evidence that S. cretnoris 
belongs to the sanlc group, based on the find- 
ing that estracts of .C. crrtttoris reacted with 
anti-lactis group sera. However, it appears to 
have remained for Rriggs and Sewland ( 3 )  
to produce a "elcan" anti-c*rrntoris grouping 
seruul, which proved to he specitic for the whole 
lactic group. These organisnls. are, therefore, 
exceedingly closc relativrs fro111 the serological 
point of view, just as they are with respect to 
thcir nutritive rrquirc~ments and   no st of their 
Inore basic physiological characteristics. 

Most cnltnrt.s of S. rrctttoris have been iso- 
lntcd f r o n ~  corr~~~lc.rcial starttbrs, and the view 
that it is therefor(. 1111 adnptive mutant within 
the lactic group is a natural and attractive 
one. On the oth1.r hand, strains of S. rretttori8 
hare been isolated hy srvc.ra1 workers directly 
from raw n~ilk in sucl~ widely separated areas 
of the world as the eastern part of the United 
States, the \vester11 part of Canada, the British 
Isles, and the ~ n o u ~ ~ t a i n s  of Fmnce. 

I t  was the opinion of Orla-Jenscn that S. 
crc~storis is superior to the 111ore typical S. lactis 
as a starter organis~n, hut this view has not 
been shared by sou~e workers in America and 
elsewhere. On purely physiological grounds, 
becnuse of its lo\\- tol(.rance to salt and a low 
n~axi~num ten~peratnre of growth, S. crencoris 
would not appear to he a suitable organisrn 
for  use as a starter in the making of cheese. 
Howc.ver, opposing opinions have heen ex- 
pressed on this question. 

Citrate-Fermenting Lactic Streptococci 
Tnnumerahle variant types of lactic strepto- 

cocci have heen reported during the past 35 
ymrs, and I I I R I I ~  ~ianles of both species and 
variety rank have h c c ~  applied to such strains. 
If an  additional sp t~~+i t~s  \\-ere to be recognized 
a t  the prt>sent time, prol~al~ly  the best case 
could be 111ade for that raricty, or group of 
varieties, which is characterized by the ability 
to ferment citrates actively with the production 
of carbon dioxide, volatile acids, and other 
volatile products. S o t  to he confused with the 
h e t c r o f c r ~ ~ ~ e ~ ~ t a t i v ~  cocci of the Leuconostoc 
group, these organisn~s are ho~nofermentative 
lactir-acid streptococci in their action on glu- 
cose and reseluble S. lactis in their general 
physiological characteristics. 

ICrishnaswnmy and Babel (7) have made an 
escellent contribution to this subject, and they 
are to be con~~uended for not having given us 
another species name with which to contend. 
Sensibly, I think, they considered the cultures 
they studied as being entitled to rank only as 
a variety within the lactic group, and they 
suggested the nanle of S. 2actis var. aromaticus. 

Swartling ( 1 5 )  has concluded that many of 
the species and raricty names that have been 
applied to streptococci of this type are in fact  
synonyms, and in his opinion S. diacettlactis is 
the name that has the best claim for retention 
on the bases of priority and validity, if a 
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species is to be recognized. Swartling has iso- 
lated a number of strains of this organism from 
milk and milk products and has found i t  to be 
a homofermentative streptococcus in the fer- 
mentation of sugars, which produces the de.rtro- 
rotatory form of lactic acid. However, i t  pro- 
dures carbon dioxide, volatile acids, acetyl- 
n~ethylcarbinol, and diacetyl from citrates. This 
organism does not appear to show any relation- 
ship to the enterococci, on the one hand, nor 
to the heterofer~nentative I,etceonostoc group on 
the other. 

Swartling ( 1 5 )  and Briggs (2) have shown 
S. diacetilactis to agree with S. lactis in its 
general physiological reactions and to  belong 
to the same serological group as  do S. lactis 
and S. erentoris, the group N of the English 
workers. 

Similar work has been done by Icneteman 
(6) on the S. citrophilus of van Beynum and 
Pette, which appears to be the same as  the S. 
diaeetilactis of Matuszewski et al., as Swartling 
has shown. Of especial interest is the finding 
of Kneteman that variants were obtained that 
were unable to ferment citrate and were like 
"ordinary lactic acid streptococci from which 
they cannot be distinguished . . ." I n  other 
words, mutations occurred that gave rise to 
apparently typical strains of S. lactis. 

Whether S. diacetilactis (and its relatives) 
should be considered a distinct species or as  a 
variety in the general S. lactis group is a mat- 
ter of opinion a t  the present time. This writer 
does not feel competent to express a n  authori- 
tative opinion and is quite willing to  abide by 
the decision of those better qualified to judge. 
However, the mutations reported by Kneteman 
and previous workers would indicate that defi- 
nite conclusions might well be delayed for  the 
present. Such caution appears to be further 
supported by the reports of variant and inter- 
mediate types by several other investigators (f, 
7, 19). 

I n  conclusion, an  explanation and an  apology 
should be offered. No specific citations have 
been made to the literature of more than 20 
years ago, with the exception of one to the 
work of Orla-Jensen. This has excluded such 
outstanding and pioneering contributions to 
the lactic streptococci as  those made by Ham- 
mer and by the late S. Henry Ayers and their 
associates, who recognized a number of varie- 
ties of S. lactis, as  well as  making many other 
important contributions to this and other 
groups of streptococci. And, to keep this short 
discussion from being a mere listing of refer- 
ences. the review of the more recent literature 
is "s*otty" and incomplete. 
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ANIMAL DISEASES 
667. Oxytetracycline in bovine mastitis. I. 
Treatment of mastitis. L. E. BARNES. Iowa 
State Coll., Ames. Am. J. Vet. ~esearch,  16, 
60: 386. 19.55. 

Cows in the Iowa station herd were routinely 
tested by strip cup, Hotis test, pH of milk, 
catalase test, Whiteside test and bacteriological 
culturing to determine cases of clinical and 
subclinical mastitis and the causative organ- 
isms. Both types of cases were treated by 
udder infusions of 400 mg. of oxytetracycline 
(terramycin) every 24 hr. for 3 days. 82.7% 
of S. uberis infections were eliminated for three 

A soluble antigen was prepared by acid-heat 
extraction of cultures of Leptospira pomona, 
preserved with merthiolate and suspended in 
mineral oil. Its immunogenic efficiency was 
tested on calves which were later challenged. 
All control calves developed typical symptoms 
of leptospirosis and had positive kidneys up to 
53 days later. None of the vaccinated calves 
developed disease synlptoms and all had normal, 
negative kidneys 53 to 55 days after challenge, 
as well as continuous negative urine and blood 
tests. The effectiveness of the vaccine against 
other strains of leptospira has not been checked. 

E. W. Swanson 

weeks or more following treatment, compared 670. parasitological significance of bovine 
to 33.3% of S. dysgalactiae, 25% of M. pyog- grazing behavior. J. F. MICHEL. Nature, 175, 
enes var. aureus, 69.2% of coliforms, and none 4468: 1088. 1955. 
of P. aeruginosa. Micrococcus cases of more a preliminary step in a study of the habit 
than one mo. duration were not as effectively of not eating grass growing in the 
cured as recently acquired infections, but the bovine faeces, it was shown that cows graz- 
duration of the S. uberis infections didn't alter ing on pasture infested with lungworm (Die- 
recovery efficiency. In  ba'teriostatic and '''- t?,ocaulus civiparus) larvae were highly selec- 
tericidal in oitro tests it  was found that S. tive in grass eaten from a parasitological point 
uberis and pyogenes aureus were both view. This behavior was shown to be due to 
inhibited by 1 to Pg: per ml., but were not something other than the difference in grass 

S. uberis was kllled to 20 Pg. per size caused by increased fertility of the earth ml. but df. pyogenes var. aureus required over adjacent to droppings. 200 ~ g .  per 1111. In  some cows the treatments R. Whitaker 

produced definite irritation and inflammation of 
the glands. Nearly all acute cases showed 

BUTTER 
clinical improvement after treatment even when 671. The detection and quantitative deter- 
the infection persisted. E. W. swanson mination of coloring materials in butter and 

margarine. H. M. ESPOY and H. M. BARNETT, 
668. Congenital porphyria in swine and cat- Barnett Lab., Long Beach, Calif. Food Tech- 
tle in Denmark. S. K. JORGENSEN and T. K. nol., 9, 8:  367. 1955. 
WITH. Nature, 176, 4473: 156. 1955. A procedure was developed for the separa- 

This condition, found at  times in pigs and tion, identification, and quantitative estimation 
cattle, impairs the quality of meat for market of the principal pigments found in co~nmercial 
purposes. Teeth, bones, etc. are discolored ,be- butters and margarines without saponifying the 
cause of the presence of porph~rin. The health fats. Carotene and annatto extract were ob- 
of animals subject to this condition is not seri- tained by chromatographic separation while the 
ously impaired. The heredity of the condition "certified" coal tar dyes were removed by acid 
is obscure but is being studied in Thisted extraction. The recovered pigments were dis- 
County in Jutland, where it is found in both solved in suitable solvents, spectrographic read- 
swine and cattle. Animals having the condition ings were made on the solutions and the con- 
may be detected by examination of the color centration of the individual pigments in the 
of the teeth and analyzing for porphyrin in butter or margarine was calculated from these 
the urine and faeces. R. Whitaker readings. The concentration of the different 

pigments found in 47 samples of commercial 
669. An immunogenic agent for the protec- butter and 8 sanlples of margarine, analyzed 
tion of cattle against Leptospira pomona. by this method, is shown. I t  is postulated that 
W. G. HOAG and W. B. BELL, Va. Agr. Expt. this procedure probably is applicable also to 
Sta., Blacksburg. Am. J. Vet. Research, 16, other foods containing oil soluble pigments. 
60: 381. 1955. E. R. Garrison 

A l l 5  
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672. Combined butter dish and slicer. G. 
LERNER. U. S. Patent 2.716.814. 5 claims. 
Sept. 6, 1955. Olfic. Gaz.' u.' S. Pat. Office, 
698, 1 : 24. 1955. 

A butter dish for holding a quarter-pound 
print and having a cover equipped with strips 
which slice the butter when the cover is pushed 
don11 ovcr the print. R. Whitaker 

CHEESE 
673. Factors involved in the control of gela- 
tinous and defects of cottage cheese. E. B. 
COLI~ISS, Dept. ])airy Ind., Univ. of Calif., 
Davis. J. Milk Food Technol., 18, 8: 189. 
195.5. 

Chlorine \\-as t~ffeetive in destroying cultures 
of P. fragi,  P. I . ~ P C O L ~ ,  A .  i n ~ t a l ~ n l i g e l t ~ ~ ,  and 
I?. coli in concentrations ranging fro111 3 to 5 
p.p.m. of residual cl~lorine and at pH 6.0. Lon 
te~npernture and high pH decreased the effee- 
tireness of chlorine. 1'. frngi  was more re- 
sistant than the other organisn~s studied. Dou- 
h l i n ~  the conecntration of residual chlorine de- 
creased the ti~ne for destruction of P. f r a g i  by 
50%. H .  11. Weiser 

674. Method and apparatus for continuous 
cheese manufacture. R. T. HENSGEN, J. C. 
T.\SDES ROSCH, .\. XI. LEDERER, and P. M. 
JIToo~ (assignors to Swift Oi Co.). U. S. Patent 
2,717,212. 7 elai~ns. Sept. 6, 1955. Offic. Gaz. 
U. S. Pat. Office, 698, 1: 123. 1955. 

Coagulated milk is centrifuged to remove 
the whey. The curd is then held in the rotating 
bowl at reduced speed to permit cheddaring 
of the curd. R. Whitaker 

675. Adjustable tension wire type cheese 
cutter. J. P. J f u ~ n . 4 ~ ~  (assignor to Irving 
Rubin). U. S. Patent 2,714,251. 7 claims. 
~ u ~ u s ' t  2, 1955. Offic. ~ a z .  u'. S. Pat. Office, 
697, 1: 19-20. 1955. 

A hand-o~erated cutter for slicing cheese for 
table use. R. I ~ h i t a k e r  

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

676. Attachment for punching and for clear- 
ing pouring openings in can tops. C. C. HART. 
U. S. Patent 2,716,808. 3 claims. Sept. 6, 
1955. Offic. Gax. U. S. Pat. Office, 698, 1: 23. 
1955. 

A device for punching a pouring hole in 
evaporated milk cans, consisting of a frame 
which fits over the top of the can and a conical 
shaped punch ~nounted on a pivoted spring 
which may be rotated around the circumference 
of the can top. R. Whitaker 

677. Baby food. H. A. CRANSTON (assignor 
to Carl S. Miner). U. S. Patent 2,717,211. 1 5  
claims. Sept. 6, 1955. Offic. Gaz. U. S. Pat. 
Office, 698, 1: 123. 1955. 

A baby food containing whole milk solids and 
concentrated pathogen-free mammary gland 
phosphatase. R. Whitaker 

678. Food whipping agent. B. A. PATTERSON. 
U. S. Patent 2.716.606. 8 claims. Aue. 30. 
1955. Offic. Ga;. lf. S. Pat. Office, 667, 51 
652. 1955. 

An alkali metal caseinate, lactose, and phos- 
phate blend at  pH 6.8 to 7.2 is used as a whip- 
ping agent for cakes, pies, meringues, etc. 

R. Whitaker 

679. Casein contact printing emulsion. J. M. 
LUPO, JR. (nssignor to Direct Reproduction 
Corp.). U. S. Patent 2,716,061. 2 claims. 
Aug. 23, 1955. Offic. Gaz. U. S. Pat. Office, 
697, 4: 505. 1055. 

Details are given for the formulation, mann- 
facture, and application of a casein base photo- 
graphic emulsion to glass and plastic sheeting. 

R. Whitaker 

680. Hog food. P. B. SHEARER. U. S. Patent 
2,716,063. 9 claims. Bug. 23, 1955. Offic. Gaz. 
U. S. Pat. Office, 697, 4: 505. 1955. 

A feed for pigs consisting of cheese whey 
neutralized with an ingestible reactive calciu~n 
compound. R. Whitaker 

681. Comestible and comestible base and 
method of making the same. H. M. LEVIN. 
U. S. Patent 2,715,068. 9 claims. Aug. 9, 
1955. Offie. Gaz. U. S. Pat. Office, 697, 2: 234. 
1955. 

Dried nonfat milk solids, reconstituted, acidi- 
fied, and pasteurized, is blended with mayon- 
naise to make a salad dressing-like material. 

R. Whitaker 

682. Diacasein and process for its manufac- 
ture. F. W. BERNHART, E. R. ECKIIARDT, M. H. 
JANSOS, and F. H. TINKLER (assignors to 
American Home Products Corp.). U. S. Pat- 
ent 2,714,068. 10 claims. July 26, 1955. Offic. 
Gaz. U. S. Pat. Office, 696, 4: 522. 1955. 

A dry, neutral, high protein, low ash, dis- 
persible, slow settling phosphoprotein is made 
from skimmilk by coagulating with rennet, 
cutting the curd, draining the whey, pressing 
the curd, then acidifying, washing, neutralizing, 
heating, agitating, drying, and finally grinding 
to a powder. R. Whitaker 

683. Ice box dessert. G. H. STUART, J. T. 
WATSON (assignors to the Borden Co.). U. S. 
Patent 2,714,069. 4 claims. July 26, 1955. 
Offic. Gaz. U. S. Pat. Office, 696, 4: 523. 1955. 

A casein lactalbumin blend prepared in a 
soluble nonheat-denatured form to make a 
cheese-like product of high water absorptive 
properties, is suspended in an aqueous solution 
of gelatin. A whipping agent is added and the 
mixture whipped. The mixture sets on cooling 
in a refrigerator as a result of the absorptive 
action of the curd particles for the moisture 
in the blend and forms a dessert having a con- 
sistency suitable for eating with a fork. 

R. Whitaker 
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DAIRY BACTERIOLOGY 
684. The isolation and classification of pro- 
teolytic bacteria from the rumen of the sheep. 
J. C. APPLEBY, Rowett Research Inst., Bucks- 
burn, Aberdeen. J. Gen. Microbiol., 12, 3 :  
526. 1955. 

Proteolytic bacteria were obtained from the 
rumens of three fistulated sheep using a mineral 
salts-yeast extract or rumen fluid-casein me- 
dium containing a variety of additional supple- 
ments. On this solid medium proteolytic organ- 
isms were considered to be those which pro- 
duced a zone of clearing. Total viable counts 
obtained fro111 the rumen contents appeared to 
be somewhat low, of the order of 10-0 lo1 per 
milliliter of rumen fluid. Predominating or- 
ganisms consisted of gram positive cocci with 
smaller numbers of bacilli; however, some gram 
negative rods were observed when ~riedium vari- 
ations were introduced. A number of cultures 
of Baeill~te species, Clostridium species, Flavo- 
bacteritcm, Proterts and micrococci were isolated 
and described. J. J. Jezeski 

685. The preservation of lactobacilli by freeze 
drying. 11. BRIGGS, G. TULL, L. G. M. NEW- 
LAND, and C. A. E. BRIGGS, N.I.R.D., Univ. of 
Reading. J. Gen. ilficrobiol., 12, 3: 503. 1955. 

Cultures were grown anaerobically on to- 
mato-glucose-Tneen agar and suspended in sev- 
eral media for freezing. After freezing, these 
were dried in a desiccator over P~OS.  On the 
basis of percentage survival rate, the main 
factor influencing survival was the suspending 
mediun~ and best results were obtained in horse 
serum plus 8% added glucose. With the major- 
ity of the 44 cultures tested, the survival rates 
were in excess of 50% immnediately after dry- 
ing n~ith 25% survival after 6 mo. storage. 
Several cultures survived as long as two years 
under these esperi~nental conditions. 

J. J. Jezeski 

686. The physiological and serological char- 
acters of freeze dried lactobacilli. M. E. 
SHARP and D. N. WHEATER, N.I.R.D., Univ. 
of Reading. J. @en. Microbiol., 12, 3: 513. 
1955. 

A study of 41 strains of lactobacilli showed 
that the physiological and serological charac- 
teristics of these organisms did not change dur- 
ing the course of freeze drying or after storage 
for 6 mo. J. J. Jezeski 

687. Sur I'emploi de differents indicateurs 
d'oxydo-r6duction pour l'6tude des bact6rio- 
phages des streptocoques lactiques (Use of 
different oxidation-reduction indicators for the 
study of bacteriophages of Streptococcus lac- 
tis). E. y-~LLES. Le Lait, 35, 242. 1955. 

A quantitative method of determining the 
effect of bacteriophages is described. The 
method ntakes use of serial dilutions and the 
oxidation-reduction indicators litmus, methy- 
lene blue and resazurin. The method is used 

in a study of concentration and purification of 
bacteriophages and their specificity for S. lactis. 
Co~nparisons are made to the other methods. 

A. IV. Rudnick, Jr.  

688. Influences respectives de la propret6 den 
utensiles et  du refroidissement apris la traite 
sur la qualit6 bact6riologique du lait cru (Re- 
spective influence of cleanliness of utensils and 
refrigeration after milking on the bacteriologi- 
cal quality of raw milk.) A. PORTMAN, Cen- 
tral Alierobiol. and Dairy Research Sta. Le 
Lait, 35, 132. 1955. 

Evidence is presented to show that clean 
utensils and immediate cooling are necessary 
to reduce bacterial growth in milk until the 
product is delivered to the processing plant. 
Initial bacterial counts were high according to 
United States standards. An attempt is made 
to calculate the a~nount of cooling water needed 
to adequately cool milk in several types of 
coolers. The article is obviously written for 
producer and fieldman use. 

A. W. Rudnick, Jr.  

689. The nature, significance and control of 
psychrophilic bacteria in dairy products. J. C. 
OLSON, R. B. PARKER, and W. S. MUELLER, 
Univ. of Minn., St. Paul; Ore. State Coll., 
Corvallis; and Unir. of Mass., Amherst. J. 
Milk Food Technol., 18, 8: 200. 1955. 

The authors use the term psychrophile to 
indicate any bacterial species capable of growth 
at  temperatures ranging from 35" to 45" F. 
They emphasize the in~portance of these organ- 
isms as they affect the keeping quality of dairy 
products stored ;t low temperatures. 

These organisms can be controlled by proper 
pasteurization, proper cleaning and sanitizing 
of all equipment, and chlorination of water 
supplies to be used in the manufacture of butter 
and cottage cheese. Usually 5 to 10 p.p.m. of 
available chlorine is adequate. 

H. H. Weiser 

DAIRY CHEMISTRY 
690. Occurrence of different beta-lactoglobn- 
lins in cows' milk. R. ASCHAFFENBURG and J. 
DREWRY. Nature, 176, 4474: 218. 1955. 

In  a study made of the milk of 70 COWS, it 
mas found that two kinds of lactalbumin are 
secreted in the milk. These have been desig- 
nated as BI and BI, and when both are found, 
B1.2. The type is characteristic for a given cow. 
Thirty of the cows gave mlik containing B1.2; 
7 gave BI; and 33 gave Bz. The B I , ~  and 
BZ were found in the milk of Shorthorn, Frie- 
sian, Ayrshire, and Guernsey cows, whereas BI 
was found only in the Shorthorn and Friesian 
milk. The inilk from one-egg twin heifers was 
alike in the four sets studied, and all three 
types of lactalbul~~in were found. BI and B* 
lactoglobulin differ in several respects: crystal- 
line for~n, isoelectric point, and solubility, for  
example. The two for~ns were identified electro- 
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phoretically. When BI.? inilks were encoun- 
tered, in most instances Inore BX was found 
than B?. The existence of the two distinct types 
of lactalbumin has been overlooked in the past 
as vorkers have used mixed milk but have been 
puzzled by the heterogeneity of this "pure" 
protein. R. Whitaker 

691. Lactase enzyme preparation. E. R. 
MORGAN (assignor to National Dairy Research 
Laboratories. Inc.). U. S. Patent 2.715.601. 
4 claims. ~ ; g .  16,'1955. Offic. Gaz. U: S. pa t .  
Office. 697. 3 :  379. 1955. 

A lactase-active, zymase-inactive product is 
prepared from a lactase-active yeast by treat- 
ing the yeast with 1.5 to 3.6 times its weight of 
ethyl alcohol to kill the yeast cells and then 
drying to a powder. R. Whitaker 

692. DitEculty in the crystallization of ren- 
nin. S. J. BERRIDGE, N.I.R.D., Univ. of Read- 
ing. Milchwissenschaft, 10, 195. 1955. 

Rennin in certain cases was found to be con- 
taminated with impurities which were difficult 
to remove. This is particularly true when the 
enzynle is prepared from fresh calf stomachs. 
I t  was found, in the course of this study that 
electrophoresis may be used to advantage in 
purifying the enzynie. In  M/10 phosphate 
buffer at p H  6 the fast moving component was 
pure rennin which forn~ed crystals a t  2' C. 
after the solution was acidified to p H  5.4 and 
40 mg. XaCl was added per 1111. J. Tobias 

693. ~tudes  sur la casCine. I1 L'homogC- 
nCitC de la casein. (Study of casein. I1 Homo- 
geneity of casein.) &I. BEAU. Le Lait 35, 258. 
1955. 

The author suggests that the variations in 
composition of a, p, and y casein reported in 
the literature may be caused by the methods of 
extraction of casein. I t  is suggested that ex- 
traction with HCl and NaOH is too drastic and 
that investigators should use physical or me- 
chanical means of extraction. 

8. W. Rudnick, Jr.  

DAIRY ENGINEERING 
694. The control of stainless corrosion. Staff 
Editors. Milk Plant Monthly, 44, 8 : 37. 1955. 

The causes of failure in stainless steel are: 
(1) Pitting caused by mechanical damage, dirt, 
porous welds, or chlorides, (2) Crevice corosion 
caused by incomplete weld penetration, (3) In- 
ter-granular corrosion at the grain boundaries, 
(4) .Erosion-corrosion, a conlbination of me- 
chanical wear and corrosion, and (5) Stress- 
corrosion, a cracking of stainless steel under 
stress. Practices recomlnended for the control 
of stainless steel corrosion are discussed. 

C. J. Babcock 

695. Symposium on plastics as materials of 
construction. Food processing plants. L. J. 
TURNEY, the H; W. Madison Co., Medina, 
Ohio. Ind. and Eng. Chem., 47, 7:  1366. 1955. 

The food industry is urgently in need of 
superior materials of construction. Coolers, 
mixing tanks, agitators, piping, and all mate- 
rials of construction are subjected to danlp, 
highly corrosive conditions, and it is believed 
that plastics in soine forms, because of their 
resistance to corrosion and sweating, may serve 
well in these applications. Careful ronsidera- 
tion inust be given to the possibility of toxicity 
and conta~nination from plastir materials. A 
review of the properties of the presently avail- 
able plastics indicates where they may be used 
with hope for success. Better innchining ineth- 
ods as well as inore complete handling knowl- 
edge are essential before a successful wide- 
spread use of plastics inay he realized. The 
potential field for these inaterials is tremendous 
but suppliers must be eonsrious of the dangers 
of misuse, especially where toxicological data 
are incomplete. Such errors may do lnuch harm 
to the food manufacturer as well as to the 
plastic suppliers. B. H. Webb . 

696. L'upbrisation (Uperisation). P. LAN- 
IESSE, Natl. Inst. of Agron. Le Lait, 35, 151. 
1955. 

A diagranlmatie description of a Swiss high- 
teinperature short-time sterilization process. 

A. IT. Rudnick, J r .  

697. Container traversing mechanism for 
food processing apparatus. J. H. BLAIR, JR, 
(assignor to Food Machinery & Chemical 
Corp.). U. S. Patent 2,717,548. 5 claims. 
Sept. 13, 1955. Offic. Gaz. U. S. Pat. Office, 
698, 2: 216. 1955. 

A method of continuously rotating and mov- 
ing cans of liquid food products in a continu- 
ous-type of sterilizer. R. Whitaker 

698. Electrical fluid treating apparatus. R. J. 
HERBOLD (assignor to Winger Dairy Products 
Processing & Manufacturing Corp.). U. S. 
Patent 2,713,818. 5 claims. July 26, 1955. 
Offic. Gaz. U. S. Pat. Office, 696, 4 :  459. 1955. 

Milk to be pasteurized, sterilized, or other- 
wise heated, is passed through a tube. The 
teinperature is raised due to the resistance 
offered to an electric current which flows. 
through the milk in the tube. Instead of elec- 
trodes in contact with the milk, the current is 
introduecd through osmotic diaphragms which 
sewarate the milk from sinall reservoirs of' 
electrolyte in which the electrodes are installed. 

R. Whitaker 

699. Automatic doors. .Ixos. Milk Dealer, 
44, 11: 39. 1955. 

The installation of antonlatic cold storage 
doors a t  H. C. Christians Co., Chicago, Ill., 
and at  the Supplee-Wills-Jones Milk Co. in 
Philadelphia is discussed. C. J. Babcock 

700. Bubbles that do work. Axox. Milk 
Dealer, 4 4 , l l :  43. 1955. 

Air agitation of inilk is being used inore i n  
many milk pasteurizing plants. The advantages. 
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are that milk in holding tanks can be mixed 
down to the last four inches, and that it is a 
quick process, functioning just as well whether 
the holding tank is long or short. Co~nprrssed 
air, oil-free. also Itlay be used in other plant 
operations. C. ,I. Bahcock 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

701. Packaging's "private eye." Asos .  JIilk 
Prod. J.. 46, S:  12. 1955. 

The hidden canlrra has hern used in today's 
modern supermarket to register consumer reac- 
tion where it counts tnost-at the point of sale. 
This technique has been used by a leader in 
the packaging field for the last four years to 
detern~ine how and why people buy what they 
do. 

Thus far,  three hidden camera studies on 
bread, bacon, and frozen foods have been eotn- 
pleted. The results of and conclusions fro111 
these studies are presented and discussed. 

J. J. Janzen 

702. Developing executives you can depend 
on. 0. I<. J f c J I a ~ o s ,  Rohrer, I-Iibler & Rep- 
logle, Atlanta, Ga. S. Dairy Prod. J., 58, 3: 
3'2. 19%. 

Failures in executive positions, in general, 
are nruch nlore often due to shorteonlings in 
the executive's psychological qualifications than 
to lack of technical job know-how. Many who 
have been successful as individual technical 
XI-orliers or managers of snlall groups have been 
unable to cope with purely managerial duties 
in charge of large groups, a job for which they 
were not trained. The increase in size of husi- 
nesses and in conlplexity of operation requires 
a type of executive personnel for which there 
is a real shortage. Special training to develop 
such men is nerded. 

The executive of today must he a person 
who can get a job done through others, is self- 
less rather than seltish, takes pride in what his 
organization does rather than in his personal 
accomplish~~~ents; is able to analyze himself 
and change his habits when necessary, intellec- 
tually cotnpetent, able to make u p  his mind 
and stick to it, emotionally stable and able to 
make fa i r  decisions; sets good exaniples in 
behavior; has insight to organize and direct, 
ability to delegate and helps to develop and 
inspire his men as individuals. 

F. w. Bennett 

703. Sorge builds multiple quart  sales with 
twin hanger. Asox. Milk Dealer, 44, 11: 40. 
1985. 

Faced with aggressive paper % gal. compe- 
tition, the Sorge Ice Cream and Dairy of Mani- 
towoc, Wis., developed its own "twin hanger" 
which fastens two single paper qt. into a l/z gal. 
unit. The "twin hanger" operation funct~ons 
as an  integral part of the filling line. It is 
made of heavy paper and is specially treated 

to prevent the ahsorption of moisture. It meas- 
urcs 2j/8" hy 5"/s", and folds in half to an  
approsinlate square, ?y8" by 2%". It is cen- 
tcrccl between the two qt. containers and stapled 
to the cartons. A handy finger grip is per- 
forated in the handle. Between the filling and 
stapling operations a turntable turns every 
other quart container to prevent one carton 
from having its "pitcher-pour" side clipped 
shut. C. J. Bahcock 

704. Milk consumption can be increased. H. 
SMITH and F. ~IADASKI,  Mich. s t a t e  Coll., East  
Lansing. Nilk Dealer, 44, 11: 49. 1955. 

A recent study showed that when a choice 
of beverage was offered to people, 11% chose 
milk. Only three people drank milk when 
coffee was served to them. When people were 
served milk with their ~neals, 84% drank it. 
I t  was found that 25% of the agricultural 
people drank tnilk with their meal when given 
a choice as co~npared to 6% in the non-agricul- 
tural groups. Ifen drank nlore milk with their 
meals than did women. When agricultural and 
non-agricultural groups were served milk with 
their meal, 93% and 75%, respectively, drank 
it. There was no charge for the additional 
milk consun~ed. The study further showed that 
only 77% drank milk with their dinner, while 
97% drank it with their lunch. Data are pre- 
sented to show the variations in milk consump- 
tion nith different methods of service, the level 
of milk consumption by men, women, and mixed 
groups, tnilk consu~nption by agricultural and 
non-agricultural groups, and milk consumption 
a t  lunch and dinner. C. J. Babcock 

705. Training your clean-up personnel. L. G. 
~ ) O R ~ ~ U T H ,  Pcnn. Salt Xfg. Co., Philadelphia. 
Milk Plant Jlonthly, 44, 8:  31. 1955. 

To prevent off-flarors, high bacteria counts 
and other quality defects, ~ni lk  solids, butterfat, 
and milk stone must be co~npletely removed 
from all ~ni lk  contact surfaces. I n  addition, 
foreign matter such as rust, scale, and oil may 
not be allo~ved to accun~ulate on heat transfer 
surfaces. Experience indicates that quick and 
thorouqh cleaning i~nproves the efficiency of the 
processing operation and extends the life of 
costly equiptnent. The in~portance of cleaning 
and sanitizing is, therefore, rarely questioned. 
This highly inlportant job, however, is  often 
relegated to an  organization's least experienced 
employees with little training and no under- 
standing of what is expected of them. The 
results are lower quality and higher processing 
costs for the company, and job dissatisfaction 
for the employee. The personal qualifications 
of the clean-up crew must satisfy high stand- 
ards of personal cleanliness, intelligence, and 
reliability. Only through skillful training and 
guidance can a supervisor expect to develop 
these qualifications and have a satisfied crew of 
technically skilled clean-up men who know what 
they are doing and why. C. J. Babcock 



FEEDS AND FEEDING 
706. Economic efficiency in pasture produc- 
tion and improvement in southern Iowa. E. 0. 
HEADY, R. 0. OLSON, and J. ill. SCHOLL. Iowa 
Agr. Expt. Sta., Anles Research Bull. 419. 
1954. 

Much of the data included in this study was 
obtained by interviewing numerous farmers 
(122 in study $1, and 200 in study $2) in 
southern Iowa, as well as various contractors 
who were acquainted with costs of clearing 
land. All costs were based on 1951 prices. 

Birdsfoot trefoil-orchardgrass and the lespe- 
deza systems have a life expectancy of 20 
years. Therefore, on a yearly cost basis these 
two systems cost $3.92 and $2.94 per acre 
respectively. The shorter term grasses cost 
as follows : alfalfa-bromegrass-ladino luixture 
$7.09, reed canarygrass-ladino mixture $6.55, 
and for the clipping and fertilization system 
$9.54. When costs are discounted at a 5% 
rate (market rate, which is applicable to farm- 
ers with unlimited capital), the long term 
grasses still give the lowest costs but the differ- 
ences are smaller; birdsfoot trefoil-orchard- 
grass $2.34, alfalfa-hromegrass-ladino $2.38, 
reed canarygrass-ladino $2.49, and lespedeza 
$1.36. Clearing costs per acre ranged from 
$25 for light brush to several hundred dollars 
for timbered land. Lack of capital and insuffi- 
cient stock were the two main reasons for not 
improving pastures. R. W. Hunt 

707. Grazing and grass-silage feeding studies 
a t  the Northern Great Plains dairy station. 
R. F. GAALAAS and G. A. ROGLER. U.S.D.A., 
Washington, D. C. Tech. Bull. 1115. 1955. 

The results of rotational grazing systems in 
which Holstein cows were pastured on crested 
wheatgrass, a grass-alfalfa mixture, sudangrass, 
and native grasses, are reported for the years 
1949-1953. Also reported are results of feeding 
trials in which oat-pea silage, corn silage, and 
wildrye-sweetclover silage were fed to heifers 
and cows. The heifers were fed grass hay, and 
the cows grass hay and a concentrate along 
with the silage. 

Use of adapted perennial and annual grasses, 
along with native grasses, in a rotational sys- 
tem lengthened the grazing season and im- 
proved the quality of the roughage. Milk pro- 
duction per acre from the rotationally grazed 
tame grasses was 50-100% more than from 
native grasses alone. The grazing season was 
50-100% longer on the rotationally grazed tame 
grasses than the native pastures. Oats and 
Canada field peas grown together and stored as 
silage made excellent winter forage for milking 
cows and heifers. The yield per acre of oats 
and peas was equal to that of corn. A mixture 
of oats and Canada peas as a crop had several 
advantages as compared to corn. Wildrye- 
sweetclover would make good silage if the 

sweetclover could be maintained. I n  thcse ex- 
periments the yield of wildrye alone was too 
low to he satisfactory. R. IF7. Hunt 

708. Use of distillers' grain solubles in calf 
starters. C. A. LASSITER et al. Icy. Agr. Expt. 
Sta., Lexington. Bull. 623. 19.55. 

Forty-four Jersey ~ualcl calves were used to  
evaluate the use of distillna' dried solubles in 
calf startc~rs. I t  was indicated that corn or 
milo distillers' dried solubles could replace an 
equal amount of dried skilnlnilk in the calves' 
rations. Rye distillers' soluhles were only 85% 
as effective as the other solubles in pro~noting 
growth. Xone of the distillers' solubles, par- 
ticularly rye, were considered as palatable as 
skimmilk. R. TV. Hunt 

709. Antibiotic studies in young dairy calves. 
C. A. LASSITER et al. Ky. Agr. Expt. Sta., 
Lexington. Bull. 624. 1955. 

Part A of this study included the use of 24 
Jersey and Holstein calves who were fed aureo- 
lnycin plus a basal ration of corn distillers 
dried solubles (plant protein) or a basal ration 
containing dried skimmilk. Aureomycin ap- 
peared to stimulate growth more with the plant 
protein than when used with the skimmilk. The 
difference was not significant, however, The 
antibiotic seemed to increase efficiency of feed 
utilization but did not reduce scours. The type 
of protein in the basal diet tended to influence 
the effects of the aureomycin on daily gain, 
skeletal growth, incidence of scours, and con- 
sumption of starter and hay. Part B was de- 
voted to 32 Jersey and Holstein calves which 
were raised to 86 days of age on a limited 
milk-starter-hay systeln to evaluate the use of 
a combination of anreolnycin and terramycin, 
as compared to either antibiotic when used in- 
dividually. Growth rate was stimulated, but not 
significantly, by either supplement or in com- 
bination. R. W. Hunt 

710. Fodder for ruminants. J. KAMLET. U. S. 
Patent 2,715,067. 3 claims. Aug. 9, 1955. 
Offic. Gaz. U. S. Pat. Office, 697, 2:  234. 1955. 

A. roughage-type feed stuff for cattle, conl- 
prlslng, in part, ground-up waste newspapers 
and other wastepaper products. 

R. Whitaker 

711. Silage preservative. E. J. RUSSELL (as- 
signor to Trojan Powder Conlpany). U. S. 
Patent 2,714,067. 2 claims. July 26, 1955. 
Offic. Gaz. U. S. Pat. Office, 696, 4: 522. 1955. 

Silage is preserved by a mixture of 50-60 
parts by weight of sodium for~nate and 40-50 
parts of calcium chloride. R. Whitaker 

HERD MANAGEMENT 
712. Figuring milk production costs in north- 
ern Illinois. R. H. WII~COX. Ill. Agr. Expt. 
Sta., Urbana. Bull. 583. 1954. 

Milk production per cow averaged 9,366 lbjyr 
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i n  northwestern Ill. Feed and labor expenses 
constituted 91 to 95% of the net production 
cost; of this, feed accounted for 68 to 70% 
and labor 23 to 25%. The greatest fluctuation 
in feed consunled occurred with silage and hay. 
High producing c o ~ ~ s  have the lowest unit cost 
for milk produced. Formulas and graphs are 
presented for use in computing milk produc- 
tion costs in northern Ill. R. K. Hunt 

713. Guide in answering basic questions on 
farm machinery costs. L. E. CHOATE and S. A. 
X'ALKER. Idaho Agr. Expt. Sta., Moscow. 
Bull. 224. 1954. 

The following questions are presented with 
adeauate answers to assist a farmer in Dur- 
chas'ing machinery. m7hat machinery do I 
need? T h a t  does farm machinery cost? What 
are the costs of the machinery on my farm? 
Do I hare a farm size that fully utilizes my 
machinery? If my machinery is not operating 
a t  capacity, how much can I afford to pay for 
additional land? Should I buy new replace- 
ment equipment? What does a second tractor 
cost me? Other additional machinery-should 
I buy or hire i t ?  Can I reduce my machinery 
costs by doing custom work? What will it cost 
me to add another crop? How will acreage 
controls under price support programs affect 
111y machinery costs? R. Mr. Hunt 

714. Ringing device for cattle. E. W. ROB- 
ERTSON. G. S. Patent 2,716,752. 7 claims. 
Sept. 6, 1955. Offic. Gaz. U. S. Pat. Office, 
698, 1: 10. 1956. 

A device for inserting a ring in the nostrils 
of cattle. R. TThitaker 

715. Calf feeder nipple and valve assembly. 
A. F. TYILSOS and J .  J. CLEMENT (assignors 
to Lisk-Savory Corp.). U. S. Patent 2,717,000. 
2 claims. Sept. 6, 1955. Offic. Gaz. U. S. Pat. 
Office, 698, 1 : 71. 1955. 

A nipple for inserting in a hole in the side 
of a pail, near the bottom, for feeding calves. 
A built-in hall type ralve controls the flow. 

R. Whitaker 

716. Head gate for cattle chute. L. E. HEL- 
DESBRAsr) .  c. S. Patent 2,714,872. 6 claims. 
Aug. 9, 1933. Offir. Gaz. U. S. Pat. Office, 
697, 2 : 184. 1935. 

A gate-like device for restraining cattle in 
a chute by holding the animal's head in a frame 
made of pipe or tuhular material. 

R,. Whitaker 

717. Teat cup reversing tool. C. E. KELSOK. 
U. S. Patent 2,714,319. 3 claims. August 2, 
1955. Offic. Gaz. C. S. Pat. Office, 697, 1: 37. 
1955. 

A device for easily turning rubber teat cups 
inside out. R. Whitaker 

718. Calf feeding devices. H. L. VOIGT and 
R. K. SELLOS, JR. (assignors to Geuder, 
Paeschke bi Frey Co.). U. S. Patent 2,714,368. 
1 claim. August 2, 1955. Offic. Gaz. U. S. Pat. 
Office, 697, 1: 49. 1955. 

A nipple for feeding calves is installed in a 
hole in the side of the pail near the bottom by 
means of a ferrule. A hall and socket type 
valve prevents leakage when feeder is not in 
use. R. Whitaker 

719. Electric dehorner. R. B. SMITHEY. U. S. 
Patent 2,713,717. 1 claim. July 26, 1955. 
Offic. Gaz. U. S. Pat. Office, 696, 4: 433. 1955. 

An electric motor driven circular saw for 
dehorning cattle. R. Whitaker 

720. Bulk milk cooler. H. E. CANN, SR. and 
M. B. CANN (assignors to Esco Cabinet Co.). 
U. S. Patent 2,713,251. 7 claims. July 19, 
1955. Offic. Gaz. L'. 6 .  Pat. Office, 696, 3: 
303. 1955. 

A vat for cooling milk in bulk, wherein a 
refrigerant is passed through coils adjacent to 
the outside walls of the vat. Water is con- 
tinually circulated from a pump through sprays 
at  the top of the vat wall. The cascading water 
is cooled by the ice forming on the coils and, 
in turn, cools the milk. R. Whitaker 

721. Lfrigeration cabinet. H. E. CANN, SR. 
and 31. B. Caxx (assignors to Esco Cabinet 
Co.). U. S. Patent 2,713,248. 9 claims. July 
19, 1955. Offic. Gaz. U. S. Pat. Office, 696, 3 :  
302. 1955. 

A cabinet for cooling milk in cans, wherein 
a refrigerant is passed through coils surround- 
ing the space wllere the cans are supported. 
Water is circulated from a pump through spray 
nozzles directed over the cans. The water is 
cooled as it passes over ice which forms on the 
coils. R. TtThitaker 

722. Animal chute. I. L. STEPHENSON; B. 
DUKE, ad~ninistrator (assignor to Fannie 
Stephenson; Basil Duke, guardian). U. S. 
Patent 2,713,326. 6 clain~s. July 19, 1955. 
Offic. Gaz. U. S. Pat. Office, 696, 3 :  322. 1955. 

A device for holding calves and other farm 
animals in any position for ~nedical attention. 

R .  \TThitaker 

ICE CREAM 
723. New patterns in modern merchandising 
of ice cream. I). J. COOK. S. Dairy Prod. J., 
58, 3 : 34. 1965. 

Radical changes in the merchandising of ice 
cream during the last 10 gears have resulted 
from conditions which have caused much modi- 
fication in some businesses and resulted in fail- 
ure of others. Son~e of the new developments 
have been packages and techniques for self- 
service shopping, lower price spreads in food 
store outlets, keener conrpetition between kinds 
of foods, increasing population, abundance of 
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products on the market, increasing cost of rent 
and labor and greater con~petition for outlets. 
Merchandising methods lnust change with the 
times if the ice cream manufacturer is to sur- 
vive. A program adapted to local conditions is 
one of the most important factors. Individual 
and special attention should be given to mer- 
chandising methods in food stores, fountains, 
and restaurants. Ice creani  nus st be made avail- 
able wherever people choose to eat. Advertising 
and merchandising should be well coordinated. 
Complete cooperation should be given to all 
promotion events of related industries and of 
national dairy organizations. 

F. W. Bennett 

724. Automatic dispenser for ice cream balls 
or  the like. R. G. TARR. U. S. Patent 2,716,385. 
7 claims. Ang. 30, 1955. Offic. Gaz. U. S. Pat. 
Office, 697, 5 : 597. 1955. 

An automatic dispenser for producing indi- 
vidual portions of ice cream in the shape of 
spheres. The device which fits into the sleeve 
of an ice cream cabinet and uses ice cream in 
bulk containers, dispenses measured portions 
through a tube by application of pressure on 
the ice cream. R. Whitaker 

725. Ice cream packaging nozzle. G. G. ALEX- 
ANDER. U. S. Patent 2,715,484. 3 claims. Aug. 
16, 1955. Offic. Gaz. U. S. Pat. Office, 697, 3: 
351. 1955. 

An ice cream package filling head, consisting 
of four parallel tubes so spaced that the ice 
cream uniformly fills cartons as it is extruded 
from the nozzles. The tubes are attached to a 
manifold which in turn is attached to a con- 
tinuous freezer. R. Whitaker 

726. Ice cream dipper. S. GARGANO. U. S. 
Patent 2,714,862. 2 clailns. Aug. 19, 1955. 
Offic. Gaz. U. S. Pat. Office, 697, 2 :  181. 1955. 

A hand dipper designed to serve spherical- 
shaped individual portions of ice cream and 
having pointed teeth protruding from the edge 
of the howl which can be oscillated by rotating 
the handle of the dipper. R. Whitaker 

727. Ice cream sooon. J. H. J a c o n s o ~ .  U. S. 
patent 2,715,175. 2 claims. ,lug. 9, 1955. Offic. 
Gaz. U. S. Pat. Office, 697, 3: 253. 1955. 

An ice crealn dipper haring an adjustable 
electrical heating unit in the handle. 

R. Whitaker 

728. Aooaratus for making ice cream. E. F. . - - - 
CHANDLER (assignor to petel. Fries, Jr.) .  U. S. 
Patent 2,713,253. 1 clainl. July 19, 195.5. 
Offic. Gaz. U. S. Pat. Office, 696, 3: 304. 1955. 

A slnall freezer for making frozen desserts 
a t  point of sale, consisting of a hopper which 
feeds mix into the first of two chambers. Here 
the mix is whipped, agitated, and pressurized 
by a stream of CO? gas which is boiled off from 
a coil containing liquid CO: innnersed in the 
second chamber where the whipped mix is 
frozen, and then discharged. R. Whjtaker 

MILK AND CREAM 
729. Farm bulk handling in Ohio. F. KOVAL, 
Dept. of Dairy Techno]., Ohio State Univ., 
Columbus. Milk Prod. J., 46, 8: 14. 1955. 

A survey on farm bulk Inilk handling in 
Ohio was n~ade in the fall of 1954. The survey 
was directed towards : 

(1) Licensed dairy plants to determine the 
number of plants in farm milk pickup; pro- 
portion of milk being collected by this means; 
number and proportion of shippers who were 
involved by a plant using this procedure; and 
to inquire as to the future plans of the plant 
managers relative to bulk lnilk pickup. 

(2) Plants receiving ~nilk fro111 at least one 
pickup route. Information solicited was fo r  
number of routes, number and size of tanks on 
farms, daily production figures, difference in 
quality as compared to can handling, frequency 
of pickup, and methods of financing. 

(3) Major county and city health depart- 
ments to ascertain the policy and thinking of 
these groups on the various aspects of farm 
bulk milk handling such as legality of practice, 
inspection problems and responsihilities, qual- 
ity of product, and every-other-day pickup of 
milk. 

The 260 replies to (1) (of a total 655 nlailed) 
indicated that 14 were receiving some nrilk from 
farm bulk milk pickup. The length of time 
these plants were involved in this syste~n ranged 
iron1 Inlo. to 3 yr. Seven of these 11 plants 
had less than 25% of their shippers involved 
in the pickup; 3 reported about 25% of their 
shippers were involved; 1 indicated 75% of 
the producers were on the systen~; 4 reported 
that all of their producers had converted to  
this system. 

Questionnaire ( 2 )  went to 14 plants who 
indicated at  least one pickup route in opera- 
tion. The replies indicated: there mere 24 
f a r ~ n  bulk pickup routes in operation with 
ahout 232 far111 tanks. Practically all of the 
milk was on erery-other-day picl;up. The most 
prevalent size tank was 300 gal., however, there 
were a few 100 and 500 gal. tanks. The average 
daily production on fanns haring tanks was 
870 1h. with a range of 500 to 3.000 1b. All 
plants reporting indicated improrenlent in the 
bacteriological quality of the lnilk over the 
previous manner of handling. 

Of 90 local health departments contacted 
concerning (3) ; 60 answered, revealing the 
following information: 76% of the sanitarians 
expressed a favorable attitude tom-ard the sys- 
tem of handling ~nilk, 12% had an unfavorable 
attitude; the remaining ones did not express 
an opinion. Eighty-five % 'onentioned that their 
codes would perrnit every-other-day pickup; 
11% indicated it was contrary to the code 
interpretation; the others expressed no opin- 
ion. Seventy % felt this new development 
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would increase inspection responsibilities, 11% 
said the responsihilities would decrease; the 
retnainder did not express an  opinion. 

The sanitarians felt that far111 n~ethods of 
cleaning equipment, sanitary procedures in 
tank truck pickup operation, and methods of 
milk production; sanitary milking techniques, 
use of strip cup, etc., would require special 
attention. J. J. Janzen 

730. Importance of original leveling noted 
in  bulk tank survey. A X ~ X .  Milk ~ e a l e r ,  44, 
11: 124. 1955. 

A survey made bv the Wisconsin Dent. of 
Agr. has 'shown t l k t  the accuracy ofA milk 
nreasurelnent is dependent upon leveling of the 
f a rm bulk milk tank a t  the time of installation, 
maintaining this level a t  all times, and accurate 
calibration in the tanks and care in reading 
the bulk tank measuring stick. 

C. J. Babcock 

731. Untersuchungen zur H?02 Behandlung 
der Milch (Experiments on H1O> treated milk). 
H. L t c ~  and F. J. JOITBERT, Dairy Ind. Control 
Board, Kindhoek, Southwest Africa. Milch- 
3vissenschaft, 10, 161. 1955. 

The subject of lnilk preservation with chemi- 
cals, particularly H,O?, is reviewed. The effect 
of H102 treatlnent of milk on proteins was 
studied by means of electrophoresis. No changes 
were observed in the casein components. The 
electrophoretic nlohility of P-lactoglobulin was 
reduced. The peak was flattened and disap- 
peared cotnpletely with higher concentration of 
H~OZ.  The effect of H,O, treatment on the S H  
groul>soof proteins also was investigated. 

J. Tobias 

732. Observations on temperature changes in 
pasteurized milk during bottling, storage, and 
distribution. A. KATZLAFF, Marigold Dairies, 
Inc., Rochester, Jlinn. J. Nilk Food Technol., 
18, 8: 195. 1955. 

These studies indicate that storage room tcln- 
peratures of packaged nlillr are not reduced 
ap~~reciahly.  The best results are obtained 
when the niilk is cooled after pasteurizatiotl 
and before packaging. Open display cabinets 
sholvrd ~narked variation in tetilperatures, espe- 
cially M-hen the cabinets were over-loaded. This 
could alter the keeping quality of ~nilk. 

FI. H. llTeiser 

733. Paper milk container wit.h cream sep- 
arating attachment. C. S. RERGSTROM. I;. S .  
Patent 2,716,518. 4 clailns. Aug. 30, 1955. 
Offic. Gaz. V. S. Pat. Office, 697, 5: 631. 1955. 

A hinged was coated paper gate is attached 
to the inside wall of one side of a Pure-pak 
type milk carton, in such a manner that when 
a certain spot is pressed on the outside while 
pouring, the gate allows only gravity raised 
cream to reach the pouring port. Milk can be 
dispensed by holding the opposite sides of the 

carton when pouring, which squeezing action 
manipulates the gate to rnix the cream and 
skimmilk. R. VC7hitaker 

734. Whipping device. A. SCHWALBE. U. S. 
Patent 2,715,519. 2 claims. Aug. 16, 1955. 
Offic. Gaz. U. S. Pat.  Office, 697, 3 :  360. 1955. 

A hand operated cream whipper of the egg 
beater type. The diameter of the blades is 
snlall enough to perlnit insertion and whipping 
of the creanl in the original glass bottle. 

R. Whitaker 

MILK SECRETION 
735. The fat content of milk. Why it varies. 
T. R. FREEMAS. Ky. Agr. Expt. ~ i a . ,  Lexing- 
ton. Cir. 530. 1955. 

Breed is the most in~portant factor influenc- 
ing the f a t  content of milk. However, even 
within a given hreed, there is considerable vari- 
ation. A corn in poor health may produce milk 
above or below the expected f a t  content. As 
the age of the anitnal increases the f a t  content 
of her milk may drop slightly, usually no more 
than 0.5%. Fat  secretion also is influenced by 
stage of lactation. For about the first two 
months fa t  drops slightly, remains fairly con- 
stant for two or three months, and then in- 
creases slightly till the end of lactation. Strip- 
pings are higher in f a t  than forernilk. Varia- 
t ~ o n s  in intervals between lnilking will result 
in higher testing milk drawn after the shortest 
period. Types of feed do not influence f a t  con- 
tent of the milk unless the ration is deficient in 
roughage. R. llT. Hunt 

NUTRITIVE VALUE O F  
DAIRY PRODUCTS 

736. Relative nutritive values of proteins in 
foods and supplementary value of amino acids 
in pearled barley and peanut flour. B. SC'KE, 
Dept. of Agr. Cheln., t-niv. of Ark., Fayette- 
ville. J. Agr. and Food Chetn., 3 : 789. 1955. 

A study was conducted on the relative nutri- 
tire values of the proteins in various foods a t  
different levels of intake and during several 
periods of experinlentation. The results are 
expressed as gains in body weight of the albino 
rat  per g. of protein intake. Data are included 
on the influence of heat and duration of heating 
on the nutritive value of proteins in dried non- 
f a t  lnilli solids. Detrimental effects of high 
heat treatnimt in baker's grade non-fat dry 
nlilk solids are noted. S. Patton 

737. Influence du caillage sur I'utilisation 
digestive et sur la valenr biologique des pro- 
tides du lait. Essais de supplkmentation des 
protides du lait, du caillb et du Camembert 
par la cystine. (Influence of coagulation on 
digestibility and biological value of proteins 
of milk. Study of supplementing proteins of 
milk, of curd, and of Camembert cheese with 
cystine). L. RASDOS? C. JOURDUK, and M. 
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CAUSERET, Natl. Inst. of dgron. Research. Le 
Lait, 35, 272. 1955. 

Digestibility of the proteins of curd was 
found to be slightly superior to those of milk 
in rat feeding tests. The biological value of the 
curd protein mas markedly inferior to milk pro- 
tein. I t  was postulated that part of the reduc- 
tion of biological value was due to loss of 
soluble proteins in the whey. Results with 
Can~embert cheese corresponded to those of the 
curd, indicating that subsequent curing of 
cheese has only a secondary influence on the 
biological properties of the proteins. Under 
conditions of the experiments, the addition of 
cystine did not improve biological value of the 
products. A. W. Rudnick, J r .  

PHYSIOLOGY AND ENDOCRINOLOGY 
738. Physiological studies of the vagal nerve 
supply to the bovine stomach. I. Comparison 
of responses in milk-fed and roughage-fed 
calves, using chronic intrathoracic vagal elec- 
trode technique. H. E. DZIUK and A. F. SELL- 
ERS, Univ. of Minn., St. Paul. Am. J. Vet. 
Research, 16, 60: 411. 1955. 

Silver electrodes embedded in a polyethylene 
shield were attached to the vagal nerve trunks 
of 17 calves, 11 of which recovered satisfac- 
torily from the operation. These were used to 
record rumen motility patterns, both normal 
and when stimulated by electricity applied to 
the vagal electrodes. Stimulated contractions in 
all calves were similar to the spontaneous con- 
tractions. Rumen contractions in five milk-fed 
calves were of low amplitude, but those of 
roughage-fed calves were quite marked, more 
regular and stronger. Data relative to two 
calves changed from ~nilh- to roughage indicated 
that it took about 60 days to attain full char- 
acteristic roughage type motility. 

E. W. Swanson 

739. Utilization physiologique cornparhe du 
phosphore et du calcium du lait e t  du yog- 
hourt. (Comparison of physiological utiliza- 
tion of phosphorus and calcium from milk and 
yoghourt). J. CAUSERET and I). HUGOT. Lc 
Lait, 35, 129. 1955. 

In  three rat feeding experiments, it was 
found that the animals utilized 35%, 9%, and 
14% less calcium and 21%, 676, and 10% less 
phosphorus when yoghourt was fed than when 
fresh milk was fed. The wide variations in 
results were attributed to either the milk used 
or the conditions under which the yoghourt was 
prepared. The authors conclude that despite 
the decrease in physiological utilization of cal- 
cium and phosphorus in yoghourt, it is still 
an  equal or better qualitatively and quantita- 
tively source of these elements than are some 
cheese. A. W. Rudnick, Jr. 

SANITATION AND CLEANSING 
740. Plant equipment cleaned-in-place. G. A. 
SMITH and A. il. R o ~ n ,  Wyandotte Che~nicals 
Corp., Wyandotte, JIich. Milk Plant Monthly, 
44, 8: 27. 1955. 

The methods of cleaning lines in place apply 
to other pieces of equip~nent through which 
solutions n ~ a y  be pumped. The following 
points, however, must be considered: (1) Cold 
inilk lines inay be effectively cleaned by a single 
circulation of a chlorinated cleaner. An acid 
cleaner at times may be necessary, (2) Double 
circulation is required with hot milk lines. 
Sometilnes it is possible to save time and money 
by circulating hot and cold lines separately, 
(3) Separators and clarifiers cannot he cleaned 
by in-place methods. They can, however, be 
thoroughly rinsed while the machine is in opera- 
tion. Power brushes are inost commonly used, 
(4) Holding tanks, standardizing and process- 
ing vats, and other large pieces of equipment 
are cleaned by spray jets, and (5) Spray jets, 
and inore recently, steam jets are successfully 
used in cleaning vacunln pans and evaporators. 

Cleaning equipment in-place by inechanical 
nreans creates a problenl of corrosion. I t  is 
necessary to prevent the flow of electric cur- 
rent from one piece of metal to another or fro111 
one spot to another spot on the same piece of 
equipment. I t  is important that all metal in 
any C-I-P circuit be of the same type and all 
motors, liquid level eontrols, and other elec- 
trical equipment he grounded axvay fro111 stain- 
less steel. C. J .  Bahcock 

741. Engineering for C-I-P. D. A. SEIBER- 
LIXG, Dept. of Dairy Technol., Ohio State 
Univ., Colnmbns. llfilk Plant JIonthly, 44, 8: 
13. 1955. 

Cleaning-in-place refers specifically to the 
cleaning and sanitizing of dairy processing 
equipment and piping in its assembled condi- 
tion. The following steps necessary in develop- 
ing a C-I-P program are discussed: (I) Devel- 
oping the circuit, (2)  Selecting the ~naterials, 
(3) Co~npleting the installation, and (4) Plan- 
ning a cleaning prograni capable of producing 
the desired results. 

I t  is pointed out that the general operation 
of a C-I-P system involves the following pro- 
cedure: (1) Flush system free from product 
residues, (2) Clean valves, caps, and other 
n~anually cleaned items, install by-passes, and 
connect return lines to conlplete the circuit, 
(3) wash by recirculating acid or alkaline 
detergents under conditions of time and tem- 
perature which will produce the desired re- 
sults, (4) Rinse and cool the system; then 
drain completely, and (5) Reasse~nble for pro- 
cessing and sanitize with hot water or chemical 
sanitizers. I n  addition to econon~ieal advan- 
tages, C-I-P can assure improved sanitations, 
more attractive piping layouts, and better em- 
ployee morale. C. J. Babcoek 
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ing butterfat and total solids content 
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today than ever before. Even a slight 
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CULTURE MEDIA 
for Examination of Milk and Daiv  Products 

BACTO-PLATE COUNT AGAR (Tryptone Glucose Yeast Agar) 
is recommended for use in determining the total bacterial plate count of 
milk in accordance with the new procedure of "Standard Methods for 
the Examination of Dairy Products" of the American Public Health 
Association. This media does not require addition of skim milk. 

Upon plates of medium prepared from this product colonies of the 
bacteria occurring in milk are larger and more representative than those 
on media previously used for milk counts. 

is recommended for use in determining the bacterial plate count of Certified 
Jfilk. The formula for this medium corresponds with that suggested in 
"Methods and Standards of Certified Milk" of the American Association 
of Medical Milk Commissions. 

BACTO-VIOLET RED BILE AGAR 
BACTO-DESOXYCHOLATE AGAR 
BACTO-DESOXYCHOLATE LACTOSE AGAR 
are widely used for direct plate counts of coliform bacteria. Upon plates 
of such media accurate counts of these organisms are readily obtained. 

are very useful liquid media for detection of coliform bacteria in mi&. 
Use of these media is approved in "Standard Methods." 

THE TRADE NAME O F  THE PIONEERS 
In the Research and Development of Dehydrated Culture Media and Mierobiologieal Reagenta 
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