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If You Use 
Stainless Steel 
Equipment.. . 

What type of brushes to use on 
stainless steel? Should parts and fit- 
tings be soaked or brushed? How can 
milkstone be prevented where hard 
water is used? Which cleaner should 
be used on high temperature heat ex- 
change equipment - alkaline, neutral 
or acid? You'll find the answer to these 
and many other everyday questions 
on the care and cleaning of stainless 
steel in Cherry-Burrell's new booklet, 
"How to Care for your Stainless Steel 
Equipment," yours free for the asking. 

In these 20 packed-with-facts pages 
is a summary of Cherry-Burrell's own 
extensive research and long experience 
in maintaining stainless steel equip- 
ment. Written in simple, non-technical 
language, it gives a complete explana- 
tion of the nature of various stainless 
steels and how to care for them properly. 

So write today for your free copy! It 
will help you set up better maintenance 
and cleaning procedures for your stain- 
less steel equipment so that it will serve 
you better through a long and useful life. 

'cS + 1 427 W. Randolph Street, Chicago 6, 111. 

Equipment and Supplies for lnduslrial and Food Processing 1 FACrORIES WARENOUSES, BRANCMES OFFICES 
OR ~ ~ s r ~ ~ i u i o ~ s  AT roua srRvtct 'IN 56 CITIES 
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Old Fashion Products, Inc., 
Compton, Calif. 

C P  H. T. S. T. Plate Pasteurizers a r e  
"doing the job" o n  mix. They are  earning 
high commendation for their efficiency 
and economy in continuous mix pasteuri- 
zation-as well a s  for  their ability t o  
maintain rigid quality standards for a 
better finished product. 

If your operations a re  such a s  to make 
H. T. S. T. continuous mix pasteurization 
practical, C P  Multi-Pass o r  C P  Full-Flo 

Plate Pasteurizers can give you the same 
kind of profitable results through savings 
of time, Labor and floor space-plus uni- 
formly better body and flavor. 

Right now is a good time to  investigate. 
C P  i s  ready to  work with you to help 
englneer a system that will meet your 
particular requirements best. Your C P  
Representative will be glad to  give you 
the facts. 

THE MFG. COMPANY 
G.n.rn1 ond Ezporf Office: 1243 Wed Washington Blvd., Chic-o 7, lllhoh 

Branch Officer in 21 Principal Cities 

CREAMERY PACKAGE MFGi  CO. OF CANADA, LTD. THE CREAMERY PACKAGE MFG. COMPANY, LTD. 
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A Reminder to Dairy 

Scientists 
Technologists 

Sanitarians 

T h e  Dairy Industries Exposition takes place on Navy Pier in Chicago, September 22-27, 
during a week filled with many dairy industrial conventions, and immediately following the 
Annual Meeting of International Association of Milk and Food Sanitarians in Minneapolis on 
September 18- 19. 

E v e r y  person whose life work lies in or affects or is affected by the advancing of dairy 
industrial technology - and that means every reader of this magazine - should now complete 
his plans to study this greatest Exposition ever held for its field. The products of hundreds 
of diverse companies which supply and equip the North American continent's dairy industries 
- and those of much of the rest of the world as well - will be shown and demonstrated 
there. 

T h e  products and services displayed are those instrumental to the latest advances in 
every dairy industrial operation. Sometimes these tangible "ways and means" are developed 
by suppliers and equippers and presented to the dairy processors and you. Sometimes the dairy 
processors and you reveal certain problems or needs which spur the suppliers and equippers. 
Sometimes you and the suppliers and equippers together break new ground for the benefit of 
the dairy processors. In all of this both consciously and unconsciously there is a team-work 
for Progress. And always a further beneficiary is the great public which the dairy industries 
serve. 

It is no idle assertion that in your fields both Today and Tomorrow seguire you to see 
the Show, for it is there that - in a thousand ways - you'll witness both Proof and Pledge. 

X X # 

For rooms please write Chicago Convention Bureau, Housing Department, 134 N. LaSalle St., 
Chicago 2, Ill., and indicate several hotel'choices, the rate you wish to pay, how long you may stay, etc. 
Reservations which the Bureau makes are subject to your approval. 

For a free booklet now describing the Show and other Exposition week events write to DISA, the 
Exposition's sponsor. DISA also, if you ask, will send you in a later mailing a free final floor guide to the 
Show, including parking and local transit information and other useful-to-registrants facts. 

DAIRY INDUSTRIES SUPPLY ASSOCIATION, INC. 
1108 SIXTEENTH STREPT, N. W. 

WASHINGTON 6, D. C. 

Yoiir ntlvertis~~mriit is bein: rend in every Stnte nnd in 45 Foreign Countries 
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HEREoooAT THE 

PRODUCER LEVEL 

QUALITY  IS M A D E  

O R  LOST,..  

Dairymon Wilbur Amdor, of Former City, Ill., whose methods prompt the expression, 

"Where you see good dairying, you find 8-K producls." 

B-K products and services 
give you the surest practical 
quality protection a t  the 
point where it  counts the 
most-at the producer level. 
That's because B-K gives 
you the most comprehensive 
and complete program of 
quality control-a service 
u n i q u e  i n  t h e  d a i r y  
industry. 

This three-point program- 
pointed directly a t  the 
farmer level-consists of (1) 
products built for the job- 
with (2) concise, foolproof 
directions on the packages 
-and (3) instructional liter- 
ature that repeats the funda- 
mentals of good produc- 
tion methods. 

The application of this pro- 
gram inevitably results in 
your producers using B-K 
products regularly and cor- 
rectly-your best assurance 
of a continual supply of 
quality milk. 

If you'd like to receive regu- 
lar issues of B-K sanitation 
tips for your producers-or 
if you'd like to see any of 
the fieldwork aids offered 
in the program-request de- 
tails on your business letter- 
head and mail to B-K Dept., 
Pennsylvania Salt Manufac- 
tu r ing  Company,  1000 
Widener Bldg., Philadelphia 
7, Pa. 

Your advertisement is  being rend in every State nnd in -13 Foreign Countries 
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FARM SEDIMENT CHECK-UP AIDS 
YOUR CAMPAIGN FOR QUALITY MILK PRODUCTION 
With safer, more retentive Rapid-Flo Fibre-Bonded 
Filter Disks, your producers have a daily guide to 
quality milk production practices by following the sim- 
ple steps in the Rapid-Flo Farm Sediment Check-Up. 

1. After filtering each con of milk 
(10 gollons or less), the producer 
should corefully remove the used 
filter disk from the strainer and 
place 11 on o cordboard to dry. 

2. When filter disk is dry, it 
should be examlned closely. The 
producer can ~den t~ f y  the red,. 
ment or extraneous motter to de- 
termme where ~t come from so as 
to prevent any more gettlng into 
the m~ lk  in the future. 

Fieldmen and sanitarians find their jobs made easier in  grading up milk, 
with the hearty cooperation of farmers, who can see for themselves just 
what is needed to eliminate causes of substandard milk. 

Urge your producers to use safer, more reliable 

RAPIDmFLO Trade Markot Johnson 6 Johoron 

~&-E?M&$ Filter Disks 
in the handy,flat factory-sealed carton of 100's 

Your ad\,ertisement is being rend i n  every Stnte nnd i n  45 Foreign Countries 
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THE INTERRELATIONSHIPS OF PROCESSING TREATMENTS AND 
OXIDATION-REDUCTION SYSTEhlS AS FACTORS AFFECTING 

TI lE  KEEPING QUALITY OF DRY WHOLE MILK1*' 

H. A. HARLAND, S. T. COULTER AND R. JENNESS 

Divisions of Dairy Husbandry and Agricultz~ral Bioclten~istry, University of Minnesota, S t .  Paul 

The beneficial effect of heating fluid milk in excess of normal pasteurization 
on the resistance of the resulting dry whole milk to the development of tallowy 
flavor was first demonstrated by Holm et al. (15). This effect has been corrob- 
orated by many other workers, as indicated in  a recent review (6) .  It usually is 
attributed to liberation of highly active sulfhydryl groups from the milk pro- 
teins by the treatment (10, 16, 6 ) ,  but this explanation has not been proved by 
adequate quantitative data. 

The snlfhydryl groups of proteins exhibit a graded order of reactivity and 
consequently the sulfhydryl titers of raw and heated milks depend on the reagent 
employed. Thus, the relatively inactive groups of raw milk do not react with 
nitroprusside or thiamine disulfide (12, 16) but can be titrated by the o-iodoso- 
benzoate-iodine method of Larson and Jenness (19, 20). Heat denaturation in- 
creases the activity of protein sulfhydryl groups as exemplified, in  the case of 
milk, by positive nitroprusside and thiamine disulfide tests. I n  fact, some groups 
are activated sufficiently to be oxidizable by atmospheric oxygen. Thus, a low 
oxygen tension dnring and following heating preserves the active reducing sub- 
stances (13,20). This preservation of reducing groups has been advanced as an 
explanation for the superior keeping quality imparted to dry whole milk by de- 
aeration before heating (11). 

Reducing substances produced in milk due to sugar-protein interaction during 
processing must be considered in evaluating the redox systems of dry whole 
milk. These substances together with ascorbic acid and certain of the sulfhydryl 
groups are included in the reducing capacity as measured by the modified acid 
ferricyailide method of Crowe et  al. (2) .  Very little over-all change in the acid 
frrricyanide-reducing substances (AFRS) occurs dnring preheating, but 
large increases may occur during drying and storage (5, 2). Harland e t  al. (13) 
reported that the keeping quality of dry whole milk specially processed to obtain 
a high content of AFRS was not superior to ~lorlnally processed milks. 

Received for publication Mar. 7, 1952. 
1 Paper no. 2802, Scientific Journal Series, Minnesota Agricultural Experinlent Station. 
2 Data, presented in this paper are taken from a thesis by H. A. Harland in partial fulfill- 

lnent of requiremcnts for the Ph.D. 

Copyright 1952, by the 
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Although ascorbic acid is a n  important reducing constituent of milk and has 
been suggested as a key link in the lipide oxidation of fluid milk (17, 18 ) ,  its role 
in oxidative deterioration of d ry  whole milk is questionable (3, 22). I n  any 
event, small variations in the ascorbic acid content do not greatly affect the keep- 
ing quality of the dry  milk. 

Some attempts have been made to associate the oxidation-reduction systems 
of millr as measured by redox potentials with its resistance to oxidation. Green- 
bank and Wright (11) demonstrated that  deaeration before preheating lowered 
the E h  and improved the keeping quality of the dry  whole milk. More recently, 
Decker and Ashworth (7) found that  the degree of off-flavor development was 
associated with an  increase in the E h  during storage of d ry  whole milk. 

The following experiments were designed to obtain more information con- 
cerning the factors influencing the effectiveness of heat treatment of fluid milk 
on the antioxygenic properties of the resulting dry  whole millr and to investigate 
several objective tests that  appeared to afford some promise for evaluating the 
heat treatment of milk for drying purposes. 

METHODS 

The oxidation-reduction potential of the milk was determined a t  30' C. with 
a Leeds and Northrup, type K, potentiometer and a saturated calomel half-cell. 
The sample was contained in  a 150-ml., wide-mouth, extraction flask fitted with 
a rubber stopper holding three bright platinum electrodes, each of which could 
be connected to the calon~el half-cell by a KC1-agar bridge. I n  routine deter- 
minations, the potentials were recorded a t  30-min. intervals until they remained 
practically constant. The use of multiple electrodes compensated for polariza- 
tion effects. 

Thiamine disnlfide-reducing snbstances (TDRS) were determined essentially 
according to the method of Harland and Ashworth (12).  Acid ferricyanide- 
reducing substances (AFRS)  were estimated according to the Chapman and 
McFarlane (1) method as modified by Crowe et al. (2 ) .  Iodosobenzoate-reducing 
substances ( IBRS)  were determined according to the procedure outlined by 
Larson and Jenness (19, 20). Ascorbic acid, which is oxidized by this reagent, 
was subtracted from IBRS titers. Ascorbic acid content of the milk was esti- 
mated as suggested by Doan and Josephson (9) .  F a t  peroxide values of the d ry  
milks were determined according to the recommendations of Hills and Thiel (14). 
Flavor scoring of the milk was cione by three experienced judges in accordance 
with the student score card. The d ry  whole milks were stored in no. 200 t in 
cans a t  37O C. ; par t  of each lot was packed in air and par t  in nitrogen. 

EXPERIRZENTAL 

A. E f f e c t  o f  processing o n  sonze of the oxidation-reduction systems o f  milk .  
Inflqcence o f  oxygen  tension during heating. Evening milk was transferred 

from a stainless steel milking machine bucket to a Pyrex glass container, saturated 
with toluene, cooled in an  ice bath and stored a t  5' C. until the following day 
when the samples were given a 30-min. holder pasteurization a t  85' C. in the 
150-ml. flasks used for the E h  determination. 
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The effect of oxygen tension on some of the redox systems was observed with 
milk in equilibrium with air, oxygen and nitrogen. The treatments in oxygen 
and nitrogen consisted of continuous bubbling of a slow stream of the gas through 
the sample from the time of placing it in the bath for the initial E h  measure- 
ments until the heat treatment and subsequent E h  measurements were completed. 

FIG. 1. The effect of oxygen on some of the oxidation-reduction systems of milk heated 
a t  85" C. ( a )  The comparison of one lot of milk in equilibrium with air with this milk after  
equilibration with nitrogen and (b)  the comparisoll of n second lot of milk also in equilibrium 
with air with this milk after  equilibration wit11 oxygen. 

The results of one of a duplicate series of experiments are illustrated in 
figure 1. The marked reduction in the Eh of the milk heated in equilibrium with 
nitrogen as compared to oxygen is reflected in the higher values for the content of 
ascorbic acid, IBRS and TDRS. The APRS, which represent a composite of 
these and other reducing systems, also show higher reducing values for milk 
heated in the absence of oxygen. 

InfEzcence of time and temperature of heating and the effects of condensing 
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and drying. The milk used for this work was taken from a grade A supply of raw 
milk used by the University bottling plant. Six lots were subjected to 30-min. 
holder pasteurization, two a t  each of three temperatures, 76.7' C., 85O C. and 96' 
C. Ten inore lots were subjected to various short-time heat treatments in a labora- 
tory-constructed continuous heater consisting of three sections ( (a)  fore~varniing, 
(b)  heating and (c)  holding) of glass tubing imnlersed in a circulating water 
bath. The heating time was regulated by the volume of the holding section and 
the rate of flow of the millr through the apparatus. The pasteurization treat- 
ments of all 16 lots of milk are indicated in table 1. The heated niillrs TTere con- 
densed to approximately 35 per cent solids in  a n  all-glass vacuum distillation 
apparatus and dried in  a laboratory spray drier designed by Coulter (4) .  

TABLE 1 

The heat trent?1%e71ts given the putt7 ?~zill;s zcred for  the preparation of 16 sa~np l e s  of 
dry  tolfole m~llk 

S : ~ n ~ p l e  Ifeat treatments Sample Hea t  treatments 

110. Tcmn. 'l'imc Temn. Time 110. 

( "  C . )  
1 83.0 2.5 see. 
2 8.5.0 37 see. 
:< 85.0 47 see. 
4 915.0 15 see. 
> S(i.0 13 see. 
6 83.0 

F . ?  

74 RCC. 

I 16.1 30 niii~. 
8 76.7 30 min. 

( "  c.1 
90.0 80 see. 
96.0 60 see. 
96.0 74 see. 
96.0 78 see. 
85.0 30 mill. 
85.0 30 mia. 
96.0 30 min. 
96.0 30 111in. 

The influence of heat treatment and drying on some of the redox sg-stenis of 
millr are shown in figure 2. These data, ~ ~ i t h  the exception of the 60-see. treat- 
ment a t  96O C., which represents a single lot, are average values obtained for  
two lots of fluid milk. Since conclensing has little effect on the oxiclation-reduc- 
tion systems, these data have been omitted. TTTith the exception of AFRS, the 
data in figure 2 clearly demonstrate the oxidatire influence of both 30-mill. pre- 
heating and drying on the redox systems of milk. The values indicated for the 
AFRS are influenced not only by the TDRS, JRRS ancl ascorbic acid but also by 
the lactose-protein interaction that  occurs during drying of the condensed millr. 
The short-time heat treatments a t  96' C. resulted in colilparatively sinall losses 
in both ascorbic acid and iodosobenzoate titers and in greater contents of TDRS. 

B. T h e  effect of storage on t h e  qiralzty and certain of the  oxidatio)l-red~rction 
syste~ias of d r y  whole mi lk .  

The 16 lots of d ry  whole niillr described in  the preceding section were stored 
in  air  and nitrogen paclrs a t  3 i 0  C. Some of the effects of storage on ten of 
these lots are shown in figures 3 and 4. Fo r  the sake of clarity, the data for  six 
of the lots a-hich received interniediate treatments were omitted from the graphs. 

I n  air  paclr the dry  samples prepared from fluid milks preheated a t  96' C. for  
about 76 see. (lots 11 and 12) exhibited the best Beeping qnality and those that  
received the 30-min. treatnlents a t  85' C. (lots 13  and 14) the poorest lreeping 
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quality of the 1 6  lots studied. However, this difference in keeping quality mas 
largely nullified by nitrogen packing. 

Storage of the d ry  whole milk for 3 ino. in air  pack resulted in no change in 
the original content of TDRS or IHRS but in sigilificant losses of ascorbic acid 
and increases in the AFRS. The loss in ascorbic acicl was reflected in a n  in- 
crease in the redox potential during air  storage. The data further show that, 

FIG. 2 .  T11c effect? of processii~g 0x1 some of the osidation-reduction systems of milk. 
Short-time heat treatments a t  96" C. a re  eo~npnred wit11 30-min. treatments. 

altliol~gh the E h  of the dry  milk may increase somewhat dnring storage, the rela- 
t i re ilifferences among sanlples are n~aintained. 

C .  Sonze interrelationships of the keeping quality and the oxidrrfion-red~tction 
system. 

That the production of f a t  peroxides nlay be a major factor i n  the flavor 
deterioration of dry  whole milk clllring storage in  air  is demonstrated in figure 5 .  
Thc correlation coefficient of + 0.75 (significant a t  the 1 per cent level) is espe- 
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A 2 4 6 8 1 0 3  1 
#see. n oir Ma8 N, 

STORAGE 

u =% 
~ e k s  n o r  4 Nz 

CONDITIONS 

FIG. 3. The influence of storage of 10  lots of d ry  whole milk i n  air  and in nitrogen a t  
37" C. on the flavor score, E h  and on the content of TDRS and f a t  peroxides. 

%wb -. 
FIG. 4. The influence of storage on 10 lots of d ry  wllole milk in air  and in nitrogen a t  

37" C. on the content of ascorbic acid, AFRS and IBRS. 
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cially high in view of the fact that there are other causes for loss in flavor score 
besides those associated with fa t  peroxide formation. 

Sonie of the relationships of the IBRS, AFRS and E h  to the flavor deteriora- 
tion of the 16 samples of clry whole milk during storage are shown in figure 6. 
There is a negative correlation (significant at  the 1 per cent level) between the 
content of TDRS and the loss in flavor score and the increase in fa t  peroxides 
(fig. 6 A, B) , the relationship being especially close (r = - 0.88) between the 
TDRS content and the loss in flavor score of the milk preheated for less than 90 
see. I t  is equally inlportant that there is no relationship between the content of 
TDRS and the keeping quality of those milks snbjected to 30-min. preheating. 

30 Mnutes 

%% 9 005 .I5 .25 .35 1)s .55 6 5  

INCREASE IN FAT PERCD(IDES RRNG 0 WK. STORAGE 
(Colc. as m. equiv. of oxygen per kg. powder) 

FIG. 5 .  The relationship of the increase in  f a t  peroxides t o  the loss in  flavor score of 16 
lots of dry whole milk during 10 wk. of storage hi a i r  a t  37" C. 

The curvilinear relationship of the content of AFRS to the increase in the fat  
peroxides during aging of the milk (fig. 6C) is of only limited usefulness, since 
milk of relatively low peroxide content following storage may have initial con- 
tents of AFRS covering the entire normal range of these substances. Further- 
more, low AFRS values may be associated with powders having either good or 
poor keeping quality, but a high initial content of AFRS may indicate good re- 
sistance of the dry milk to oxidation. 

There was no apparent relationship between the initial Eh and the loas in 
flavor score during storage of the 16 lot? of dry i~hole  milk (fig. 6D). The Eh 
values are influenced by relatively small variations in  the ascorbic acid content, 
as indicated in figure 7.  There was no relationship between either the initial 
content or loss in ascorbic acid and the loss in flavor score of these samples of air- 
packed dry whole milk during 10 wk. at  37' C. 
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DISCUSSION 

Heat treatment of flnid milk for drying purposes usually has three objectives: 
( a )  Destruction of pathogenic bacteria; (b) destruction of undesirable enzymes; 
and (c) productioil of antioxygenic substances, generally consiciered to be "free" 
sulfhydryl groups. This paper has been eoiicerilecl largely with the last objective. 

Ileaeratioil of ram flnid Inilk was fouild to decrease the E h  of the system over 
400 mv., ~vhich corroborates thc data of Saal and IIeukelom (21) .  Furthermore, 

FIG. 6. The relntionslrips of ( A )  initial TDRS and (D) initial Ell to loss i n  flavor score 
and of (B) initial TDRS and (C) initial AFRS to illcrease i n  f a t  perosides during 10 wk. of 
storage of dry ~ ~ l i o l c  milk a t  3'7" C. 

the E h  ~lalue of milk subjected to heat treatillent following deaeration was found 
to be much lower than that of milk given like treatineilt i n  air. This result also 
was secured by Greenbank and Wright (11)) who attributed the lower E h  value 
to heat-induced reducing substances. I t  was shown earlier by Harland e t  al. 
(13) and by Larson and Jenness (20) that  deaeratioil previous to heat treat- 
nleiit causes improved retention of heat-induced reducing substances. Although 
cleaerated, preheated milk was not conclensecl and dried in the prrseilt work, 
Greenbanlr and Wright (11) found that  dried milk prepared in this way had 
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greater resistance to oxidation during storage than milk proccassed in the usual 
manner. 

IIigh-temperature, short-time (HTST)  treatment (90 to 96' C. for 60 to 80 
see.) imparted greater reducing properties to fluid milk than holder treatnlent 
(76.7 to 96' C. for 30 min.) due to more rapid production of reducing groups 
and less time for oxidation. This is e~idenced by lower E h  values, less oxidation 
of ascorbic acid and greater retentioil of iodosobenzoate and thiamine disulfide- 
reducing snbstances. Dry milk prepared from HTST heated nlilk also had 
greater rrdacing capacity, although there was a certain amount of oxidation 
during the drying process. 

The relationship of the E h  of fluid or reconstituted inillr to the resistance of 
dry inillr to oxidation is a controversial question (11, 7 ) .  111 the present work, 

30 Minutes 

ASCORBIC ACID (MQ per liter) 

FIG. 7. Tllc relationship of tlic initial ascorbic acid to  thc initial Eh of dry whole milk. 

the E h  values of milk reconstitutecl from freshly manufactured dry  milk lay 
within the conlparatively narrow range of 310 to 390 mv. and were of little value 
for predicting the keeping quality of the d ry  product. The E h  of the dry  milk 
reconstituted after 10 wlr. of storage in air  a t  3 i 0  C. mas characteristic of the 
original value, which in turn  was largely deterlnined by the ascorbic acid content 
(actually the ratio of ascorbic acicl to dehydroascorbic acid). Small variations 
in ascorbic acid content had a relatively large effect on the E h  (see also 21) but 
similar variations had almost no effect on keeping quality. 

An attempt has been made to relate the keeping quality of dry  whole milk 
with each of several components of the oxidation-reduction system. With HTST 
preheated samples there iq a close relationship (correlation coefficient, - 0.88) 
between the content of TDRS and the loss in flavor score during 10 wk. of storing 
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dry ~vhole inilk in air a t  37' C. Such a relationship cloes not hold for those 
san~ples prepared from inilk preheated for 30 min., probably becaaase some of the 
free -SH groups are oxidized aaci other osidatire processes occur during the pro- 
longecl heat treatment. Although there are no clata on this point, masiinum 
TDRS rallies and lilie~rise maximum resistanre to oxidat io~~ dliring storage should 
be cxpectetl to dry  whole n~illr prepared from lnilli clcaeratcd prior to IITST pre- 
heating. Dec1rt.r et  al. ( X ) ,  using 20-inin. treatmrnts a t  150, l ( i0  ant1 l i O O  F., 
snggec;ted that the destruction of an  oxidative enzyme syste~n nlay c.splaii1 the 
snprrior 1rt.c.ping qnality of dry  ~vholr mill; that had been prc~heated itt I 'iOO F. 
I11 the preselit study, the dcfinite s~lper ior i t -  of short-time preheating to 30-inin. 
treat~neiits does not appear to support enzynr destruction a5 an  csplanation of 
the beneficial efTectc; of preheating in (11-J- n~illr inanl~factnrc. 

The content of IBRS miiy not be used to prrclicdt the liceping quality of dry 
  hole milk, but tleter~uination of these substances can br of valiit~ n hen considered 
together with TDRS. For esarnplc, two lots of milk, onc short-time ancl the 
other long-time heat-treated in air  may hare sin~ilsr  c o n t e ~ ~ t s  of TDRS. blit the 
iodosobeiizoate titre of tlie short-time trcnteil inilk could be clspecsted to be higher. 
IIo~verer, there is one i~nportant  conclition to the use of IIZRS in this Inanner. 
Since the iodoqobenzoate titrc continues to clecrease for somt~ time follo~ving heat 
treatment of millr in the prescXnce of air or until the ~nilli is clrietl, (20),  any dis- 
continuity in the proressing iniglit makc intrrpretation of the results tlifficult 

The AFRS (rsclnsire of ascorbic acitl) oc.canpy a uniqr~e position in tlie rrtlox 
system of milk. A n~a jo r  portion of thrse rt~111c.ing ssnhsta~~res in dry  lnilli is 
coiltributetl by prodnc,ts of lacdtost.-protein intc'racdtion and, bring very wealr re- 
ducing agnits, they hare little. if any, influence on the redos potential. ,2lthongh 
the AE7RS increase grc~atlp during the drying process and c;Io~+dy during storage, 
the over-all change during tlrying and storagca is ositlativc., as indicated by the 
tentlency for the E h  to increase. 

SUMMARY 

IIigh-te~nperature-short-time treatments (90 to 96' C. for 60 to 80 see.) are 
superior to 30 min. a t  76.7 to 96O C. for  preheating flnid milk for drying pur- 
poses. The short-time preheating results in loner osidatioil-rednctio potentials, 
less oxidation of ascorbic acid and greater retention of ioclosobenzoate and thia- 
mine disulfide-reducing substances in both the fluid and dry product. Further- 
more, d ry  whole milk prepared with the short-time preheating exhibits better 
resistance to oxidation during storage. 

Thc removal of oxygen from the system previous to a 30-min. heat treatn~ent 
a t  85. C. results in lower E h  values, better retention of thiamine disulfirle-, acid 
ferricyanide- and iodosobenzoate-reducing substances than if the heating is done 
in air  or in eqliilibrium with oxygen. 

There is a close relationship between the content of thiamine disulfide-reducing 
substances and the resistance of d ry  whole milk to oxidation dnriag storage in 
air  if IITST preheating is used. 

The initial redox potential, the content of ascorbic acid, acid ferricyanide- 
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( A F R S ) ,  thiamine clisulfide- (TDRS) o r  ioilosobenzoate-redt~eirig substances 
( I B R S )  nsc.d i n d i v i t l n a l l p  are not r e l i a b l e  indices of  t h e  r e s i s t a n c e  of dry whole 
milk to o s i i l a t i o n .  T h e  estimation of  b o t h  t h r  IBRS and TDRS c o n t e n t s  of fresh 
samples may be of  r a l l i e  in e s t i ~ n a t i n g  the s t o r a g e  life of dry w h o l e  mill<. 

This paper r e p o r t s  r e s e a r c h  ~iiidertwl~c~n in coopc .~ . i~ t ion  with t h ~  Q u a r t c ~ l ' m a s -  

ter Food anc l  C o n t a i n e r  I l i s t i t u t e  f o r  thc  Arn iec l  l ' o r c e s  a n t 1  has been assigned 
no. 355 in the s c r i c s  o f  papclrs  t tpprov(v1 f o r  p u b l i c a t i o n .  Thr  r i e ~ ~ s  o r  c o n c l u -  

sions coiitaiiiecl i11 this r e p o r t  arc t h o s e  of thc a u t h o r s .  T11r.v a r e  not t o  be con- 
strued as iiecessaril?- r e f l e c t i n g  the ~ i c \ r , s  or eiic1o1-senlent o f  the D e p a r t n i e u t  of  

the Army. 
The s u p p o r t  of the Minnesota I i i s t i t l i t e  of  Rrsrarch also is g r a t e f u l l y  ac.lrnow1- 

edged. 
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PREPARATIOS O F  IIILIC FAT.l 11. A S E W  BIETEIOD O F  
hIANUFACTURISG BYI"I'EROIL2 

VNARLES N. S T I S E  .WD STUART PATTON 
Prnns!/lrania Agric~tltiiral E r p e r i ? ~ ~ r n t  Station, State  College 

A previous paper has reported the usc~fu1nei;s of certain simple organic corn- 
pountls ill de-emulsifying cream to recover nlilk f a t  in good yields (4) .  AS a 
natural outgrowth of this and other TI-orlr (5, 6 ) ,  the possibility of ailaptiiig the 
de-emulsifiration procedure to the manufacture of hutteroil was considerecl. Of 
the sever;il wiclely usccl methocls of preparation, the oldest is the "boiling-off" 
process described by El-Rafey e t  a l .  (1). This involves heating butter in an open 
kettle until all water present has been rvaporatcd. Any lion-fat solids precipi- 
tate as a bro~vn secliinent ancl this is strained from the oil. hfost modern pro- 
cedures for the proclnction of butteroil are essentially centrifngal methocls, in 
which bntter is melted, the oil floated fro111 any curd present and the oil-cnrd mix- 
ture relnaining centrifngecl in order to recover oil that might ot11rr~~-ise be lost 
in the curd. Regardless of procedure, these methods depend on the nse of hi t ter ,  
a raw nlaterial which reqnires considerable time and expense to proclnre. 

I n  the Bn~erican methocl ( 7 ) ,  bntteroil is proc.essed dirrcatly fro111 cream 
through the use of a specially constrocted separator which yic.lds an  oil of 90 to 
95 per cent fat. This product is reseparated, heated nncler racnnm in a racreator, 
steam-clistilled and then cooled in a vacn11111 chamber. The nsefulness of this 
latter provetlure is limited considerably by the compliratecl proressing and ex- 
pensive eclnipment required. Accordingly, the object of this investigation was 
to stutlr the practicability of using the de-emnlsific*atio principle in the mann- 
factnre of butteroil. 

EXPERIJIESTAL 

I n  order to select those surface-active agents which might have best possibili- 
ties for large-scale use, the agents first mere submitted to a laboratory cle-emnlsi- 
fication test as follows: 10-g. samples of fresh, ran- 40 to 45 per cent crealn were 
placetl in 15-1111. graduated conical centrifuge tubes. Various a~nomlts 11p to 
1 g. of the agent to be tested then were added. The agc.nt and sample were mixed 
and placed in a hot water bath (180" F . )  for 15 min. Follo~ving centrifuging, 
the tnbe5 were telnpered in a hot water bath (140" F . )  for 5 min. ancl the volnine 
of the oil layer observed. 

Xinrty-\even commerc~ially available surface-active agents werr submitted to 
the laboratory de-emnlsificatio~~ test. For  the sake of brevity, those agents which 
gave ~legative results have not been ennmerate~l.~ The agents were tested in the 

Recei~etl for  l>nblic:~tio~i Mar. 10, 1932. 
1 T l ~ e  rrsearrh reported in this series of papers r c l a t c ~  to U. S. p a t ~ n t  application no. 

221,723 by The Pennsylvania State Collcge. 
2 Anthorizecl for pu1~lic:~tion Marcti 5, 193"s palwr no. l i 2 3  in tile Journal Series of the 

Pcnnsylx-anin Agricultural Esperiment Stntion. 
3 This in format io~~  is nrnilnblc on rcrlucst. 
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following three groups : ( I )  T~venty-fire agents, representing many different 
types, were tested as received from their manufacturers; (2) the 25 agents of 
group 1 plus 55 additional agents were tested as 33 per cent by weight solutions 
or dispersions in butyl carbitol; ( 3 )  seventeen Span- and Tween-type agents were 
tested as received from their manufacturers and also as 25 per cent solutions or 
dispersions in ethanol. I n  group 1, the following were found to be effective a t  a 
concentration of 10 per cent or less: Tergitol 7 (T-7), Tergitol-4, Tergitol P-28, 
Ahcowet RS  and Nopco 1392. I n  adclition to these, 18 agents of group 2 gave 
quantitative de-emulsification a t  a level of 6 per cent or less by weight of their 
butyl carbitol solutions. These were: Antarane T-120, Aerosol OT, Phi  0 Sol 
WA, Victawet 35B, Ahcowet ANS, Duofol L, Bozetol, Arylene 1333, IIymolon I<, 

FIG. 1. De-ernulsifir:~tiol~ of crr:iui (40% f ; ~ t )  Iic,:~te(l a t  180" 13'. for  15 min. in 1-1. gradu- 
ate. Left--control, right-wit11 3% Tergitol 7 ndcletl before heating. 

Nonisol 200, Sulfanol KB, Wareosan, \lTarcosal 6043, Sulfanolc KB 40, Aerosol 
MA, Tam01 IT, Antarox A 480 and Nacconal NR. Under the conditions employed, 
none of the agents in group 3 promoted quantitative de-emulsification of cream 
a t  a lerel of 10 per cent or  less. The action of many of the effective agents was 
striking. A clear, quantitative oil layer was observed frequently after only a few 
minutes in the hot water bath (fig. 1 ) .  

Laboratory and pilot-scale experiments were conducted with T-7 to study the 
variables of agent concentration, fa t  content of cream and heat treatment, as well 
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as adaptability of the procedure to large-scale operation. Time has not per- 
mitted a critical appraisal of all the effective agents; therefore, T-7 is not neces- 
sarily the most effective or most practical agent to use. IIowever, results ob- 
tained with it are indicative of the possibilities inherent in the de-emulsification 
method. 

Data in table 1 deinonstrate that coiicentratiolls of T-7 ranging from 3.3 to 

TABLE 1 

E f f e c t  of various quantities of Tergitol 7 on the amonnt of oiling o f f  producrd in  9-g.  samples 
of ereanz (-44.5% f a t )  

T-7 added Oil layer 
Yield of 

butteroila 

a Based on pure but terfat  iiaving n density o f  0.9 a t  140" F. 

11.1 per cent are equally effective in de-emnlsifying cream (44.5 per cent) when 
the cream-agent mixture is helcl at  180' F. for 15 min. Concentrations below 
3.3 per cent usually did not proinote complete oiling-off. Data concerning the 
relationship of fat  content of cream to the amount of T-7 required for effective 
de-emulsification are presented in table 2. Raw cream was standarciized to 

TABLE 2 
Idinimzim concentration of Tergitol 7 required t o  pron~ote  complete d e - e ~ n ? t l ~ i c a t i o n  i n  creams 

o f  oariozis fat contents 

F a t  content 
o f  creams Minimum concentrations effective 

(n11./9 g. cream) 
0.2-0.4 
0.3-0.4 
0.4-0.5 
0.5-0.6 
0.6-0.7 
0.7-0.9 
0.7-0.9 
0.6-0.8 
0.7-0.8 

various fat  contents ranging from 41 to 3.5 per cent, using raw skimmilk. These 
data indicate quite clearly that as the fat rontent of the cream is reduced, in- 
creasing quantities of T-7 are required for complete de-emulsification. Table 3 
presents data concerning the influence of heat treatment on the de-emulsification 
process. The effectiveness of T-7 in de-emulsifying cream is influenced by the 
amount of heat treatment the cream-agent mixture receives. Xfuch lower con- 
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centrations of T-7 were sufficient to obtain quantitative yields of butteroil a t  
holding teniperatnres between I50 and 200" I?. than a t  lower temperatures. 
Although slightly higher yields were obtained by using a holcling temperature of 
200" F., the oil layer was much clearer ~vhen 180" F. was employed. Use of 
180" F. rather than soinr temperature between 150 and 180° I?. seems recom- 
mended in order to provide a margin of safety in the method. 

I'ilot opernf ions .  Tlie simplicity of the inethocl anc1 efficienry with which the 
Tergitols proii~otecl tle-em~~lsification in the prelimiilary trials with small sainples 
of cream suggestecl that larger quantities of cream should be processed by the 
inethod to dctcrinille its commercial feasibility. Accordingly, sereral trials \Irere 
conducted, employing approximately 75 Ib. of crcLam as the starting material 
and T-7 a? the de-einnlsifying ageat. The follo\vi~lg proccdurc and results are 
representative: To one can of fresh ram cream, weighing 72.5 Ib. and testing 

T A B I Z  3 
Ef f ec t  o f  15 qnin. liolding triirpcratarer O I L  tlic enpnrity of Tergitol  7 t o  dc-c~r~rrlsrf!l !)-g. sccwlples 

of crea111 (40% f a t )  
-- -- 

% Tirlds of I~uttcroil  : ~ t  t c , l ~ ~ p c r : ~ t ~ l r c s  o f :  
T-i :~dde~l  

110" F. 130" F. 150" 1'. 170" 1'. 180" F. 200" F. 

43.5 per cent fat, were added with gentle agitation. 2.5 lh. of 1'-7. The mistnre 
was heated in a hot watcxr bath to 180" 14'. and held at that telnperature for 
15 illin., i luri~ig ~v1iic.h time it was agitated conti~n~ously. The tle-c~inulsifiecl 
cream then Tvas allo\vc.d to stancl for approsinlately 15 inin. a f tw  1vhic.h the lower 
serum layer  as rc.niored by siphoning i111d rclplaced with an  e q ~ i ~ l  vol~iiiie of hot 
water. The water-oil iilistllre was thoroughly agitated for a period of about 
5 mill. and thcn passrd through a cream separator 1rhic.h hail been previonsly 
heated with water a t  180" F. and adjl~sted to rerover plastic c>reani. The oil 
recorered from thr eream spont was rrmashecl twicr with hot water, to facilitate 
removal of any T-7 or serum solids ren~aining in it, and then rescparatetl. Thr 
yield of butteroil ~vas  29 lb. or 92 pcr cent of the theoretical yield (31.5 Ib.). 
Siilce the vanes of the separator had an appreciable amount of fat  left on them, 
the actual efficiency on ;t larger scale operation nndoubtc~dly vvo~lltl bc greater. 

Propcr f i c s  of 7'-7 birtfcroil .  The refractive indices of buttcroils ~nade  from 
the same cream, by t le -e~n~~ls i f ic ;~t io~~ with T-7 and by a conventional churnin,rr 
procedure, w r e  coiiiparrd and found to be ideiitical (111,~~ = 1.4.547). I n  order 
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to dcternliiie \\-hethe' butteroil prepared by the T-5 method contained any 
residual agent, the active constituent being an allryl sodinm snlfate, sulfur anal- 
yses mere obtainecl from an  indepenclent laboratory on two samples of butteroil 
from the same one preparrd by churning and the other with the aid of 
T-7. The samples were oxiclizecl by the method of Siederl et al. (3)  to convert 
all sulfur to sulfate and the sulfate sulfur determined as by Letonoff ancl Rhein- 
hold (2 ) .  Snlfnr contents of the churned and T-7 samples were 0.060 and 0.021 
per cent, respectively. These data intlicate that no appreciable amount of the 
alkyl sulfate remained in the oil. Both of the butteroils, when reemnlsifieci in 
skiln~nilk had satirfactory flavor qualities. 

DISCUSSION 

The methot1 of preparing butteroil by de-emulsification of cream appears to 
have certain atlvantages over known methods and its early publication, therefore, 
seemed justified. The method is economical and efficient. Fo r  plant operation 
a vat, equipped with an  agitator, and a cream separator represents the necessary 
eqnipment. Incoming milk can be separated and the cream quickly converted 
into butteroil. The necessities of churning cream to butter or using specially 
designed eqnipment are eliminatecl and manipulation of the f a t  is kept to a 
minimum. T h e n  cream is supplied rather than prepared, a separator is not 
absolutely essential. The oil layer, obtained by de-emulsification, can be sepa- 
rated from the serum by siphoning, draining or decantation. Washing of the 
oil can be accomplished by similar procedures. The use of high-fat creams in  
the method seems specially recommended for two reasons. They require less 
agent for de-emulsification and they yielcl less serum, the usefulnss of which as 
a by product has not yet been established. 

I n  all instances where incomplete de-emulsification was enconntered during 
the investigation, the process conld be completed by increasing the temperature 
and/or prolonging the holding time of the cream-agent mixture. Use of exces- 
sive amounts of T-7 should be avoided. High concentrations ( in  excess of 15 
per cent) will reduce the yield of butteroil, even to the extent that  i n  certain 
instances the creams are converteci to heavy gels with no yield of oil. 

Concerning the mode of action of the surface-active agents i t  may be signifi- 
cant to note that  of 26 agents which de-emulsified cream quantitatively, 24 were 

of a cationic t -pe ,  the other two being nonionic. A low molecular-~veight solvent 
apparently is essential to effective action, since no pure agent as such zvas ob- 

served to perform satisfactorily in this study. Solution of the agent in such a 
solvent appears to facilitate dispersion in cream. 

Where adeqnate precautions are taken, i t  seems unlikely that  preparation of 

butteroil by the method reported would pose a toxicological problem. I-rowever, 
it  seems advisable to reserve judgment on the usefulness of suc~h butteroil until 

the purity and toxicology of the product have been investigated thoroughly. An 
extensive study of certain physical and chemical properties of butteroils pre- 
pared by several procedures is currently in progress a t  this laboratory. 
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SUMMARY 

The possibility of preparing butteroil by de-emulsification of cream with sur- 
face-active agents was investigated.The potential utility for this purpose of 97 
commercially available surface active agents mas determined. Twenty-six of 
these demonstrated a capacity to quantitatively de-emulsify cream (40 to 45 per 
cent fa t )  at  a level of 10 per cent or less of the agent. The testing procedure 
concerned addition of various a~nounts of agent to cream samples, heating the 
mixtnres in a IT-atcr bath, centrifuging the mixtures in graduated tubes and 
measuring the quantity of oil liberated. Most of the agents found effective yielded 
a clear quantitative oil layer before centrifuging. One of the effective agents 
(Tergitol 7)  was studied intensively in regard to the variables of agent concen- 
tration, fa t  content of cream and heat treatment. Tergitol 7 was employed also 
in several pilot-scale productions of bntteroil. Butteroil prepared with the aid 
of Tergitol 7 compared favorably in q~lality with bntteroil produced from cream 
by churning. The cle-einulsification procedure may have a number of uscful 
applications in the dairy field and has certain significant advantages over present 
methods of manufacturing buttcroil. 
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BLOOD IIEMOGLOBIN TTAT,ITES OF DAIRY CATTLE* 

J. I-I. BYERS, I. R. J O N E S  AND J. R. HAAG 
Departnzents of Dairy Ensbandry  and Agricultural Cl~ernistry, Oregon S ta t e  College, Corvallis 

The blood hemoglobin value of dairy cattle has been used as an  index of the 
nutritional status of an animal with respect to iron, copper and cobalt. The 
literature is somewhat conflicting as to what constitutes a normal blood hemo- 
globin value for dairy cattle. Dukes (1) reports 12.2 g. hemoglobin per 100 ml. 
of blood as the normal hemoglobin value of the bovine species, whereas McCay 
(6)  regards 10.9 g. as normal. Much of the conflicting evidence may be due in 
part to the inany and varied methods of analysis. Many types of optical instru- 
ments have been used with variable results. Chemical analyses have not been too 
reliable. Inasmuch as difficulty is encountered in interpreting the literature with 
respect to a normal blood hemoglobin, additional data are desirable. 

In  connection with mineral studies of the Oregon Agricultural Experiment 
Station, the blood hemoglobin value has been used as an  index of the iron, copper 
and cobalt status of dairy cattle throughout the state. This study reports the 
results of hemoglobin values obtained under various conditions. 

EXPERIMENTAL 

Holstein and Jersey cattle maintained by the Department of Dairy Husbandry 
of Oregon State College mere arailable for obtaining blood samples a t  any time. 
Cooperating dairymen throughout the state submitted their cattle for the taking 
of blood samples upon request. Cattle from three distinctly different regions of 
Oregon were sampled. Iiiforlnation available does not suggest that the soil of 
any of these regions is mineral deficient. 

Blood samples of 6 ml. mere drawn from the jugular vein, using three drops 
of sodium citrate as an anticoagulant. Blood was hemolyzed by mixing with a 
quantity of saponin in a spot plate. Hemoglobin was determined by the use of 
the Spencer hemoglobinometer and recorded as grams of hemoglobin per 100 ml. 
of blood. Standardization of the Spencer hemoglobinometer was carried out by 
determination of total Fe on representative blood samples, using the method of 
Kennedy ( 3 ) .  While results with the Spencer hemoglobinometer and the F e  
analysis were not in total agreement, they were relative and within the realm of 
practicability. Samples of blood from animals in the College herd were taken a t  
regular intervals throughout the 2 yr. of the study. Other herds were sampled 
a t  infrequent intervals. 

Although the feed of the animals varied, none of the animals was considered 
to be getting an abnormal ration. I n  many cases, the ration consisted entirely 
of home-grown feeds and, in others, purchased feeds and complex mineral sup- 
plements were fed. 

Received for  publication Mar. 13, 1952. 
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From pre1imina.r~- results, a number of the animals in the College herd seemed 
t o  hare a consistently low or a consistently high hrmoglobin ralue. From these 
animals, groups of five low and fire high IIolsteins and f i ~ e  low and five high 
Jerseys were selected, blood samples being talren anti hemoglobin ralnes cleter- 
mined every 3 wk. for a period of 6 ino. 

Since there is known to be a correlation between the age of the animal and 
some blood constituents, such as blood I? (2), an  analysis was made to determine 
any relationship between the blood hernoglobill values a11d the age of the animals. 
Preliminary observatiolls snggestecl breed differences in bloocl hemoglobin valnes. 
Studies were planned to determine any difference in values of IIolstein and Jersey 
cattle of both scJxc.s. 

KESrLTS 

A total of 1,014 blood sainples representing 528 animals of the Jersey, Hol- 
stein, Guernsey, Brown Swiss and mixed breeds was analozed. Represented 
were 14 Jersey males and 16 Holstein males with a total of 98 bleedings. Of the 
498 females of all breeds sampled, there were 361 samples from 130 Holstein 
females, 462 samples from 274 Jersey females, and 94 samples of Guernsey, 
Brown Swiss and mixed breeds representing 94 indiridl~al  animals. The re- 
snlts of the analyses are given in table 1. 

TABLE 1 

Average Irenaoglobin values b?l sex and brccd 

Sex No. of KO. of 
Breed animals samples Av. hemoglo1)in values 

Jersey 
Holstein 
Jersey 
Holstein 
Mixed 
All males 
All females 
All Jerseys 
All Holsteins 
All animals 

Male 14 
Male 16 
Female 274 
Fcmale 130 
Fctnale 94 

3 0 
498 
"8 
146 
,528 

(g . /100 1 1 1 1 .  blood) 
11.3 
11.1 
11.3 
10.6 
11.4 
11.2 
71.1 
11.3 
10.7 
11.2 

MeCay (2)  reports the blood henloglobin values of males to be higher than 
females. On the basis of 70 samples on six mature bulls of fonr different breeds, 
XcCay found that  average blood hemoglobin ralue to be 12.8 g. per 100 ml. of 
blood, as compared to 10.9 + 0.8 g. per 100 ml. for females. Table 1 shows that 
for Jerseys, 48 samples from 14 males averaged 11.3, whereas for I-Iolsteins, 50 
samples from 16 males averaged 11.1 g. of hemoglobin per 100 ml. of blood. 
The average of 98 samples from 30 Jersey and Holstein illales is 11.2 g. of hemo- 
globin per 100 ml. of blood, considerably below the values reported by McCay. 

The average hemoglobin value of 916 samples from 498 females was 11.1 g. 
Jersey males and females shov7ed the same average of 11.3 g., whereas I-Iolstein 
males averaged 11.1 g. and females 10.6 g., both lower than Jerseys and particu- 
larly the IIolstein females. 
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Figure 1 represents the frequency distribution of the average hemoglobin 
value of 498 females sampled. The distribution is as  uniform when only the 
Holstein or Jersey animals are considered as with all animals. The greatest 
number of animals (87.1 per cent) fall within the values of 9.0 and 13.0 g. of 
hemoglobin per 100 ml. of blood, and 45.5 per cent of the animals fall between 
the values of 10.5 and 12.0 g. per 100 1111. of bloocl. The variation in indisridnal 

U All Cows 
Jerseys 
I Holsteins 

7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 

Blood - Hemoglobin Values (Grms.  per 100 ml.) 

FIG. 1. Frequency distribution of blood hemoglobin values of 498 femnles. 

animal values is indicated. When an  animal shows low or high values, these 
most generally are always low or high. This is illlistrated in  table 2, showing 
the blood hemoglobin values of four animals all from the same herd, bled a t  
various times over a period of 2 yr. Cows 230 and 494 maintained high hemo- 
globin values, and cows 225 and 456, low values during the period of observation. 

Increases in hemoglobin values during the summer months are reported in 
the literature (3) .  To determine whether any  differences could be shown between 
blood hemoglobill values during winter barn-feeding and snmmer pasture-feeding 
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conditions in Oregon, 20 cows were bled a t  approximately 3-wk. intervals. Thc 
results are shown in table 3. No consistent change occurred in the hemoglobin 
values of cows fed different rations in winter and summer. 

Since fa t  is a major constituent of blood, the hemoglobin value of cows on a 
low-fat ration might vary from those on a high-fat ration. During the course 

TABLE 2 

Constanc?y of hemoglobin v a l f ~ e s  

Breed Animal no. Dec. '48 Dee. '49 Mar. '50 Sept. '50 Ar. 

J e r s e ~  ........................ 230 12.5 13.7 12.8 13.0 13.0 
Jersey ......................... 225 10.6 9.3 9.0 8.3 9.2 
Holstciil ................. 494 12.0 11.5 11.8 11.5 11.7 

.............. Holstci~l  456 8.0 7.2 8.6 8.8 8.1 

of the study, a group of 28 I-Iolstein and Jersey cows was used on a feeding trial. 
Fourteen of the paired cox7s were fed a grain mixture containing 2.5 per cent fat, 
with the other 14 on a mixture containing 4.9 per cent fat. All cows were al- 
lowed free access to irrigated ladino clover and grass pastures. The blood hemo- 
globin values for the individual cows of the two groups are given in table 4. 
Analysis of variance shows no significant difference in the blood hemoglobin values 
of cows fed a low or high-fat grain mixture when on irrigated pastures. 

T A B L E  3 

Blood he?noglobin values of the same cows dftrang the wi~ l ter  and szcmnwr 

Herd Breell No. o f  Winter hTo. of Summer 
110. samples bxr r~  feeding samples pasture 

456 Holstein 7 8.2 6 8.7 
511 I '  5 11.4 4 10.6 
493 ' 6  5 10.3 6 10.2 
458 I  ( 7 10.7 5 10.0 
521 I  < 3 9.2 6 10.3 
494 I  L 5 11.2 6 11.7 
506 I  I  5 11.0 6 10.6 
515 I  L 2 10.4 6 10.4 
503 I  I  5 10.6 6 10.8 
513 ' I  2 11.3 5 12.1 
269 Jersey 6 9.8 5 10.0 
200 ' r 5 11.4 6 11.8 
212 I 6  6 10.2 6 10.2 
271 I  I  4 10.4 6 9.0 
225 ' I  7 9.8 6 10.4 
220 ' I  7 11.9 6 12.3 
219 " 6 10.9 6 12.2 
210 ( I  4 12.6 6 12.9 
230 I  I  5 12.8 6 12.1 
226 I I  2 12.0 5 11.9 
Av. 10.8 10.9 

Table 5 shows the average blood hemoglobin values of Holstein and Jersey 
females a t  6-mo. age intervals. There appears to be no correlation of the age of 
the animal with the blood hemoglobin value. Peak values were reached a t  2, 
4.5 and 7 yr., and low values at  3.5, 5.5 and 7.5 yr. No significance could be 
attached to these variations. 
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TABLE 4 

Blood hen~oglobin ~a l r t e s  of co?o.s on tzco 1rvrl.s of fat in tke ration 

Lorn f a t  High f a t  

Herd No.  o f  Blood IIcril No .  o f  Blood 
no. samples hemoglobin values 110. samples hemoglobin values 

(g./IOO ml . )  ( g . / 100  nzl.) 
494 13 11.5 503 13 10.6 
506 13 10.i 513 9 21.0 
499 - 9 10.7 .i :i .i 2 

-, - 11.5 
517 2 12.3 a.3, 2 10.3 
520 2 12.0 
533 2 9.5 ,516 2 12.4 
536 0 I O.:< 436 13 8.5 
522 2 11.6 534 - 9 10.4 
503 - 0 11.3 300 - 9 10.9 
2 1 5 - I 11.4 2l)O 12 11.7 

230 13 12.3 
238 2 10..5 234 2 10.7 
2il 13 9.4 194 2 9.6 
M- 1 0 10.9 W-3 2 11.6 
212 1 3 10.0 231 0 13.2 
Ar. 10.8 11.1 

I n  the analyses to determine blood hemoglobin values, differences in the lots 
of saponin usecl to hemolyze the blood were enco~ultered. Some of the newer lots 
of saponin did not hemolyze as rapidly or with as small amounts as did saponin 
that had been manufactured 15 to 20 pr. ago. 

Froill 1,014 blood samples taken from 528 animals, the average blood hemo- 
globin value was 11.1 g. of hemoglobin per 100 1nl. of blood. In the same herd 
under similar conditions, animals with IOIY hemoglobin values apparently are 

TABIJ: 6 

Blood I~rnzoglobin z,nl~tes a s  age increases 

No.  o f  
samples Av. hemoglobin values 

3.5 
4 
4.6 
.5 
5.5 
6 
6.5 
7 
7.5 
8 
Over 8 

(g . / 100  ml. blood) 
11.3 
10.8 
11.0 
11.9 
11.3 
10.9 
10.6 
11.0 
11.8 
11.1 
10.4 
10.6 
11.6 
11.8 
10.1 
10.3 
10.7 
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quite common, as are animals with hemoglobin values higher than the average. 
Animals with low values generally continue to be low, and animals which were 
high in the early bleedings continued to show a high blood hemoglobin value 
throughout the study, regardless of the ration fed. 

No significant difference b e t ~ ~ e e n  hemoglobin valucs of Jersey and IIolstein 
males and Jersey and Holstein females has been sho~r.11 in this study. The aver- 
age bloocl hemoglobin value of the malcs TY~IS 11.3 g. per 100 ml. of blood, ~ rh ich  
is consiclc~ably below JfcCay's (6)  value of 13.8 g. per 100 ml. of blood. I n  this 
stndy, the 30 males were all under 2 yr. of age, whereas McCay's results are 
based on six mature bulls. 

We have not been able to confirin the results of ICroiic~her (1, 5)  and Iran 
Celler ('i), who have shown that the hemoglobin value of cows increased during 
the summer 011 pasture. Our results support those of McCay (6 ) ,  who sholred 
no significant difference between the blood hemoglobin val~ies dnring barn and 
pasture feeding. 

The results in table 4 indicate that  the hemoglobin values of cows on a high-fat 
ration tend to be higher than those on a low-fat ration, wen  though thc difference 
is not statistically significant. 

The blood phosphorus values of dairy cattle show a distinct correlation with 
the age of the animal (2 ) .  I n  this study, no statistically significant differences 
could be found in the hemoglobin values of cows a t  different ages. The Holstein 
breed shows a trend towards lower values a t  advanced ages, but this may bc due 
in part  to sampling. A t  the advanced ages, a small number of animals arc rep- 
resented even though many samples on the individual animals were obtained. 

The literature reports conflicting evidence as to a breed difference in blood 
hemoglobin values. I n  this study, a statistically significant difference between 
the IIolstein and Jersey breeds way found. The Jerseys were found to have a n  
average blood hemoglobin value of 11.3 g. and the I~olsteins, 10.6 g. per 100 ml. 
of blood. McCay (6),  in his worlr, showed no relation between blood hen~oglobin 
values and breed. 

The average blood hemoglobin value of Holstein, Jersey, Guernsey and grade 
cattle in this study was 11.1 g. of hemoglobin per 100 ml. of blood. 

The average bloocl hemoglobin of males did not d i fcr  significantly from that 
of females. 

Animals with low or high hemoglobin values generally nlaintain low or high 
values o w r  extended periods. 

Pasture feeding did not change the blood hemoglobin value significantly from 
barn feeding on a group of 20 cows bled over a period of 1 yr. 

A high-fat ration gave a blood hemoglobin value higher than a low-fat ration, 
although the difference was not statistically significant. 

There was no significant correlation of the blood henloglobill of dairy cattle 
and age. 

There is a statistically significant difference bekeen  the blood hemoglobin 
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value of IIolstcin and Jersey cattle. The arcrage IIolstein bloocl hemoglobin 
d u e  was 10.6 g., whereas the Jersey breed was 11.3 g. per 100 ml. of blood. 

Since the bloocl hemoglobin ralue of normal dairy cattle raries ~viclrl-, great 
caution should be rsercisecl in the interpretation of the data. 
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MULTIPLE STRAIN BACTERIOPI-IAGE ISFECTIONS O F  
COIIMERCIAL LACTIC STARTERS1 

DARRELL D. DEASE a m  F. E. SELSOx 

Iotoa A , q r i c ~ ~ l t ~ t m l  Erpr ,~intcnt  Station, A n ~ r s  

I n  testing for the presence of bacteriophage ill mnltiple-strain starter5 and 
cheese whey from plants experiencing clelayed acid clerelopment during the 
cheese making process, whey filtrates were obtained with such broad patterns of 
activity that the presence of several strains of bacteriophage was snspccted. The 
work reported here was carried out to determine the number and some of the 
characteristics of iildividual bacteriophage strains that might be fomid in such 
samples. ,4 preliminary report was published in abstract for111 (1 ) .  

ESPERIIIESTAL IIETHODS 

The starter cultures and whey sainples were obtained from commercial cheese 
plants. Bacteria-free whey filtrates were prepared by filtering the sa~upl(.s first 
through sterile, coarse filter paper and then through a Selas porcelain filter 
(porosity #03). Thclse whey filtrates were stored in scre\i7-cap bottles a t  2 to 3' C. 
Care was taken to a ~ o i d  laboratory contamination with other bacteriophages. 

Presence of bacteriophage i11 the whey filtrates was determined by inoculating 
7 ml. of sterile litmus milk, enriched with 1 per cent non-fat dry  milk solids and 
10 per cent V-8 juice, with one drop each of an  18- to 20-hr. culture of the lactic 
streptococcus testccl and of the whey filtrate. Control?, from n~hich the filtrate 
was omitted, also mere prepared. The presence of bacteriophage actire against 
the organism used was indicated by the lack of normal acid development and 
reduction following incubation for 18 to 20 hr. a t  32' C. The results of these 
tests were yery consistent. The lactic streptococci used in these studies were 
Prom the laboratory stock collection or obtained as fresh isolates from multiple- 
strain commercial cultures and were selected to cover a wide sensitivity range. 

The bacteriophage strains present in two of the whey filtrates mere isolated 
from individual plaques on plaque plates. Trypticase soy agar medium, to which 
0.02 per vent L-cystine had been added, was used and the two-layer plating tech- 
nic, with 0.33 per cent CaC1, in the overlay, as reported by Potter and Nelson 
(3) ,  was employed. Single plaques were picked into tubes of sterile skimmilk, 
one drop of the host organism culture acldeci and the tubes then held a t  32' C. 
for 8 hr. Bottles containing 100 ml. of sterile skiminilk then were inoculated 
with 1 per cent of the material from the test tube propagation and 1 per cent of 
the same host culture. After incubation for 15  to 16 hr. a t  32' C., 10 per cent 
lactic acid was added to coagulate the casein and a cell-free filtrate was prepared 
in the same manner as employed for the original filtrate. 

The filtrates thus prepared from whey filtrate F83 were carried through two 
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additional plaque isolations to be more certain that  the final filtrates contained 
a single strain of bacteriophage. Preparations of these more highly purified 
strains of bacteriophage were examined by means of an  R.C.A. type EMU elec- 
tron microscope, using a proceclure of Parinelee ct al .  (2).  

RESULTS AND DISCUSSION 

Inforli~ation concerning the sources of the sainples exanlined in this study is 
presented in table 1. Cultures B1, KL and AT originally wcre obtained from this 

TABLE I 

Sources o f  starter crtltrcres and clrrrse u'hry samples 

Date Plant  Natcri:ll Origi11:11 Pllage Filtrate 
(1931) e s a m i ~ ~ e d  culture activity 110. 

Fcb. -4 Bulk culture T T I ~ ~ I I O W ~  S o  
Rluc el~eese whey T'nknotvn Yes F83 

Feh. B T3111e cl~eesc a hey n 1 Yes F84 
I"c11. C Jlot l~er  culture I3 1 Yes F83 

Ruttermilk R 1 Yes R I S  
Bulk whole milk culture R1 Yes RIW 
bfntllcr calture KT1 Yes F86 
Bulk cultr~re S L Yes F87 

Ifarch D Cott:lge rl~c*ese \vhry T3 1 Yes F88 
April R Cottage cl~rese xvhev AT Yes F89 

laboratory and have been used in a number of commercial plants. Culture S H  
was procured by plant C from a commercial laboratory. The identity of the 
culture used in Plant A was not kno~vn but i t  had been used for about 1 yr. 

Only one of the cell-free filtrates, that from the bulk c u l t ~ ~ r e  from plant A, 
failed to show bacteriophage activity against some of the test organisms. The 
activity patterns of the unpurified active filtrates on 13 test organisms are shown 
in table 2. These test organisins were selected as representing those most sensi- 

TABLE 2 
Act iv i ty  patterns of bacteria-free whey filtrates from original samples 

Test Bacteriophage activitya~ of filt,rate: 
org. F83 F84 F8S F86 F87 F88 F89 B I S  BIW 

+ + + + + + + i- 
- - - - + - - 
- 

? 
- - - - + - + 

- - + - - t - + 
- - e + - - + - 
+ + + + + + + - 
- - - - - - - - 
- - - t + + - - 
- - + + - - + - 
+ - - e - - + + 

................... B1-6 + + + + t - + 
- + + 

B1-24 .................... - - - - - + - - 
..................... B1-28 + + + + + - + + + 

Plant  ........................ A B C C C D B C C 

a Baeteriopl~age activity: + = positire, - = negatire, ? = questionable. 
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tive t o  these bacteriophages, a large number o f  organisins not being included in 
the table because t h e y  gave negative results. T h e  I31 cultures mere unidentified 
lactic streptococci isolated f r o m  the  n~nl t iple-s train culture BI carried in this  
laboratory. T h e  others were f rom the stock collection and the majori ty  had been 
identified as ~5'treptococclr.s cren~oris .  W h i l e  some o f  the  test cultures listed mere 
sensitive t o  all or a majori ty  o f  the nnpnrificcl filtrates, others wcre quite re- 
sistant. T h e  fire d i f f e ren t  filtrates f rom plant C showed a number o f  common 
activities against test cultnres, b u t  several o f  these filtrates showed activities no t  
possesseil b y  others, even though three o f  thc  filtrates mere f r o m  material in- 
oculated wi th  c.ornmcrcia1 culture f r o m  the  same original source. T h e  same lack 
o f  complete aprcement existed w i t h  the  t w o  filtrates f r o m  plant T3, \Then t\i7o d i f -  
ferent starter cwltures were involved. 

Filtrates F84 f r o m  plant B and F83 f r o m  plant C had very  similar act iv i ty  
patterns. Both o f  these filtrates came froin material inoculated w i t h  culture B1 
within a f e w  days o f  t h e  same t ime.  T h e  act iv i ty  patterns o f  the other filtrates, 
howex-er, were quite di f ferent .  T h i s  was t rue  o f  the  filtrates f rom d i f f e ren t  plants 
using the  same original starter, as well as those prepared f r o m  di f ferent  products 
o f  the same plant set w i t h  t h e  same strain o f  inother culture during a n  interval 
varying f r o m  a f e w  days t o  a IT-eek. T h e  conclusion m a y  be drawn t h e n  t h a t  t h e  
bacteriophage activity range o f  a mhey filtrate froin a phage-contaminated cul- 
ture  cannot be  predicted, even though the  sensitivity patterns o f  other w h e y  fil- 
trates f r o m  material inoculated w i t h  t h e  same original cultnre b u t  infected a t  a 
di f ferent  plant or di f ferent  t ime  are knolvn. 

T h e  activity pattern o f  the  bacteriophitge strains isolated froin filtrate F83 and 
purified b y  three successire single-plaque isolations are presented in table 3. T h e  
plaque counts given represent the  number o f  bacteriophage particles o f  each 
strain demonstrated in the  original whey  filtrate. Strains 3, 4 and 5 were iso- 
lated fol lo~ving propagation o f  the  original ~ v h e y  filtrate, rather t h a n  f r o m  the  
filtrate i tsel f ,  ancl n o  original plaque count clata were obtained. Strains 3 and 5 
were propagatecl n-ith organism ICH and strain 4 w i t h  organism 5 before t h e y  
were isolated; strain 3 snbsequently was purified and propagated on organism 
HI-4. 

T h e  data presented in table 3 show tha t  phage strains 1 and 5 gave the same 
reactions w i t h  t h e  test organisms u s e d ;  these t w o  strains probably are essentially 
identical. O f  the  other nine strains isolated, four lyscd only  the host organism 
employed for isolation, while the  other fire lysecl at least one additional test or- 
ganism. 

The  plaque co~unts o f  the  strains isolatecl directly f r o m  the  whey  filtrate P83 
ranged froin 1 x lo4 t o  900x lo4 phagr particles per milliliter. These plaqne 
comnts x e r c  made at di f ferent  intervals, its long as 1 mo. wi th  some strains, a f t e r  
t h e  original mhey filtrate n-as prepared. Higher plaque rounts might  have been 
obtained i f  all strains had been isolated when the filtrate was fresh. 

Considerable rariation i n  the  diameters o f  plaques produced b y  the  orgaaism- 
bacteriophage combinations was observed even a f t er  three-fold purification o f  
t h e  bacteriophage strains. T h i s  rariation was so pronounced tha t  t h e  value o f  a 
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plaque diameter measurement as a strain characteristic would be limited. There 
was some evidence that  the strain of host bacteria used influenced the plaque size. 
For  example, a bacteriophage strain capable of lysing the test organism H1-2 
produced larger plaqnes with this organism as host than with any of the other 
susceptible test organisms used in this study. 

As a further demonstration of the specificity of certain of these isolated strains, 
bacteriophage strain 6 TTas shown not to produce plaques with B1-5 as the host 
organism, as did strain 9, indicating that the comnion ability to lyse 122-2 was 
not related to the ability to lyse B1-5. Phage strain 11 failed to lyse organism 

TABLE 3 

Actitity patterns of purified bacteriopkage strains isolated from filtrates no. F83 

Test fiE$e Bacteriophage activity of purified strain no. 

org. F83 1 2 3  4 5 6 7 8 9 1 0 1 1  

H1-2 
H 1-4 
5 
KH 
799 
12 2-2 
DL 
H G 2  
FD-56 
B1-5 
B 1-6 
B1-24 
B1-28 
A 15-2 

Date 
isolated 

- -  - 

Plaque count/ 
ml. F83 (x lo1) 1 27.5 120 400 16 2 900 108 

Rangeinplaque 2.0 1.0 0.5 0.25 0.75 0.50 0.50 0.75 0.60 0.50 0.50 
sizediam.(mm.) to to to  to to to  to to to to  to  

4.5 0.15 1.5 0.75 1.6 2.0 1.25 2.50 1.50 2.0 1.50 

a Bacteriophage activity: + = positive, -=negative, ? =questionable. 
b Host organism for  plaque isolation and purification. 
e Organism isolateit too late to determine sensitivity to  original whey filtrate F83. 
d Plaque count not made on original whey. 

A15-2 in litmus milk, but i t  did lyse this organism and B1-6 in  addition to its 
host B1-28 in plaque plate preparations, thus having the same activity pattern 
as strain 10 displayed. Since the other characteristics of strains 10 and 11 were 
almost identical, the failure of strain 11 to lyse organism A15-2 in litmus milk 
was not considered an ailequate basis for recognizing these two bacteriophage 
strains as being rery  different. Propagation upon two different host organisms 
might explain the slight difference in activity shown by the two strains. 

The morphology of the purified strains from P83, as observed with an  electron 
microscope, indicated 110 differences between strains. The morphological charac- 
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teristics and measurements were thc same as preriol~sly reported for lactic strrp- 
tococcu.; bacteriophage by Parmelee et  al. (2).  

Whey filtrate F89 also was studiedfnrther berause of its activity against several 
of the test cultures, including B1-24, a cnltnre that had been quite resistant to fil- 
trates previously studied. The titer of the isolated strains present in the original 
whey, their activity patterns and range in plaqne size are presented in table 4. 

TABLE 4 

Act~vzt?y patterns of bnctotophugr ntrazns a f t e ~  znttznl z.\olntion front filtratr F8D 

Tent O r i g i ~ ~ a l  B:~etcriopl~agr :~c.tivitya of i.iolntcd s t ran~  no. 

org. filtr:~tr I a ?a 3a 4 2  5a 6% 7a 
- 

H 1-2 + +b - - - - - - 
H 1 4  - - - - - - - - 
5 - - - - - - - - 
K H  + + +b - - - - - 
i 99  - - - - - - - - 
122-2 - - - - - - - - 
DL - - - - - - - - 
HC-2 + - - +" - + - - 
FD-56 - - - - - - - - 

R1-5 - - - - - - - - 
B1-6 + - - - t" - 4- + 
Bl-24  + - - - - - +b - 
131-28 + - - - + - t b  + 
A 15-2 + - - - + - - t b  

Date 
isolated 4/27 4/30 4/30 4/30 4/30 4/30 4/30 4/30 

Plaque count/ml. 
F89  (x lo1)  500 24,000 800 200 0.03 200 315,000 

R:~nge in plaque 2.5 2.0 7.5 7.5 1.0 0.75 0.3 
size diam. (ntm.) to  to  to to  to to to  

4.5 2.5 1.5 2.0 1.5 2.0 1.75 

a B:~etc.riopl~:~ge activity : + = positive, - = ncg;ltire. 
b Host orgauisn~ for plaque isolation. 

Of the seven strains isolated, six were found to have different sensitivity patterns. 
Strains 4a and 7a lysed the same test cultures, although their plaque counts from 
the original whey were quite different, as were the plaque-size ranges. 

Comparison of activity patterns of the strains isolated from filtrate F83 with 
those from F89 shows that the activity of strains isolated and propagated on the 
same host organism is not always the same. Strain 5, isolated from F83 with I-CH 
as the host organism, lysed organism HI-2. Strain 2a, isolated from F89 with 
K H  as the host, did not lyse HI-2 in either litmus milk or in agar plate prepara- 
tions. Strain 8 from F83 lysed B1-24 in addition to its host organism IIC-2, 
while strain 3a isolated from F89 with the same host organism failed to lyse B1-24. 
It also was found that, while the bacteriophage strain isolated from F83 with 
organism B1-28 as the host would lpse organism A15-2 in a plaque plate prepara- 
tion, the strain from F89 isolated with B1-28 would not lyse A15-2. On the 
other hand, a number of the strains obtained from F89 had activity patterns the 
same as those of strains from F83. 



Isolation of these several different strains of bacteriophage from filtrates F83 
and F89 indicates that the original starters used in these plants undoubtedly 
mere multiple-strain cultures, a fact corroborated by actual strain isolations made 
from several of the mixed cultures. 

S o  attempt was made to isolate the individual bacteriophage strains from the 
remaining whey filtrates, although from the data presented in table 2 i t  is evident 
that a number of strains probably was present in each. 

Since some bacteria-free filtrates obtained from cultured dairy prodncts pre- 
pared with d s e r e n t  commercial starter cultures would lyse the same organisms, 
it seems evident that  these commercial cultures contained one or more closely re- 
lated, if not identical, strains of lactic streptococci. The common practice of 
laboratories preparing lactic cultures has been to combine several different strains 
of lactic streptococci in an effort to obtain a starter that  will function properly 
when exposed to a variety of conditions. I n  a reasonably well balanced multiple- 
strain culture, slowness may not become an  important factor unless a large per 
cent of the organisms present are susceptible to the bacteriophage strains that  
gain entrance to the culture. Quite probably the presence of bacteriophage 
actire against but one organism strain would not be apparent in many mixed cul- 
tures under plant conditions. When a plant using one of the common commer- 
cial cultures does experience culture slowness due to bacteriophage, it is probable 
that either more than one organism strain has been lysed, due to a multiple-strain 
bacteriophage infection, or that  the culture consists niostlp of one strain that  has 
ontgroxvn the others and now has been lysed. 

Probably all strains of bacteriophage found in a multiple-strain infection do 
not hare a common origin; undoubtedly they may enter a t  different points in 
the preparation and handling of the culture material. This is pointed out by  
the results recently obtained when cell-free filtrates prepared from a mother 
culture, the bulk culture and the vat of "slow" cheese milk inoculated with the 
bulk cnlture, were tested for the presence of bacteriophage. While none of the 
organisins isolated from the mother culture was affected by the filtrate from the 
mother cnlture, many were lysed by both the filtrate from the bulk culture and 
that  from the cheese milk. The mother culture then was propagated in the 
presence of the filtrate from the bulk starter and the sensitivities of 19 isolates 
from this cnlture tested. None was lysed by the bulk culture filtrate but two 
were lpsed by the cheese milk filtrate, indicating the presence of a t  least one addi- 
tional bacteriophage strain in this latter filtrate. The filtrate prepared from the 
mother enlture was not entirely free of bacteriophage, since i t  definitely lysed the 
test organisms FD-56 and Al5-10 and gave questionable results with some others 
when tested in litmus milk. The filtrates prepared from the bulk starter and 
cheese milk definitely lysed FD56 and eight other test organisms of the 14 listed 
in table 3 and 4, although A15-10 was not lysed. Unfortunately the intermediate 
culture, inoculated from the mother cultnre and subsequently used to inoculate 
the bulk cnlture, was not available for testing and i t  was not possible to determine 
if the increase in bacteriophage infection was initiated with the intermediate 
culture or the bull: culture prepared from it. 
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As long as a dairy plant is contaminated with bacteriophage, the succeeding 
starter culture may not be satisfactory for any length of time, with the usual 
methods of handling, unlcss its componeiit strains are not affected by the bacterio- 
phage strains prescLnt. Such resistant c n l t ~ ~ r e s  may be difficult to obtain, since 
the identity of the component strains usually is not known. I t  also is possible 
that one or more strains present in the replacement starter would be identical with 
or closely related to those strains in a prcviol~s starter that  had been attacked by 
the bacteriophage. 

The possibility exists that  had other test cultures been employed in the present 
studies a greater number of bacteriophage strains might ha1.e been demonstrated 
in some of the samples. Maintenance of an  adequate collection of test cultures 
becomes a definite problem in screening for the presence of bacteriophage in 
samples from a variety of sources. The question as to whether the manipulations 
employed in the isolation and propagation of the various bacteriophage strains 
influenced the range of activity to a significant degree is unanswered, although 
this may be a problem of major iiilportance in control of bacteriophage active 
against lactic streptococci. 

SUMMARY 

All but  one of ten samples of whey or cnlt~lre from four dairy plants experi- 
encing L'slom~ness" in their lactic cultures or products contained lactic strepto- 
coccus bacteriophage. The actirity pattern of the bacteria-free whey filtate pre- 
pared from each of these nine samples indicated a mnltiple-strain bacteriophage 
infection. 

On the basis of the test cultures Iyscd, ten different bacteriophage strains mere 
isolated from a blue cheese whey and six (possibly seven) from a cottage cheese 
whey. Electron ~nicrographs of the ten bacteriophage strains isolated from the 
blue cheese whey revealed that  all mere similar in morphology. 

The authors are indebted to P. 11. Carr for his assistance in studying the 
morphology of the bacteriophage strains by use of the electron microscope. 
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(2) P.~RNELEE, C. E., CARR, P. H., AND NELSON, F. E. E l e c t r o ~ ~  Microscope Studies of Bac- 
teriophage Active Against Streptococc?rs lactis. J. Bact., 57: 391-397. 1049. 

(3) POTTER, S., AND NELSON, F. E. Effects of Calcillm on Proliferation of Lactic Strepto- 
coccus Bacteriophage. I. Studies on Plaque Formation with a Modified Plat ing 
Technic. J. Ract., in press. 1952. 



TI lE  VALUE O F  VITAATIS BIZ, DL-14ETEIIONINE AND POTASSIUX- 
PENICILLIN I N  MILK REPLACEJIEST FORIIULAS 

FOR DAIRY CALTTES'. 

C. B. ItXODT AND SOLOMON BLOOM 

I'cn??sylvania Agricz~ltzc.ral Erl)crill~est Stat ion,  S t n f c  Collcgc 

The development of a milk replacwnent fonnnla (6, 8) and the ~~ic l rspread 
use of i t  by dairjnlen has sholvn that calrrs can be raised sncces\fnllp with slnall 
amounts of saleable wholc milk. Significantly increased grovth rates in calves, 
due to ration supplementation nith an A P F  s~ipplement haye been rrportecl (2 ) ,  
~ 1 1 i l e  other workers (4, 7 )  hare not been able to demonstrate snch increases. 

The research presentecl in this report was nndertakeu in part to fnrnish adcli- 
tional data on the role of rit;imin J3,, in calf nutrition. Increased growth rates 
reported in poultry rations supplementccl wit11 0.3 per rent DL-methioninc (1, 3)  
proinptecl its use, a t  the same level, in this worlr. The nsr of potassium-pellicillin 
as a milk replacement sl~pplement also -\lTas investigatecl in this trial. 

EXPERIlVIENTAL PROCEDURE 

The male Holstein calves used w r e  obtained (luring the wintcr of 1951 from 
Perms)-lvania state institutional hercls. They were honsetl in individual solid- 
walled pens equipped with a water bo~~yl, a salt blocli and ti feeding box for the 
calf starter. To prevent positional effects, the calvcs wire placed a t  random 
throughout the artificially lighted and ventilated stable, maintained a t  a tem- 
perature of 65" F. by steam heat controlled thermostatically. Three measures of 
growth (body weight, height a t  ~ri thers and chest circumfermce) were taken each 
weelr by the same person and a t  th(b same time of clay. Daily observations mere 
nlade of the condition of the feces of each calf. If scours persiqted for 24 hr., an  
8-g. dose of snlfathalidine was administered orally, follo\vecl by an  additional 
4-g. dose a t  each of the next two successire fecdings. 

Twenty-four calres were clivided into four groups of six calves each, which 
were comparable on the basis of body weight, chest circumference and height a t  
withers. All calves were placed on experiment brforc they lvere 5 clays old. 

Group I (control) was fcd the follo~ring milk replacement formnla: 50 lb. 
dried slrimmillr, 10 Ib. driecl whey, 15 Ib. distillers7 clriecl corn solnbles, 10 lb. 
soluble bloocl flour, 7 Ib. clestrose, 5 lb. oat flour, 0.5 lb. vitamin A ancl D concen- 
trate (4000 U.S.P. units and 500 U.S.P. units per gram) 0.5 lb. trace elements 
and 2 lb. dicalcium phosphate. Throughout the milk replacement feeding 
period the control replacement was supplementrd as f o l l o ~ ~ s  : Group I1 received 
50 a. vitamin BIZ supplement ( G  mg. vitamin B,, per pound) ; group I11 received 

R~rcived for  public:~tion March 15, 1952. 
1 The authors wish to xeknolx-ledge t l ~ o  support of the Conlmrrrinl So1ve11t.i Corp., Ncw 

York, in s u p p l ~ i l ~ g  matcrinls for  thcso inrestigntions. 
2 Autl~orizod for  publieation as paper no. l i O G  in  the Journal Series of the Penasy l~an ia  

Agricultural Experiment Station. 
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0.3 per cent DL-mcthionine ; and group IV received 0.5 g. potassium-penicillii~ per 
100 lb. milk replacement. 

The millr replacements were dissolved in water a t  100' F. ancl TTere fed from 
open pails placed in the concentrate box located 16 in. above the floor of the pen. 
The rate of feeding was: First through 4th day-dam's milk; 5th through 7th 
day-2 lb. whole milk, 0.2 lb. millr replacement, 2 Ib. water (twice daily) ; 8th 
through 10th day-1 Ib. milli, 0.4 Ib. milk replacement, 3 lb. water (twice daily) ; 
11th through 21st day-0.5 lb. millr replacement and 5 Ib. water (twice daily) ; 
22nd through 35th clay-0.6 lb. inilk replacement and 6 Ib. m t e r  (twice daily) ; 
36th through 49th day-0.7 Ib. milk replacement, 6 lb. water (twice daily) ; ancl 
50th throngh 56th day-0.7 lb. milk replacement, 7 lb. water (once daily). 

All groups of calves were fed ad libittrnz a good quality timothy-alfalfa hap 
during the trial. Calf starter was fed ad libitzrm until each calf, if possible, was 
able to consume the maximum of 6 lb. daily for the duration of the 12-wli. trial. 
The calf starter mas prepared as follows: 416.5 lb. ground y e l l o ~ ~  corn meal. 
300 lb. wheat bran, 400 lb. crimped whole oats, 100 lb. linseed oil mcal, 300 lb. 
soybean oil meal (44 per cent protein), 130 lb. dehydrated alfalfa meal, 100 lb. 
cane molasses, 100 lb. dried skimmilk, 100 Ib. distillers' dried corn solubles, 0.5 
lb. irradiated yeast (4,000,000 U.S.P. units vitamin D per pound in dry meal 
form), 10 lb. dicalcium phosphate, 10 Ib. ground limestone, 10 lb. iodized salt, 
and 3 lb. vitamin A feed (4.000,000 U.S.P. units per Ib.). 

ESPERIAIESTAL RESI-LTS 

The growth data for these trials are summarized in table 1. \TThcn all the 
growth data were treated statistically (5),  no significant differences in growth 

TABLE 1 
S!rnln~ar?l of growth dataa 

S o .  Body weight Witl~ers height Chest rir. 
Group of 

9 wk. 12 mk. 9 wk. 12 wk. 9 mk. 12 ~vk .  

Ub.1 (in.) ( i l l . )  

I (Control) .......................... 6 0.94 1.17 0.05 0.05 0.07 0.09 
11 (Vit .n,?)  .................... (; 0.84 1.12 0.04 0.05 0.06 0.0; 
111 (DL-mrthionine) ........ (i 0.89 1.23 0.0.5 0.05 0.07 0.09 
IV (Penicillin) ..................... 6 0.40 0.03 0.04 

4 0.81 0.04 0.06 

a Espresscd as mean daily gains. 

rates were found a t  9 and 12 ~vlr. between the control group and the DL-methionine 
and vitamin BIZ-supplemeizted groups. These negative findings with ritamin BIZ 
supplem~ntations of milk replacements corroborate previous results obtained (7) .  

The supplementation of a milk replacement with potassium-penicillin 'e- 
sulted in a depression of growth rates. The mean daily gains of the control 
calves a t  9 and 12 wk., respectively, Tvere 0.94 and 1.17 lb. per clay, while those 
for the penicillin-supplemented calves were 0.40 and 0.80 lb. per clay. The dif- 
ferences between these rate? of gain in weight were significant a t  the 1 per cent. 
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level a t  9 wlr. in a complete group analysis and significant a t  the 5 per cent level 
at 12 wk. in an  analysis necessitating the use of estimated values. Estimated 
values were introduced into the data when two calves in the penicillin-supple- 
mented group died of pneumonia a t  9 and 10 wk. of age, respectively, a t  the 
time when the replacement feeding period hail been terminated ancl subsistence 
on starter and hay had become necessary. Tt ;ilso was noted that the penicillin- 
supplemented group had a greater incidence of respiratory ills, as (*ompared with 
the other calves on this trial. 

All calves drank the ~n i lk  replact~ment mixtures readily, but there was a large 

TABLE 2 

Si i~~~wzary  of calf atartrr ronnuinplion ( l b . )  

Total 
Star ter  co~isun~rt l  per e:df 

Group 1st  starter fo r  wk. 
6 calves 9th & 11th L Lb. starter/ 

10th wk. 12th wk. 113. gain (12 wk.) 
-- -- 

I (Control) ............... 1268.0 68.0 63.0 80.0 2.24 
11 (Vit. B,,) ................. 1128.0 48.0 57.6 81.5 2.04 

111 (DL-metliionine) ... 1295.5 56.7 65.9 93.0 2.07 
............ I V  (Pen ic i l l i~~)  613.0a 24.5 30.0 70.011 2.02 

a Total for  6 calves. 
b Rased on 4 surr i r ing calrcs. 

difference in the amount of starter consumed, as shown in table 2. The average 
starter consumption per calf for  the control group mas 211.3 Ib., while that for  
the penicillin-supplemented group was 101.2 Ib. Hence penicillin-fed calves 
consumed about one-half the amount of starter as did the control calves during 
the first 10 wk. of the trial. During the last 2 wk. of the trial, the four snrviving 
calves, which had been fed a penicillin-supplemented milk replacement, ate con- 
siderably more starter, approaching that amollnt consumed by the controls over 
the same period. However, hay consumption among the penicillin-fed calves 
was not depressed. 

The adclition of vitarnin B,, as well as DL-methionine to a 11lilB replacement 
formula did not increase growth rates of yonng dairy calves. These negative 
findings with vitamin B,, supplementation corroborate former work done a t  this 
station. A milk replaceineut containing potassium-penicillin significantly de- 
creased the rate of gain in weight of dairy calves ancl Ion-erccl the amount of 
starter consumed by them. 
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FACTORS UNRELATED TO VITAMIN A INTAKE THAT INFLUENCE 
PLASMA VITAMIN A CONCENTRATION 

J. W. THOMAS, W. C. JACOBSON AND L. A. MOORE 
Bureau of Dairy Industry, Agriculture Research Administration, 77. S. D. A., Washington, D. C. 

A number of investigators have studied the relationship of the level of vitamin 
A in blood plasma to the intake and storage of this nutrient in animals (2, 3, 5, 
6,7, 9,10,11). I n  general, the levels in the plasma reflected differences in levels 
of intake and storage. However, there is a limited amount of data showing 
irregularities or even an inverse relationship between blood plasma levels and 
intake or storage (4, 7, 8, 9, 14). This relationship needs to be investigated 
further because of the importance and general use of blood plasma levels to esti- 
mate adequacy of the diet. The observations and experiments described in this 
and in another report (15) point out some of the limitations which apply when 
blood plasma levels of vitamin A are compared or related to level of intake of 
carotene and/or vitamin A. They also show some inconsistencies with the gen- 
erally accepted relationship. 

EXPERIMENTAL PROCEDURE 

Two experimental procedures were employed to show irregular changes in 
plasma vitamin A levels caused by diet changes. I n  the first experiment, 39 
calves were reared from birth in a normal manner ; they were fed limited amounts 
of whole milk until 60 days of age and grain and alfalfa until 90 days of age. 
Twenty-one of the calves were fed 25,000 or 50,000 I.U. of vitamin A daily as cod- 
liver oil for 27 to 90 days, and 18 received no vitamin A supplement. At  90 days 
of age all calves were placed on a carotene-vitamin A-free diet consisting of grain 
and skimmilk (7) .  Wood shavings were used as bedding. 

I n  the second experiment, calves ranging in age from 2 to 197 days were sub- 
jected to various dietary changes to determine the relationship of these changes 
to plasma vitamin A levels. The calves were reared on grain and milk, although 
a few also received 0.5 to 1 lb. of alfalfa hay per day. While on grain and whole 
milk, each calf was given daily a capsule containing 140,000 I.U. of vitamin A for 
a period of 3 to 7 days. One wk. or more after the last capsule was given and 
when plasma vitamin A levels had been found to be fairly constant the diet change 
under study was made. Most diet changes ran for about 1 to 2 wk., and several 
successive diet changes were made on the same calf during the first few months of 
its life. The dietary changes consisted of a change (a)  from whole milk to 
skimmilk and then back to whole milk, (b) from whole to skimmilk plus lard and 
then to skimmilk, (c) from whole milk to skimmilk plus choline and (d) ,  in one 
case, from a semi-synthetic ration to the same diet minus fa t  and vitamin A. 

The rations employed maintained plasma carotenoid levels a t  a minimum. 
Thus, in the modified Kimble method used for the determination of plasma vita- 

Received for publication Mar. 24, 1952. 
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niade. Tlie increase averaged 3.7 y per 100 ml. plasma and ranged from 1 to 
10 above the level before the diet was changed. The increase persisted for 1 to 
7 wk. after the calves were changed to the deficient diet. The majority of the 
calves that showed this LLunexpected" increase had received the largest amounts 
of supplemental vitamin A when on the normal diet. 

Experiment 2. An example showing the sequence of cliet changes and their 
effect on the level of vitamin A and carotenoids in the plasma of one calf is pre- 
sented in figure 2. An increase in vitamin A concentration was observed when 
slrimmillr replaced whole milk TI-hen the calf was 49 days of age and again a t  71 
days. A rapid decrease was observed myhen whole milk rcplaccd skimrnilk a t  78 

4 0 60 80 100 120 

DAYS O F  A G E  

FIG. 2. The effect of a sequence of diet changes in  the nlilk portion of n diet of grain and 
milk on the plasma vitamin A level of calf no. 2963. 

and 127 days. I t  is evident that values after the third day 011 the skimmilk 
diet, which was deficient in vitamin A, were frequently higher than when receiving 
whole milk and a vitamin A supplement of 140,000 I.U. per day. During this 
experiment i t  became apparent that a larger percentage of the younger calves 
responded ~ i t h  an  increase in plasma vitamin A levels than in the case of the 
older calves when skiinmilk replaced  hole milk. A summary of data showing 
the effect of this diet change on plasma vitamin A levels is presented in table 1. 

The calves have been divided into two groups, those less than 90 days of age 
and those which were more than 90 days of age when the change was made. I n  
the former there were 16 calves with 37 changes, and in 35 of these changes a 
pronounced increase in plasma vitamin A lerrl was observed when slrimmilk was 
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substituted for whole milk. I n  the ten older calves, 12 out of 16 changes showed 
this increase. The unexpected increase was highly significant by the t test (13) 
for the 3- to 8-clay period after the ration change, mllen i t  was compared to the 
values observed a t  the time of the ration change in the younger calves. I n  the 
older calves the same trend was shown, but incli~~idual variation in absolute levels 
and in  degree of response was so large that the differences mere not statistically 
significant. 

The plasma vitamin A valncs showed an  iminediate and pronotulced decrease 
from 14.5 to 10.5 per 100 ml. in 19 cases in the younger calves ~vhciz whole milk 
rcplaced thc slrin~mill~, which hacl been fed for only 7 to 10 days. 

TABLE 1 

Average plasma vitamin A values of calves zclrcn clranged ~ V O T I L  tc57role ~nill; to skirnrnil7c 

During nnvs  on ski~ninillr + 7 (1. after  
ritalnin 1 wk. lntcr diet clinnged 
supplemen- On of hnelc to  

tntion diet change ~s t -? l l~ l  3rrl-4th .itl~-8th 9th-14th ,,.llolc milk 

Calves ztndcr 80 d. of age (37 ehangcn inz.olrilzg 1 G  ca11;es) 
No. of 

determinations ..... 30 3 7 35 36 33 12 19 
Plnsnin vitamin A 

(y/lOO 1171.) ............. 14.8 10.6 11.6 13.1 14.0 11.9 10.5 
Standart1 deviation .. k4.3 +2.4 -13.0 53.9 3 . 4  -12.6 d . 7  
Significance by t .... *"b ........ 11.s.a ** n.s. 11.8. * * 

Cnlre.? O T ~ I .  90 (1. of age (16 ekanges in?vo lz i~~g  1 0  eall'rs) 
No. of 

determinntions ...... 7 16 13 I 5 16 I 0 - 
Plasma vitamin A 

......... (y/100 ml.) .............. 14.6 12.5 11.8 13.9 13.6 13.0 

........ Standard deviation ... 53.8 -13.4 +3.4 +4.2 -14.6 24.0 

. . . . .  Sirnificnnec ............. n.s. ...... 11s. 11.8. 11s. 1I.s. 

a n.s. = not significant ( a t  P = 0.5) fro111 rnlnr oil (lay of (1ic.t ~11:lnge. 
b ** = higllly sigiiificnnt (P = 0.01 ). 

Since the only diet change in experiineizt 2 was the millr, a possible explana- 
tion for the greater incidence of this unexpected increase in the younger calves 
might be that  the larger proportion of their nntrients caine froin millr, ~ ~ ~ h c r e a s  
in the older calves the larger proportion of their nutrients came from grains. 
Therefore, some component of mill< may have been the factor causing the un- 
expected increase. 

I n  order to study the effect of another fat ,  eight trials were performccl on eight 
different calves in which whole mill< n-as replaccd by slrimmilk to which was added 
4 per cent of commercial Iarcl. The mixture was hon~ogcnizcd a t  3,000 lb. per 
in.2 before feeding. After this dietary change, a small decrease in plasma vita- 
min A level was observed. This decrease could be ascribed to decreased intake, 
and i t  was not statistically significant (table 2 ) .  

After the slrimmillr-lard mixture was fed for 7 days, slrimmillr was substituted 
for the slrimmil1~-lard mixture in  seven of the trials with seven calves. The 
plasma vitamin A level increased as a result of this diet change, just as it did 
when slrimmilk replaced whole millr. The average values for these clietary 
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changes are given in table 2 and illustrated in  figure 2 for calf 2963 a t  106 days 
of age. 

I n  addition, one calf mas changed from a semi-synthetic milk containing 
casein, corn sugar, lactose, lard, vitamins (including vitamin A )  and minerals 
to the same diet containing no lard or vitamin A. The plasma level increased 
from 5.8 to 8.7 y vitamin A per 100 ml. after this dietary change. This semi- 
synthetic inilk contained ample choline. 

These results showed that the increase occurred when fat, either butterfat or 
lard, was oinitted from the diet and suggestecl that  removal of the f a t  or some 
constituent associated with i t  (other than vitamin A )  was responsible for the 
unexpected increase. 

Pour calves were changed from whole millr to skimmilk containing 1 to 2 g. of 
added choline chloride per day. No definite conclnsion can be drawn from this 

TABLE 2 

Vitamin A valties before and after eariows diet ckanges 

During 1 wk. lnter Days on ration indicated 
vitamin A on day o f  

supplementation diet change 1-2 3-4 5-8 

When changed from whole milk to skimmilk t lard 
No. o f  calres ........................................ 8 8 8 8 8 
Plasma vitamin A (y/100 ml.) 13.5 13.3 11.8 11.8 12.0 

Wlren changed froin sl~inainilk + lard to skimmil76 
No. o f  cleterminations ................ ......... 7 5 7 6 
Plasma vitamin A (y/100 ml.) ......... 12.1 12.2 16.6 15.9 
Significance hy t .............................. ........ ...... 11.s.a * *I,  

Wlren changed fro111 tchole ?irilk t o  skiiit~l~ilk + ckoliae 
No. o f  clcterminations ................... 3 4 3 4 3 
Plasma vit:lmin A (y/100 ml.) 13.6 10.3 13.7 12.3 12.3 

a n.s. =not significant, P > 0.05. 
b * =significant, P < 0.05 but  > 0.01. 

small number of observations even though thrce out of four cases showed a definite 
increase. These average values also are shown in table 2 and suggest that  the 
unexpected increase was not associated with the lowered intake of choline when 
skimmilk was fed. 

Calf blood has been shown to contain factors that  influence the Carr-Price 
reaction when the modified Rimble procedure is used to determine vitamin A in 
plasma (1, 12, 14).  Since saponification removes or destroys these factors, vita- 
min A also was determined by a method used in this laboratory which employs 
total saponification and chromatographing (14). This method is a modification 
of the method used for milk and liver, and similar to the method used by Parrish 
et al. (12). Seven dietary changes from whole milk to slrimmilk were made on 
four different calves and the vitamin A was determined by the two methods on 
a split sample of plasma. Both methods of determination sho~ved that the plasma 
ritamin A level increased after the changes from whole milk to skimmillr and 
then decreasecl after the change back to whole milk. The changes in plasma 
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vitamin A level were of the same order of magnitude by either method of deter- 
mination. The average values are shown in table 3. 

Plasma carotenoid levels showed no unexpected increases or decreases during 
these dietary changes, as illustrated in figure 2. The values did indicate that the 
dietary intake of carotene was low. It was kept purposely low in these trials. 

I n  these experiments the condition that brought about the increase in plasma 
vitamin A levels were : ( a )  the calves had a relatively large store of vitamin A ; 
(b) the calves were changed from a diet containing carotene and/or vitamir. A 
to one practically free of these nutrients; (c) the calves were changed from a 
diet containing butterfat or  lard to a diet of a lower fa t  content and containing 
skimmilk; (d )  one calf was changed from a synthetic diet to one free of f a t  and 
vitamin A. 

An unexpected increase similar to that found in these experiments had been 
noted previously in young calves that were changed from colostrum to reconsti- 
tuted skimmilk (4). 

TABLE 3 

Plaa?nn vitamin A values brforr and a f t r r  diet change 1~11en detrvn~ined by motlijied Ximble and 
total saponification nlrtliods 

During Days on skimmilk After  1 wk. 
supple. 0" d"? of 

,nrntation ration change ehanged hack 
1-2 3-4 5-8 9-14 to whole milk 

&'o. o f  determinations ... 1 7 2 6 5 4  3 
Modified Kimble ........... ... 21.8 10.7 9.1 13.3 15.5 12.3 8.5 
Total saponification .. .. '73.5 14.3 13.6 17.9 19.6 13.6 14.3 
Total sapon. 

x 100 (rat io)  108 
mod. Kimble 133 149 134 126 111 168 

The substitution of lard for butterfat, which gave no increase in plasma 
values, indicates that  factors other than the omission of carotene and/or vitamin 
A from the diet were responsible for the observed increase. Dietary f a t  or its 
related constituents was implicated in cases where: (a)  skimmilk replaced whole 
milk ; (b)  skimmilk replaced the skimmilk-lard mixture ; (c) fa t  and vitamin A 
were omitted from the semi-synthetic diet; and (d )  a decrease was found when 
skimmilk was replaced by whole milk. The feeding of choline apparently did 
not prevent this unexpected increase in the absence of f a t  in the diet. The detcr- 
mination of plasma vitamin A by two methods indicates that the increase was not 
an artefact of the modified Kimble procedure and that i t  was a true increase in 
vitamin A level of the plasma. 

I t  is possible that  when the calf was receiving alfalfa or whole milk i t  used 
the dietary source to supply its daily needs for vitamin A. When the dietary 
source was omitted, then the body stores were called upon to supply the necessary 
vitamin A. The amount released and its concentration in the plasma may have 
been affected by any factor that might have altered the releasing mechanism. 
From the results obtained it might be suggested that skimmilk enhanced the 
release of vitamin A from storage, and that dietary fa t  or some factor associated 
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with it counteracted this mechanism. Blood f a t  levels and their relationships 
were not studied in  these experiments. 

The foregoing experiments show that  under certain conditions the level of 
vitamin A in plasma was not a reliable indicator of the intake of the vitamin. 
These experiments were for only short periods of time, but on certain diets for  
longer periods of time a lack of correlation between intake and plasma levels also 
was noted (15). 

SUMMARY 

Experiments on young calves showed that  dietary factors other than carotene 
or vitamin A intake affected the level of vitamin A in the blood plasma. When 
calves were placed on a diet deficient in carotene and vitamin A the level in- 
creased temporarily, for 4 to 24 days, ancl remained above levels that  existed when 
on the adequate diet for  4 to 49 days. 

I n  these cases the calves always had body stores of vitamin A and the deficient 
diet always contained skimmilk and a lower amount of f a t  than the adecluate diet. 
Certain dietary factors apparently affect the release or utilization of vitamin A 
stored in  the body. The results indicate t,hat on certain dietary regimes plasma 
vitamin A levels were not a reliable indicator of intake. 
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PLASMA AND STORAGE LEVELS O F  VITAMIN A AND CAROTENE I N  
RELATION TO IKTAICE BY CALVES ON DIFFEREKT DIETS 

J. W. THOMAS .iND L. A. MOORE 

Bureazc of Dairy Industry ,  Agriczilture Research Administration, U.  S. D. A., Washington,  D. C. 

Literature on the relationships betn,een plasnla vitainin A levels and amount 
of vitamin A intake has been reviewed in a previous paper (3) .  Most of these 
reports indicated that thcre was a reasonable relationship between intake and 
plasma levels, but several inverse relationships were mentioned. 

The results presented in the prcrions paper (3) showed that higher levels of 
plasma vitamin A sometimes occnrrecl when calves were on a vitamin A-deficient 
diet than when they were on a diet adequatc in vitamin A. Other factors in the 
diet ~l-ere iinplicated for this unusual discrepancy. Since these trials were for 
short periods of time only, and liver storage of vitamin A was not invcstigatcd, i t  
seemed de~irable to perform expcriinents over a longer period of time and to 
obtain data on liver storage. 

I11 this experiment the relationship of plasma and liver storage of vitamin A 
to the intalce of vitamin A and carotene was deterniinecl for calves that  were 
maintained on different types of rations for several months. Each calf mas fed 
only one type of ration and level of intalre. The cxperiinents reported in this 
paper show that both the type of diet and tlie level of vitamin A intake are 
capable of affccting the relationship.; betv-eel1 the plasma and storage lerels of 
carotene and vitamin A and the intali? level.;. 

ESPERIJICSTAL PROCEDURE 

Different experimental and practical rations, x-ith rariour levels of carotene 
or vitamin A, mcre fed to eight gronps of young calves. 

Group 1 consisted of six calves that had been depleted of carotene and vitamin 
A stores. They then n-ere fed a grain mixture very low in  carotene plus alfalfa 
meal to fnrilish a total intalre of 26 y of carotene per poi~ncl of body weight per 
day. Ten lb. of skimmillr also mere fed to each calf daily. These calves averaged 
346 days of agc a t  slaughter and had been on this diet for 139 days when 
slaughtered. 

Group 2 consisted of eight calves. They were fed a normal grain mixture, 
driecl beet pulp, viosterol to furnish 3,000 I.U. of vitanlin D per cmt. per clap 
and carotene1 to fnrnish 167 I.U. (100 y )  per Ib. of body meiglit per day. They 
averagecl 188 days of agc at  slaughter and had been on this dict since 10 days of 
age. Slcin~lnillr was fed until the calves were 120 days of age. 

Group 3 consisted of 11 calves. They were fed the same diet as group 2 
except that thcy received no viosterol. Since both groups 2 and 3 were not al- 
lowed access to sunshine, this latter group became rachitic. They averagecl 143 
days of age when slaughtered. 

Reeeived for publication Mar. 24, 1952. 
1 4 commercial concentrate containing 50,000 U.S.P. uni ts  per gmm. 



688 J. W. THOlMAS A S D  L. A. JIOORE 

Group 4 consisted o f  four  calves. T h e y  were fed a special dehydrated a l f a l f a  
h a y  and a normal grain mix ture  w i t h  slrimmillr unt i l  120 days o f  age. During 
this  first 3 t o  4 mo. w h e n  a l fa l fa  consumption was low, they  also received t h e  same 
amount  o f  t h e  carotene concentrate as did t h e  calres i n  groups 2 and 3. A f t e r  
this  t ime  their  carotene source was t h e  dehydrated a l fa l fa  which occasionally was 
analyzed for  carotene. T h e y  averaged 239 days o f  age w h e n  slaughtered. 

One calf  was treated and fed t h e  same as t h e  calves i n  group 1 except tha t ,  in 
place o f  t h e  a l fa l fa  meal,  i t  received a daily capsule containing a v i tamin  A con- 
centrate2 t o  furnish a total intake o f  25 I.U. o f  v i tamin  A per lb. o f  body  weight 
per day.  T h e  calf had been o n  this  intake for  176 clays when  it was slaughtered 
at 311 days o f  age. I t  will be referred t o  as group 5. 

Groups 6, 7 and 8 were fed a semi-synthetic mi lk  starting a t  2 days o f  age and 
were held o n  this  ration for  a m a x i m u m  o f  90 days. A v i tamin  A concentrate2 
was fed b y  capsule t o  group 7 and was hoinogenizcd into  t h e  milk  for  group 8 t o  
furnish 100 and 430 I.U., respectively, o f  v i tamin  A per pound o f  body  weight 
per day. Group 6 received a special aqueous solution mixed w i t h  t h e  mi lk  t o  
fnrnish 50 I.T. of  v i tamin  A per pound body  weight per day.  Plasma v i tamin  A 
values o n  six,  two  and 16 calves and liver values o n  one, t w o  and three calves in 
groups 6, 7 and 8,  respectively, were obtained. 

Plasma v i tamin  A determinations were made  perioclically; a t  slaughter, 
samples o f  plasma and t h e  entire l iver were obtained for  carotene and v i tamin  A 
analyses. All  analyses were done in duplicate. A modified Icimble procedure 
was employed for  plasma and a total saponification ancl chromatographic pro- 
cedure was used for  l iver (5) .  Carotene was determined i n  the  rations b y  ex- 
tracting according t o  t h e  method o f  Moore and E l y  (2) ancl chromatographing on  
AfgCO, b y  a procetlnre atloptccl i n  this  laboratory (5).  

RESULTS AND DISCUSSION 

A v e r y  good relationship between the  carotene intake and t h e  concentrations 
o f  carotene and v i tamin  A in the  plasma and liver Tras found for  t h e  calves in 
groups 1, 2 ancl 4. These values are s h o ~ v n  i n  table 1. Plasma carotenoid, l iver  
carotene and liver v i tamin  A concentrations were linearly related t o  t h e  carotene 
intalre, while plasma v i tamin  A concentration showed a plateau as t h e  intake 
increased. T h e  results indicated tha t  o n  a given constant intalre o f  carotene t h e  
plasma carotenoid concentration m a y  be a better indicator o f  carotene intake 
t h a n  plasma v i tamin  A concentration. Carotene and v i tamin  A concentrations 
in the  liver also were a better indicator o f  in take t h a n  was plasma v i tamin  A. 
Liver r i t a m i n  A concentrations have previously been shown t o  be a better indi- 
cator o f  v i tamin  A intake t h a n  plasma v i tamin  A levels (1) .  

T h e  relationship b e t ~ r e e n  carotene intake and plasma v i tamin  A levels was 
less evident for  t h e  calves in group 3. These calves became raehitic a f t e r  their  
th ird m o n t h  o f  l i f e .  The i r  carotene intake was t h e  same as for  group 2, yet their  
terminal plasma v i tamin  A concentrations were significantly ( P  < 0.01) lower 

2 Navitol with viosterol, con tn in i~~g  65,000 and 13,000 units of vitamins A and D, respec- 
tively, per gram. 
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(5.6 compared to 11.4) than the valurs for animals on the same intake and ration 
but receiving vitamin D. However, the carotenoid concentrations in plasma and 
also vitamin A and carotene in the liver were the same for the two groups. 

The plasma vitamin A values for these two groups mere the same until the 
calves were orer 60 days of age. After 90 days of age, the plasma vitamin A 
levels of the rachitic calves began to decrease, while the level in the calves of 
group 2 remained stationary or increased slightly. This divergence started a t  
the time the calves began to show signs of rickets (4, 5 )  and progressed rapidly 
as the calves became older and more rachitic. 

The above conlparison is another instance in which it has been shown that 
dietary factors other than carotene intake can affect the level of vitamin A in  
the plasma. Similar observations were made previously (3).  However, in  the 
rachitic calves, liver storage of vitamin A and carotene mas not affected. Further 
information concerning the effect of type of ration on plasma vitamin A concen- 
tration was obtained by comparing the values obtained for calves on semi-syn- 
thetic diets with those of calves on diets of natural feedstuffs, when both gronps 
were fed vitamin A. 

Plasnla vitamin A concentrations of all calves fecl a semi-synthetic milk diet 
were very low, being in the levels usually found in calves that are deficient in  
vitamin A. I Io~~evcr ,  their liver stores were entirely adequate and very close to 
other published valucs for calves on coniparable levels of intake (1). The plasma 
values of these calves showed very little relation to intake, as they showed only an 
insignificant increase of from 4.1 to 5.8 y pcr 100 ml. when the intake was in- 
creased from 50 to 430 I.U. per pound daily. These valucs are s h o ~ ~ - n  i11 table 1 
for groups 6, 7 and 8. 

An entirely different relationship betmeen intake of vitamin A ancl its con- 
centration i11 the plasma and liver was obtained from calves in groups 6, 7 and 8 
than was obtained from those in gronps 1, 2 and 4. This is illustrated by com- 
paring the two sections of figure 1. Possibly either the type of diet or the source 
of intake (carotene as opposed to  ita am in A per se) may have been responsible 
for this difference. That type of diet is iinplicated as the major factor is indi- 
cated by comparing the values for the one calf listed a? group 5 with those of 
calves on the semi-synthetic and near-normal diets (see table 1). This calf in 
group 5 was given vitamin A, per se, from the same source as group? 7 ancl 8, 
but a t  a low-intake level, and Tras maintained on a ration of natural feeds. Its 
daily intake was 25 I.U. of vitamin A per pound and its plasma and liver valnes 
are in line with those of the calves in group 1, which were on the same diet but 
were given carotene at  43 I.U. per pound. This calf given vitamin A at only 25 
I.U. per pound per clay consistently had higher plasma vitamin A levels than all 
but one of the calves that mere on the semi-synthetic inilk diet and receiving 430 
I.U. per pou~td per day. IIowevcr, its liver storage mas negligible and signifi- 
cantly lower than thc storage in calves receiving the semi-synthetic milk diet. 

The plasma vitamin A values of calves on the semi-synthetic milk diet were 
much lower than values reported by others for calves on similar vitamin A intakes 
but on more normal rations, although liver stores were comparable (1).  Since 
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the P-globulins in  blood act as carriers for carotenoids, i t  is possible that the 
/3-globulin level of these calves on the semi-synthetic milk diet was below normal. 
This might affect the plasma vitamin A levels. 

These experiments also show some indication that the relation between intake 
and liver vitamin A concentrations was different when carotene mas used as a 
source for vitamin A than vhen preformed vitamin A was fed. When approxi- 
mately equal amounts, expressed as I.U. of carotene or vitamin A, were fed 
(groups 3 and 4 us. 7 and 8) the liver store of vitamin A was much higher  hen 
vitamin A was fecl (groups 7 ancl 8) than when carotene was fed (groups 3 and 4) .  

6 0  1 2 0  180 2 4 0  (Ug. / lb . )  

D A I L Y  C A R O T E N E  I N T A K E  D A I L Y  V I T A M I N  A I N T A K E  

FIG. 1. Tile concrntration of earotenoiils nncl vitamin A i n  thc blood plasma and livers 
of calres fed either carotene or vitamill -4 a t  compnrnhle levels of intake. The figures in the 
left llnnd portion of thc graph are from calves receiving natul'al feeclstuffs an(1 cnrotclie (Groups 
1, 2, :lnd 4) ; figures ill the right hand portiol~ are from cnlrcs receiving a sclni-syntl~ctie milk 
and ritamin A (Groups 6, 7, and 8).  

The above data are further proof that the relation between plasina vitamin A 
levels ancl intalre levels can be altered by thc tj-pe of clirt. It was evident that 
plasma vitainin A concentration did not give a reasonable estiinate of vitamin A 
intalre of calves on the semi-s:-nthctic milk diet nor of the carotene intalre of 
rachitic calves. Neither dicl the plasma level give a reasonable measure of the 
liver storage on these diets. 

The extent to which various dietary factors affect plasma vitamin A levels 
under usual dietary conditions where carotene is the main source of vitamin A 
activity has not been determined. I n  thc one trial where carotene was fed a t  
graded levels, the intake, plasma ancl storage values were directly related, but the 
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extent to which the plasma values had been modified by other dietary components 
was unknown. For  practical purposes plasma values in this instance reflected 
intake and storage, but in establishing dietary requirements for vitamin A or in 
using plasma levels in a survey to estimate intake or storage the use of plasma 
levels may lead to erroneous conclusions if other dietary components exert a 
sizable influence on plasma vitamin A levels. 

SUMMARY 

On a ration of natural feedstuffs i t  was sho~i71 that  the level of carotene intalre 
of calves was linearly related to liver storage of both carotene and vitalnil1 A and 
to plasma caroteiioid concentrations. Plasma vitamin A roilcentrations reflected 
carotene intake until carotene iiitalre reached a level of about four times the 
minimum requirement. Beyond this level no relationship was s h o ~ ~ n  to exist. 

In comparison with the above data, the ineasureinent of plasma vitamin A 
concentrations did not give a reliable estiinate of the carotene intake or of liver 
storage in rachitic calves. Also i t  did not give a reliable estimate of vitainin A 
intake or liver storage of calres on a semi-synthetic milk diet. 

It is indicated that  under certain conditions plasma ritamin A lerels should be 
used with some degree of reservation as an indicator of vitamin A intake and 
storage until the effects of other dietary factors on plasma vitamin A levels are 
more thoroughly understood. 
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CONCENTRATIONS O F  CERTAIN MINERALS I N  TI-IE BLOOD AND 
LIVERS O F  CATTLE AS RELATED TO TRACE MINERAL 

SUPPLEMEXTATIOK AND BOVINE BRUCELLOSIS' 

C. F. GESSERT, D. T. BERMAN, J. KASTELIC,z 0. G. BENTLEY,3 AND P. H. P H I L L I P S  

Drpartmentr of Rfochrmzstry and Vet~'rinnr',i/ Srtrnce, Collegr of Agrtc~llt~tre, 
Unzversit?~ of Wirrons~n, Xadzcon 

I n  a study by I Iar t  et al. (7 )  it  was concluded that, "A high plane of mitri- 
tion, involving the feeding of alfalfa hay, minerals, cod liver oil and iodized 
salt, had no effect whatever in developing a resistance in cattle to Brt~ce l la  abortz~s. 
as compared with a ration of lower protein content, supplemented with common 
salt, but no other minerals." More recently, ho~vever, some trace minerals which 
were not specifically considercd by I Iar t  e t  al. have been reported to have thera- 
peutic value in both bovine brucellosis and undulant fever in humans (20) .  

The study reported herein was undertalien to determine whether cattle which 
were fed a practical dairy ration had lower conc*rntrations of trace minerals in 
their tissues and organs than cattle which received a similar ration supplemented 
with trace minerals. A possible correlation between a n  active infection with 
B r .  abortlcs and trace mineral concentrations in the livers of the cattle was also 
investigated. 

EXPERIMENTAL 

A large scale brucellosis study conducted a t  this station (3, 4) involved five 
experimental groups of approximately 20 IIolstein cows per group. All groups 
mere maintained throughout the experimental period on a practical dairy ration 
composed of either mixed legume hay or legume hay and corn silage, together 
with a grain mixture which was fed a t  the rate of 5 to 6 Ib. daily, except in 
periods of lactation, during which time the cows received 10 to 12 Ib. of grain 
per day. The percentage composition of the grain mixture was: whole oats, 1 9 ;  
corn or wheat, 48; bran, 17.5 ; soybean oil meal, 1 5 ;  and iodized salt, 0.5. Only 
one of the groups of cows received a trace-mineral supplement which was mixed 
with 99 parts of the grain mixture to one par t  of a mineral mix composed of the 
following proportions of salts : Techmangam (product of Tennessee Eastman, 
containing 65 to 67 per cent MnSO,, 100 ; CuSo,, 1.0 ; CoSO,, 1.5 ; ZnSO,, 0.5 ; and 
MgSO,, 3.0. Of the cattle which received no trace-mineral supplement, all except 
one group were vaccinated against brucella infection with strain 19 a t  various 
times. Cattle in the trace-mineral-snpplen~eiltecl group were not vaccinated. 
F o r  details concerning the exposure of all animals to brucellosis by the instilla- 
tion of 12 x loG R r .  abortus organisms in  January,  1950, see Berman et al. ( 3 ) .  

Received for publication April 5, 1952. 
1 Published with the approval of the Director of the Wisconsin Agricultural E'cperimcnt 

Station. Supported in part  by n grant frorn the Tennessee Eastman Gorp., Kingsport, Tenn. 
2 Present address: Dept. of Animal Husbandry, Iowa State College, Ames, Ia .  
3 Present address: Dept. of Animal Sciences, Ohio Agricultural Experiment Station. 
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A t  the time of instillation all of the cattle had been receiving the experimental 
rations for 4.5 mo. or longer and most of them myere in mid-pregnancy. Blood 
samples were obtained from the various groups prior to and following exposure. 
Liver samples were obtained from many of these animals a t  the time of slaughter, 
which was 12 to 18 mo. after exposure. 

Blood analysis. A single aliquot of each blood sample, to which a small 
amount of solid socliuin oxalate had beell added as a11 anticoagulant, was ashed 
by heating with a mixture containing H,SO,, IINO, and HClO, acid for the colori- 
metric determinations of Fe, Cu and ZII with an  Erelyn Colorimeter. The 
2,2'-dipyridyl method of ,Jackson (8) waq uqed for cletermining Fe. Cu was 
measured by the method of Clare e t  al. ( 5 ) ,  with the slight inotlification that  re- 
distilled carbon tetrachloride was snbstitutecl for isoanlyl alcohol to extract 
the Cu-diethyldithiocarbamate color. Zn \\-as determined by the improved dithi- 
zone method of Vallee and Gibson (19).  A. R. grade reagents were nsed through- 
out, and the water used in the determinations and for final rinsing of glassware 
v-as redistilled. 

Liver a?zaly.si.s. Liver samples (about 3 lb. each) from the cattle were ob- 
tained, dried, powdered and stored in glass bottles. The wet ashing and general 
plan of analysis was based on the procedure of Parks e t  01. (14). A single 25-g. 
sample of each dry, powdered liver was digested using a total of 25 ml. redistilled 
water, 100 ml. reclistilled HXO, and 25 ml. 60 per cent IIC10, added in several 
portions as the digestion proceeded. Each ash was taken to clryness in  a pyrex 
beaker on a hot plate and then dissolved in dilute, redistilled HC1. The volume 
was adjusted to 250 ml. with redistilled water or HC1 in such a way that  the final 
solntion was approximately 0.6 N. These clear ash solutions mere stored in glass- 
stoppered pyrex bottles. Aliquots were talten for duplicate analyses of Fe, Cu, 
Zn, Mn and Co by colorimetric methods. Some Mn analyses mere made on 2.5-g. 
dry liver samples, which had been individually ashed in 100-1111. beakers, using 
IT,SO, in addition to HNO, and HC10,. 

F e  was determined by the ortho-phenanthroline method of Saywell and Cun- 
ningham (17), and Zn by the method of TTallee ancl Gibson (19). The method of 
Clare e t  al. (5) was nsed to measure Cu, except that  isoalnyl acetate was substi- 
tuted for isoamyl alcohol, and water was removetl from the acetate layer by cen- 
trifugation instead of filtration. Mn was determined by colorimrtrically meas- 
uring permanganate according to Peech (15). Co v a s  determined by the method 
of BlcSaught (12),  after having first removed CII and F e  as suggested by Ridson 
e t  al. (9). The final solutions of the Co-nitroso-R-salt mere filtered through 
Whatman no. 40 filter paper just prior to being brought to volume for reading. 
Table 1 summarizes some pertinent data regarding the various methods used. 
All reagents used were A. R. grade, and the glassware was washed in soap solu- 
tion, rinsed with distilled water, kept in 2 N FINO, 6 hr. or longer and then 
rinsed with water redistilled from pyrex. 

RESULTS 

Analytical results are presented in summary form in tables 2 and 3. 
Blood data. Jus t  prior to inoculation with Br.  abortlts in January, 1950, the 
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average amounts of F e  and Cu in the blood of control (non-trace-mineral supple- 
mented) animals and in the bloocl of trace-mineral supplemented aninlals were 
nearly the same. Likewise, the data on Zn in October and November, 1949, 
showed that  the blood concentrations of Zn of the two groups differed very little. 

The data on average F e  concentrations indicate that  the blood of supplemented 

TABLE 1 

MetRods used for liver analyses 

Mineral ~~~"~~~ Color-developing reagent v r  filter Rangeb 

(ml.) (ml.) ( Y )  
Iron ..................... 0.5 o-phcnanthroline 11 490 3-20 
Copper .............. 0.5 rliethylditliiocarbamate 10 440a 3-25 
Zinc ................... 3.0 diphenylthioearbazone 12c 520 and 620 4-60 
Manganese ...... 20.0 potassium periodate 11 520 15-100 
Cobalt ................ 90 to  100 Nitroso-R-salt 11 490 1-20 

a Solution contained the ash from 25 g. of dry, powdered liver in  250 ml. 
b Rnnge of the amount of mineral for which the determination is suited. 

Thr  12 ml. i s  n 1: 6 dilution of CCl, of a 2-ml. aliquot taken from extractions brought to a 
volume of 50 ml. 

d The 6-ml. aperture was used instead of the 10. 

cattle contained slightly more F e  just prior to exposure to BY. abortus than 3 mo. 
later, in April. 

Table 2 shows a range in concentration of 62 to 166 y Cn per 100 ml. and 267 
to 375 y Z11 per 100 ml. in the blood of thc control cattle. Beck (1) reported 70 
and 170 y Cu per 100 ml. for normal cows, and Roga (10) reported approsi- 
mately 440 y Zn per 100 ml. beef blood. 

I n  general, our data showed that there was as much variation vithin indi- 

TABLE 2 

Tracr ?niwrrcrl co~zcentrntiona in tAe blood of rxper ime~tn l  and control eattlc 

Cattle Bleeding No. of FC (mg./100 f l a l . )  Cu ( y /100  ml.) Zn (y/ lOO ml.) 

group date  animals Mean Range Mean Rnnnc Mean Rnnae 

Supplemented Aug., '49a 18  
t 1 

38.0 32.5-42.5 107 69-160 318 237-470 
Xor., '49 16C 41.1 38.2-45.5 123 80- l i l  311 264-362 

L I  Jan., '50b 19 46.9 42.0-64.5 114 87-282 ............................ 
I I Apr., '50 17 40.2 35.0-47.0 ......................... ........................... 

Controls Oct., '49 11 37.3 31.0-42.5 93 65-110 319 267-375 
I I  Jan., '50b 14 46.1 40.5-50.0 115 62-166 ............................. 

a Samples were obtained prior to  the trace-mineral supplementation period which was begun 
in Aug., 1949, and continued until the animals mere slaughtered in 1951. 

b All animals mere exposed to infection with Br. abortus in  Jan., 1950. January  samples 
were talren prior to  exposure. 

c Zinc da ta  are from only 7 animaln. 

viduals from time to time a5 thcre was betmcen individual animals or between 
groups. 

Liver data. Analyses showed that  the concentrations of Fe. Cu, Zn and Mn 
in the liver were no greater in the trace-mineral-fed cattle than in control cattle. 
Some increase in the mean concentration of Co in the livers of trace-mineral-fed 
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cattle over the ineail concentration in the livers of controls was inclicated, but a 
wide variation existed within each group. By f-test statistical analysis (18), 
the difference between these ineans is not significant since there is a probability 
even greater than 10 per cent that  the difference conlcl be attributed to chance, 
i.e., P > 0.1. 

The data inclicatr clearly that  there were no consequential differences in con- 
centrations of Fe, Cu, Zii and Co in the livers of animals which had become in- 
fected with B r .  abortus and those which had not. The difference between the 
mean JIn  concentrations in the infected and uninfected control groups yields 
P < 0.01 in the t-test, but since cluplicate Mn determinations in the quantitative 
range encountered are reproducible only within -t 5 per cent, the significance in- 
ilicatecl by this test is doubtful. This view is further supported by the non-sig- 
nificant difference (P > 0.1) between the mean Mn concentrations in the livers 
of all the infected ancl nninfected animals. 

Bermail ef 0 1 .  (4)  conclncled that neither a measurable protection against a 
Rr .  a1~orttc.s infection nor an  acceleration in recovery from an active infection 
could be attribnted to trace-mineral supplementation. 

COKCLUSIONS 

A practical ration which was used as a control ration apparently supplied 
abundant amounts of Cu, Zn, Co and Mn for Holstein cows, since dietary supple- 
ments of these trace minerals had little or no effect in changing the mean blood 
and liver concentrations in these animals. 

Infection with Rr .  abortzcs in IIolstein cows hat1 no effect on the liver concen- 
trations of Fe, Cu, Zn ancl Co ancl probably none on liver concentrations of Mn. 
The cattle which contracted inducaed Bang's disease had approximately the same 
concentrations of these five minerals in their livers as the cattle which were simi- 
larly exposed without becoming infectecl. 
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TI-IE ORIGIN O F  SULFFIYDRYL GROUPS I N  MILK PROTEINS AND 
TI-IEIR CONTRIBUTIONS TO "COOICED" FLAVOR1 

J. T. HUTTOW AND S. PATTON 

Depnrtqncat of Dairy Hllnbaiidry, The Pennsyloaitia dgricultio.al Experiment Station, 
State Collrge 

Many observations on the presence of sulfhyclryl (-SIT) groups have been 
made in conjunction with studies of so-called coolred flavor or the reclucing system 
of milk (3, 4, 3, 6, 7, 9,10, 11, 16, 18, 19) .  It has been demonstrated that cooketl 
flavor first occurs when milk is heatecl momentarily to about 75" C. or a t  some- 
what lower temperatures when holding periods are employed. Concomitant with 
the appearance of coolred flavor are a lowering of oxitlation-reduction potential 
ancl the "liberation" of -SF1 groups and volatile sulfides in the millr (4, 7). 
Although all these phenomena appear to result either directly or indirectly from 
heat denaturation of certain milk proteins, a completely adequate explanation 
of their cause ancl relationship is yet forthcoming. The sources of -SH groups 
and volatile sulfides in millr have been shown to be the serum proteins, partien- 
larly the "albumin," and the proteiaaceous material associated with the fat- 
globule membrane (4, 7) .  I n  connection with these latter studies i t  is important 
to note that  /3-laetoglobnlii~ is the major component of the albumin fraction (14) 
and by reason of the quantity present in mill<, fa t  globule membrane protein is a 
very minor source of -SII groups. This matter is further clarified by the work 
of Larson and Jenness (10, 11) which indicated /3-lactoglobulin to be the prin- 
cipal reducing fraction of millr proteins and the primary source of -SII gronps 
in milk. 

Recent aclvances in protein chemistry have made possible a more detailed 
fractionation of milk proteins and the recovery of components having greater 
purity (13, 17) .  The main pnrpose of the prc.;cnt study was to determine the 
-SH content of a number of millr-protein fractions and to ascertain, in so f a r  as 
possible, the contribution of these fractioils to coolied flavor. 

EXPERIMENTAL 

Nens7~rente?tt  of -XH grozcps. The methocl and apparatus employed for the 
titration of -XI1 groups were essentially those of Icolthoff and Harris  (S), as 
adapted to the titration of -SII groups in bloocl serum proteins by Weissman e t  al. 
(20) and Benesch and Benesch (1). The principle of the method is as follows: 
When an  -SH bearing protein is titrated in alcoholic, ainlnoniacal solution, with 
aqueous Agh'O, a t  a rotating platinnm elertrode, against a suitable reference 
electrode, the insoluble silver mercapticle is precipitated and a negligible current 
flows until there is an excess of silver ions in solution. A t  this point the diffusion 
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current of the silver ions a t  thc rotating electrode rises sharply and in proportion 
to the concentration of these ions in solntion. The end point is obtained graph- 
ically by plotting current readings against the volume of standard &NO3 soh-  
tion added, and noting the point of intersection of the two straight lines. This 
method was chosen in preference to others because of its specificity for -SH 
groups. I n  addition, it was believed that  the method could be employed satis- 
factorily in a quantitative determination of the -SH groups activated in milk 
by heat if aleohol were omitted from the titration mixture. 

I n  preparing san~ples for titration the followiiig procedure was adopted after 
careful stucly of the factors influencing the titration of skimmilk : Into a 100-ml. 
graduate were placed 1.25 g. of NH,XO,, 0.5 to 0.6 ml. of NI3,OII and sufficient 
distilled water to bring the volume to 21 ml. This nlixtnre n7as placed in a 250-ml. 
beaker and nitrogen bubbled through the solntion for 2 to 3 min. before 5.0 ml. 
of the sample to be titrateil was added. The addition of 25 ml. of 95 per cent 
ethanol brought the final volume to approximately 50 ml. After the salt bridge 
and rotating platinum electrode were immersed in the solution, the titration was 
carried out by observing and plotting the deflection of the galvanometer after 
each addition of titrant. The electrode was rotated a t  approximately 150 rpm. 
The 0.001 M AgNO, solntion employed in the titration was standardized by the 
method of Parks and Lykkeiz (15). Performance of the platinum electrode 
was checked before each series of determinations by titration of cysteine-I-ICI. 
The apparatus was considered to be operating satisfactorily when titration of 
the -SH groups of this compound indicated quantitative measurement. 

Preparntion of protein fractions. Scrnm protein fractions were prepared 
from raw skimmilk by the methods of 3lcJ'leekin (12) and Polis et al. (17).  A 
brief account of the fractionation procedure employed follows: Acid whey, pro- 
duced by precipitation and removal of casein from slrimmilk a t  p H  4.6, was ad- 
justed to pI-I 6.0 and made 2.3 ili with (SII ,) ,  SO,. Euglobulin and pseudo- 
globulin fractions mere obtained by dialysis of the 2.3 M insoluble fraction. The 
acid whey was increased in (XH,), SO, content to yielcl a 3.3 JI insoluble frac- 
tion. This material was dialyzed free of salt, adjnsted to p H  5.2, seeded with 
P-lactoglobulin crystals and dialyzecl further for approximately 30 hr. The 
fl-lactoglobnlin which precipitated was recrystallizetl by solntion in 0.1 N SiaC1, 
adjustment to p H  5.2 and dialysis. The supernatant liquid, obtained from the 
3.3 M insoluble fraction after removal of p-lactoglobulin, was fractionated fnr-  
ther. Adjustment to p H  9.1 with sodium borate and 2.4 JI and snbseqnentlp 
2.6 111 with (NII,), SO, precipitated two additional co~npoiieiits which were re- 
covered by filtration and designated fractions I and TT, respectively. The fil- 
trate, resulting from recovery of fraction 11, was adjnsted to p H  5.0 and made 
3.4 M with (NII,), SO,. The material precipitating nnder these conilitionc; mas 
filtered and designated fraction 1x1. 

Several additional slrimmilk fractions were prepared. These included casein 
and whey by snpercentrifuping raw s1;immilk a t  34,000 rpm. for 30 min.; total 
milk protein and protein-free mill; serum, the first by dialysis of 400 rill. of raw- 
skimmilk against two 5-gal. portions of clistillecl water cluring 24 hr., the second 
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by dialysis of 400 ml. of distilled water against two 5-gal. portions of raw skim- 
milk during 24 hr. These dialyses were carried out in Irisking membranes a t  
1 to 2 O  C .  

Five experienced observers were employed to ascertain the contribution of 
the major serum-protein fractions to cooked flavor. The nitroprussicle test was 
conducted and standards for the test prepared as previously described (16). 

RESULTS AND DISCUSSION 

General origin o f  -SH groqcps. I n  order to cletermine the extent to which -SH 
groups are distributed between the milk protein and its serum, the -SH content 
of raw slrimmilk, dialyzed skimmilk and protein-free milk serum were measured 
by the argentometric-amperometric titration. Values of 0.127, 0.104, 0.103 and 
0.000 m. eq./l. of -SEI groups as cysteine were obtained for raw skimmilk, slrim- 
milk aged 24 hr., dialyzed skimmilk and protein-free milk serum, respectively. 
These results indicated the -SF1 content of skilnmilk to be associated entirely with 
the proteins. The reduction in titratable -SH groups on aging was found charac- 
teristic of all milks examined. Further information on the distribution of -SH 
groups was obtained by an examination of casein and whey prepared by super- 
centrifuging skimmilk. Results for raw skimmilk, casein and whey in  this ex- 
periment were 0.117, 0.000 and 0.127 m. eq./l. of -SII groups as cysteine. These 
data indicate that  whey is the source of -SII gronps and that  casein is completely 
devoid of them. The slight discrepancy in values for slrimmilk and whey cannot 
be explained on the basis of volumetric differences, since both the whey and 
casein were corrected to the volume of the original quantity of skimmillr. The 
physical forces of centrifuging were not anticipated as a significant variable. 
I-Iowever, they may have influenced slightly the number of reactive -SH groups 
of the whey in the titration. 

T h e  -SH con fen t  of serum protein fractions. The preceding experillleiits have 
shown that  both casein and protein-free milk serum contain no -SH groups but 
that  skimmilk, dialyzed skimmillr and whey do contaiii such gronps. These find- 
ings indicate the serum proteins to be the sole source of -811 groups in skiminilk. 
Similar results, with methods other than the argentometric-amperometric titra- 
tion have been reported (11). 

Of the rnillr serum proteins, it  has bcrn suggested that P-lactoglobulin is pri- 
marily responsible for the -SR content of normal milk (11). Since information 
on this subject is limited and pertains mainly to P-lactoglobulin, a number of 
serum protein fractions were prepared and their -SII contelits determined. The 
data in table 1 show that practically all of the -SIT-bearing proteins were re- 
covered in the 3.3 iM (NEI,), SO, insoluble fraction which accounted for approxi- 
mately 70 per cent of the total serum protein recovered. Further refinement of 
this fraction revealed that p-lactoglobulin was primarily responsible for its high 
-SF1 content. IIowevcr, fraction I11 also contained a relatively high concentra- 
tion of -SH groups. I n  order to ascertain the composition of this fraction, as 
well as to check the purity of the P-lactoglobnlin, both materials were subjected 
to electrophoretic analysis. The P-lactoglobnlin was found to be electrophoreti- 
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cally homogeneous a t  p H  8.4. Fraction 111 was composecl of 40.4 per cent com- 
ponent C (13), 45.5 per cent P-lactoglobulin and 14.1 per cent true inillr albumin 
(17). On the basis of these data, P-lactoglobulin is the primary source of -SH 
groups in  normal skimmilli. 

Tlze effect of major whey  protcin fractions o n  cookcd flavor. TlThea i t  is con- 
sidered that  P-lactoglobulin represents 55 to 60 per cent of the milk serum pro- 
teins (13, 14 ) ,  i t  alone would account for all of the -SH groups in slrimmilk 
detectable by argentoinetric-amperometric titration. This might suggest that  it 
is also the serum protein primarily responsible for thc cookecl flavor defect of 
heated milk. I n  order to test this contention, the follo~ving experiment mas 
conducted. Lyophilizctl portions of each of the major protein fractions isolated 
from whey were arlclecl to ~liimmilli in an amount sufficient to double their normal 
coi~centratioi~s. The -SH content of each sample was cleterininecl by anlpero- 

TABLE 1 

Tlze an~ozints a?til szrlfkyilr!jl contents of t hc  scnLn1. protein fractions isolrctcd from Tutu whey 

Amounts of Per  cent of Sulfhpdryl content of 
TVhey protein fraction protein frartions total protein serum protein fraction 

isolnterla rcrovnedh erprcsscd as rysteine 

2.3 31' (XH,), SO, (iilsoluble) .................. 
Pseudoglobulin ................................................... 
Euglobulin ............................................. 
3.3 M (NH,), SO, (insoluble) .............. 

a From 50 1. of ram mliep. 
h Baser1 on total proteins recovered in the 2.3 .If (insoluble) ni l11  3.3 X (insoluble) fractions. 

Rerrystallizcd P-lartoglobulin. 

metric titration prior to heat treatment. Follo~ving heat treatment a t  82.2' C. 
(180" F.) for 20 min., the samples ~ ~ c r e  subjectecl to organoleptic evaluation and 
the nitroprusside test. The results of this experiment are reported in table 2. 
The most outstanding feature of these results appears to be the pronounced effect 
of P-lactoglobnlin on the development of cookecl flavor. I n  addition it should be 
noted that  coolrecl flavor and the nitroprusside reaction are closely correlated 
with the -SII content measured prior to heat treatmcnt. This suggests that  the 
argelzton~etric-an~peromet~ic titration of skimmilk actually may determine the 
more readily accessible heat-labile -SH groups n-ithin the protein particle. 

I n  amplification of this point, data are presented in figure 1 s h o ~ ~ i n g  the dif- 
ferences in value obtained with and without alcohol in the alnperometric titra- 
tion of slrirnmillr samples given various heat treatmentcl. These data show that  
titration in aqueous medium virtually coincides with that  in alcoholic medium 
when the point of maximum -SH value in alcohol-free titration is reached. It is  
quite reasonable to expect that  the holding tiines employed, despite flushing with 
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TABLE 2 

Effect of doubling the normal concentration of certain major srrzt?n protein fractions in skimmilk 
on cooked j'lavor,a nitroprussi[le reaction and antperometric titration 

-- 

Protein Per cent of Increase in whey Sulfhyilryl contente Nitro- Dcgree of 

added total whey protein fraction of sample expressed prusside rooked 
1)rotein of skimmilk as cysteine reaction flavorb 

(%I  (%) (nb. eq./l.) 
Skimmilk (control) ...... -- - --- 0.106 3 + 
Pseudoglobulin .................. 1'7.5~ 0.12 0.111 3 + 
Euglobulin ........................... 11.4c 0.08 0.108 3 + 
6-lactoglobulin .................. 55.Od 0.38 0.227 6 ++++ 

........................ Fraction 111 11.0c 0.08 0.115 3 + + 
a Imparted by uniform heat treatment of all samples a t  82.2" C. (180" F.) for 20 min. 
b + = slight; + + = definite ; + + +=pronounced ; ++++=very  pronounced. 
c Approximations from whey protein fractionation data (table 1). 
d Value obtained from literature and based on eleetropl~oretic arlalgses (13, 14). 
e Titrations conducted prior to heating. 

nitrogen, would promote loss of some -SH content. This has been noted by Har- 
land and Ashworth ( 5 )  and should be particularly true a t  elevated temperatures. 
Nitroprusside reactions of the heated samples also were obserred. The color in- 
tensities of these correlated closely with the amperometric titrations in aqueous 
medium. Under these conditions, the two reagents, AgNO, and sodium nitro- 

30 m~n.  hold~ng +em p.- *c. 
FIG. 1. Argentometric-Amperometric titration of heated skimmilk in aleoholie (-- -) 

and aqueous (- ) media. 
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prusside, presumably measure the same -SIT group.;. Moreover, it seems prob- 
able that the argentometric-ainperoll~etric titration in aliaoholic ~nedimn measures 
the total number of -SI-I groups in skin~n~illr which may be activated by heat. I n  
this connection, it is interesting to note that the 0.127 m.eq./I. of cysteine (20.0 
mg./l. of cysteine-HC1) obtainecl as a represcntat i~~e value of -SIT content in ralr  
skimmillr by t h ~  method reported, agrees closely with the 20.9 mg./l. of cysteine- 
TIC1 found by IIarlarid and Ash\vorth (5)  for heated (97" C. for 5 mill.) skim- 
milk with the thiamin clisulfide method. Slightly less than one-half of the -SH 
gronps cletec.table in skimmilk by o-iodosobenzoate (11) are titrated in the ar- 
gentometric procedure. 'I'he same situation is noted in thc titration of crystal- 
line 8-lactoglobulin whicah has been reported to contain from 1.11 (2)  to 1.30 (11) 
per cent cystcine. However, the 0.53 per cent cysteine obtained in this study 
agrees with 0..53 per cent found for 8-lactoglobulin by others (12). 

SUMMARY 

Use of a11 RI-ge~lto~iletric-aitil~ero~~ietric titration procedure has revcaletl that  
the only soure? of -SII groups in skinlmilk is the serum proteins. Casein and 
protein-free luilk sc.rmn were fonnd clevoid of such groups. Fractionation of the 
serlini protein ~naterial  into a mnnber of components by (NII,), SO, additions 
and p H  adjnst~nents revealed that 8-lactoglobulin can account for practically all 
the -SH gronps present. Study of the contributions of variouq major serum 
protein fractions to heat-induced cooked flavor in skimmilk dernonstrateil p-lacto- 
globulin to be responsible for the flavor. Conversion of -SEI groups to H,S as a 
result of heat treatment may explain, in a general way, the mec*hanism ~vhereby 
B-lactoglobulin gives rise to cooked flavor. 

The AgXO? titration, when conducted in aqlleons medium, appears to measnrc 
the same quantity of -SII gronps in heated milk as nitroprusside and thiamin 
disulfide. When conducted in alroholic medium the total number of -SR groups 
capable of activation by heat treatment presumably can be determined in nn- 
heated skimmilk. The argentometric-amperometric method gives values for -SH 
content of slightly less than half of those obtained with o-iodosobenzoate for both 
skimmilk and p-lactoglobulin. 
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THE ANTIGEXICITY OF BOVINE SPERMATOZOA 

F R A N K  L. DOCTON, L. C. FERGUSON, E.  J. LAZEAR a s n  FORDYCE E L Y  

Departntents of Bacteriology and Dairy Hwsbandry, The  Ohio State University and Department 
of Dairy Science, Tltr Oliio Agricltltural Experiment Station, i n  cooperation 

with TAe Central Ohio Breeding Association, Columbus 

That spermatozoa exhibit antigenic characteristics has been previously well 
described by IIenle (5) and Henle e t  al. (6 )  in their work with the parenteral 
injections into rabbits of whole sperm and supersonically separated heads and 
tails of sperm. Landsteiner and Levine (7)  also have demonstrated the anti- 
genic activity of spermatozoa by showing that the sperm cells of humans of the 
appropriate blood type would adsorb specifically and almost completely the im- 
mune antibodies (from rabbits) to the A and B antigens of human erythrocytes. 
Cooper (2)  reported from studies of the common leopard frog that antigens 
closely related to or identical with those of adult sperm were present in the eggs, 
embryos and larvae. The work of Burke e t  al. (1) established that demonstrable 
amounts of antigens exist in chick embryos which resemble the antigens of the 
adult sex organs. 

The results reported in this paper deal with the development of techniques by 
which the antigens recognized in bovine blood cells by Ferguson (3 ) ,  Perguson 
e t  al. (4) and Stormont (8)  can be recognized in the spermatozoa of balls. 

METHODS 

Semen samples were obtained at  intervals during this study from certain bulls 
through the cooperation of The Central Ohio Breeding Association. The semen 
was centrifuged and the fluid discarded, after which the spermatozoa were 
washed three times in 0.9 per cent saline solution. Following the last centrifuga- 
tion, the supernatant was discarded and the packed spermatozoa were resnspended 
in saline solution to make a 5 per cent suspension. 

Blood samples from the bulls, and from other animals used in certain of the 
tests to be described, were collected from the jugular vein in 3.5 per cent sodium 
citrate solution. The erythrocyte suspensions used in the tests were prepared by 
washing the cells three times in 0.9 per cent saline solution, after which the cells 
were resuspended in saline to make a 3 per cent suspension. 

The lytic test, which was used to determine the antigens present in the blood, 
was that described by Ferguson (3) and used routinely in this laboratory in the 
blood typing of cattle. This technique consists of mixing 0.1 ml. of serum reagent 
for a particular antigen, 0.05 ml. of the erythrocyte suspension to be tested and 
0.05 ml. of fresh rabbit serum as a source of complement. Thirty-two of the 
serum reagents, each prepared from isoimmune serum and each containing anti- 
bodies for a single antigenic component of the bovine cell, were used in this study. 

Preliminary trials using the methods of Henle et  al. (6 )  indicated that the 
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spermatozoa were agglutinated specifically by the serum reagents but that the 
reactions were apparent only upon careful microscopic examination. I n  an at- 
tempt to obtain a more critical method of demonstrating the specific antigen- 
antibody reaction, an  indirect method was developecl using the lytic test as an 
indicator system. 

The technique finally adopted was as follows : 0.05 ml. of the sperm suspension, 
diluted approximately 1 : 64 in 0.9 per cent saline, was addecl to 0.1 ml. of the 
serum reagent. This mixture ~ ~ a s  incubated 30 min. a t  room trmperaturr (25 to 
28" C).  To this mixture was added 0.05 inl. of suspension of red blood cells, 
knolr-11 from prerions blood typing to be reactire with this particular serum re- 
agent, and 0.05 ml. of fresh rabbit serum as co~nplement. A parallel tube con- 
taining the serum reagent, the same red blood cell suspension and complemeilt 
served as a control. The amount of lysis was recorded after 0.5, 1.5 and 3 hr. 
Controls on the complement and saline with each blood cell suspension mere in- 
cludetl i11 each test. 

Repeatable results required a careful standardization of all materials used in 
the test. A dilution of each serum reagent was used \r-hich eontailled just enollgh 
antibody to produce complete or nearly coniplete lysis of the cells in a lytic test. 
Because the spermatozoa were anticomplementary in the more concentrated sus- 
pensions, it was necessary to cletermine by titration, prior to each test, the lowest 
dilution of spermatozoa which exerted no inhibitory effect on the complement. 

Young, healthy sheep were usecl i11 a study to determine the antigenicitjr of 
bull spcrmatozoa. Tell 1111. of a 5 per cent suspension of washetl bull spermatozoa 
w r e  injected intravenously in a ewe a t  weclrly intervals for eight consecutive 
injections. The immune serum was collectecl from the (.we 3 days following thr  
last injection ancl was stored a t  - 20" C. 

RESULTS AND DISCUSSION 

Three bulls were chosen for these stuclies on the basis of the regular availabil- 
ity of semen for the detailed studies to be described. The antigens present in the 
blood of each of these bnlls were as follows: 

Bull I-A, B,  F ,  H ,  0, V, IfT, Z, E', If, If', 11, ancl 12 
Bnll 2-A, R,  F, G, H, P, \IT, Y, Z, C', E', XI', 2, 3, 6, 10, and 12 
Bull 3-A, C, E ,  G, J, Y, Z, C', E', M', ancl 6 

The sperlnatozoa of each of these bnlls were examined by means of the in- 
hibition test and the follo\~-ing antigens were demonstratecl: 

I31111 1-A, B, F ,  H,  0 (Antigens beyond 0 were not determined since additional 
semen was not available.) 

Bull 2-A, R, G, P, Y, Z, C', E', M', 2, 3, 6, 10, ancl 12 
Bull 3-A, C, E ,  G, J, Z, C', E', JI', and 6 

A comparisoil of the antigens cle~nonstratecl in the blootl and in the spermato- 
zoa of each bull reveals a close correlation. Although the tests were not completed 
on bull 1, there was agreement for each antigen, except that variable resnlts were 
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obtained with reagent for antigen H. These results can be explained by the fact 
that this reagent uniformly produces weak, incomplete serological reactions. 

Although antigens F, 13 and T.V were demonstrated in the blood of bull 2, they 
were not found in the spermatozoa. The failure to demonstrate antigen H may 
have res~llted from the weak natnrc of the serum reagent. An  explanation of the 
absence of antigens F and W in the spermatozoa is not apparent. 

Antigen Y was not found in the spermatozoa of bull 3, even though it was 
present in the blood cells. Except for this apparent discrepancy there was agree- 
ment for all the other antigens. 

A comparison of the blootl test results and the results of the spermatozoa in- 
hibition tests shows that  there were some antigens on the red blood cells which 
could not be demoiistratetl on the spermatozoa. Holvever, no antigens could be 
clenzonstrated on the spermatozoa which were not present, also, on the red blood 
cells. 

Several of the reactions were checlred, particularly some of the systems which 
gave variable results, by means of antibody-adsorption tests. The serum reagmt 
was mixed with vashed spermatozoa and after 80 min. the spermatozoa were 
removed by centrifl~gation. The adsorbed serum reagent then was testetl in a 
routine lytic test with a blood Bno~vn to have the antigen in question. The r c su l t~  
of these tests showed that borine spermatozoa atlsorbecl only those antiboilies 
~vhich mere inactivated in the inhibition test. I n  no instance did the spermatozoa 
adsorb a regent which i t  did not inhibit. These results add aclclitional weight to 
the validity of the inhibition test. 

The antigenicity of bill1 spermatozoa was denionstrated by immunizing sheep 
with the washed spematozoa of bull 2. There are certain antigenic components 
present in the erythrocytes of sheep mhich ar r  similar to or identical with those 
in borine blood. The blood cells of the sheep used in this immunization were 
typed and a comparison of the components of the sheep cells and those of bull 2 
indicated that antibodies for antigens B, $', G, P, W, Z, C'. E', M', 3 ,  6. and 12  
might be expected. Antibodies were demonstrated in the sheep serum by a mi- 
croscopic agglutination test with bull spermatozoa. Also, antibodies were (lemon- 
strated in a hemolytic test using the sheep sernm, bovine red blood cells and rabbit 
sernm as complement. Further, the sheep sernm, following adsorption with se- 
lected bovine erythrocytes, remained weakly reactive with certain bovine bloods. 
The results suggested that antibodies remained, in very low concentration. for 
antigens TV ancl 3. 

There have been reasons to suspect that the bovine cdellular antigc~ns might be 
present in other tissl~es of thc body, just as antigens A and B of the human blood 
gronps can be demonstrated in tissnes other than the erythrocytes. This ~vorli 
shows that most of the bovine celh~lar antigens which were present on the red 
blood cells also \vc>re presc>nt on the spcrinatozoa. 

SUJIJLART 

Iso-immune sernm, containing antibodies for borine erythrocxytes, also reacted 
specifically with bovine sperlnatozoa. 



Antibotlies produced in sheep against bovine spermatozoa caused agglntina- 
tion of bovine spermatozoa and also producetl specific lysis of erythrocytes of 
certain cattle. 

This evidence supports thc  theory that the antigens previously recognized in 
bovine erythrocytes have sinlilar or identival c-olmterparts in the spermatozoa. 
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PROCEEDINGS OF THE FORTY-SEVENTH ANNUAL MEETING OF 
THE AMERICAN DAIRY SCIENCE ASSOCIATION 

P. R. ELLSWORTH, Secretary-Treasurer 

The American Dairy Science Association as- 
sembled in the Victory Theatre, Davis, Califor- 
nia, on June 21, 1952, at 10:OO a.m. Following 
the singing of the National Anthem, the invo- 
cation and an address of wclcome by K. A. 
Ryerson, Dean, College of Agriculture, Univer- 
sity of California, P. F. Sharp, presiding officer, 
introduced President H. A. nrndixen who gave 
the following address: 

O U R  ASSOCIATION, O U R  INDUSTRY, 
O U R  WORLD 

It is indeed a pleasure to see such a fine 
representation of dairy scientists and friends of 
our Association assemblrd here at our opening 
session, in spitc of the fact that we are meeting 
this year about as far away from the center of 
population of the continental Unitrd States as 
is possible. I t  appears that the magic word of 
California which electrified the world 100 yr. ago 
still retains its magnetic power, and all of us 
here today, I am sure, are thrilled to find our- 
selves under its spcll. California called and, 
California, here we come. On  behalf of every 
member present, let me thank you, Dean Ryerson, 
for your kind invitation and hearty welcome. We 
appreciate the tremendous effort put forth by the 
local committees on arrangements under the 
leadership of Dr. Jack and Professor Mead and 
to them and all others who have helpcd in 
planning the proqram and fine entertainment we 
express our sincere appreciation. 

As dairymen we are indeed proud of the great 
progressive dairy industry of this state. Cali- 
fornia consistently leads the nation in production 
per cow. I t  ranks fourth among the states in 
total milk production, second in thc production of 
evaporated milk, third in ice cream and first in 
sherbets and ice mil!<. I t  far outranks all other 
states in the production of cottage cheese, a prod- 
uct which was popularized and drveloped to 
its present hiqh state of excellence in this area. 
California leads in innumerable ways. There is 
no denying California's just claim to fame for 
the maqnificrnce of its mountains, its trees, it? 
parks, its bridges, thr variety of its flora, i t ,  
climate and its people. Some have called it thp 
land of the Icmon, the prune and the nut and 
that perhaps is the reason why so many of u; 
immediately feel at  home and happy here. 

OUT Assoczatton. This is the 47th annual 
meeting of the American Dairy Sciencc Associa- 

tion but only the fourth one to he held west of 
the continental divide and the third one to be 
held in California. I t  was 21 yr. ago when we 
last met here in Davis and the thought of it 
shocks some of us when we consider the changes 
that have occurred since 1931 in the industry 
and in ourselves. As in the old student refrain: 
"0 jerum, jerum, jerum-o quae mutatio rerum" 
meaning in good American: "Oh, by jimminy, 
what a change!" 

Now it is not my purpose today to detail to 
you the whole gamut of scientific and techno- 

logical developments in dairying since 1931, no 
matter how proud we are of the record. If, how- 
ever, a presidential address has any function at  
all, it seems to me, it is to critically reevaluate 
and redefine our Association's ol~jectives and to 
ask the members to help rechart our Association's 
course as we round another corner on the road 
ahead. Where do we go from here? Are we 
properly and effectively discharging our respon- 
sibilities to our membership, our industry, our 
~c-orld? 
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T h e  objects of our Association, as stated in 
our constitution arc "to stimulate scirntific re- 
search, to improvr methods of dairy instruction 
and rxtension work, to cooperatr in educational 
developments in advancing thr  gencral welfare 
of thc dairy industry and to make available 
through the Journal of Dairy Science the results 
of the latest scirntific research pertaining to these 
firlds." Thus, our objects cover about every type 
of activity relatrd to milk, man's noblest food, 
and its entire miliru from its mysterious origin 
to the equally nhscurc destiny of its products. 

O u r  Association's responsibility to its mem- 
brrs, as I see it, is to make it possible for th rm 
individually and collrctively, to aid in the most 
effrctive manner in the activation of thrsr  aims. 
Thus, our annual conventions arc designed to 
provide stimulation for the research man, the 
teacher, the extension specialist and the tech- 
nologist. Here thry may rrport on new findings, 
assess common problrms, compare procedures, 
exert thrir leadership and initiate cooperative 
projrcts within Association committres and with 
industry groups, thus achieving a unity of pur- 
pose necessary for maximum st~ccrss in the pro- 
motion of scirncr and industrv. O u r  nlan of 
meeting in diffrrrnt parts of thc counrry pro- 
vides an invigorating exprriencr for all of IF. T o  
maintain the purr in our human motors we rlred 
to occasionally takr to the road. Just a change 
in atmosphere helps to recharge our spirit nnd 
to intensify our spark, and as we cxposc our- 
selves at our meetings to th r  infectious cnthusi- 
asm of others, as  M'C applaud and a re  inspired by 
the recognition of outstanding accomplishments 
of fellotv ~vorkers, as we rrminiscr with old 
frirnds and makc nrw ones, and ;rs \vr generally 
enjoy thc geniality of kindred souls, wrr gain re- 
newed faith in our calling and a kindlier feeling 
toward our fellow men. 

An incidental service to our mrmbrrs that I 
would like to call to your attention, because it 
is bring tried out for the first time this year, is 
a n  employment clcaring servicr where prosprctive 
employers have an opportunity to list thrir  open- 
ings, to interview applicants and to rxamine their 
credrntials. I hop(* you will inquire about it in 
the Dairy Industry D r p a r t ~ n r n t  office and ~ n a k e  
use of it. 

Resrarch. T h e  progress of mankind is ac- 
complishrd largely through the t\vo principal ac- 
t iv i t i~s  outlined in our Association's objects, 
namely, thc constant search and rriearch for n r w  
truths followed hy the prompt and \vidrsprcad 
dissemination of such truths. I cannot dwrll 
her? upon the proud record of scientific dairy 
research. Much, howcvcr, remains to bc done. 

In  thc schemc of God, thr  Almighty, Inan is 
so insignificant and his understanding of the 

world so limited that  the discovcry of one small 
fragment of knowledgr hcrr  and there merely 
open4 u p  another new awe-inspiring vista, and 
the solution of one small problem immediately 
poses another. ATo human being stands so 
humble in the sight of th r  handiwork of his 
Creator as the scientist. T h e  astronomer reck- 
oning thr  distance of the stars in t rrms of light 
years cannot possibly be a rnan suprrimbued with 
any thought of his own importance. T h e  bac- 
teriologist who for about a 100 yr. has been 
laboriously exploring the mysteries of a hewilder- 
ing multiplicity of microscopic forms of life 
stands in overwhelming awe as suddenly with 
the devclopmcnt of th r  electron microscope a n  
entirely new world of submicroscopic forms of 
life and matter oprns u p  brforr his ryes. I n  this 
spirit of humility let us considrr just a few of 
the problrms challrngina the dairy scientist to- 
day. 

Production efficiency. M a n  constantly strives 
to raise his standard of living by increasing his 
production rfficiency. T h e  primary production 
machine of th r  dairy industry is the cow, and thc 
eflicirncy of thc cow may be increased by im- 
proving her I~r rcd ,  her  Fred and hcr managemrnt. 
T h a t  we are far from having reached maximum 
cfficiency in th r  production of milk is clearly in- 
dicated by the tremrndous differrncc still cx~st-  
ing between the rnaxi~num and minimu~n 
amounts of milk producrd pcr cow, p r r  acre and 
per man and thr  maximum and minimum costs 
of producing a pound of milk solids in the Unitrcl 
States. Just onr  illustration will suffice here. 
T h e  averagr production per cow in 1951 was 
7,700 Ib. of milk and 300 Ib. of fat in the Statc 
of California comparrd with 2,470 Ib. of milk 
and 109 Ib. of fat in  another state. Then  com- 
paring thrsr averages with nearly 42,000 Ib. of 
milk and over 1,400 Ih. of fat produced by the 
rccord-holding cows in the U. S. wc rralize how 
much may still he accomplished through in- 
rrcasrd production efficiency. 

T h e  most fruitful currrnt development toward 
increased production is artificial insemination, 
which, whilr out of th r  experimrntal stage, still 
prcscnts innumrrable prohlems. Wc urgently 
nr rd  a dependable test for sperm fertility. W r  
nerd to extend the in  ~ ' i t ro  life of th r  semrn and 
learn more about the factors which influence em- 
bryonic death rates. What a r r  the most effrctivr 
systems of upbrreding our dairy animals for in- 
crrased production? Too little is as yrt known 
about inheritance factors hy dairy cattle geneti- 
cists. 

While the cow is already the most rfficient con- 
verter of freds unsuitable for human consump- 
tion, into milk, which is man's most nrarly per- 
frct food, dairy nutritionists today are still further 
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imposing upon the good nature of the cow by 
trying to induce her to utilize ever cheaper types 
of feeds such as straw and even wood products. 
I heard of a fellow putting green glasses on a 
mule and feeding him sawdust. The exprriment 
was a success in that the mule ate the sawdust- 
but the mule died. The mule, however, is not 
blessed with a rumen as is the cow, and rumrn 
bacteriologists arc now hard at  work trying to 
establish in the rumen of the patient cow tvpcs 
of bacteria which might assist hcr in breaking 
such cheap feeds down into useful food constitu- 
ents. Even the calf, which should certainly be 
rntitled to its mother's milk, is being made to 
partly give up milk and accept milk rrplaccrs or 
substitutes instead, so that human foster children 
may have more of the precious fluid. 

Much can still be accomplished by the de- 
velopment of higher yielding varieties and mix- 
tures of foragrs and by improving harvesting and 
storage techniques designed to retain maximum 
food values in these feeds. Pasture management 
still needs improving. Various diseases of dairy 
cattle, including brucellosis and ketosis are caus- 
ing great losses to the industry. Building comfort 
as well as economy into shelters for cows and 
calves and their effect on the hralth and efficiency 
of the animals has only recrntly become the con- 
cern of our scientists. 

Quality paps. Production line methods, which 
reduced the cost of automobiles, also arc rrducing 
the cost of milking and a t  the same time improv- 
ing milk quality. Consumers arc today buying 
more milk at higher pricrs, because they feel 
safer and happier drinking milk produced in a 
milking parlor instead of a barn. 

O n  the other hand, grade A producers also 
rnjoy thr  improved working conditions and arc 
proud as peacocks about their facilities, although 
initially they cried to thr high hravens because 
of the unreasonable demands of cursrd milk sani- 
tarians from the Public Health Service which, 
they frlt, would most certainly bankrupt them. 
Yes, quality pays. 

Unfortunatrly we also have the other side of 
the picture in the case of the cream producer for 
the butter industry. For 50 yr., evcr since the 
introduction of thr farm separator, we talked 
about the value of quality in cream for butter- 
making and then accepted anything at the cream- 
ery that containrd buttrrfat regardless of how it 
smelled. We talked about cream grades but did 
not ask for assistance from the Public Health Ser- 
vice to enforce them, and unfortunately for the 
butter industry the Public Health Srrvicr did not 
intervenc. Our scientists developed effective sal- 
vaging techniques to convert a low grade raw 
material into a low grade or at  best a mediocre 
spread. Today some sectors of the butter in- 

dustry are neither proud nor prosperous and find 
thrmselves defenseless in romoetition with a 
product formerly considered of low birth, coming 
from across thr tracks, and inflicted with a name 
which evrn those who buy it are ashamed to use 
at  the dinner table. Mediocre quality and lack 
of uniformity of much of our American butter, 
however, made it easy for budget-conscious house- 
wives to give up butter for the sake of guns for 
our soldiers. Let us help to return butter, with 
its naturally. delicious flavor unimpaired, to 
America's dinner table brcausc aftrr all, bread 
and butter, and not bread and oleo, befit Amer- 
ica's standard of living. 

Thc two properties of milk which greatly com- 
plicate its transportation and merchandising arc 
bulkiness and prrishability. While aseptic can- 
ning is conquering the latter, research is attempt- 
ing to correct both of these drawbacks of milk in 
one stroke by developing a po\vdered milk of high 
kerping quality. The stakes of developing such 
a product are high. Dried milk unimpaired in 
food value and palatability which might be easily 
reconstituted in the home would completely 
eliminate the expensive home drlivery of fluid 
milk and would permit the cow to produce the 
largest amount and the highest quality of milk 
in the spring, which to hcr is doing what comes 
naturally. I t  would enablr the farmer to practice 
summer dairying, usually more rconomical and 
certainly more pleasant than winter dairying. 
The ho~~sewife might manage with a smaller re- 
frigerator, and milk would be availablr to loggers 
in the deep woods and to explorers or voyagers 
anywherr in the world. We would be able to 
ship a gallon of milk in a I-lb. package from 
areas rspccially adapted to economical milk pro- 
duction to areas specializing in other types of 
agriculture or industry, to tropical lands where 
milk production is difficult and to arctic or other 
rcgion~ whrre man may go but cows refuse to 
work. 
New  product^. Man alway~ craves variety. 

New. foods carrying ncw taste sensations are con- 
stantly coming on the market to compete with 
dairy products. While variety in ice cream is 
paying off, the possibilitirs of varieties of cheese 
which might hr developed or are already known 
in other countries have not been exploited to thc 
fullrst by the American dairy industry. Some of 
our so-rallrd by-products, such as buttermilk and 
whey, containinq valuable food solids, still await 
thc scientists' touch to give them glamor and 
taste appeal. They should find their way into a 
variety of food products, such as candies, soups, 
and bakery goods. Nonfat milk solids, just re- 
crntly put on the retail market, are finding ex- 
cellent acceptance and will be used in greatly in- 
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creased amounts as we teach housewives to use 
them. 

Dairy manufacturing plants are streamlining 
their operations. Tank collection of milk from 
the farm represents a tremendous step forward 
in simplified procedure for both producer and 
plant operator. Ice cream plants are switching 
to the use of all-liquid raw materials and continu- 
ous processing. Continuous buttermaking is a 
reality the same as continuous operations in the 
evaporated and dried milk industries. Continu- 
ous cheesemaking is in the drawing board stage. 
All of these modern operations demand closer 
quality control and more technical supervision, 
making control laboratories, the eyes of manage- 
ment, more and more important. The shift of 
emphasis from fat to milk solids-not-fat makes 
imperative the emergence of another Dr. Babcock 
to develop a test for nonfat milk solids as simple 
as the Babcock test for fat. 

Human problems. Our industry has its human 
problems too, and to rrnder an all-inclusive ser- 
vice to our industry, it seems that our Associa- 
tion should include in its membership not only 
hiological and physical scientists, but social scien- 
tists as well. We need the dairy economist to 
undertake time and motion studies, determine 
and analyze production costs, devise equitable 
pricing plans, study consumption trends, mer- 
chandising procedures, international trade possi- 
bilities and numerous other problems involving 
human action and reaction. We need a better 
understanding of the function of government in 
the production and sale of dairy products and 
should try to bring about happier relationships 
between producers and manufacturers, dealers 
and consumers, employers and employees and 
even between the many different organized groups 
within the dairy industry often pulling in differ- 
ent directions. All of us are illiterate in some 
fields. To  serve our industry best we need to 
work togrther in teams, like specialists in a clinic. 
\Ye need the social scientist and the social scien- 
tist in the dairy field needs us and all of us need 
to work closely with industry m m  to benefit from 
their advicc. 

Dairy instruction. Knowledqc gained through 
research multiplies in value the more widely it 
is dissrminated. An educated citizenry is fun- 
damental to the success of every democratic or- 
qanization and leadership toward progress in any 
important field is predicated on the acquisition 
of a grcat mass of accumulated basic informa- 
tion. A college education should supply this base. 
Poor teaching on the other hand is a betrayal of 
youth and an obstacle to human progress. What 
are we doing to improve dairy instruction? 

This yrar our Association will rcceivr thc pre- 
liminary report of its curriculum committee effec- 

tively headed by past-president H.  P. Davis of 
Nebraska. This report, the result of 2 yr. of 
diligent labor on the part of a large and repre- 
sentative group of educators in cooperation with 
industry leaders, will serve as a splendid guide 
for our college teaching staffs in outlining courses 
of study. Course outlines alone, howevcr, do not 
insure effective teaching. Good teaching is an 
art as well as a science, a passion and a form of 
obsession. Consequently a good teacher is often 
more difficult to find than a good rrsearch man 
and rarely do we find combined in one individual 
the highest qualifications for both types of activi- 
ties. Still, while teaching is the prime function 
of schools and colleges, it does not always receive 
the attention and recognition from adminstrators 
as does a sheaf of research publications. 

How the world needs good teachers today, 
teachers able to train minds, to inspirc, and to 
build vision, integrity, and moral fortitude into 
young personalities who are to be the leaders in 
resrarch, in teaching, in extrnsion, in industry, in 
public and community lifr! Just as thr sire is 
half the herd so the teacher is half the school. 
We need proven teachers, but while we have de- 
veloped procedures for proving sires, \vc have 
learned little about proving teachers. Many of 
our Association membrrs have expressed thc wish 
to have outstanding dairy teachers honored by 
awards similar to those bestowed upon our most 
successful rrsearch workers. Immediately, how- 
ever, there arises the question of how to evaluate 
adequately the excellencc of a teacher. A com- 
mittee of this Association by action of your board 
yesterday will be srt up  to develop if at  all pos- 
sible a method for measuring the spark of those 
trachers able to set the minds and souls of their 
students afire with the fervent urge to serve not 
only themselvrs but all socirty. Yes, our Associa- 
tion's objective of improving dairy instruction is 
wcll takcn and deserves increasrd activation. 

Dairy extension. The members of our dairy 
extension section, who provide on-the-job dairy 
instruction in the field, dwrlop each year at our 
convention a splendid program devoted to the 
improvement of extension teaching techniques. 
Could we not profitably devote some time at  our 
meetings to the improvement of classroom teach- 
ing or have we long ago rrached perfection in 
the instruction of our future leaders in dairy 
science and technology? Some of our classroom 
teachers might brnefit more from sessions d r -  
voted to symposia on dairy instruction, tcnching 
demonstrations and exhibits of modcrn teaching 
aids than they would from listening to certain 
research reports of a highly specialized nature 
and they might make valuable contributions of 
their own. 

The American system of agricultural extension 
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education has been uniquely successful and many 
foreign countries today are eager to learn and 
to adopt similar procedures to hrlp translate 
scientific discovery into practice. Most of our 
extension activities, however, have been in the 
production field. Is efficiency in plant operation 
less important than efficiency on the farm? Who 
suffers i f  the cheesemaker loses srvrral vats of 
milk due to the presence of bacteriophage or 
antibiotics, if the ice cream plant is plagued with 
shrinkage problems, and the milk plant has flavor 
troubles? Dairy manufacturing specialists work- 
ing for the improvement of and uniform- 
ity in all dairy products would benefit everyone 
from producer to consumer. They could be esp- 
cially helpful in improving public relations be- 
tween producer and plant operators, between 
plant operators themselves, and between industry 
and consumers. They could also render most 
valuable service by coordinating the semi-educa- 
tional work of milk sanitarians, dairy fieldmen, 
cow testers, 4-H workers, radio farm reporters, 
and even of sales representatives in the field. 
How much turmoil might be prevented if all 
could be made to speak a similar language? Let's 
have more dairy manufacturing extension work- 
ers. 

T h e  Journal of Dairy Science. Perhaps the 
greatest contribution of the American Dairy Sci- 
ence Association to the dessemination of scien- 
tific information in dairying is its Journal of 
Dairy Science, which today stands unexcelled in 
its field. Do not forget, however, that our own- 
ership and publication of the Journal involves 
a great responsibility for our officers, the Execu- 
tive Board, the Journal Management Committee, 
our S~cretary, and especially our Editor. Due to 
sharply rising costs of publication we sustained 
unavoidable net losses in 1948, 1949 and 1950. 
A reduction in the net loss was achieved last year 
by an increase in dues and subscription rates. 
Now I am most happy to report that we were 
able to close the year 1951 with a profit balance 
of $1300. Credit for this fine showing is due to 
the able work of our Editor and Secretary. The 
latter increased our income from advertising 
alone by $2600 in 1951. The net worth of our 
association today is close to $30,000. 

I t  behooves us, however, to remain alert to 
every possibility of improving the usefulness of 
our Journal, not only for our scientist members 
but also for our subscribers in the industry whose 
financial support of our association approximately 
equals that of our members. I t  is difficult for us 
to completely satisfy with one journal and a part- 
time editor the needs of our four types of clien- 
tele, namely the scientists in dairy production and 
in dairy manufacturing and the technological peo- 
ple in these two fields. People in industry, in- 

cluding mrmbers in our fine dairy technology 
societies and student affiliates, complain that half 
of the content of the Journal lics outside of their 
own specialty and many of the reports in their 
field of interest are written in too highly scien- 
ific language to be useful to them. Various re- 
quests have been reccivcd that our Association 
publish two publications, one scientific and one 
tcchnological. 

The Abstracts of Literature section of our 
Journal has been a problem child for the Asso- 
ciation periodically, involving considerable time, 
worry and expense on the part of our Editor. 
Capable and prompt abstractors are hard to find 
and foreign literature and patent descriptions are 
rather inadequately covered at the present time. 
The abstracting service, however, was requested 
16 yr. ago by several dairy industry associations, 
who formerly charged their members $5.00 per 
year for such abstracts, and many of our sub- 
scribers are especially interested in the abstracts. 

What then should be our future course? 
Should we expand our publication to include a 
technological section containing information on 
new processes, new products, marketing trends, 
legislative matters, review articles and some 
news, together with enough advertising to help 
carry the load? Should we publish two journals, 
one scientific and one popular, or one dealing with 
dairy production and one with dairy manufac- 
turing and then give each member his choice of 
one of the two publications? Should we expand 
our abstract section or drop it and ask a special- 
ized abstracting journal to provide this service? 
In any event our Association has arrived at  a 
point where perhaps two editors are needed to 
provide all the services demanded. 

Furthermore, Dr. Nelson who for nearly 6 yr. 
now has carried a tremendous load as Editor of 
our Journal and has rendered us most outstand- 
ing service, wishes to retire at  the end of this 
year and our Journal Management Committee 
has been searching diligently for someone to fill 
this important post. 

These are all important problems which have 
been and still are engaging our attention. They 
are brought before you here because they should 
be the concern of every member in a democratic 
organization such as ours. 

Our world. The publication of the Journal of 
Dairy Science, I am convinced, is the most im- 
portant project of our association. Through it 
we serve not only our members and our indus- 
try, but the entire world, our world, which all 
mankind fervently hopes may someday exist as 
one world instead of two. The heartblood, which 
sustains the body of a free democratic society, is 
true information freely circulated to the ends of 
the world wherever free people are permitted to 
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srck the truth; that might improve their owrn 
health and happiness. Tha t  we have iron cur- 
tains and tyrannical press, radio and thought con- 
trols in some parts of the world today should 
make us all the more determined to share our 
information with the frrc world to the fullest 
possible rxtmt.  This is not only our responsi- 
bility, hut our sole hope of prrserving our demo- 
cratic way of life in a world, in which we now 
desperately nr rd  frirnds. Our  nation, in the past 
has bern too preoccupied with its own economic 
progress to cultivate friends abroad. Today, how- 
ever, the world has brcome so small in tcrms of 
distances that all people everywherr must defi- 
nitely cooprrate i f  we rver wish to rnjoy world 
peace. 

At the prrscnt time, for instance, our Board 
is considering an offer from the British Common- 
wealth Bureau of Dairy Science, \vhich publishes 
Dairy Science Abstracts, to place their specialized 
abstracting senlicr, subsidized by thr  British Com- 
monwealth, at  the disposal of our Association. 
Whether we can accrpt their offer will of course 
have to be weighed carefully in the light of our 
Association's finances and other considrrations. 
I do feel, however, that we should fully cxplore 
every possibility of cooperating with our nrigh- 
bors and avoid duplication of rffort for the benrfit 
of our dairy industry and theirs. 

A similar situation exists in regard to our rr-  
lationship with the International Dairy Federa- 
tion, which sponsors the vrry valuable Interna- 
tional Dairy Congresses. Some of the work of 
the I. D. F. may not be fully applicable to Amer- 
ican conditions and the financing of delegates 
would be a definite problem for our Association. 
Still, maximum cooperation on our part with the 
scientists of thr  world in planning and staging 
the International Dairy Congress and attacking 
mutual problems would be to our definite advan- 
tage, not only from the standpoint of good public 
relations but for our protection as well. 

For instance, Europe for years has been 
plagued with foot-and-mouth disease. Periodi- 
cally we experiencr an invasion of this disease 
across our borders. Canada is under attack now, 
and we spent $100 million in Mexico alone to 
help control the disease there. What might have 
been accomplished with these funds applied to a 
united and coordinated world wide effort on a 
scientific front to eradicatr this dreaded disease? 

Science is not an American monopoly, nor a 
Russian one, though Soviet propaganda may try 
to convey that idea. Scirnce is universal and 
we can profit greatly by a free interchange of 
ideas with dairy scientists across the seas. Let 
us not forget such famous names, familiar to all 
of us, as Van Leeuwenhoek of Holland, Lister of 
Great Britain, Pasteur of France, Koch and Weig- 

mann of Grrmany, Segelckc, Stork and Orla- 
Jenscn of Denmark, De Laval of Sweden, Vil- 
tanen of Finland, Gorini of Italy, Burri of Switz- 
rrland and many others. From Europe came the 
idra of cow testinq, culture buttrr, thr  continu- 
ous separator, thr  pasteurizer, includinq thr  plate 
type machines, mechanical refrigeration, the 
homog-enizer, continuous buttermaking-, D D T  and 
prnicillin. Still to our colleagues abroad wr have 
oftrn given thr  appearance of standing aloof. 
We have made little rtfort to speak their lan- 
gauge. We have rrstrictrd our trade with thcm 
whrn w r  should have lived up to the creed of 
the Yello\v Dog "to gnaw in harmony that each 
may receive rqual sustenancr and pleasure." T h e  
isolation of Germany from world trade following 
IYorld War I produced Hitlrr and World War 
11. Lack of cooperation with any part of the 
free world today may again invite dictatorships 
and precipitate World War 111. 

Recently I received an inquiry from the Alla- 
habad Agricultural Institute of India asking about 
the possibility of establishing a studrnt chapter 
of the Amrriran Dairy Science Association at 
that institution. What can we do for dairying in 
India and the millions of people in that country? 
I n  their new-found freedom they look toward 
America, the home of freedom, for guidance in 
thrir effort to banish the periodic specter of 
famine from their midst. Can we help them to 
increase the productivity of their land and their 
animals, including thrir sacred cows? They can- 
not buy our products; thry do not want charity; 
thry would welcome our helping them to help 
thrmselves. Certainly thry will not rradily give 
up the freedom for which they have struggled 
so long, but when hunger stalks the land, dicta- 
tors readily gain control. The  World Health 
Organization estimates that during the last 50 yr. 
the population of the world has increased by 826 
million people and half of this increase was con- 
tributed by Asiatic people. Will these millions 
be for us or against us in our stand for freedom? 
Democracy can grow only among healthy and 
happy people. Just as dirty barns breed flies, so 
unhealthy economic conditions breed radicals and 
tyrants. 

Let's guard too the health of our own eco- 
nomic conditions. Too  many of us are still 
looking for a soft job with security or  a racket 
in which mink coats and deep freezers just drop 
down our chimnrys whether it is Christmas or  
not. We still want to believe in Uncle Sam as 
our Santa Claus to bring higher wages to all 
workers and support prices to farmers only to 
find that we must pay our Uncle back manyfold 
in taxes to support more bureaus, more inefficien- 
cirs, more scandals in public office, while strikes 
and turmoil continue on and on. 
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Many of you heard about MRA, Moral Re- 
Armament, a t  the Detroit Industries Convention. 
If not, read its inspiring story. I t  is one of the 
most hopeful signs of human progrcss in the social 
field. It has worked wonders in settling ruinous 
strikes here and abroad and has been an impor- 
tant factor in the reconciliation and up-building 
of Western Europe and the defeat of rommunism 
in that area. The crux of the MRA idrology is 
that all human disputes and problems may be 
dissolved if only we will agree to determine what 
is right instead of who is right. The fairness of 
such a creed is compelling. I t  will ncver again 
permit us to say: "America, right or wrong." I t  
believes that modern science enables us to pro- 

duce enough for everybody's need, but not enough 
for everybody's greed. 

In a world in which ovrr two-thirds of the 
population still goes continuously hungry wc need 
a philosophy which calls upon all of us to care 
more and to share more. Lrt us do our part to 
increase human happiness wherever we can. 

* * * *  
Chairman Sharp then introduced Dr. Stafford 

L. Warren, Dean of the School of Medicine, 
University of California at  Los Angcles who 
spoke on "The Cow in the Atomic Age." 

The opening session adjourned at the conclu- 
sion of Dr. Warren's addrrss. 
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President Bendixen called the Business Meeting 
to order at 3:00 p.m. in the Veterinary Science 
Auditorium. There were 120 members present. 

REPORT O F  THE EXTENSION SECTION 

The Extension Section meeting was called to 
order at 1 : 45 p.m., Tuesday, June 24, in Room 
100, Agricultural Engineering Building by Chair- 
man Ramer Leighton. In the absence of Stanley 
Gaunt, Secretary, E. T. Itschner was elected sec- 
retary pro tem. On motion, reading of the min- 
utes of the last meeting was omitted. 

The following Nominating Committee was 
appointed: C. E. Gearhart, Pennsylvania; James 
G. Hayes, Michigan; Ivan H. Loughary, Wash- 
ington. 

Following brief general remarks by Chairman 
Leighton, the scheduled program on Teaching 
Methods and Exhibits was begun. 

H. Thoele of Minnesota was introduced, and 
presented a paper entitled, "Identical twins in 
research," giving some of the methods and ad- 
vantages of raising identical twins in research 
work. Additional comments were made by Les- 
ter Gilmore of Ohio. 

A paper on "Visual aids in teaching through 
colored slides" was given by G. C. Anderson of 
Idaho. Illustrating his talk, Mr. Anderson used 
a series of colored slides developed over a period 
of years on the subject of "Irrigated pasture im- 
provement." 

Next a sound film in color was presented by 
Michigan State College on the subject "The right 
semen to produce the right calves," featuring the 
work of A. C. Baltzer and colleagues on artificial 
insemination. 

Another film on "Weight reduction through 
diet," a production of the National Dairy Coun- 
cil, then was shown. 

The group then adjourned to an adjoining 
room to review the state exhibits. Seventeen 
states had exhibits of teaching material and aids 
in conducting Dairy Extension projects. These 
included : 

1. Use of I. B. Machines for handling 
D. H. I. A. records. 

2. A manual for farm advisors on D. H. I. A. 
work. 

3. Helps for D. H. I. A. supervisors. 
4. Owner-sampler testing forms. 
5. Breeding record cards. 
6. Charts used in television shows. 
7. Program planning manual for county agents. 
8. Visual aids, and many others. 
The meeting adjourned at 5:00 p.m. The at- 
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tendance record showed 38 present, representing 
22 states. 

The Extension Section reconvened at 9:00 
a.m., Wednesday, June 25th, with Ramer Leigh- 
ton as chairman. 

R. D. Stewart, of the American Guernsey Cat- 
tle Club reported for the P. D. C. A. Committee 
on a proposed "Uniform score card for 4-H judg- 
ing, fitting and showmanship contests." The 
score card as presented was developed from score 
cards in use in various states and follows closely 
one used in New York State. Following discus- 
sion from the floor it was moved that the score 
card be referred to a committee to study, to 
present to extension workers in the states for their 
approval and suggestions and to make recom- 
mendations to the P. D. C. A. The motion was 
adopted. Later, Floyd Arnold, H. P. Ewalt and 
C. W. Nebbler were appointed on this commit- 
tee. 

G. E. Gordon of California gave a report on 
"The group system of judging and its merits." 
He outlined how group judging was used in Cali- 
fornia junior shows and pointed out its merits and 
limitations. 

H. P. Ewalt of Oregon was introduced and in 
turn called on G. E. Gordon, of California, Ralph 
Erb of Washington, G. C. Anderson of Idaho and 
Lyman Rich of Utah, who outlined the status and 
development of artificial breeding work in their 
respective states. The reports show that in these 
states the following numbers of dairy cattle were 
being bred arificially : California, 81,000; Wash- 
ington, 69,000; Idaho, 19,000; Utah, 28,000; 
Oregon. 39.000. - ,  2 

The group then again went into business ses- 
sion, and E. T. Itschner of Missouri was elected 
Secretary. Ivan E. Parkin of Pennsylvania, Vice 
Chairman, will move up as Chairman, and Stan- 
lev Gaunt of Massachusetts will become Vice 
Chairman. Committee reports then were pre- 
sented and discussed. The session adjourned at 
noon. 

The section reconvened in a joint session with 
the Production Section at 1:30 p.m., June 25. 
Chairman Leighton called for reports of the joint 
committees. These included: The Breeds Rela- 
tion Committee-Hilton Boynton, New Hamp- 
shire; Dairy Cattle Health Committee-G. M. 
Werner, Wisconsin; Dairy Cattle Breeding Com- 
mittee--(=. D. McGrew, Ohio; Type Committee 
-I. W. Rupel, Texas; The Purebred Dairy Cat- 
tle Association-Floyd Johnston (for J. F. Cava- 
All reports were adopted on motion. 

The final phase of the joint session was the 
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Symposium on Bloat with N. N. Allen serving as 
chairman. This proved to be a most interesting 
naugh); and Antibiotics-read by N. N. Allen. 
and worthwhile session. Papers and discussions 
were given as follows: "The place of legumes in 
the pasture program"-R. E. Hodgson, B. D. I., 
Washington, D. C.; "The status of our funda- 
mental information on bloat"--H. H. Cole, Uni- 
versity of California; "Practical methods for pre- 
vention of bloatn-S. W. Mead, University of 
California; "Treatment of bloatx-G. H. Hart, 
University of California. Members of the panel 
responded to numerous questions during the dis- 
cussion period that followed. The joint session 
adjourned at 4:00 p.m. 

The extension Section met again at 9 :  00 a.m., 
June 26th. Chairman Leighton opened the ses- 
sion and called on I. E. Parkin of Pennsylvania, 
the new Chairman, to preside. 

L. H. Stinnett was introduced to preside dur- 
ing the period devoted to dairy records. The re- 
port of the Committee on Dairy Records was 
presented by members of the committee. I t  was 
in the nature of a general review of the D. H. I. A. 
system, its present status and recommendations 
for improving the service. This report was 
adopted. Chief 0. E. Reed was present and was 
called upon for remarks. He reviewed the de- 
velopment of D. H. I. A. work and the increas- 
ing tie-up with Extension Service. 

R. E. Hodgson discussed the program further 
in the light of limitations within the B. D. I. 
E. J. Perry then gave a paper on "D. H. I. A. 
regulations," reviewing some of the uniform rules 
and the need for close adherence to rules to 
maintain prestige of D. H. I. A. records. G. E. 
Gordon reported on D. H. I. A. work in Califor- 
nia, followed by H. P. Ewalt for Oregon and 
L. H. Rich for Utah. 

In  the final afternoon session, Thursday, papers 
were presented by G. Heebink on "May the in- 
terpreters cooperate," dealing with the Extension 
Dairyman's responsibility in coordinating work of 
various agencies. 

A paper w a s  presented by G. E. Gordon on 
pipelme milkers, dealing with labor requirements 
of various types of milking systems. 

The meeting adjourned at 3 : 00 p.m. 
Respectfully submitted, Ramer Leighton, 

Chairman; Ivan Parkin, Vice Chazrman; E. T. 
Itschnrr, Secretary Pro tem. 

Upon motion duly seconded, the report was 
adoptrd. 

REPORT O F  T H E  MANUFACTURING 
SECTION 

papers were presented as listed in the official 
program of the Association. The symposia were 
presided over by E. L. Jack and other sessions 
by 0. F. Garrett and A. J. Morris. Speakers in 
the symposia presented papers by invitation on 
the following subjects: 

1. Some aspects of the effects of heat on milk, 
2. The economic status of the dairy industry. 
The business meetings were held on Wednes- 

day, June 25, at  11: 15 a.m. and 4:30 p.m. with 
Chairman E. L. Jack presiding. 

J. H. Hetrick, Chairman of the Nominating 
Committee, presented a slate of candidates from 
which the following officers were elected for the 
ensuing year: G. H. Hartman, Secretary; A. J. 
Morris, Vice-%hairman; 0. F. Garrett, Chairman. 

Reports of the following committees were read 
and accepted as presented: 1. Uniform Proce- 
dures for Making Acidity Determinations of Fluid 
Dairy Products-J. G. Leeder, Chairman; 2. 
Judging of Dairy Products-G. M. Trout, Chair- 
man; 3. Study of the Standard Plate Count with 
Particular Reference to Temperatures of Incu- 
bation-M. L. Speck, Chairman (Reported by 
E. B. Collins). 

The above committees will be continued. 
A report of the Association Standing Commit- 

tee on Antibiotics in Milk was read by Chairman 
Jack. 

The following committees did not report but 
will continue their activities for the coming year: 
1. Standardization of the Babcock Test-E. 0. 
Herreid, Chairman; 2. Standardization of Al- 
kali Tests and Method of Reporting Results- 
D. H. Jacobsen, Chairman; 3. Evaluation of 
Methods for Determining the Activity of Cheese 
Cultures-H. C. Olson, Chairman; 4. Nomen- 
clature and Methodology of Milk Proteins-A. 
M. Swanson, Chairman. 

G. H. Wilster, Chairman of the committee on 
"The procedure and equipment for determining 
the fat in milk by the Babcock method," pre- 
sented a written report which was accepted after 
revisions were made with reference to centrifuge 
speeds, directions on pipette specifications and 
use, and aliquot sampling. I t  also was voted to 
delete the last sentence of paragraph one which 
reads, "A mechanical stirring device shall be used 
with the weigh can, in order to satisfactorily mix 
the milk." 

It is recommended by the section that Chair- 
man Wilster submit the revised report to the 
Secretary of the section as a part of these min- 
utes. The Committee will be continued to re- 
ceive additional comments and suggestions con- 
cerning methods recommended in the report. 

The Manufacturing Section held two symposia 
and four sessions, during which contributed 

A written report of the Committee on Butter 
was made by G. H. Wilster, Chairman. C. A. 
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Iverson urged support of thr 4-point program 
outlined in it. The  section accepted thr rrport 
with a recommendation to The American Dairy 
Scirnce Association that the committcc be author- 
ized to activate and publicize its contcnts. This 
committee was voted continuation. 

H. H. Sommer pointcd out the importance of 
curd tension determinations, especially since the 
expanded use of reconstituted non-fat dry milk 
solids. A new committee was approved for thr 
ensuing year to study the official methods for the 
determination of the curd tension of milk. 

Respectfully submitted, E. L. Jack, Chairman; 
0 .  F. Garrett, Vice Chairman; A. J. Morris, See- 
retary. 

On motion, duly seconded the rrport Jvas ac- 
ccpted. 

REPORT O F  T H E  PRODUCTION 
SECTION 

The Production Section hrld four sessions for 
presentation of technical paprrs, at which 69 
were presented. During each session two sec- 
tions were run concurrently with chairman N. N. 
Allen and Secretary Philip L. Kelly, substituting 
for George Hyatt, Jr., Vice Chairman, presiding. 

A business session was held at  11 :30 a.m. on 
June 25. A report of the Pasture Investigation 
Committee and a letter from R. H. Lush, Chair- 
man, was read. I t  was movcd by I. U'. Ruprl 
and seconded that the report be approved and 
thr committee having completed their Jvork, he 
dismissed. Thc motion was passed. 

A report of the Dairy Cattle Judging Com~nit-  
tcr, P. C. McGilliard, Chairman, was read. It 
was moved by Dwight Seath and seconded that 
thc report be acrcpted. The motion was passed. 

A report of the Resolutions Committee was 
prrscntrd by H. S. Willard, Chairman. After 
a motion for approval and an amendment by I .  
W. Ruprl regarding thr wording of the first reso- 
lution, the report of the Resolutions Committee 
as amendrd was passed. 

A report of the Antibiotics Committee working 
in cooperation with thr  Manufacturing Section, 
W. A. Krienke, Chairman, was read. On motion 
by Rupel the rrport was approved. 

I t  was moved by I. R. Jones, Chairman of the 
Nominating Committee, to elect George Hyatt, 
Jr., present Vice Chairman, to serve as Chairman 
and Philip L. Kelly, present Secretary, to srrvr 
as Vice Chairman the next year, as has bern the 
previous custom. K.  L. Turk movcd that the 
nominations be closed and the vote be taken by 
a show' of hands. The motion passed. 

I .  R.  Jones then reported that the nominating 
committcc recommended the names of R. E. Erh, 
R. E. Gardner and Eric Swanson for nomination 

as Srcrrtary. D\vight Seath movrd that thr  
nominations be closed. This was seconded and 
R. E. Erb was elected Secretary. 

Besides I .  R. Jones, Ralph Hodgson and Glenn 
Salishury were members of thr  Nominating Com- 
mittee. 

.4ftrr remarks of appreciation by N. hr. Allen 
for thr fine cooprration he had received during 
his term in ofice the meeting was adjourned. 

Respectfully submitted, N. N. Allen; George 
Hyatt, Jr.; Philip L. Kelly, Secretary. 

Upon motion, duly srconded, the report was 
accepted. 

REPORT O F  T H E  REPRESENTATIVE O F  
T H E  AMERICAN DAIRY SCIENCE AS- 

SOCIATION T O  T H E  NATIONAL 
RESEARCH COUNCIL 

I t  has been the rxprrirncc of your rrpresen- 
tative that many members of scirntific societies, 
including some actually engagrd in rrsrarch, do 
not have a clear understanding of the position 
and function of the hTational Research Council, 
nor of the rrlationship between thrir scientific 
societies and the Council. An introductory state- 
ment of clarification might, therefore, hr appro- 
priate. 

The National Research Council is a roopcra- 
tive organization of the scientific men of America. 
Its mrmbrrs include, however, not only scien- 
tific and technical men but also businrss men in- 
tercstrd in engineering and industry. I t  was 
established in 1916 by the National Academy of 
Scirncrs and is supported by the cooperation of 
the major scientific and technical societies of the 
country. The membership of the Council is com- 
posed largrly of appointed representatives of 
almost one hundred of these societies, and in- 
cludes representativrs also of ccrtain other re- 
search organizations, rrpresentativcs of Govern- 
ment scientific bureaus, and a limited number of 
members at  large, numbering about 230 in all. 
These members receive thrir appointment from 
the President of the National Academy of Sci- 
ences. 

Created in 1916 at  thr time of World War I 
at  the request of the President, the Council was 
designated as the active agent of the Academy 
to assist the Government in organizing the scien- 
tific resources of the country. I t  soon became rvi- 
dent that the Council could perform useful peacc- 
time functions as well, so at the request of the 
President of the Academy, President Wilson in 
1918 issued an Executive Order which defined thr 
dutirs of the hTational Research 'Council as fol- 
IOM'S: 

1. In general, to stimulate research in the 
mathrmatical, physical and biological sciences, 
and in the application of these sciences to engi- 
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necring, agriculture, medicine and other useful 
arts, with the object of increasing knowlrdge, of 
strengthening the national defense, and of con- 
tributing in other ways to the public welfare. 

2. T o  survey the larger possibilities of science, 
to formulate comprehensive projects of research, 
and to develop effective means of utilizing the sci- 
entific and technical resources of the country for 
dealing with these projects. 

3.  T o  promote cooperation in research, at 
home and abroad, in order to secure concentra- 
tion of effort, minimize duplication, and stimu- 
late progress; but in all cooperative undertakings 
to give encouragement to individual initiative, as 
fundamentally important to the advancrment of 
science. 

4. T o  serve as a means of bringing Amrrican 
and foreign investigators into active cooperatior1 
with the scientific and technical services of thc 
War and Navy Departments and with those of 
the civil branches of the Government. 

5. T o  direct the attention of scientific and 
technical investigators to the present importance 
of military and industrial problems in connection 
with the war, and to aid in the solution of these 
problems by organizing specific researches. 

6. T o  gather and collate scientific and techni- 
cal information, at home and abroad, in coopera- 
tion with governmental and other agencies, and 
to render such information available to duly ac- 
crrdited persons. 

The administration of the Research Council 
is carried on by a small group of officers and an 
Executive Board. The Council itself is com- 
posed of eight major divisions, of which one con- 
cerns itself with international relations. The 
others are divisions of science and technology, 
representing respectively, physics, mathematics 
and astronomy; engineering and industrial re- 
search; chemistry and chemical technology; geol- 
ogy and geography; the medical sciences, biology 
and agriculture; and anthropology and psychol- 
ogy. With these divisions are associated various 
technical committees, appointed to take charge 
of projects undertaken by the Council. There 
are certain other committees, administrative and 
technical, which affiliate directly with the Execu- 
tive Board of the Council. The Library of the 
Council, a limited collection of directorier and 
source books in science, is available to the scien- 
tific public for reference services in so far ae its 
facil~ties extend. 

Financial support of the administrative work 
of the Council is derived from a gift of 5 million 
dollarc to the National Academy of Sciences 
from the Carncgic Corporation of New York and 
from other special funds. A portion of this gift 
has been devoted to the erection of a building 

in Washington for the joint use of the Academy 
and the Council, but the greater part of the gift 
from the Corporation constitutes a permanent en- 
dowment in the hands of the Academy, the in- 
comr from which is to be used for building 
maintenance and for the purposes of the Na- 
tional Research Council. The funds for the pur- 
chase of the land on which the headquarters 
building was erected were given to the Academy 
by about twenty friends of science. For the sup- 
port of the scientific projects undertakrn or spon- 
sored by it the Council relies upon special gifts 
and appropriations obtained from time to time 
from various sources. 

The Council is not an  institution for the main- 
tenancc of scientific laboratories. I t  is rather an 
organization which, while clearly recognizing the 
indispensable value of individual investigation, 
hopes particularly to integrate the work of indi- 
vidual scientists and to assist in coordinating, in 
some measure, scientific attack in America upon 
large problems in the fields of scientific inquiry. 
The Council is perhaps implemented best for 
service in connection with problems which de- 
pend for successful solution on the cooperation of 
workers and laboratories within the realm of a 
single science or in the several realms in which 
various parts of a composite problem may lie. In 
most of these activities the function of the Coun- 
cil has been mainly to provide the auspices under 
which the scientific men of the country may join 
in the promotion of research. This is carried o11t 
through a wide variety of means, among which 
initiatory conferenccs have been found to be of 
especial value. Whatever has been accomplished 
by any of thesc means has been largely due to 
the personal contributions of American scientific 
men who, in association with the Council, have 
collaborated in these undertakings and have given 
generously of their time and effort for this pur- 
pose. 

Within the structure of the National Research 
Council is the Division of Biology and Agricul- 
ture of which Dr. Paul A. Weiss, head of the 
Department of Zoology at the University of Chi- 
ago, is now Chairman. The  activities of this 
Division of the Council concern most directly the 
membrrship of the American Dairy Science As- 
sociation. 

The Division of Biology and Agriculture has 30 
affiliated scientific societies of which the Amer- 
ican Dairy Science Association is one. There are, 
in addition, ten representatives of the Federal 
Government and fivr members at  large. Three 
major bodies comprise the Division: 

Agricultural Board-W. E. Krauss, Chairman 
American Institute of Biological Sciences-T. 

C. Ryerly, Chairman 



722 FORTY-SEVENTH ANXUAL IIEETISG OF THE 

Food and Nutrition Board-L. A. Maynard, 
Chairman 

The following standing committees are also 
part of the Division: 

Amcrican Type Culture Collection 
Ecology of Animal Populations 
Fellowships (N.R.C., N.S.R., and Fulbright) 
Photobiology 
Preservation of Indigenous ) T o  be affili- 

Strains of Maizr ated with 
Plant and Crop Ecology )A gr. Board 
Use and Care of Natural Resources 
Developmental Biology. 

Activities of the Agricultural Board during the 
year most directly affect the interests of the 
American Dairy Science Association. The chief 
development affecting the future of this Roard 
consisted of creation of an  Agricultural Research 
Institute to be sponsored by the National Acad- 
emy of Science. Following a meeting in Wash- 
ington on December 10, 1951, at  which ap- 
proximately 100 rrprescntatives of agricultural 
industries, government agencies, experiment sta- 
tions, research institutions, and farm organizations 
were present, an organization committee was ap- 
pointed to work out the organization and fiscal 
procedures. This has been done and approved 
except for final editing. Under the proposed or- 
ganization industry membership will be permitted 
a t  an  annual fee of $300. Funds thus derived 
will be used to finance the activities of the Agri- 
cultural Board. Already numerous memberships 
have been obtained and the future activities of 
the Board seems to be assured through this 
needed financial support. 

The following activities of the Agricultural 
Board are worthy of note: 

Committee on Animal Health. Reports on 
losses of calves and young pigs arc in process of 
preparation. 

Committee on Animal Nutrition. The various 
subcommittees have brcn active in revising Rcc- 
ommended Nutrient Allo\vances for the various 
species of domestic animals and efforts have brcn 
directed through a specially appointed committee, 
to extend the circulation of these important texts 
for class room, nutrition confermcc, and general 
agricultural group usr. Approximately 29,000 
copies of thcsc publications havc been sold during 
the year. rour  additional reports are ncarinq 
completion: Recommended Nutrient Allowancrs 
for Doqr, Fur Bearers, and Rabbits, and one on 
Use of Hormonal Materials in Animal Feeclinq. 
The Amcrican Vetrrinary Medical Association 
has requested a report on the use and dangers 
of antibiotics and growth-stimulating feed sup- 
plemrnts in animal feeding. The problem of 
fluorinr feeding will he reevaluated. 

Committee on Feed Composition. Recent in- 
dications of financial support from the U. S. De- 
partment of Agriculture will stimulate this com- 
mittee to complete its compilation of complete 
composition data on all feeds and to extend its 
study to include effects of soil, climate, drying 
temperature, etc., on the nutritive value or avail- 
ability of feed nutrients. 

Committee on Public Health Aspects of Bru- 
cellosis. A report on "Diagnostic criteria in hu- 
man brucellosis" has been submitted for pub- 
lication in the Journal of the American Vet- 
erinary Medical Association. This is the sec- 
ond in a series. The third will deal with the 
treatment of human brucellosis. The Proceedings 
of the Third Inter-American Congress on Bru- 
cellosis, held in November 1950 and organized by 
this Committee, are being distributed through the 
National Research Council. 

T h e  Committee on Laws, Rules and Regula- 
tions Governing Animal Health has submitted a 
500-page typewritten report on state and federal 
legislation for the control of animal diseases and 
those transmissible to man. This is now being 
edited for publication as a National Research 
Council bulletin. 

Committee on Milk Production, Distribution 
and Quality. Continuing its study under con- 
tract with the Dairy Branch of the Production 
and Marketing Administration under the Re- 
search and Marketing Act, this committee is now 
anticipating a final meeting to review the exten- 
sive manuscript and tabular material resulting 
from the second year's study of the relationships 
between sanitary 1atz.s and regulations and the 
quality of the markct milk supply. Eight cities 
were studied: Rochester, New York; Boston, 
Massachusetts; Louisville, Kentucky; Houston, 
Texas; Birmingham, Alabama; Sacramento, Cali- 
fornia; Minneapolis, Minnesota; and Washing- 
ton, D. C. The final report should have far- 
reaching significance. 

IYhile dealing with many problems of particu- 
lar concern to humans, the Food and Nutrition 
Board has, through its Food Protection Commit- 
tee, engaged in studirs and the issuance of re- 
ports of general agricultural interest in that they 
deal with the important problem of residues re- 
sulting from the use of pesticides. 

T h e  American Institute of Biological Sciences 
is now well established but warrants the support 
of more afiliated societies. Preparation of the 
Handbook of Biological Data continues. The 
first volume dealing with blood has hren com- 
plrtrd and the volume dealing with nutrition is 
well under way. The Association and its mem- 
bership should give careful consideration to lend- 
ing active support to this worthy vmturc. 

Applications for National Research Council, 
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National Science Foundation, and Fulbright Fel- 
lowships far exceed available funds. The most 
pertinent admonition that can be made for the 
benefit of those making application is to submi: 
carefully documrnted credentials at  least one ycar 
in advance of the time the candidate may be 
available for acceptance. 

Your representative attended the annual meet- 
ing of the Division of Biology and Agriculture at  
the National rlcaden~y of Sciencrs in Washington 
on May 2, 1952. The above report is based 
largely on reports and discussion presented at that 
meeting, plus personal activities during the year 
as a member of the Executive Committee of the 
National Rescarch Council, as Chairman of the 
Agricultural Board, as Chairman of the Com- 
mittee on Milk Production, Distribution and 
Quality, and as a member of the Committee on 
Milk of the Food and Nutrition Board. 

In  the discussion at the annual meeting it was 
recommended that strps be taken to stimulate 
greater interest in the National Research Council 
among society memberships. Two ways that 
were considerrd helpful consisted of placing the 
report of the society representative to the Council 
on some place during the annual meeting of the 
society other than thc business meeting, and to 
provide space in the society's journal for brief 
notes and reports prrtaining to National Rescarch 
Council activities. 

Respectfully submitted, W. E. Krauss. 
Upon motion duly seconded, the report was 

accepted. 

EDITOR'S REPORT 
Editorial material in the twelve issues of vol- 

ume XXXIV which were printed during 1951 
required 1,365 pages, even though the member- 
ship list was not included in this total because 
it was issued as a separate. Of the 159 manu- 
scripts printed, 78 were on production subjects 
and 81 were on manufacturing subjects. Thirty- 
five manuscripts received during the year were 
rejected or withdrawn. Association announce- 
ments, lists of officers and committees, program 
of the annual meeting, abstracts of papcrs pre- 
sented at  the annual meeting and proceedings 
of the annual meeting required 92 pages. Indices 
and tables of contents required 47 pages, 20 of 
which were indices for the Abstracts of Litera- 
ture section. The 706 abstracts printed in the 
Abstracts of Litrraturc section required 109 pages. 
The use of less space between lines and smaller 
headings resulted in considerable increase in the 
amount of material which was printed on one 
page of this section. 

Sixty-six manuscripts and 359 abstracts of the 
literature will appear in the first six issues of 
1952; this compares with 77 manuscripts and 339 

abstracts during the same period in 1951. The 
backlog of manuscripts for the last half of the 
current volume indicates that total publication 
probably will be almost the same as for last 
year. The Abstracts of Literature section is a 
little larger so far this ycar than last, but greater 
activity is desirable in that area. Several good 
reviews are in prospect for publication during the 
current ycar. 

The editor wishes to thank all who have con- 
tributed of their time and energy for the main- 
tenance of our publication. Those who serve as 
the anonymous rrviewers deserve particular men- 
tion for the large part which they play in main- 
taining the standards of the Journal. A special 
word of appreciation is due to those who con- 
scientiously prepare abstracts of the literature in 
order that the time spent by their fellow workers 
in following the literature may be kept a t  a con- 
siderably lower level than otherwise would be 
necessary. 

G. H. Wise and P. R. Elliker have completed 
their terms as Associate Editors. Both of these 
men have made many valuable contributions to 
the success of the Journal; their counsrl has been 
appreciated greatly. Both the Association and 
the Editor have been fortunate in having a 
Journal Management Committee the members of 
which have given much time and energy to the 
affairs of the Journal. J. K. Loosli retires this 
year from this Committee, to which he has con- 
tributrd greatly. D. D. Deane prepared the in- 
dex material for volume XXXIV and is con- 
tinuing with the current volume. His assump- 
tion of this function has been most helpful. The 
fine assistance of Margaret Lange and Carolyn 
Nelson in handling many of the editorial duties, 
including proof reading and manuscript editing, 
is acknowledged. 

At this time the Editor submits his resigna- 
tion, effective December 31, 1952. The members 
of this Association have proven a fine group with 
which to work and the privilege of working with 
them has been appreciated. Ho\vever, the prcs- 
sure of other d u t i e ~  makes it neccssary that the 
editorial duties be placed in other hands 

Respectfully submitted, F. E. Nrlson, Editor. 
Upon motion, duly seconded, the report was 

SECRETARY-TREASURER'S REPORT 

Membership 
The follo\ving is a summary of our gains and 

losses for 195 1 : 

Membership, December 31, 1950 . . . . . . 1703 
Gains: 

New Members . . . . . . . . . . 97 
Former Student Affiliates 2 
Total Gain . . . . . . . . . . . . 121 
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Losses: 
Resigned . . . . . . . . . . . . . .  16 
Delinquent . . . . . . . . . . . .  208 
Deceased . . . . . . . . . . . . . .  5 - 
Total . . . . . . . . . . . . . . . . .  229 

Net Membership loss . . . . . . . . . . . . . . . . . .  105 
Membership, December 3 1, 195 1 . . . . . .  1598 
Our membership loss, while high, is explained 

largely by the fact that dues were incrcnsed $2.00 
per year in 1951. Such an increase will always 
result in a drop in membership and necessitates 
extra effort on the part of carh member to bring 
in new members. I n  order to maintain any 
association a constant drive for mcmbcrs must 
be conducted. The normal forces of attrition 
alone will work to our definite disadvantage. 
Every member must assume the responsibility of 
urging others to join. 

Our membership ranks were swelled hy 27 
former student r.:..~in:rs \vho assumed full mem- 
bership upon graduation from college. This 
number certainly justifies the of asking each 
Dairy Department to supply the Secretary with 
the name< of graduating student affiliates. These 
graduates arc then contacted by the Secretary 
and invited to assume full membership in our 
Association. 

Every state in the Union is represented in our 
Association. The top four states in membership 
were New York with 156, Illinois with 148, Ohio 
with 115, and Wisconsin with 103. 

Student Afiliates. A decrease of 410 student 
affiliate memberships occurred in the year just 
past. This decrease can be attributed to two 
factors: the student affiliate dues appear to be 
too high to attract undergraduates, and there is 
no national student affiliate program which could 
tie in with the parent organization and thus build 
interest and memberships. 

At the present time there are 22 Student 
Branches of the American Dairy Science Asso- 
ciation throughout the country engaged in vary- 
ing degrees of A. D. S. A. activity. I t  does not 
seem unreasonable to set a goal of a Student 
Branch a t  each Dairy Department in the coun- 
try. A membership of at  least ten 4-yr. dairy 
majors meets the minimum requirements for a 
Student Branch. Certificates suitable for such 
branches can be obtained by contacting the 
Secretary. 

Circulation. The circulation of thr Journal 
reached 3,265. While the membership dropped, 
the number of subscribers increased. Approxi- 
mately one-half of the circulation of the Journal 
is accounted for by subscriptions to institutions, 
companies, and individuals both in the United 
States and in 45 foreign countries. 

Finances. During 1951 the Journal carried 
110 pages of paid advertising which brought 
in  a revenue of $7,204.05. This represents an  

increase of $2,597.10 over the previous year. 
Although the total number of pages of paid ad- 
vertising remained practically the same as in 
1950, the rate charged per page was increased 
effective January 1, 1951, and the increased reve- 
nue resulted therefrom. Thosr companies adver- 
tising in the Journal contribute much to the 
success of your Association and deserve your con- 
sideration whenever possible. 

The following table shows the sources of reve- 
nue and items of major expense of your asso- 
ciation during 1951. 

Rez~enup 
Membership Dues . . . . . .  
Student Affiliate Dues . . . .  
Subscriptions . . . . . . . . . . .  

. . . . . . . . . . . . .  Advertising 
Back Copy Sales . . . . . . . .  

Expenses 
Journal . . . . . . . . . . . . . . . .  
Editorial Oflice . . . . . . . . .  
Secretarial Office . . . . . . . .  
Other . . . . . . . . . . . . . . . . .  

There are indications that the cost of operating 
your Association will be higher in 1952 and 1953. 
In order to meet these increased costs, an active 
effort will be made to obtain more advertising, 
additional members anud student affiliates and 
a larger number of subscribers. The sincere co- 
operation of all will be needed if these goals 
are to be obtained. 

Decennial index. Thanks to the untiring efforts 
of Dr. H. Macy, the Decennial Index coveril~g 
volumes 21 through 30 is now ready for print- 
ing. Shortly after the annual meeting cach mem- 
ber and subscriber will be sent an order form by 
means of which a copy of the index may be ob- 
tained. The demand for this index will deter- 
mine the course of action with regard to future 
indices. 

The Secretary wishes to take this opportunity 
to express his sincere appreciation to all officers, 
Board Members and members who have given so 
generously of their time and effort to see this 
Association through another year. 

Respectfully submitted, P. R. Ellsworth, Secre- 
tary-Treasurer. 

Upon motion, duly seconded, the report was 
accepted. 

AUDITING COMMITTEE REPORT 

To the Executive Board and Members of 
The American Dairy Science Association 
Gentlemen: 

O n  June 6, 1952, Mr. Walter C. Burnham, a 
Certified Public Accountant met with the Audit- 
ing Committee of The American Dairy Science 
Association. At that time Mr. Burnham's report 
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of his audit of the Association's business for 1951 
was considered. 

Mr. Burnham has made a thorough examina- 
tion of the records. He has checked the bank 
statements and examined all the U. S. Govern- 
ment Bonds. Mr. Burnham has check-tested the 
inventory of Journals and Twenty-Year Indices 
to assure accuracy of the physical inventory. 

The Auditing Cornmittce is satisfied that the 
financial statement for the year 1951 is correct. 
The committee wishes to commend Mr. Burn- 
ham, the auditor, for his fine work and excellent 
report. We recommend that the financial state- 
ment be accepted by the Executivc Board and the 
members of T h e  American Dairy Science Asso- 
ciation. 

Rrspectfully submitted, L. 0. Gilmore; W. L. 
Slatter; T.  S. Sutton, Chairman. 

Upon motion, duly seconded, the report was 
accepted. 

REPORT O F  T H E  JOURNAL MANAGE-- 
MENT COMMITTEE 

During the past year the committee has acted 
on questions submitted by the Editor concerning 
routine matters of permission for authors to use 
material from the Journal, and on publication 
of certain papers of unusual nature or origin. 

The committee has elccted E. M. Foster and 
E. W. Swanson as Associate Editors to replace 
P. R. Elliker and G. H .  Wise. The committee 
is grateful to the retiring Associate Editors for 
the years of faithful service they have donated 
to the Association. 

In  specific actions the committee has recom- 
mended : 

1. That the Association membership list be 
published in booklet form and mailed only to 
members. 

2. That the 10-yr. index for Volumes 21-30 
be published by the Association and sold at  a 
price to cover fully the publication costs. 

3. That the idea of using British Dairy Science 
Abstracts instead of the Abstract Section of the 
Journal of Dairy Science be rejected. 

4. That the abstract section of the Journal 
be expanded. 

5. That considcration be given to publishing 
more material in the Journal to improve its 
service to men in industry; that such material 
might include reviews and discussions of current 
problems, and descriptions of processes, machines 
and significant inventions; and that the popular, 
non-technical style of writing be used in the 
preparation of such material. 

6. That two publications, one of original 
papers, the other of abstracts, reviews and the 
like, might serve our membership eventually, but 

such expansion should not be attempted until 
the reactions of members and subscribers can 
be observed or tested. 

7. That an editor and an assistant editor are 
needed to maintain the prrsent standards of the 
Journal, to expand the scope of the abstract 
section and to develop the service of non-tech- 
nical discussions and reviews. 

These recommrndations the committee respect- 
fully submits to the Executive Board and asks for 
further instructions to proceed according to these 
recommendations or to abandon them and to 
maintain the status quo. 

The Journal Management Committee wishes 
to exprrss the commendation of the Association 
Membership to the Editor and the Editorial Staff 
for their continued excellent and untiring efforts. 

T h r  members of this committee extend their 
grateful thanks for the personal, friendly guidance 
of F. E. Nelson. His skillful, patient, and tact- 
ful handling of his editorial responsibilities has 
been a major factor in maintaining the excel- 
lence of the Journal. The members of this com- 
mittee appreciate the necessity which compels 
him to resign from this position. They regret 
exceedingly the loss which the Association must 
sustain. This loss to the Association will be com- 
pensated by his dircct contributions to the science 
of dairy bacteriology to which he can now devote 
his enthusiastic study and entire energy. Our 
best wishes go with him. 

Respectfully submitted, R. E. Hodgson; W. V. 
Price; J. K. Loosli, Chairman. 

Upon motion, duly seconded, the report was 
accepted. 

RESOLUTIONS COMMITTEE REPORT 

WHEREAS: The 47th Annual Meeting of the 
American Dairy Science Association has been 
held on the campus of the University of Ca!i- 
fornia at Davis, and 

WHEREAS: The host institution undertook 
the task and responsibility of arranging the de- 
tails necessary for the successful conduct of the 
annual meeting, and 

WHEREAS: The arrangements that have been 
made by the local institution have been more than 
adequate in every detail, thus permitting this 
Association to hold one of its most pleasant and 
successful meetings enjoyed by men, women and 
children alike, now 

Therefore be it RESOLVED: That the Amer- 
ican Dairy Science Association extend its sincere 
appreciation for the courtesies extended and the 
services provided for by the University of Cali- 
fornia, to Dr. Robert Gordon Sproul, President, 
University of California, to Dean K. A. Ryerson, 
Dean of the College of Agriculture, and especially 
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to Dr. E. L. Jack and Professor S. W. Mead, Co- 
Chairmen of the local committee and their asso- 
ciates who contributed so much toward making 
possible this successful meeting. 

WHEREAS: Many commercial organizations 
have contributed greatly to the success and en- 
joyment of the 47th Annual Meeting, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express to those 
organizations its sincere appreciation. 

WHEREAS: The Bordcn Company Founda- 
tion has for the sixteenth year made available 
for presentation by the American Dairy Science 
Association the Borden Awards for outstanding 
research in dairy production and dairy manu- 
facturing, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express its ap- 
preciation to the Borden Company Foundation 
for these Borden Awards by which the Americxl 
Dairy Science Association may recognize achieve- 
ment in the fields of dairy production and dairy 
manufacturing research. 

WHEREAS: The American Feed Manufac- 
turers Association has again made available to 
the Association the American Feed Manufac- 
turers Award for outstanding research in dairy 
cattle nutrition, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express its ap- 
preciation to the American Feed Manufacturers 
Association for this award by which recognition 
is given to outstanding research in dairy cattle 
nutrition. 

WHEREAS: The De Laval Separator Com- 
pany has again made available an award for out- 
standing achievement in the field of dairy ex- 
tension, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express its sincere 
appreciation to the De Laval Separator Com- 
pany for the award by which outstanding work in 
the field of dairy extension may be recognized. 

WHEREAS: Proved sires are such an impor- 
tant factor in building high producing dairy herds 
and, 

WHEREAS: Such sires are still not available 
in sufficient numbers for the best interests of the 
dairy industry, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association cooperate with 
the Bureau of Dairy Industry of the U. S. De- 
partment of Agriculture and encourage national 
support of the D.H.I.A. program, and 

Be it further RESOLVED: That the breed 
associations be encouraged to send A. R. and 

H. I .  R. records to the Bureau of Dairy Industry 
for use in proving sires. 

WHEREAS: Dairy cattle disease, parasites, 
and injuries have been a source of great loss 
to dairy farming, and, 

WHEREAS: I t  is recognized by the American 
Dairy Science Association that the economic 
advancement of the dairy industry is primarily 
dependent upon the solution of these problems, 

Therefore, be it RESOLVED: That all agen- 
cies working in the field of dairy cattle health be 
commended for their activity in research and in 
the encouraqement of education and research in 
preventing losses in livestock and the spread of 
disease. 

WHEREAS: The National Research Council 
acts as an organization which assists in the solu- 
tion of problcms of the dairy industry, and, 

WHEREAS: The National Research Council 
has several committees in Animal Nutrition and 
in other fields of agriculture, but no committee 
on animal breeding and genetics, and, 

WHEREAS: There are many problems in- 
volved in dairy cattle breeding and genetics, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association recommend to the 
Agricultural Board of the Division of Biology 
and Agriculture of the National Research Council 
the establishment of a committee to consider 
problems of dairy cattle breeding and genetics. 

WHEREAS: Much of the success and the in- 
fluence of the American Dairy Science Associa- 
tion finds expression through the publication of 
the Journal of Dairy Science, and, 

WHEREAS: During the past 6 yr. under the 
capable editorship of Dr. F. E. Nelson our journal 
has advanced its prestige, nationally and inter- 
nationally, 

Therefore, be it RESOLVED: That The 
American Dairy Science Association express its 
sincere thanks and appreciation to Dr. F. E. Nel- 
son for his constant and successful efforts as 
Editor of the Journal of Dairy Science. 

Respectfully submitted, A. 0. Shaw, Chairman; 
G. E. Holm; A. H .  Rishoi; H. S. Willard; C. N. 
Hall. 

Upon motion, duly seconded, the report was 
accepted. 

REGISTRATION COMMITTEE REPORT 

Registration for the 47th Annual Meeting 
totaled 640, including 167 women and 102 chil- 
dren representing 42 states, the District of Colum- 
bia, Alaska, Hawaii and four foreign countries. 

The top four states in attendance, excluding 
California, were Illinois, 73; Minne~ota, 48; Wis- 
consin, 44; and Ohio, 40. 
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Respectfully submitted, C. A. Phillips, Chair- conducted by the commissions of the Interna- 
man. tional Dairy Federation could br  better handled 

Upon motion duly seconded, the report was insofar as this country is concerned, on a national 
accepted. basis. 

Accepted the report of W. E. Krauss, repre- 
sentative of the ~s iocia t ion on the National ~ e -  

EXECUTIVE BOARD MEETING search Council, Division of Biology and Agricul- 

The Executive Board transacted 'the following ture. 
Acceptrd the progress report of the Curriculum 

business : 
Appro\-ed the minutes of the 1951 Annual Committee indicating much progress but no defi- 

nite conclusions at  this time. 
Meeting. 

Recommended the appointment of a committee Approved the Editor's Report. 
to study the feasibility and mechanics of an Out- 

Accepted with rcgret the resignation of Editor 
standing Teacher Award. F. E. Nelson effective December 31, 1952. Accepted the invitations of Pennsylvania State 

Approved the Secretary-Treasurer's Report. College and the University of Connecticut to 
Accepted the Journal Management Committee hold the annual meetings there in 1954 and 1956, 

Report and approved the Journal Management respectively. 
Committee recommendations that the Association Accepted the report of the Pasture Improve- 
not accept the proposa1 purchasing British ment Committee and voted to terminate the 
Dairy Abstracts to replace the Journal abstracts. committee. 

Board the recornmen- Received the report of the Sustaining Member- 
dation that the abstract section of the Journal ship Committee and voted to no action at 
be expanded and that it include technological this time on the recommendations contained 
articles, reviews and other such material. therein. 

Approved the Auditing Committee Report. Voted to recommend to the Association that 
Approved a Budget of $41,600 for 1953. all new Student Affiliates paying their dues to 
A ~ ~ r o v e d  the Resolutions Committee the Secretary-Treasurer prior to November 1 of J. H. Erb the Journal Management any year receive the next year's Journal plus 

Committee to serve for 3 yr. (1953-54-55). the October, November, and December issues of 
Re-elected P. R. Ellsworth as Secretary-Trcas- the yournal of the year in which the dues 

urer for 1953. were paid. 
Approved the selection of C. L. Roadhouse as voted to recommend that a permanent five 

Honorary Member. man Committee on Student Affiliate Affairs be 
C. Albert Altwegg as Life Member. appointed. This committee to study the entire 

Renewed Student Affiliate Branch Certificates srudent affiliate program and draw up plans for 
for the University of Florida, University of a national student affiliate organization. 
Georgia, University of Massachusetts, Rutgers Respectfully submitted, P. R. Ellsworth, Sec- 
University, Oklahoma A & M College, University retary. 
of Tennessee, Virginia Polytechnic Institute, and upon motion, duly seconded, the report was 
Ohio State University. accepted. 

Approved the establishment of a Student 
Branch at the Allahabad Agricultural Institute, 
India. NECROLOGY COMMITTEE REPORT 

Accepted, with thanks, the offer of the Borden During the calendar year 1951 the following 
Company Foundation to make the Borden members of the American Dairy Science Asso- 
Awards in Dairy Production and Dairy Manu- ciation passed on to their final reward. 
facturing Research available in 1953. Winfred Enos Ayres, Associate Professor Emer- 

Voted to recommend to the Association that itus, Department of Dairy Industry, Cornell Uni- 
the Gencral Business Meeting be held from versity, died on September 5, 1951, in Albany 
10: 30 to 12: 00 on the morning of the third day City Hospital following an operation. H e  was 68. 
of the Annual Meeting. At his retirement in June, 1949, Professor Ayres 

Appointed G. M. Trout the Association His- had been at  Cornell 40 yr. as resident teacher and 
torian with indefinite term of office. extrnsion worker. He possessed that exceptional 

Votrd to recommend that the Association not ability as a teacher to develop the individual 

join the Intcrnational Dairy Federation, but student. His patient and kindly attitude encour- 
rather that it support the World's Dairy Congress aged students to ask His knowledge 
as now constitutcd or through a world dairy sci- of dairy products enabled students to obtain ac- 
ence association. The Board felt that the work curate information, and his cheerful philosophy 
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gave many encouragement for their post-college 
days. 

For several years beforc joining the Cornell 
staff, he was a creamery operator. From 1906 
to 1910, he taught in the Winter Dairy Coursc 
and did extension work among dairy plants. 
Following this, he became a state butter inspector 
in the New York State Drpartmcnt of Agricul- 
ture and Markets. In  1913 he entered the ser- 
vice of the Vermont State Department of Agri- 
culture as a dairy plant inspector. In 1914 Cor- 
nell asked him to take charge of the Winter Dairy 
Coursr and later to teach the manufacturing of 
milk products to 4-yr. course students. Through 
his extensive knowledge of the quality of dairy 
products, he helped train many good teams in 
thc judging of dairy products. 

He was a member of the Amcrican Dairy Sci- 
ence Association and Epsilon Sigma Phi, honorary 
national extension fraternity. He was recording 
secretary of the local chapter of the fraternity 
for several years. 

Claude Stever Bryan, Dean, Michigan State 
College School of Veterinary Medicine, died on 
July 30, 1951, after a short illness. 

Dean Bryan was born June 5, 1908 in Bed- 
minster, Pa. He received his B.S. degree from 
Pennsylvania State College in 1930, his M.S. 
Ph.D., and D.V.M. degrees from Michigan State 
College in 1932, 1937 and 1942, respectively. 

Dr. Bryan joined the Michigan State College 
faculty in 1930 as a graduate assistant. He was 
successively appointed instructor, assistant pro- 
fessor, professor and head of the Department of 
Surgery and Medicine and, in 1947, dean of the 
Veterinary School. An untiring investigator and 
scientist, Dean Bryan was an authority on bovine 
mastitis and dairy hygiene. He was an excellent 
teacher and a great leader. Immediately prior 
to his untimely death, Dr. Bryan had been en- 
grossed in the building of a new structure, hous- 
ing the School of Veterinary Medicine, which is 
now being completed as a result of his vision and 
effort. 

Dr. Bryan was a member of many profes- 
sional, academic and fraternal societies; among 
them were the American Dairy Science Associa- 
tion, American Veterinary Medical Association, 
American Public Health Association, Interna- 
tional Association of Milk and Food Sanitarians, 
Michigan Academy of Science, National Edu- 
cational Association, Kiwanis International, 
Sigma Xi, Phi Sigma, and Phi Zeta. 

Dean Bryan is survived by his widow, Mrs. 
Jean Miller Bryan, and two daughters, Marjorie 
Ann and Nelda Jane. 

William L. Clevenger, Raleigh, N. C., died in 
his sleep in a University of Tennessee dormitory 
room June 8, 1951. He was in Knoxville attend- 

ing the 1951 meeting of the American Dairy Sci- 
ence Association. 

Professor Clevenger was born October 7, 1881, 
in Shelby County, Ohio, and had been a member 
of the faculty of North Carolina State College 
for about 29 years. He was a graduate of Ohio 
State University in dairy manufacturing. He 
was on the staff of Ohio Statc University for a 
while following his graduation. He later became 
associated with the Dairy Division, United States 
Department of Agriculture, and was assigned to 
Tennessee and North Carolina to do field work 
in dairy manufacturing. Later he joined North 
Carolina State College as Professor of Dairy 
Manufacturing and did field work with dairy 
manufacturing plants. 

Each of the many dairy manufacturing plants 
with which Professor Clevengcr worked, and 
which followed his advice, stand today as monu- 
ments to the soundness of his leadership. 

M'illiam M .  Crownover was born August 26, 
1906, at  Antlers, Oklahoma. He graduated from 
Oklahoma A. & M. College in 1929, recciving 
his B.S. degree in Dairy Manufacturing. H e  re- 
ceived the A. C. Baer Memorial award for the 
outstanding student in dairy manufacturing. Fol- 
lowing his graduation he moved to Tulsa, Okla- 
homa, where he was employed by the Carnation 
Milk Co. and the Crawford Drug Co. He mar- 
ried Miss Thelma Hasey at  Stillwater on July 24, 
1930. 

In  1937, Mr. Crownover purchased a cream- 
ery in Pawhuska, Oklahoma, which was known 
as the W. M. Crownover Creamery. H e  oper- 
ated it until August 20, 1951, when he was ad- 
vised to sell the business because of ill health. 
He died on September 8, 1951. 

Mr. Crownover's civic activities included the 
following: Chairman of Osage County Red Cross 
Organization; past president of the Jr. and Sr. 
Chambers of Commerce; Chairman of the 
A. & M. Alumni Organization for Washington 
and Osage counties; Chairman of the board of 
First Christian Church. He was a member of 
the American Dairy Science Association, the 
Kiwanis Club, Knights of Pythias and IOOF. 

He is survived by his wife, a daughter, Rae, 
and a son, ,James William, all of Pawhuska. 

Charles G. McBride, aged 65, member of the 
Ohio State University Department of Agricul- 
tural Economics and Rural Sociology staff since 
1922, died at  his home in Columbus on June 10, 
1951, after a brief illness. 

He would soon have completed 29 years teach- 
ing and research service at the University. H e  
was a member of the International Conference of 
Agricultural Economists and attended confer- 
ences of this group in England, Scotland and 
Canada. He was also a member of the Com- 



AMERICAN DAIRY SCIENCE ASSOCIATION 729 

mittee of Milk Production and Distribution of 
the National Research Council, The American 
Dairy Science Association and the Optimist Club 
of Columbus. For several years he was associated 
with the organization now known as The Milk In- 
dustry Foundation. 

Dr. McBride has served the dairy and milk 
industry of Ohio and the nation well during his 
30 years of service. He did considerable work 
in arbitrating milk market disagreements in 
former years. H e  has worked in Kansas City, 
Oklahoma City, Detroit, New York and many 
Ohio markets. He worked closely with all of 
the cooperating milk marketing groups of the 
state during that period. 

From 1933 to 1935, while on leave of absence 
at  Ohio State University, he served as the execu- 
tive secretary of the Ohio State Milk Commission 
during the time of the Burke Act. One char- 
acteristic of Dr. MrBride which meant much to 
cooperative leaders in the state through the years 
was his quick appreciation of the position of and 
his insistence on fair treatment for the milk pro- 
ducer. I-Ie was especially interested in training 
young men for dairy marketing and community 
work. 

He is survived by his widow, Lois, and a son, 
Harold. 

Robert H. Ruffner, a native of Warrenton, Va., 
died on October 16, 1951, at  Rowan County Hos- 
pital in Salisbury, N. C., at  the age of 69. 

Professor Ruffner retired from the North Caro- 
lina State College Faculty on June 30, 1950, after 
more than 30 years on the institution's staff. At 
one time, he was head of the Department of Ani- 
mal Industry. H e  was appointed Professor of 
Animal Husbandry and Dairying at  the State Col- 
lege in 1919 and assumed his duties on October 1 
of that year. 

Professor Ruffner was born in Warrenton, Va., 
on May 22, 1882, and was educated at  the Rock- 
ingham Military Institute, the College of William 
and Mary, and the University of Maryland. He 
later did graduate work at Corncll University and 
North Carolina State College. He was an excel- 
lent teacher, greatly beloved by his students, a 
jovial companion and a sincere and conscientious 
worker. 

Respectfully submitted, Leonard R. Dowd; J. 
B. Frye, Jr.; Ivan H. Loughary; G. E. Raithby; 
H. C. Olson, Chairman. 

Following a minute of silent tribute to the de- 
parted, the report was accepted. 

T H E  AMERICAN DAIRY SCIENCE 
ASSOCIATION AWARDS 

Davis, California, June 25, 1952 
The Association Awards presentation took 

place in the Recreation Hall at  8:30 p.m. Chair- 

man E. L. Jack presented President H. A. Ben- 
dixcn who presided a t  the session. 

DELAVAL DAIRY EXTENSION 
ACHIEVEMENT AWARD 

L. H. Rich, member of the DeLaval Award 
Committee: 

"The candidate for the DeLaval Extension 
Dairyman's Award for 1952 received his academic 
training at  Michigan State College, Pennsylvania 
State College and Cornell University. H e  was a 
leader in the germ plasm survey in 1935, and used 
the results of this survey for dcvcloping a pro- 

cedure of herd analysis that is known the country 
over. He promoted and practiced artificial 
breeding of dairy cattle several years before it 
was developed on a cooperative basis in Denmark. 
In  fact, he gave a demonstration of the tech- 
nique at the annual meeting of this Association 
in 1934. Through his personal example and or- 
ganization of extension programs he has trained 
a number of coworkers who have gone into other 
states and developed outstanding extension pro- 
grams. H e  has had two calls by the Federal 
Government to go to the occupied countries to 
help plan livestock programs. H e  has won the 
respect and confidence of the dairy leaders, and 
has contributed to many worth-while changes in 
dairy extension teachings and practices that have 
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been adopted throughout the United States. H:: and progressive series of investigations on the 
is the author of a number of extension bulletin,. Vitamin A nutrition of young dairy cattle. Fun- 
But with all these accomplishments for which damentally, the findings have increased infor- 
he is being honored today, he is modest and mation on the utilization of vitamin A and caro- 
friendly with everyone. tene by the developing calf, prenatally and post- 

The man that the committee selected to rc.- natally, and have added to the criteria that may 
ceive the Award is Professor Stanley J. Brownril be used in delineating vitamin A deficiencies and 
of Cornell University, Ithaca, N. Y." in predicting the degree of depletion. Practically, 

Mr. E. C. Elvidge, Vice President, DeLavd the results from the studies have augmented 
Pacific Co., presented Mr. Brownell with a check knowledge of the relation of various methods of 
for $1000 and an inscribed, framed scroll. processing forages to their value as a source of 

vitamin A activity for calves. 
AMERICAN FEED MANUFACTURERS "The leader in these studies was born in iYew 

AWARD York. I-Ie received his undergraduate training 

T. W. Gullickson, member of the Feed Man;- at  Johns Hopkins University, at  Stanford Univer- 
facturcrs Award Committee: sity and finally a t  Iowa State College, where he 

"For the fifth successive year it has been th: was awarded a B.S. degree in Dairy Husbandry 
privilege of the American Dairy Science Associa- in 1939. He completed work for his M.S. degree 
tion, represented by a designated committee, to in Dairy Husbandry at  Rutgers University in 
select a worthy candidate for the American Feccl 1941 and his Ph.D. degree in Animal Husbandry 
Manufacturers Association Award, which i ;  at Cornell University in 1947. During his gradu- 
granted for the purpose of recognizing outstand- ate career he assisted in teaching and research. 
ing contributions in dairy cattle nutrition and for Since 1947, he has been a member of the Animal 
stimulating constructive research in this field. Industry staff of the University of Connecticut3 

serving initially as Assistant Professor of Animal 
Nutrition and currently as Associate Professor. 

, Throughout his professional career his zeal for 
research has been reflected in energetic explora- 
tions and fruitful results. 

"On behalf of the American Feed Manufac- 
turers Award Committee of The American Dairy 
Science Association, it is a pleasure to present 
Dr. Hamilton E. Eaton as candidate of this As- 
sociation for the 1952 American Feed Manufac- 
turers Award." 

Mr. Wm. T. Diamond, Executive Secretary, 
American Feed Manufacturers Association then 
presented Dr. Eaton with a check for $1000. 

I 

BORDEN AWARD FOR DAIRY MANU- 
FACTURING RESEARCH 

P. F. Sharp, member of the Borden Manufac- 
turing Research Award Committee: 

"This year's recipient of the Award has been 
engaged in teaching and research for 25 years 
and as a consultant to industry in dairy manufac- 
turing for more than 15 years. During World 
War I1  he served as a member of the Advisory 
Board, Quartermaster Corps, United States 
Army. Over the span of years he has covered 
intensively a wide field of fundamental and ap- 
plied research. His subject matter and publica- 

H. D. EATON tions have concerned themselves principally with 
"Though many noteworthy studies were re- the technology and chemistry of butter and bul- 

ported during 1950 and 1951, evaluation of the termaking, acidity in butter fat, buttermilk tesr- 
various contributions, on the basis of standards ing reagents, oxidized flavors in ice cream, and 
established by the American Dairy Science Asso- vacrcation. I n  recent years much of his interest 
ciation, led to the selection of a comprehensive has been devoted to studies on the influence of 
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feeds upon flavor and milk fat, methods of de- 
termining total solids, milk adulteration, detec- 
tion of vegetable fat in milk fat and the chem- 
istry of milk fat. 

"The recipient lvas born in Philadelphia, Pa., 
on August 20th, 1901. He rccrived his B.S. de- 
gree from The Pennsylvania State College in 
1923 and his Ph.D. degree from Iowa State Col- 
lege in 1929. He has been a t  Iowa State College 
since 1923, where hc has risen from a graduate 
student in Chemistry to a full professorship in 
Dairy Industry in 1947." 

Mr. J. H. Erb, Vice President in Charge of 
Production, Mid-West Division, The Bordcn 
Co., presented Dr. Bird with a gold medal and 
a check for $1000. 

BORDEN AWARD FOR DAIRY PRO- 
DUCTION RESEARCH 

P. L. Kelly, Chairman, Borden Production 
Research Award Committee: 

"The man kvho has been selected to receive 
the Borden Award in dairy production for 1952 
was born in Ohio. He received his B.S., his M.S. 
and his Ph.D. degrees from Ohio State Univer- 
sity. After finishing his graduate work he re- 
mained on the staff of that University. He is now 

E. W. BIRD at the Wooster Agricultural ~ x ~ e r i m e n t  Station 
where he has the title of Associate Professor. 

"I-Ie is the author or co-author of approxi- 
mately forty scientific publications in the fields of 
calf raising, rumen physiology, milk fever and the 
vitamin A and carotene content of hays. These 
include a review published in the Journal of 
Dairy Science on milk fever. 

"In behalf of the Borden Award Committee 
for Dairy Production, it gives me great pleasure 
to ask Dr. John W. Hibbs to come forward to 
receive the Award for 1952." 

Mr. J. H. Erb, Vice-President in Charge of 
Production, Mid-West Division, The Borden CO., 
then presented Dr. Hibbs with a gold medal and 
a check for $1000. 

ASSOCIATION HONORARY MEMBER 
AWARD 

G. M. Trout, member of the Honors Commit- 
tee: 

"Dr. Chrster Linwood Roadhouse was born in 
Watsonvillc, Calif., January 5, 1881. H e  ob- 
tained the D. V. M. degree at Cornell University 
in 1906 and entcrrd the srrvice of the U. S. 
Rureau of Animal Industry. In  1909 he inaugur- 
ated the sanitary supervision of San Francisco's 
milk supply and thr following year he was in 
charge of the milk supply and operation of a 
ccrtified dairy in Brrkelcy. In  191 1 he jo~ned 
thr faculty of the Univrrsity of California and 
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in 1917 went to Davis as head of the Dairy In- 
dustry Division. From that time until his retire- 
ment he has been actively engaged in research, 
instruction and administration. Illness in 1945 
made it necessary for him to relinquish his ad- 
ministrative duties, but he returned to carry on 
an active teaching program. In 1951 he retired 
from the Univrrsity of California after 40 years 
of service, but has continued to be active in civir 
affairs. 

"Dr. Roadhouse has been most active in dairy 
associations. H e  was President of the American 
Dairy Science Association in 1935 and served or. 
the editorial board of the Journal of Dairy Sci- 
ence from 1917 to 1926. He was President of the 
Pacific Slope Dairy Association from 1922 to 
1946, inclusive, and President of the Interna- 
tional Association of Milk Sanitarians in 1921. 
H e  had the distinction of being an official U. S. 
delegate to the World's Dairy Congress in B ~ r l i n  
in 1937. H e  spent a sabbatical year at thc Swiss 
Dairy Research Station at Berne, Switzerland. 
H e  is an active member of the Institute of Foo-1 
Technologists, the California Academy of Sci- 
ence, the American Dairy Science Association, 
Sigma Xi, Alpha Zeta and Theta Delta Chi. 

"Some 101 publications appear in .rcirntific 
literature under Dr. Roadhouse's authorship or 
co-authorship. These papers deal with the sani- 

tation, flavors and chemistry of milk. In  collabo- 
ration with Dr. J. L. Henderson, he  wrote and 
recently revised a widely used text on "The Mar- 
ket-Milk Industry." 

"Dr. Roadhouse's role as a teacher and coun- 
selor is particularly noteworthy. His students are 
leaders in California dairy industry and scveral 
have achieved national recognition. 

"He has always been a strong supporter of 
civic improvement and has contributed in many 
ways to the growth of his home community. H e  
is a charter member of the Davis Rotary Club 
and has served on innumerable civic committees. 
His latest contribution has been to serve as Presi- 
dent of the Davis Chamber of Commrrce during 
1951." 

INSTALLATION O F  ASSOCIATIOhT 
OFFICERS 

President Bendixen installed the following ofi- 
cers-elect : 

"Mr. H .  B. Henderson you are about to take 
over the responsibilities of President of the 
American Dairy Science Association. As Presi- 
dent it will be your duty to preside over the 
Executive Board and submit to the Board for 
approval nominations of members to fill vacan- 
cies that may occur among the elected officers 
of the Association. As president you shall ap- 
point the standing non-elective committee5 of the 
Association. With these obligations, privileges 
and responsibilities I now confer upon you the 
honor of being President of the American Dairy 
Science Association. 

"W. V. Price, you are about to take over the 
responsibilities of Vice-president of the Amcri- 
can Dairy Science Association. As Vice-Presi- 
dent it will be your duty to preside over the 
Executive Board in the absence of the President 
and assume other duties of the Executive Board. 
At the expiration of President Henderson's term, 
you will automatically become President of this 
Association. I now charge you with these duties. 

"N. N. Allen and L. H. Rich, you were elected 
to the Board of Directors of the American Dairy 
Science Association. I t  will be your duty to 
pass on all applications for the establishment of 
divisions, sections and student branches of the 
Association. With the other members of the 
Board you will have full control of the budget 
and general business of the Association, hold title 
to all property and funds of the Association and 
have all the rights and powers vested in the 
Association by the laws of the District of Colum- 
bia. With these ~rivilrges, responsibilities and 
obligations you are now members of the Execu- 
tive Board of the American Dairy Science Asso- 
ciation to serve a term of 3 yr." 
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look 
How 
Easy 

THE last time milk is han- 
dled in the A. D. Lueders' 
milk house, Waterford, Va., 
is when it is poured into a 
400 gallon Mojonnier Bulk 
Cooler, as shown in photo- 
graph. The m i l k  is soon 
cooled toa safe38"F. Pickup 
is madedailybybulktanker. 

.There is a Mojonnier Bulk 
Cooler for every milk house 
requirement. Made in  10 
sizes starting at 60 gallons. 
Write for copy of Bulletin 
240 today. No obligation. 

Milk-House Work Can Be! Mojomnier Bror C. 

FLAV-0-LAC 
FLAKES 

UNIFORMITY 
I S  IMPORTANT ! 

Leading agricultural 
schools and colleges 
agree that the regular 
weekly use of FLAV- 
0-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 
milk products. 

IYOCHURT CULTUREJ 

FLAV-0-LAC FLAKES 
(shown) produce a quart of tlie finest 
starter on a single propagatio~l. Single 
bottles $2.00. 

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

THE 

DAIRY LABORATORIES 
23rcl & Loenst 8ts.. Phih. 5. Pa. 

BRANCHES 
New York Baltlrnore Washington 

See our catalog in Dairy Industries Catalog 

RENNET and COLOR 
Strong, clean Rennet is Important 
in  the making and curing of 
cheese. Use M a r x h a l l  Rennet 
generously for maximum results. 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WlSCONSlN 

I I - 
Your nd\.cb~.tisemcnt is I~riny rc;~(l in every Stntv ;ln(l in 45 Foreign Countries 
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Reg. U. S. 1 U w I I Pot. Off. I1 rn 

and tmulsifiers 
BODY - G U A R D @ - f o r  the finest 

grade of ice cream, high active in- 
gredient content-834/lb. I 

PRI DEX@-for ice creams with pleas- 
ing mellow consistency~conomi- 
cally priced-57$/lb. I 

H Y - G U A R D n - f o r  ice creams, milk I 
sherbets, ices and stick confections- 
excellent stabilization-576/lb. I 

PRI DE@-for deliciously smooth tex- I 
tured ice cream, with maximum sta- 
bilization at  low cost-53B/lb. I 

d t r a i '  t Emulsifier I 
EM EX@ - for increasing whipping 

ability of ice cream and controlling 
overrun when used with good sta- 
bilizers-44$/lb. 

* * a  I 
Ask your Dairy Supply Jobber or us 
f o r  testing samples and bulletins. I 

@Registered U.S. Patent Office I 

W W l T E F 0 R literature 
describing G.B.I. Ice Cream 
Stabilizers and Emulsifiers I 

GENERAL BIOCHEMICALS, INC. I 

For Sanitarians, Field 
M e n .  a n d  I n s p e c t o r s  
Mineralight is a compact portable long wave 
ultra-violet l ~ g h t  which causes fluorescence in 
milkstone, fats, and other soils not rrqdilv 
seen by the eye. Used like a flashlight. Oper- 
ates 110 V-AC or batteries. Adapter avajlable 
for 110 V-DC. Carrying case optional but 
necessary for battery operation. Moderate 
cost. Valuable aid to any size plant. Indis- 
pensable in improving sanitary standards. 

NNET A N D  COLO 
HEESE COAGULA 

ODOR 

/ 

I BUTTER 
N BUTTE1 -- ----- 

. COLOR 
R COLOl 
-a- -- 

LL ATE 
>LOR 

. t K l l t l t P  BUTTER COLOR 

ER DlSTIl 
ZEAM CC 

ACTlC FFQMCNT CULTURE 

LESS TYF 
d 

'RAY 
VETS ' 1 I \ W* TESTING SOLUTIONS 

10 LABORATORY PARK CHAGRIN FALLS, OHIO I 



NOTICE TO CONTRIBUTORS 
Authorship of Original Articles and Reviews.-Space in the JOURNAL is reserved for the 

publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. I n  the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Nanu8cripts.-Manuseripts should be submitted in double spacing on one side of snitable 
8f"x 11" paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is  obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page ie made. 

Manuscripts will be published in the order of tbeir receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. I n  order to 
speed publication, one author should be designated to  assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.-Original drawings, diagrams and charts shoulO be done in India ink on tracing 
cloth (or white board) not larger than standard letter aize (8t"x ll'!). All lettering should 
be inked in block style and be of such size that t%e lettering will be not less than & in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an  independent agency. 

Photographs.-Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.-Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

I'abular Materio1.-Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, etc., Bhould be used for footnote 
designations. I f  possible, tables should be so organized that  they may be aet across the page, 
rather than the length of the page. 

Eeferenoe8.-Literature reviews should be limited to  only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically aa to author and by chron- 
ological appearance of the journals cited under a given author. Papera by a single author 
always precede papers by that author and associates. References to  multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than fllll first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) JONES, L. W., rn SMITE, J. D. Effect of Feed on Body 
of Butter. J. DAIUY SCI., 24: 550-560. 1941. 

Sample of book citation: (1) LAND STEIN^, K. The flpeciflcity of Serological Raaetions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as  follows: (1) Om-, 8. T., 
AND JEIWE~S,  R. Packing Dry Whole Milk in Inert Gas. Mim. Agr. Erpt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: em., centmeter(s) ; cc., cubic centi- 
me te r (~ )  ; g., g r a m ( ~ )  ; mg., milligram(6) ; y, microgram(8) ; ml., aliter(s) ; mp, millimi- 
rron(s) ; C., Centrigrade; F., Fahrenheit; lb., pound(s) ; oz., ounce(8). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

111 preparing manuscripts, use of first person should be avoided. 

Your ndvertisement is being read In every State and in 45 Foreign Countries 



Bacfo-Dehydrated Media 
for Microbiological Assay 

VITAMINS and AMINO ACIDS 
These media contain all the necessary nutriments for the growth 

of specified test organisms for the microbiological assay of vitamins 
and amino acids except for the component under assay. These basal 
media require only the addition of specified- increasing amounts of 
the vitamin or amino acid being assayed to obtain a growth response 
which may be measured by acidimetric or turbidimetric methods for 
the construction of standard curves. The vitamin or amino acid con- 
tent of the material under assay is determined by adding appropriate 
concentrations of the test substance to the basal medium and com- 
paring the growth response obtained with that of the standard. 

BACTO-RIBOFLAVIN ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIl 
BACTO-B12 ASSAY MEDIUM USP 
BACTO-CS VITAMIN B12 AGAR 
BACTO-FOLIC ACID ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM 
BACTO-BIOTIN ASSAY MEDIUM 

BACTO-CHOLINE ASSAY MEDIUM 
BACTO-CF ASSAY MEDIUM 
BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-LEUCINE ASSAY MEDIUM 
RACTO-METHIONINE ASSAY MEDIUM - .--- 
BACTO-LYSINE ASSAY MEDIUM 
BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-ARGININE ASSAY MEDIUM 
DACTO-I YROSINE ASSAY MED1U.M 

The method employed in carrying stock cultures of the test organ- 
isms and preparing the inoculum for microbiological assay is im- 
portant. The following media have been developed especially for 
carrying stock cultures and for preparation of the inoculum. 

BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSWRA CULTURE AGAR 

BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for labora- 
tories investigating microbiological assay of vitamins. 

Descriptive literature is available upon request. 

Specify "DIFCO" 
THE TRADE NAME OF THE PIONEERS 

In  tho Research and Development of Bacto-Peptono and Dehydrated Culture M d i a  

I DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 

-- -- 
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