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WYAMDOTTE KELVAR 
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largest manufacturer of specialized cleaners 
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but thorough cleaning job . . . leaves equipment 
bright and free from waterspots and film. There 
are ten good reasons for the results you'll get 
with Wyandotte Kelvar: 

1 It sequesters calcium and magnesium 
2 It emulsifies fatty soils 
3 It disperses 
4 It wets out 
5 It softens hord water 
6 It is non-conosive 
7 It makes lots of suds 
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TELL US MORE 
Teacher! 

Maybe you're like a lot of food technologists 
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A NEW LYOPHILIZING APPARATUS 

J. W. STULL1, AND E. 0. HERREID 
Department of Food Technology, University of Illinois, brbana 

In  connection with a research project dealing with some heat labile fractions 
of milk, it  was desired to build a lyophilizing apparatus. The lyophilizing 
process (drying from the frozen state) was described in detail first by Shackell 
(10) in 1909. Five years later, Rogers (8) described the design, construction and 
application of another lyophilizing apparatus. His classic study of the prepara- 
tion of dried cultures of microorganisms apparently did not arouse much interest 
until 1935, when two groups of workers (4 ,5)  published descriptions of lyophiliz- 
ing apparatus and discusssed their application to the drying of biological sub- 
stances, including cultures of microorganisms. A summary of the theory of the 
lyophilizing process is given by Bradish (1) and Bradish et a.2. (2). A review 
of the recent literature dealing with the construction of lyophilizing apparatus 
revealed a wide variation in design, size, simplicity and efficiency of operation 
(1, 2, 3, 6, 7, 9, 11). Without going into detail concerning the theory of the 
lyophilizing process, it  may be said that the construction of the equipment 
described herein, provides for the optimum conditions of the lyophilizing opera- 
tion, namely, (a) the maintenance of a high vacuum, (b) short, direct path from 
the surface of the material to a condenser which is maintained at the temperature 
of dry ice, and (c) drying from a thin layer of frozen material. 

Construction of apparatus. Fig. 1 shows the lyophilizing apparatus. The 
outer member of a 71/60 standard taper ground glass Pyrex joint was fitted so 
as to replace the neck of a 3 1. round bottom flask (A). At a point 2.0 cm. 
above the junction of the neck with the body of the flask, the outer member of a 
29/42 standard taper ground glass Pyrex joint was sealed as a side arm into the 
neck at an angle of 45". 

The condenser was constructed from a glass tube (0.d. 3.0 em.) which was 
ring-sealed at the top of the inner member of the 71/60 ground glass joint. The 
tube wa!: sealed off a t  the bottom such that there was a clearance of 3.0 cm. be- 
tween it and the bottom of the flask when the inner member was placed into 
position. 

Four complete units2 were constructed to be connected to the manifold (B) 
through which the vacuum was applied by means of a mercury diffusion pump. 

Received for publication July 11, 1949. 
1 Now at the University of Arizona, Tucson. 
2 Two units were constructed from 3 1. round bottom flasks and two from 5 1. flasks. 
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The manifold was constructed from a 500 ml. round bottom flask. The four inner 
members of the 29/42 standard taper joints were sealed into the bottom of the 
flask a t  a n  angle of 135' with the neck of the flask. A 2.0 mm. two-way stopcock 
was sealed into the bottom of the manifold to  be used in releasing the vacuum. 
The vacuum was applied at  the top of the manifold. 

FIG. 1. Assenibled apparatus nit11 t h e  vncuuni spstcm attncherl. .I-lyophilizing units. 
%manifold. C-liquid air trap. 1)-mereur?- diffusion pump. E-backing pump. 

Operation of the apparatus. The operation of the apparatus is as follows: 
(a) Pour the material to be dried into the flask. 
(b) Immerse the flask and contents in  an acetone-dry ipe bath and freeze the 

material on the inside surface of the flask in  a thin, uniform layer by swirling. 
(c) Place the condenser into position and connect the assembly to the mani- 

fold. 
(d )  Apply the vacuum. 
(e) Place acetone-dry ice coolant in the condenser tube at a level even with 

or above the side arm of the flask. 
( f )  Place a fan3 in a position which will direct a current of air against the 

flasks. 
(g) Drying is complete when the flasks reach room temperature. Release 

the vacuum, disconnect each assembled unit from the manifold and remove the 
inner member which holds the moisture i n  the form of ice. 

Operating characteristics. Typical operating results are found in table 1. 

a A 16-in. ventilating fan was placed within 6 in. of the flasks and operated at full speed. 



LYOPHILIZINQ APPARATUS 975 

TABLE 1  
Typiaal results obtained in the operation of the lyophilkzing apparatus 

Product 

Trial no. 

1 2 3 

Condensed Condensed 
Buttermilk I:,":: washed cream 

buttermilk buttermilk 

Wt. of product ( g . )  
Total solids (%)a 

Wt. of powder ( g . )  
Moisture (%) 
Time of operation (hr.)  
Room temp. (" C.) 
Size of flask (1.)  
Mean rate of moisture removal ( g . /h r . )  
Vacuum applied (mm. Hg.) a 
Wt. of water removed ( g . )  

a Mojonnier Method. 
b Determined by vacuum arc tester. 

In  regard to the rate and amount of moisture removal, three points should be 
emphasized. First, it  is important to secure the vacuum reported not only to 
maintain the maximum rate but also to derive the indicated capacity of the ap- 
paratus. The latter factor results from the fact that the capacity of the ap- 
paratus is limited by the maximum thickness of the ice formation which can clear 
the neck of the flask when the condenser is removed. I t  has been found, there- 
fore, that as the vacuum applied is increased the structure of the ice changes from 
fine, loosely formed crystals to a dense, compact mass at a pressure of less than 
0.1 mm. 

The explanation of the variation in the rates of moisture removal in trials 1, 
2 and 3 (table 1) is probably found in the second and third points to be con- 
sidered, namely, the room temperature and the siee of the unit. An' increase in 
room temperature of 6" C. resulted in an increase in rate of moisture removal 
of more than 50 per cent (trial 1 us trial 2). Finally, through an increase in 
the siee of flask from 3 to 5 1. (trial 2 vs trial 3), the rate of moisture removal was 
raised approximately 20 per cent. 

CONCLUSIONS 

A lyophilizing apparatus is described in which the design, simplicity, and effi- 
ciency represent improvements in the types of apparatus available for small scale 
operation. 
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THE EFFECT OF INTERRUPTION OF MILKING ON THE CAROTENE 
AND VITAMIN A AND PROXIMATE COMPOSITION OF MILK AND 

ON THE CALCIUM CONTENT OF BLOOD SERUM1 

D. N. MERCER, H. D. EATON, R. E. JOHNSON, A. A. SPIELMAN, 
W. N. PLASTRIDQE, L. D. MATTERSON AND L. NEZVESKY 

Animal Industries ~eiartment and Animal Diseases Department, Stows Agricultural 
Experiment Station, Stows, Connecticut 

The interruption of milking has been found by several investigators (1, 3, 4, 
8, 12, 13, 14, 16) to result in a marked alteration of the proximate composition 
of milk. In  general, the amount of milk and the per cent lactose were found to 
have decreased, the per cent protein and ash to have increased, and the per cent 
fat to be affected inoonsistently. During interruption of milking, an increase in 
the level of lactose in both blood and urine has been reported (1, 12). Although 
no reports on the effect of interruption of milking on blood serum calcium were 
found in the literature, blood serum calcium has been observed (10) to increase 
the third or fourth day postpartum in cows not milked following parturition. 
The objectives of this study were to determine the effect of interruption of milking 
for a 10-day period on (a) the carotene, vitamin A, and proximate composition 
of milk, and (b) the calcium level of blood serum. 

EXPERIMENTAL 

Awimals. A total of 18 cows of the Ayrshire, Guernsey, Holstein and Jersey 
breeds were used in this experiment during the period March, 1948, through 
April, 1949. Twice daily milking was interrupted for a 10-day period in 12 of 
these cows; that is, no milk was removed from the udders of these cows during 
the 10-day period. The six remaining cows served as controls and were milked 
twice dajly for the entire experimental period. The average number of lacta- 
tions and the average number days milked postpartum were 1.8 + 0.9 and 
175.7 + 26.6, respectively, for those cows in which milking was interrupted and 
4.0 + 1.9 and 104.2 + 50.2 for the controls. 

For 4 wk. prior to the interruption of milking and for the experimental 
period, all cows received roughage orl the basis of liveweight. This consisted 
per 100 Ib. of liveweight of 1 Ib. of U. S. No. 2 alfalfa hay and 3 lb. of well- 
matured corn silage. A grain mixture consisting largely of cereal grains and 
containing 13.5 per cent crude protein was fed according to milk production. 
To those cows in which milking was interrupted, no grain was fed during the first 

' 

8 days of the interrupted milking period. The hay, silage and grain contained 
on an average 17.71, 1.89, and 0.16 mg. of carotene per lb., respectively, as de- 

Received for publication July 14, 1949. 
1 This work was supported in part by the Big-Y-Foundation, Norwich, Conn. and Chas. M. 

COX CO., Boston, Mass. It is part of a thesis presented by D. N. Mercer to the Graduate School 
of the University of Connecticut in partial fulfillment of the requirements for the degree of 
Master of Science. 
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termined by the method of Moore and Ely (9) as m o a e d  by Nelson et al. (11). 
Samples. Representative samples from the six milkings immediately prior 

to the 10-day interruption period and from the first six milkings following inter- 
ruption were obtained from 12 of the cows. Similar samples plus samples during 
the 10-day period when the treated cows were not milked were obtained from two 
of the control cows. Milk samples were chilled in the dark at 4' C. and analyses 
were completed in most instances within 6 days. When analyses could not be 
completed within 6 days, the samples were quick-frozen and held a t  -18' C. 
until analysed. 

CONTROL - 
TREATED ---- 

GRAMS PERCENT FAT 

8.0 LBS. OF MILK 

I .  I . , . .  . . 
-6 -5 -4 -3 -2 - 1  +; +; d +4 +S +6 

MILKINGS FROM INTERRUPTION 
FIG. 1. The effect of interruption of milking on the lb. of milk, specific gravity and per 

cent fat. 

Venous blood samples were obtained daily between 9 and 11 a.m. from 
four of the cows in which milking was interrupted and from four cows in which 
milking was not interrupted. The blood was allowed to clot at 4' C., centrifuged 
within 8 hr., and analyses completed for serum calcium within 72 hr. after col- 
lection. 

Analyses. The methods used in the analyses of the milk samples were similar 
to those previously reported (5). Blood serum calcium was determined accord- 
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ing to the method of Clark and Collip (2). Standard statistical procedures for 
the analysis of variance (15) were used to test for differences between treatments. 

RESULTS 

Data for the mean carotene and vitamin A and proximate composition of the 
milk for the six milkings prior to interruption and for the six milkings after in- 
terruption are given in figs. 1, 2, 3 and 4. The calcium levels in  the blood serum 
of indiridual cows prior to, during, and after the interruption of milking are 
contained in table 1. Interruption of milking resulted i n  a decrease i n  the per 
cent lactose, and increases in  the per cent carotene, vitamin A, protein, fat, and 
ash. With theexception of carotene and vitamin A, the total amount of these 
nutrients secreted was less after interruption than before interruption. The 
levels of blood serum calcium in those cows i n  which milking was interrupted were 
found to increase during the interruption period. 

The average amount of milk and specific gravity (fig. 1 )  of the milk of those 
cows i n  which milking was interrupted was significantly less after interruption 
than prior to interruption. An analysis of the differences of the average values 
before interruption from the average values after interruption gave highly sig- 
nificant differences ( P  < 0.001) between treatments. Further analyses between 
average values for the six milkings prior to interruption and similar average val- 
ues after interruption within treatments showed a similar statistical difference for 
the group i n  which milking was interrupted, but no statistical difference was 
found for the control group. 

The average carotene and vitamin A content per 100 ml. of milk or calculated 
to per gram of fat  (fig. 2 and 3) increased markedly after interruption of milking. 
The differences in  the average values before interruption from those after inter- 
ruption were statistically significant between treatments for vitamin A ( P  < 0.01 
for per 100 ml. of milk and P < 0.05 for per g. of fat)  but not for carotene. 
Within the group i n  which milking was interrupted, there was a significant in- 
crease ( P  < 0.001) i n  carotene and vitamin A following interruption. No 
statistical differences were found for the control group. The trend for carotene 
after interruption was negative while that for vitamin A was positive. A calcu- 
lation of the total amount of carotene and vitamin A secreted showed no signifi- 
cant differences between the average values before interruption with those fol- 
lowing interruption. 

The average protein, fat, and ash content (fig. 1 and 4) increased after inter- 
ruption, while the average lactose content decreased. The differences between 
the average values before interruption and after interruption showed significance 
only for lactose ( P  < 0.001) and for ash ( P  < 0.05). However, a comparison 
within treatments of the average values before and after interruption gave highly 
significant differences ( P  < 0.01 in the case of protein and P < 0.001 in the case 
of fa t  and ash). Both protein and ash showed negative trends after interruption, 
and lactose a positive trend. Interruption of milking caused significant decreases 
(P < 0.01) in  the total amounts of these nutrients. 

Althongh not included in the data presented, aliquot daily samples represent- 
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ing the fourth, fifth, seventh, and ninth days after interruption were obtained 
from seven of the cows in which milking was interrupted. The amount of milk, 
the specific gravity, the per cent fat and the per cent protein had by the ninth day 
returned to the same average levels as those found before interruption of milking. 
Such is not the case, however, with the per cent lactose, the per cent ash and the 
carotene and vitamin A content expressed as micrograms per cent or per gram of 
fat. 

The levels of blood serum calcium (table 1) were increased by interruption 
of milking. During the interruption of milking the average serum calcium levels 
were higher (P < 0.05) in the interrupted milking group than in the controls. 
There were no treatment differences prior to and after interruption of milking. 

DISCUSSION 

Investigation in the field of interrupted milking prior to this study has in- 
dicated that, when the removal of all or part of the milk from the mammary 

CONTROL - .e--. '. 
TREATED ---- .*-- -*--_. ". '. 

CAROTENE 
PER GRAM FAT 

CAROTENE 
PER 100 ML. - - - - - , , , , , , 

-6 - 5 - 4  -3 -2 - 1  -1  *2 4 * 4  * 5 + 6  
MILKINGS FROM INTERRUPTION 

Pro. 2. The effect of interruption of milking on the carotene content of milk. 
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gland has been interrupted for a period of time and then resumed, changes occur 
in the concentration of the proximate constituents. These changes have been 
attributed to resorption of certain of these constituents. Previous work has 
utilized the individual cow's udder as an experimental unit and a control unit. 
The possibility of stimulatory effects resulting in higher intramammary pressures 
than in the non-stimulated udder probably were experienced, if the "let-down" 
mechanism of Ely and Peterson (7) is accepted. 

The effect of interruption of milking on the concentration of the proximate 
constituents as reported herein is essentially in agreement with the data in the 
literature (1, 3, 4, 8, 12, 13, 14, 16). Examination of the total amount of these 
nutrients secreted after interruption would tend to support the view that resorp- 
tion does take place u p m  interruption of milking. A more critical experiment 
certainly is indicated before this view can be accepted fully for all of the proxi- 
mate constituents and their component parts. 

I n  the case of carotene and vitamin A, the increase in concentration was 
marked, both when expressed as y per 100 ml. of milk and y per gram of fat. 
Of further interest is the positive trend in the concentration of vitamin A fol- 

CONTROL - 
24.01 TREATED ---- 

VITAMIN A 
PER GRAM FAT 

.-0-• \./-• 

VITAMIN A 

- , , , , . . 
-6 -5 -4 -3 -2 -I *I t2 +3 t4 tS *6 

MILKINGS FROM INTERRUPTION 
FIG. 3. The effect of interruption of milking on the vitamin A content of milk. 

lowing interruption of milking which suggests that, at least under these particular 
conditions, the secretion of vitamin A may be independent of that of fat. The 
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absence of significant differences between the total amount of both carotene and 
vitamin A secreted before and after interruption of milking is in contrast to that 
found for the proximate constituents, where a marked decrease occurred. 

CONTROL - TREATED ---- 

---.---. 
.--.-.-.A 

LACTOSE 

3 .00 j  , , , , , ,, ---- v 
-6 -5  - 4  -3 - 2  - 1  +I +2 +3 +4 *j +e 

MILKINGS FROM INTERRUPTION 

FIG. 4. The effect of interruption of milking on the per cent protein, per cent lactose, and 
per cent ash of milk. 

Porcher (12), and Brown et al. (1) have pointed out that interruption of 
milking will result in a secretion similar to that of colostrum. The data presented 
in this paper would not support such a view. Colostrum from the f i s t  milking 
postpartum of cows fed a ration similar to that in this experiment (6) had con- 
centrations of lactose, fat, and ash, only, which approached those values reported 
in the data in this experiment. In  colostrum the average grams per cent protein 
was 12.2 and the average micrograms per cent carotene and vitamin A were 272 
and 268. These values were two-fold greater than those found after interruption 
of milking. 

The increase in blood serum calcium during the interruption of milking is 
similar to the report of Neidermeier and Smith ( lo) ,  who found in cows not 
milked postpartum a similar rise 3 to 4 days after parturition. Whether this 
rise in serum calcium is due to resorption of calcium or to hormonal effects needs 
investigation. 
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SUMMARY 

The effect of interruption of milking for a 10-day period during lactation on 
the carotene, vitamin A, and proximate composition of milk and on the calcium 
level of blood serum has been studied for 18 cows. The data indicate that inter- 
ruption of milking results in significant increases in the concentration of carotene 
and vitamin A. With the exception of lactose, the proximate constituents also 
increased in concentration; lactose content decreased. The total amount of 
these nutrients secreted for the first 3 days after interruption was significantly 
lower for the proximate constituents, but no appreciable differences were noted 
for carotene and vitamin A. Interruption of milking, resulted in a significant 
elevation of blood serum calcium during the period of interruption. 
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THE VALUE OF MILK REPLACEMENTS IN THE RATIONS 
OF DAIRY CALVES'. 

J. B. WILLIAMS AND C. B. KNODT 
The Pennsylvania Agricultural Experimental Station 

INTRODUCTION 

Numerous attempts have been made to h d  a method of raising young dairy 
calves on a minimum amount of whole milk. Several investigators (1, 2, 3, 5, 6, 
7,8,9,10,11,12,13,14,15,16,17) have demonstrated that calves can be raised on 
limited quantities of milk. 

The relative cost of fluid milk in some areas has encouraged the sale and use 
of various products in supplementing or replacing whole milk. Some of the 
materials used are dried skimmilk, dried whey, distillers dried solubles, soluble 
blood flour, oat flour, fish meal, vitamin supplements and other animal and vege- 
table by-products. Shoptau (18) found that soybean flour was not a satisfactory 
substitute for milk. Wiese e t  al. (21) concluded that a synthetic milk prepara- 
tion must be supplemented with riboflavin to give normal growth. Trimberger 
(20) has reported that distillers dried solubles can be used to replace half of 
the milk normally fed to calves at  3 wk. of age. Gullickson e t  (1.1. (4) observed 
that calves fed vegetable oils or animal fats did not gain weight or appear as 
thrifty as calves fed whole milk. 

The purpose of this investigation was to obtain additional information relative 
to the value of mixtures of some commonly used animal and vegetable products 
when fed to dairy calves as replacements for milk. 

EXPERIMENTAL PROCEDURE 

Fifty Holstein male calves obtained from state institutional herds, were 
divided into five comparable groups on the basis of body weight, height at  the 
withers and chest circumference. The calves were put on the experiment not 
later than the fourth day following birth. Groups I, 11, I11 and IV were fed the 
replacement formulae shown in table 1. The remaining ten calves constituted the 
control group and were fed 300 lb. of whole milk including colostrum. All calves 
were fed from open pails placed in the concentrate feed box located 10 inches 
above the floor of the pen. 

Received for publication July 26, 1949. 

1 Authorized for publication as paper no. 1528 in the Journal Series of The Pennsylvania 
Agricultural Experiment Station. This work was supported in part by the Cooperative G. L. 
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used in this trial was supplied by Sharp and Dohme, Inc., Qlenolden, Pa. 

2 The data contained in thia publication are from a thesis to be submitted by the senior 
author to the Graduate School of The Penneylvania Btate College in partial ful5llment of the 
requirements for the degree of Doctor of philosophy. 
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TABLE 1 

Milk replacement formdae 

Ingredient I I1 In IV 

dicalcium phosphate (18.) .............................. 
Est. daily intake of Ca (g.) ........................... 
Eat. daily intake of P (g.) ................................ 

Costa per calf to 8 wk. of age ................................ 

Cost based on retail feed prices in Aug., 1948. 
b 220,000 USP units of vitamin A/lb. 
c Minerd mixture : Ferric citrate (FeC.H,O, . 3H,O) 56.57% 

Cupric sulfate (CuS0, - 5H,O) 19.73% 
Manganese sulfate (MnSO, . 4H,O) 21.59% 
Cobalt chloride (CoCI, .6H,O) 2.11% 

The calves in groups I, 11, I11 and IV were fed the mixtures at  100' F. ac- 
cording to the following schedule : 

Birth to 4th day 
Dam's milk 

5th to 7th day 
2.5 lb. whole milk, 0.25 lb. milk replacement, 2 lb. water3 

8th to 10th day 
1 lb. whole milk, 0.5 lb. milk replacement, 4 lb. water3 

l l t h  to 35th day 
0.5 lb. milk replacement, 5 Ib. wateP 

36th to 49th day 
0.5 lb. milk replacement, 6 lb. water3 

50th to 56th day 
0.5 lb. milk replacement, 6 lb. water (once daily). 

The calves in group V were fed whole milk which averaged about 3.8 per cent 
fat according to the following schedule: birth through 10th day--8 lb. per day, 
l l t h  through 24th day-10 lb. per day, 25th through 28th day-8 lb. per day and 
29th through 36th day-41 lb. per day. 

The calves of all groups were fed a good quality alfalfa hay ad libitum from 
birth to the conclusion of the 16-wk. trial. Each calf was provided with calf 
starter ad libitum until each was consuming the maximum of 6 lb. daily. The 

3 Twice daily. 
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calf starter was prepared as follows : yellow corn meal 406.5 Ib., wheat bran 300 
lb., crushed oats 400 lb., linseed oil meal 140 Ib., soybean oil meal 280 Ib., dehy- 
drated alfalfa meal 140 Ib., cane molasses 100 Ib., dried skimmilk 100 Ib., dried 
corn dist-iller's solubles 100 Ib., irradiated yeast (9F) 0.5 Ib., dicalcium phos- 
phate 10 lb., ground limestone 10 Ib., iodized salt 10 lb., and Vitamin A feeding 
oil 3 lb. (2,724,000 USP units of A per pound). 

The barn was artificially lighted and ventilated, and thermostatically main- 
tained a t  a temperature of 65' F. by means of steam heat. Each calf was placed 
in an individual pen which was equipped with a salt block, water bowl, con- 
centrate feed box and hay manger. The calves were placed a t  random through- 
out the barn so as to prevent positional effects. Growth measurements were taken 
by the same person each week a t  the same time and i n  the same order with re- 
spect to the body weight, height a t  the withers and chest circumference. Daily 
observations of the conditions of the feces of each calf were made by the same 
person throughout the trial. Photographs of each calf were taken a t  birth, 4, 8, 
12 and 16 wk. of age. Upon arrival each calf was given orally, 5 g. of sul- 
fathalidine and an additional 5 g. a t  each of the next three successive feedings. 

EXPERIMENTAL RESULTS 

TABLE 2 
Summary of growtha and cost data 

Body weight Withers height Chest eir. Costb 
Group 

8 wk. 16 wk. 8 wk. 16 wk. 8 wk. 16 wk. 16 wk. 
-- 

I 0.33 1.07 0.07 0.10 0.02 0.07 0.20 
I1 0.78 1.41 0.13 0.15 0.06 0.09 0.18 
I11 0.84 1.35 0.10 0.14 0.07 0.09 0.19 
I V  0.89 1.32 0.12 0.14 0.08 0.09 0.19 
V 0.90 1.36 0.12 0.14 0.06 0.09 0.22 

8 Expressed as mean daily gains. 
b Based on retail feed prices in Aug., 1948 per lb. gain. 

The summary of the growth data for the 16-wk. trial is presented in table 2. 
I t  would appear from this summary that the calves of group I1 were slightly 
superior to the other groups, but when the data were analyzed statisticalljy ac- 
cording to the methods of Snedecor (19) there were no significant differences 
between groups 11, 111, I V  and V i n  terms of body weight, height a t  the withers 
and chest. circumference. However, group I was significantly poorer than all 
other groups on the same basis. The cost per lb. of gain in  body weight was 
somewhat lower for groups 11, I11 and I V  than for V. The high cost of fluid 
milk, even though fed i n  limited amounts, was the reason for the higher cost 
in  group V. Gain was less costly in  group I as compared to group V, but rate 
of gain was considerably less also. 

The only loss was one calf in  group I which died a t  30 days of age. The in- 
dividuals i n  this group suffered frequent and prolonged scouring until about 30 
days of age, with two calves being unable to stand on their feet for several days 
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FIG. 1. Calf 418, a typical individual in group I at  4 wk. of age. 

FIG. 2. The extent of the loss of hair from calf 418 can still be seen a t  16 wk. of age, but 
complete recovery is apparent. 
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at that age. All calves in group I incurred considerable hair loss over the entire 
body, muscular incoordination and weakness, profuse lacrimation and papilla- 
dema but maintained their appetites even when unable to stand. Fig. 1 is a 
photograph of calf no. 418, a representative calf of group I, at 4 wk. of age, 
while fig. 2 is the same calf at 16 wk. of age. The hair loss began on the 18th to 
21st day of age and continued until the calves began to ruminate at an average 
of 35 days of age, a t  which time the hair loss stopped and new hair began to grow 
in. Three calves in group I1 suffered some loss of hair about the forehead and 
one calf in group IV suffered considerable loss of hair over the entire body. 
There was'no hair loss in groups I11 and V. 

The amounts of hay and grain presented are those actually consumed, as all 
refusals were weighed back. The average consamption of the calf starter was 
similar in all grbups except group I. This group consumed an average of 301 lb. 
of starter and the other four groups varied from 351 lb. to 363 lb. Average hay 
consumption per calf for groups 11, IV and V were 150, 144 and 151 Ib., respec- 
tively; calves in group I each consumed an average of 112 lb. and calves in group 
I11 each 172 lb. 

Scouring was not a problem in any of the groups with the exception of group 
I. When a scouring condition persisted for more than 24 hr., a 10 g. dose of 
sulfathalidine was given and another 5 g. at each of the next two successive feed- 
ings. The drug was administered orally in 5 g. capsules and effectively con- 
trolled all cases except those occurring in group I. As high as 40 g. were given 
to calves in group I without any apparent relief from the condition. The teeth 
of four of the calves in group I were loose and greatly discolored with red, tender 
gums. Some of the calves suffered tongues swollen so badly that swallowing was 
difficult, even though the calf was hungry. The mouth was very tender, making 
it painful to work the trip in the water bowls; the water bowls had to be operated 
manually by the feeder uotil the condition cleared up. 

The feces of all of the calves on the replacement formulae were very dark and 
rather soft until a considerable amount of hay and starter were being ingested, 
at which time they were similar in all respects to the feces of the milk-fed calves. 

The general appearance of the animals in groups I, I1 and IV was not as 
satisfactory as the calves in groups I11 and V; however, a t  60 days of age there 
was very little difference in the groups. At the end of the 16-wk. trial several 
of the calves from group I were comparable to the other groups in all respects. 

Palatability was not a problem with any of the formulae, as calves 4 days old 
easily were taught to take the mixtures from the pail. Mix I had a greater ten- 
dency to settle out than the others, especially when the very young calves were 
slow in consuming the mixture. The other mixes went into suspension very read- 
ily and remained so until the calf bad consumed the entire amount. One animal 
in group I11 persistently refused to take the replacement unless aided by the 
feeder. 

In an effort to correct the symptoms occurring in group I additional calves 
similarly were fed and managed but received in addition daily by oral adminis- 
tration the following; calf 411A--50 mg. ascorbic acid, calf 411-10 mg. biotin, 
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calf 411C0.2  lb. vitamin free casein, calf 411P-20 mg. calcium pantothenate, 
calf 411R--5 mg. riboflavin, calf 481-10,000 USP units of vitamin A, calf 480- 
2.7 mg. of 70 per cent choline chloride, calf 482-0.7 gm. 1-cystine, calf 483--3.5 
gm. methionine, and calf 485--received the latter three in combination in identi- 
cal amounts daily. These supplements failed to effect the general pattern of hair 
loss and other symptoms observed in group I. 

Sixteen additional calves have been fed a milk replacement similar to that 
fed to group I11 except that it contained 0.22 lb. of stabilized vitamin A feed 
(2,274,000 USP units per lb.) which replaced 2.20 lb. of stabilized vitamin A feed 
(220,000 USP units of vitamin A)  and 2.50 lb. of dicalcium phosphate in addi- 
tion. Similar response in growth and general appearance was obtained. This 
modified formula is now being used in a field trial with a relatively large num- 
ber of calves and is giving satisfactory results. 

SUMMARY 

1. A milk replacement formula is presented which produced calves equal in 
rates of growth and general appearance to milk fed controls under the conditions 
of these experiments. 

2. A replacement containing 20 per cent beet pulp was found to produce cer- 
tain deleterious effects, under the conditions of this trial. These symptoms were 
not prevented by the oral administration of ascorbic acid, biotin, vitamin free 
casein, calcium pantothenate, riboflavin, choline-chloride, I-cystine, methionine 
or vitamin A. 

The cooperation of V. A. Houston and C. R. Barber of the Pennsylvania De- 
partment of Welfare in providing the calves used in this project is sincerely ap- 
preciated. This was a cooperative project with the Department of Animal Hus- . 

bandry of Cornell University. 
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T H E  USE O F  CANDIDA LIPOLYTICA CULTURES I N  T H E  
MANUFACTURE O F  BLUE CHEESE FROM 

PASTEURIZED HOMOGENIZED MILK1 

C. E. PARMELEE AND I?. E. NELSON 
Dairy Industry Section, Iowa Agricultural Ezperiment Station, Ames 

The pasteurization of milk for the manufacture of blue cheese has received 
increasing interest since the enactment of various state laws requiring pasteuriza- 
tion or minimum curing periods for cheese. Pasteurization destroys the normal 
milk lipase which is responsible for much of the fa t  breakdown required in  the 
development of the flavor of blue cheese. One logical solution to the problem is 
the substitution of another lipase for the milk lipase. The present study is a n  
attempt to substitute, for the lipase of milk, the lipases produced i n  the cheese by 
certain microorganisms added as pure cultures to the milk from which cheese 
is made. 

HISTORICAL 

The manufacture of blue cheese from pasteurized milk was mentioned by 
Goss, Nielsen and Mortensen (8) in  1935. Cheese made from pasteurized milk 
did not develop as much surface growth of molds and bacteria, did not have 
as much flavor and did not become as sweet during curing as did the cheese made 
from ram milk. Lane and Hammer (11) found that the flavor and color of cheese 
made from pasteurized homogenized milk were inferior to those of cheese made 
from r a v  homogenized milk. 

Irvine (10) reported that the addition of 0.5 to 1.0 g. of lipase preparation to 
100 lb. of raw milk accelerated fat  hydrolysis but always gave a bitter flavor in  
blue cheese. The lipase used was identified as steapsin (13). Coulter and Combs 
(4) found that this enzyme would give the same amount of flavor i n  5 months' 
curing that had been obtained previously in  12 months' curing of raw milk cheese ; 
however, the bitter flavor was present. They made several lots of blue cheese 
from pasteqrized milk to which 2 g. of steapsin per 100 lb. of milk had been added. 
These lots of cheese were not inoculated with mold and were not pierced but they 
had the rank flavor of butyric acid to the exclusion of all other flavors u p  to 15 
months. The volatile acid values were very high on these lots of cheese. 

By adding controlled amounts of desiccated sheep mammary tissue to blue 
cheese curd made from pasteurized milk, Lane and Hammer (12) were able to 
make a cheese which would ripen in the same length of time required for cheese 
made from raw milk containing homogenized fat. Babel and Hammer (1) found 
that addition of steapsin to the curd or to the milk resulted in  cheese having a 
bitter flavor and somewhat gray color. Desiccated mammary tissue produced 
cheese having more flavor than the control cheese, and the cheese, if made from 
pasteurized homogenized milk, were quite satisfactory after ripening for 3 months. 

Received for publication July 22, 1949. 
1 Journal paper no. J1672 of the Iowa Agricultural Experiment Station, Project 895. 
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Cheese made from pasteurized milk, to which various enzymes had been added, 
were improved by homogenization of the milk. 

The use of the cell-free extract of Mywtorula lipolytica (now termed C a d i d a  
lipolytica) in pasteurized homogenized milk for blue cheese already has been re- 
ported by Peters and Nelson (14.). 

The lipolytic activity of a number of microorganisms has been investigated. 
The lipolytic activity of Pseudomonas fragi was studied by Hussong et al. (9) 
by Fouts (5). Achromobacter lipolyticum was found by Collins (3) to produce 
rancidity in butterfat, corn oil and tributyrin and tallowiness in olive oil and tri- 
olein. Pouts (5, 6, 7), in studying the effect of the growth of organisms on the 
acidity of the fat in cream and butter, found that Penicillium roqueforti, Oospora 
lactis, M. lipolytica, A .  lipolyticum, Alcaligenes lipolyticus and Pseudomonas 
fluorescens, but not P. fragi, caused increases in the acid numbers of the fat when 
inoculated into sterilized cream. Y. lipolytica was the only organism in the 
group which showed increased growth in the presence of butter culture organisms. 
Of this group of organisms, M. lipolytica and A. lipolyticus were found to give 
the greatest increases in the total volatile acidity of butterfat. 

EXPERIMENTAL 

The milk used was normal mixed herd milk, pasteurized a t  143-147' F. for 
30 min., cooled to about 130" I?., homogenized at 1,700 lb. pressure and cooled 

' to 40-45" F. The milk was made into cheese immediately or was held below 
40" I?. until the following day. The milk in the vat was heated to 89-90' I?. and 
1 per cent of lactic culture was added. After 30 min. ripening, the milk was set 
with rennet used at the rate of 90 ml. per 1,000 lb. of milk in lots 4 to 51 and 130 
ml. per 1:000 lb. of milk in all other lots. The curd was cut with 0.5 inch curd 
knives 70 min. after rennet addition. The cut curd was allowed to stand for 
about 30 min. and then was stirred gently every 20 to 30 min. until firm enough 
to hoop. Heat was applied to the jacket of the vat a t  the stirring time, when- 
ever necessary to keep the temperature at 90" F. inside the vat. The curd was 
firm enough to hoop at 2.0 to 2.5 hr. from the time it was cut, and the whey acidity 
usually had increased 0.04 to 0.06 per cent. One per cent salt and 0.01 per cent 
mold powder were added to the curd at the time of hooping. Dry salt was 
rubbed on the surface of the cheese every day for 4 or 5 days, until 5 per cent 
salt had been used. The day after salting was completed, the cheese of lots 4 
to 119 were dipped in flexible cheese coating and pierced about 50 times with a 
wire needle, 0.1 inch in diameter. All other lots were pierced but not coated. 
The cheese was cured at 48 to 52" F. at a relative humidity of 90 to 95 per cent. 

Each trial consisted of a control lot of cheese and three lots in which one factor 
was varied, all made from separate 115-lb. portions of the same milk. The lots 
of cheese were scored a t  various intervals for mold growth, flavor development 
and defects in flavor. Each item had a range of score from 0 to 10 in which 10 
was the most perfect score. This should be remembered when considering the 
defect score, because the higher the defect score, the less serious was the defect. 
The total volatile acidity of the cheese was determined by the method of Lane 
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and Hammer (11). F a t  acidity was determined by the method of Breazeale 
and Bird (2) after the fat  was obtained and purified by the method of Lane and 
Hammer (11). 

Preliminary trials were made to determine the species of microorganism, the 
type of culture and the amount of culture that should be used to improve the 
flavor of blue cheese made from pasteurized milk. Cultures of each of the four 
lipolytic microorganisms, Candida lipolytica (strain 846), Alcaligenes lipolyticus, 
Achromobacter lipolyticum and Pseudomonas fragi were prepared by inoculating 
three portions of 18 per cent sterilized homogenized cream with the organisms and 
incubating one a t  30' C. for 24 hr. and two a t  30' C. for 48 hr. One of the 48- 
hr. cultures was sterilized in  the autoclave a t  15 lb, pressure for 30 min. before 
it was used in milk for cheese. The cultures were added to milk a t  the rate of 
555 g. (1.2 per cent) per 100 lb. of milk. That amount of cream contained 100 
g. of butterfat. The total volatile acidities, fa t  acidities, scores and comments 
for the cheese made from milk to which these cultures were added are presented 
in table 1. Of the four organisms used, C. lipolytica gave the largest and most 
consistent increase in  fat  acidity and total volatile acidity. The flavor scores 
for the lots of cheese made with this culture were not high, possibly due to the 
deficiency of mold growth, but the increase in  flavor score over that of the control 
cheese was greatest for the cheese made with this culture. It was the only culture 
criticized for producing excess fatty acids in  the cheese, which indicated that 1.2 
per cent of an active 48-hr. culture of this organism was too much to use. The 
sterilized 48-hr. culture did not improve the cheese. 

Based upon the results of this experiment, another trial was made i n  which 
different amounts of a culture of each of the four organisms grown for 48 hr. 
a t  30" C. in sterile homogenized milk were added to each of three lots of milk for 
cheese. The amounts of culture added and the results obtained are presented in 
table 2. The improvement of the cheese by the use of a culture of C .  lipolytica is 
shown more conclusively by these results. It is the only organism of the four 
used that increased the total volatile acidity and flavor score appreciably. The 
use of this culture, a t  all percentages tried, gave the highest total volatile acidities 
and flavor scores at 12 wk. of any of the cultures used. The cultures of C. 
lipolytica prepared in homogenized milk appeared to have improved the cheese 

' 

as much as those prepared in homogenized 18 per cent cream. Fa t  acidity deter- 
minations were discontinued because of the difficulty encountered i n  extracting 
the fat  and because the values did not appear to be as closely related to flavor 
scores as were the total volatile acidity values. 

As C. lipolytica was the only organism of the four used in preliminary studies 
that consistently improved the flavor and increased the volatile acidity values of 
blue cheese made from pasteurized homogenized milk, this organism was studied 
further to determine the effect of various strains of the organism upon the ripen- 
ing of the cheese. Cultures of eleven strains of the organism from various 
sources were grown in sterilized homogenized milk for 48 hr. a t  30' C., and were 
added to milk for blue cheese a t  the rate of 0.3 per cent. Second and third trials 
were made with some of the strains which gave good results in the first trials. 
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CANDIDA LIPOLYTICA CULTURES FOR BLUE CHEESE , 999 

The results for all trials are shown in table 3. The various trials with a single 
strain were not grouped in the table because in each case the three lots of cheese 
should be compared with the control lot of cheese for that group. 

In general, the strains of C. lipolytica used gave cheese which had a higher 
total volatile acidity and flavor score at 12 wk. than did the control cheese. 
Strains M. L., 848,846 and 839 improved the cheese the most, whereas strains 47, 
57, 100 and 438 had little or no effect in improving the cheese. The erratic re- 
sults of the three trials with strain 843 cannot be explained satisfactorily at this 
time. In general, the volatile acidity values correlate with the flavor score values 
quite closely, indicating that the lipolytic action of the culture was at least one 
of the most important factors in flavor production. 

DISCUSSION 

The strain variation found in these trials indicates that the use of C. lipolytica 
cultures in milk for blue cheese requires careful selection of strains and adjust- 
ment of the amount of culture to use for each strain and for the intensity of 
flavor desired in the cheese. 

The data presented tend to show some correlation of total volatile acidity to 
flavor score but very little correlation of fat acidity to total volatile acidity and 
flavor score. 

The addition of a culture of a proven strain of C. lipolytica to pasteurized 
homogenized milk for blue cheese on a commercial scale would be much easier 
and less expensive than the preparation and use of an enzyme from the organism, 
or the use of a commercially prepared enzyme from the organism. 

SUMMARY AND CONCLUSIONS 

1. The addition of cultures of the lipolytic organisms Almligenes lipolyticus, 
Schromobacter lipolyticum and Pseudomonas fragi to pasteurized homogenized 
milk for blue cheese manufacture did not improve appreciably the flavor of the 
resultant cheese and did not cause any appreciable increase in total volatile 
acidity. 

2. The addition of a culture of Candida lipolytica to milk for cheese making 
improved the flavor score and increased the total volatile acidity of the cheese. 

3. Eleven strains of C. lipolytica from various sources differed markedly in 
their ability to increase the total volatile acidity and to improve the flavor of 
blue cheese made from pasteurized homogenized milk. 

4. The results presented indicate a relationship of the total volatile acidity 
to the flavor score of blue cheese made from pasteurized homogenized milk. 
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THE TjSE OF A MOLD-ENZYME PREPARATION IN THE MANUFAG 
TURE OF BLUE CHEESE FROM PASTEURIZED 

HOMOGENIZED MILK1 

0. E. PARMELEE AND F .  E. NELSON 

Dairy Industry Section, Iowa Agricultural Ezperiment Station, Ames 

The production of enzymes by molds and the changes produced by these en- 
zymes in dairy products have been recognized for some time. As early as 1910, 
Dox (2) reported that Laxa had noted that butter inoculated with Penicillium 
glaucum developed considerable acidity. Currie (1) concluded that during the 
ripening of Roquefort cheese, considerable fat was hydrolyzed by the water- 
soluble lipase produced by Penicillium roqueforti, and the characteristic peppery 
flavor and burning effect of the cheese on the tongue and palate were considered 
due to the caproic, caprylic and capric acids and their readily hydrolyzable salts 
which had accumulated. He noted that P. roqueforti will grow in Czapek's 
medium when sucrose is replaced by pure butterfat, tributyrin, ethyl butyrate, 
glycerin, butyric acid, or ammonium butyrate as the source of carbon. Thus, 
the mold not only has the power to hydrolyze fats but is able to utilize their com- 
ponents, also. 

In  cheese, it  is believed that the enzyme diffuses beyond the growth zone of the , 
mold and hence free fatty acids accumulate. Kirsh (4) reported that the water- 
soluble lipase of Penicillium ozalicum is highly non-specific, as it brings about 
almost the same amount of hydrolysis of esters, triglycerides of low molecular 
weight and a variety of emulsified oils. Fouts (3) observed that growth of P. 
roqueforti in sterilized cream appreciably increased the acidity of the fat. 

Naylor, Smith and Collins (5) obtained maximum esterase production by P. 
roqueforti on Czapek's medium in which the sodium nitrate was replaced by 0.1 
N ammonium chloride and to which 0.50 ml. of ethyl butyrate was added per 
1,000 ml.. the reaction being adjusted to pH 4.5. 

Thibodeau and Macy (7) found that P. roqueforti does not grow readily in 
a medium with an oxidation-reduction potential of over 400 millivolts. The addi- 
tion of 0.1 per cent agar to Czapek's solution reduced the oxidation-reduction 
potential below 400 millivolts; addition of peptone or milk further reduced it. 
Presence of sugar in a medium tended to reduce lipase production by P. roque- 
forti. Maximum lipase was produced in Czapek's medium without sugar, but 
with 3.0 g. peptone and 3.0 g. butterfat per liter. The optimum activity of this 
lipase was over the pH range from 5.3 to 7.5, when the substrate was a 3.0 per cent 
butter oil emulsion in the presence of an acetate bufFer. The production of lipase 
varied widely from strain to strain and seemed to be at a maximum as soon as 
the cultures had attained the stage of full sporulation. Sodium chloride in con- 
centrations existing in blue cheese did not retard the action of either the lipase 
or the protease of the mold. These investigators found that the enzymes of P. 
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roqueforti, added to blue cheese in the form of mycelium, produced cheese of fke  
quality which was ready for market in 5 mo. as compared to 10 mo. for the control 
cheese, nnhomogenized milk being used for manufacture of the cheese. 

METHODS 

The methods for the manufacture of the cheese, the determination of fat acid- 
ity, the determination of total volatile acidity and the scoring of the cheese are 
given in a previous paper (6). 

The medium used for making the mold-enzyme preparation contained sodium 
nitrate, 2 g.; monopotassium phosphate, 1 g. ; potassium chloride, 0.5 g. ; mag- 
nesium sulfate, 0.5 g.; ferrous sulfate, 0.01 g.; peptone, 3 g.; butterfat, 3 g.; 
agar, 5 g.; and water, 1,000 ml. Due to difficulty in sterilization, the butterfat 
was sterilized separately and added to the semi-solid medium at the time of inocu- 
lation. For sterilization, the medium was dispensed in 1-qt. bottles which were 
only half filled so the butterfat could be emulsified by shaking. 

The mold-enzyme preparation was made by inoculating this medium with 
mold spores, emulsifying the melted butterfat into the medium and placing it in 
previously sterilized 2,800-ml. Fernbach flasks to a depth not to exceed 1 in. 
The mold was allowed to grow for 7 days at room temperature (70-75' F.) with 
shaking at 2-day intervals to break up the surface felt. 

RESULTS 

The mold-enzyme preparation made with four different mold strains was 
added to four lots of pasteurized homogenized milk a t  the rate of 0.55 per cent 
and the milk was made into blue cheese at once. The total volatile acidities, fat 
acidities, scores and defect comments for these lots of cheese are presented in 
table 1. 

The total volatile acidities and fat acidities were high for the cheese 4 wk. old. 
The fat hydrolysis in lots 48 and 51 was excessive at 4 wk., as indicated by the de- 
fect comments. At 12 wk. all four lots of cheese had considerable peppery flavor 
but were too rancid to score for flavor and defect, indicating that too much of the 
preparation had been used. This is substantiated by the exceedingly high total 
volatile acidities and fat acidities a t  12 wk. Mold strains 4 and 17 appeared 
to cause more fat hydrolysis than the other strains used. 

The preceding trial indicated the possibility for use of the special mold- 
enzyme preparation if the right mold strain were selected, and if the proper 
concentration of mold-enzyme preparation were used in the cheese. Mold-enzyme 
preparations were made with each of five strains of mold and each preparation was 
added to three vats of milk a t  the rates of 0.05, 0.10 and 0.25 per cent. Repeat 
trials were made with two of the mold strains used. The total volatile acidities, 
scores and defect comments for all the trials are given in table 2. 

A11 lots of cheese made with added mold-enzyme preparation had higher 
flavor and defect scores at 12 wk. than did corresponding control lots of cheese 
made without added mold-enzyme preparation. Two of the seven lots of cheese 
made with the 0.25 per cent concentration of added mold-enzyme preparation 
were criticized for being excessively sharp. Strains 4, 12 and 6 appeared to effect 
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the most improvement in flavor of the cheese, while strains 13 and M6 effected the 
least improvement of the flavor. Strain 6 consistently gave the greatest increase 
in total volatile acidity of any of those used. It also gave the best flavor, par- 
ticularly when the total volatile acidity was in the range of 30 to 60 ml. of 0.W 
acid per 200 g. cheese. 

Reduction of mold scores was observed in many instances when higher levels 
of mold-enzyme preparation were used, probably because of the known inhibitory . 
effect of free fatty acids upon the development of microorganisms. 

DISCUSSION 

The use of a mold-enzyme preparation is a method for improving the flavor 
of blue cheese made from pasteurized homogenized milk. The preparation of 
the mold-enzyme material and the control necessary for its successful use would 
be somewhat more involved than the use of an enzyme or a culture in the milk 
for blue cheese manufacture on a commercial scale. The optimum amount of 
preparation to use appears to be about 0.25 per cent, which would be 25 lb. per 
10,000 lb. vat of cheese. The preparation and incubation of that much material 
over a 7-day period would involve considerable labor, space and equipment. The 
mold-enzyme preparation also would serve as the source of mold inoculation of 
the cheese and, thus, would eliminate the cost of that item. 

The reduction of mold growth frequently observed when the effective quanti- 
ties of the mold-enzyme preparation were used would be undesirable commercially 
because of the desire of the consumer to purchase a cheese showing good mold 
growth. No suitable way to overcome this shortcoming has been found. 

To be used effectively, the strain of mold would need to be chosen carefully 
and the amount of preparation to add to the milk would need to be determined 
for each mold strain under the particular manufacturing and marketing condi- 
tions of the individual manufacturing plant. 

SUMMARY AND CONCLUSIONS 

1. The proper addition of a mold-enzyme preparation to pasteurized homo- 
genized milk increased the total volatile acidity and fat acidity and improved the 
flavor of blue cheese made from that milk. 

2. The use of 0.55 per cent of the preparation in milk caused excessive fat 
hydrolysis in the cheese in all trials at 12 wk. The optimum amount to use 
appeared to be about 0.25 per cent for the conditions of these trials. 

3. The strains of mold used varied greatly in the amount of hydrolysis which 
their respective mold-enzyme preparations would cause in cheese. 

4. The effective use of this preparation in the improvement of blue cheese 
made from pasteurized homogenized milk will depend upon careful selection of 
mold strains to be used and proper adjustment of the amount of preparation to be 
used in the milk. 
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T H E  RELATION O F  CHEMICAL ANALYSES TO T H E  FLAVOR 
SCORES O F  BLUE CHEESE MADE FROM PASTEURIZED 

HOMOGENIZED MILK1 

C. E. PARMELEE AND F. E. NELSON 
Dairy Industry Section, Iowa Agricultural Experiment Station, Ames 

The work of Currie (3) has indicated that the characteristic peppery flavor 
of blue cheese and the burning effect on the tongue and palate are due to the 
caproic, caprylic and capric acids and their readily hydrolyzable salts. These 
accumulate in  the cheese as the result of fa t  hydrolysis by the enzymes of the 
mold Penicillium roqueforti. Hammer and Bryant ( 5 )  succeeded in isolating 
methyl-n-amyl ketone from milk to which n-caprylic acid and mold spores had 
been added ; they believed this compound was responsible for part of the charac- 
teristic flavor of blue cheese. Stokoe (14) and Davies (4) have explained the 
formation of methyl ketones by molds as the second step in  a n  abnormal oxida- 
tion of fat ty  acids. Caprylic acid is the only fatty acid which would yield 
methyl-n-amyl ketone by this oxidation. 

Lane and Hammer (9) found that blue cheese made from pasteurized ho- 
mogenized milk showed more rapid development of volatile acidity, higher acid 
values on the fa t  and more typical flavor than cheese 'made from raw milk not 
homogenized; however, it did not ripen as fast as cheese made from raw homogen- 
ized milk. I n  cheese made from raw milk, the volatile acidity increased with in- 
crease in  the time of ripening and older cheese contained a greater percentage of 
acids such as caproic, caprylic and capric. The acid values obtained on the cheese 
fa t  also increased with extended ripening. These investigators concluded that 
there maas a general relationship between volatile acidities, fa t  acidities and flavor 
scores. They also found that the amount of soluble nitrogen in the serum from 
cheese increased with the age of the cheese but was not related to flavor. The 
amino nit,rogen values and the nitrogen fractions soluble in  trichloroacetic acid, 
ethyl alcohol, and phosphotungstic acid followed about the same pattern as the 
soluble nitrogen. 

METHODS 

The cheese was made and scored by the methods given in a previous paper 
(10). Volatile acidity of the cheese was determined by the method of Lane and 
Hammer (9) .  F a t  acidity was determined by the method of Breazeale and Bird 
(2), after the fat was obtained and purified by the method of Lane and Hammer 
(9). 

I n  making analyses for protein degradation, the cheese was made into a uni- 
form suspension by a modification of the method of Knudsen and S$rensen (7) .  
The cheese suspension was made by emulsifying 25 g. of cheese i n  400 ml. of 
boiling 2.0 per cent sodium citrate solution by agitation in a n  Eskimo Whiz-mix 
(model 515JB) for 5 min. a t  high speed. The mixture was kept alkalilie t o  

Received for publication July 22, 1949. 
1 Journal paper no. J-1670 of the Iowa Agricultural Experiment Station, Project 895. 
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brom thymol blue by adding alkali when necessary. This suspension was trans- 
ferred quantitatively to a 500 ml. volumetric flask, cooled to 20' C. and made 
to volume with distilled water. Preliminary studies of this method of preparing 
the suspension, using completely dispersible peptone added to milk, indicated the 
citrate did not influence the nitrogen partition. 

The nitrogen fractions soluble and insoluble in phosphotungstic acid were 
determined by the method of Lane and Hammer (8), with slight modification. 
Ten ml. of the cheese suspension (equivalent to 0.5 g. of cheese) was treated with 
a solution containing 50 ml. water, 15 ml. 25 per cent aqueous sulfuric acid and 
5 ml. 20 per cent aqueous phosphotungstic acid for 16 to 18 hr. at room tempera- 
ture. After filtration through a Whatman no. 12, 12.5 cm. fluted filter paper, the 
precipitate was washed three times with a solution of the same concentration as 
that used in the precipitation, and the total nitrogen was determined in the filtrate 
and in the precipitate by the Kjeldahl-Gunning-Arnold method of the Association 
of Official Agricultural Chemists (1). Copper sulfate was used as the catalyst 
and the mixed methyl red-methylene blue indicator of Johnson and Green (6) 
was used in the titration. 

The nitrogen fractions soluble and insoluble in trichloroacetic acid were deter- 
mined by a modification of the method of Lane and Hammer (8) in which cheese 
suspension equivalent to 0.5 g. of cheese was treated with a solution of 45 ml. 
water, and 5 ml. 20 per cent aqueous trichloroacetic acid for 16 to 18 hr. at room 
temperature. Further operations were the same as for the phosphotungstic acid 
procedure. 

The amino nitrogen values for the cheese were determined by placing an 
amount of the cheese suspension equivalent to 1.0 g. of cheese in a 25 ml. volu- 
metric flask, adding seven drops of glacial acetic acid to precipitate the casein, 
making to volume, filtering and making a Van Slyke amino nitrogen determina- 
tion (15) on the filtrate. The values are expressed as milligrams of amino nitro- 
gen per gram of cheese. 

The statistical analyses of the data consisted of the calculation according to 
Snedecor (13) of the equation for the line of linear regression by the method of 

- least squares and of the correlation coefficient (r) ,  and also estimation of the sig- 
nificance of the correlation coefficient from table 7.3 of Snedecor (13). 

RESULTS 

The relation of fat degradation to flmor score. To learn more of the part 
which the fatty acids of lower molecular weight contribute to the flavor of the 
cheese, two series of trials were made in which varying amounts of some of the 
fatty acids were added to lots of pasteurized homogenized milk which then were 
made into cheese. In  all cases, the fatty acids were added to a 100 g. quantity 
of melted butterfat, which then was homogenized into 1 qt. of milk and added to 
the cheese milk before setting with rennet. The same amount of butterfat alone 
homogenized into milk was added to the control lots. The kinds and amounts of 
acids added to each lot of cheese, as well as the scores and analyses of each lot of 
cheese, are presented in table 1. 
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TABLE 1 
The effect of the addition of low molecular weight fatty acids on the score, volatile 

acidity and fa t  acidity of pasteurized milk blue cheese 

Lot Acid added to 100 g. butterfat. Volatile aeidityb Fa t  acidity0 

no. Butyric Caproic Caprylic Capric Lauric 4 wk. 12 wk. 4 wk. 12 wk. 

(8.) (g.) (g.) (g.) (g.) 
......... ........ ......... 29 ......... ......... 8.00 18.40 4.26 20.00 
......... 30 ......... ......... 2.0 ......... 7.45 15.50 4.18 8.45 

Score 

Lot Mold Flavor Defect Defect comments for 
110. pp cheese 12 wk. old 

4 wk. 12 wk. 4 wk. 12wk. 4 wk. 12 wk. 

29 6.0 4.5 3.0 4.0 3.0 6.5 Flat, yeasty, nutty 
30 5.0 5.5 6.0 6.0 7.0 7.0 Flat,nutty 
31 4.0 3.5 6.0 4.5 5.0 4.0 Mustv. oa~rvl ic  a d d  
52 6.5 5.0 4.5 3.5 5.0 2.5 ~utt;,' uGa"tural 
53 5.0 6.0 3.5 5.0 4.0 3.5 S1. nutty, unnatural 
54 4.5 7.5 4.5 7.0 5.5 5.5 S1. nutty, ~mnatural 
55 4.5 7.0 6.0 6.0 8.0 4.5 S1. nutty, unnatural, unclean 

a The 100 g. melted butterfat were homogenized into 1 qt. of milk and added to the 115 lb. 
of milk for cheese making. 

b Volatile acidity expressed as ml. 0.1 N acid/2OO g. cheese. 
c Fat  acidity as ml. 0.1 N acid/lO g. fat. 

The cheese with added fatty acids showed definite improvement in  flavor score 
over the control cheese; however, none was typical of good blue cheese, lacking 
the smoothness and fullness of flavor desired. The fa t  acidities and total volatile 
acidities increased considerably from the fourth to the twelfth week. The mold 
scores a t  4 wk. were lowest in  the cheese with the largest amounts of added fatty . 
acids, although a t  12 wk. there was a tendency for this relationship to be reversed. 
The fatty acids may be toxic to the mold until the mold is established and has 
started to utilize the acids i n  its growth. In the case of lot 31, so much caprylic 
acid was added that i t  probably was toxic during the entire 12 wk. 

To determine whether a relationship between flavor score and fa t  acidity could 
be established with cheese made from pasteurized, homogenized milk, the f a t  
acidities and flavor scores a t  12 wk. for lots 29 to 31 and 52 to 55, as shown i n  
table 1 of this paper, and lots 32 to 47 in table 1 of a previous paper (10) were 
analyzed statistically. The regression equation, degrees of freedom, correlation 
coefficient and significance of the correlation coefficient are shown in table 2. The 
data reveal no significant correlation between the fa t  acidities and the flavor 
scores of these lots of blue cheese. 

The relationship of volatile acidity to flavor score for the lots of cheese to 
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TABLE 2 
Statistical analysis of the relationship at 1.3 weeks of flavor scores of blue cheese to chemical 

analyses which indicate decomposition of fats and proteins 

Analysis Regression equation d.f .e 

Fat acidity 
Volatile aciditya 
Volatile acidityb 
Amino nitrogen 
Trichloroacetie Nc 
Phosphotungstic Nd 

a Candida lipolytica added. 
b Mold enzyme preparation added. 
c Nitrogen fraction soluble in trichloroaeetic acid. 
d Nitrogen fraction soluble in phosphotungstic acid. 

Degrees of freedom. 
f Correlation coefficient. 
g Not significant. 
h **Significant at  the 1% level. 
I *Significant at the 5% level. 

'which Condida lipolytica cultures were added (10) is shown in table 2. This 
relationship for these lots of cheese is highly significant on the basis of the cor- 
relation coefficient. The relationship of volatile acidity to flavor score for the 
lots of cheese to which a mold-enzyme preparation was added (11) is shown i n  
table 2. The relationship is approximately the same as that for the cheese to 
which Candida lipolytica cultures were added. 

The relation of protein degradation to  flavor score. Amino nitrogen values 
and nitrogen fractions soluble and insoluble i n  phosphotungstic acid and in tri- 
chloroacetic acid were determined at  12 wk. for the cheese of lots 29 to 31 and 52 
to 55 shown in table 1 of this paper and lots 32 to 47 and 56 to 63 shown in tables 
1 and 2, respectively, of a previous paper (10). The relationship of amino nitro- 
gen values, nitrogen fractions soluble in  trichloroacetic acid and in phosphotung- 
stic acid to flavor scores are shown i n  table 2. A highly significant correlation 
between the amino nitrogen values and the flavor scores of the cheese is indicated. 
The correlation between nitrogen fraction soluble in  trichloroacetic acid and 
flavor score was significant a t  the 5 per cent level of probability. The correlation 
between nitrogen fraction soluble in phosphotungstic acid and flavor score is 
highly significant a t  the 1 per cent level of probability. 

DISCUSSION 

The data presented indicate no correlation of fa t  acidity to flavor score among 
the lots of cheese upon which fat  acidities were determined. As the samples of 
fa t  were obtained with great difficulty, they possibly were not representative of 
all the fa t  in  the cheese. The results in  table 2 show a highly significant corre- 
lation of volatile acidity and flavor score for the lots of cheese made from pas- 
teurized homogenized milk to which C. lipolytica cultures or mold enzyme prep- 
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arations had been added. In  general, the cheese with highest flavor scores had 
volatile acidity values in the range of 30 to 55 ml. of 0.1 N acid per 200 g. of 
cheese. This range agrees well with that published by Peters and Nelson (12). 

The data on protein degradation, although obtained on only a limited number 
of samples of cheese, indicate that protein degradation by the criteria employed 
is correlated with flavor development in blue cheese made from pasteurized, 
homogenized milk. This is contrary to the findings of Lane and Hammer (9) for 
cheese made from raw, homogenized milk. Possibly this is an associative rather 
than a direct relationship, since the flavor and aroma constituents which have 
been identified or suggested all have been derived from fat rather than from pro- 
tein. The role which protein degradation plays in determining the desirable 
body characteristics of the cheese is considerable and contributes much to the 
consumer acceptance of the cheese. Protein degradation products undoubtedly 
combine with some of the fat degradation products or reduce the flavor intensity 
in other ways, with the result that some of the rawness of fat degradation prod- 
ucts becomes integrated into a well balanced flavor, acceptable to the consumer. 
The present studies do not eliminate the possibility that cheese showing results 
of considerable proteolytic action but deficient in flavor could be produced under 
other experimental conditions. 

The work with the addition of free fatty acids, while limited in scope, indi- 
cates definitely that these acids do contribute to the flavor of blue cheese. Their 
presence in excessive amounts, particularly when mold growth is restricted by 
their presence, results in cheese which has an undesirable rawness of flavor, pre- 
sumably due to a disturbed balance in the mechanism of flavor production. The 
exact ratios of the various acids and the absolute amounts which should be used 
for optimum flavor production were not determined, since this portion of the 
study was designed only to obtain some direct evidence on the role of lower fatty 
acids in flavor development before study of microbial means of obtaining in- 
creased fat degradation in blue cheese was initiated. Under present rulings of 
regulatory officials, addition of the free fatty acids would not be permitted, even 
if the details of the procedure were to be worked out in such a way as to give a 
highly desirable type of flavor fortification to the cheese. Reliance on any such 
fortification also might prove extremely undesirable because flavor development 
might then precede proper body development, resulting in a product of reduced 
consumer acceptance. 

SUMMARY AND CONCLUSIONS 

1. The addition of low molecular 'weight fatty acids to pasteurized homogen- 
ized milk improved the flavor of blue cheese made from that milk. Such cheese 
lacked the fullness of flavor desired in typical blue cheese. 

2. No correlation was found between fat acidities and flavor scores of blue 
cheese made from pasteurized homogenized milk. 

3. A highly significant correlation was found between volatile acidity and 
flavor score of blue cheese made from pasteurized homogenized milk to which 
lipases or organisms producing lipases had been added. In  general, the cheese 
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with the highest flavor scores had volatile acidities in the range of 30 to 55 ml. of 
0.1 N acid per 200 g. of cheese. 

4. The amino nitrogen values were correlated at a highly significant level with 
the flavor scores of blue cheese made from pasteurized homogenized milk. 

5. Nitrogen fractions soluble in trichloroacetic acid and nitrogen fractions 
soluble in phosphotungstic acid were correlated significantly and highly sig- 
nificantly, respectively, to the flavor scores of blue cheese made from pasteurized 
homogenized milk. 
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VITAL STUDIES ON BULL SEMEN USING TRIPHENYLTETRBZOLIUM 
CHLORIDE1 

JOHN P. MIXNER 
New Jersey Agricultural Enperiment Station, Susses 

Triphenyltetrazolium chloride (TTC) is colorless in solution but forms an 
insoluble red compound, triphenyl f ormazen, upon reduction (3). This property 
of TTC has lent itself to various physiological studies with living tissues involving 
reducing enzymes. This chemical has been used as a test reagent for seed germi- 
nation studies (3), to demonstrate reducing enzyme systems in neoplasms and 
other living mammalian tissues (5), as a vital dye for stem tissues of plants (6) 
and for a wide variety of living tissues including bull sperm and the serum of 
bull sperm (3). The latter observation prompted these studies on the possible 
application of TTC in vital studies with bull semen and spermatozoa. Of par- 
ticular importance would be its use as a stain to differentiate live and dead sperm 
(2) and as an indicator of sperm viability, much as the methylene blue reduc- 
tion test is used (1). 

MAmRMLS AND METHODS 

The semen used in these studies was collected with an artificial vagina from 
dairy bulls in the stud a t  the Dairy Research Farm, New Jersey Agricultural 
Experiment Station, Sussex. The semen diluter (4) used in toxicity trials was 
composed of equal part by volume of egg yolk and a 3.6 per cent solution of 
sodium citrate dihydrate, with sulfanilamide added a t  the rate of 3 mg. per ml. 
of complete diluter. 

The duration of motility of spermatozoa incubated a t  46.5' C. in a water bath 
was used as the measure of toxicity of the TTC. This duration of motility was 
expressed as a percentage of that of a control semen dilution containing no TTC. 

To obtain sperm-free seminal plasma, the semen was centrifuged to throw 
down most of the spermatozoa and then the decanted plasma was filtered with a 
micro-Boerner centrifuge filter. This gives a seminal plasma that is absolutely 
free of sperm. 

The amount of red color developed in any given trial with TTC was rated 
on a scale from 5 to 0, 5 being the highest and 0, no color. The best color de- 
velopment was an extremely brilliant red which started to develop within 5 min. 
after the addition of the TTC. 

RESULTS AND DISCUSSION 

To determine the toxicity of TTC, three separate semen samples were diluted 
with the egg yolk citrate-sulfonamide diluter at the rate of one part of semen to 
nine parts of diluter. TTC was added to 1 ml. portions of these diluted semen 
samples according to the schedule shown in table 1. The data for the three sam- 
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TABLE 1 
Tomicity of triphenyltetrazolium chloride 

Dosage TTC/ml. Av. duration of motility 
as % of controls 

0 (Control) 
0.001 
0.01 

ples were averaged and the results are presented in the table. These data show 
that TTC is extremely toxic to bull spermatozoa. At the level of 5 mg. TTC 
per ml. the duration of motility of spermatozoa was 8.8 per cent of that of the 
controls. However, the red color development was greatest at this level. I n  
subsequent experiments the level of 5 mg, of TTC per ml. of semen or diluter 
was used in rating color development or reduction of TTC. 

That the reduction of TTC is proportional to the concentration of semen in the 
diluter is shown by the data in table 2. Several dilutions of a semen sample 

TABLE 2 

Concentration of semen C relation to reduction of TTC 
- - - 

Semen dilution Dosage TTC Color rating 

(m9.m. )  
1 ml. semen 0 0 
1 ml. semen 5 5 
1 ml. 1 : 4 dilution of semen 5 4 
1 m l . l : 9  " " 5 3 
l m l . l : 9 9  " l 1  5 0 
lm1.1:999 ' l  " 5 0 

were reacted with TTC and color reactions were rated a t  the end of 1 hr. incuba- 
tion at 46.5" C. 

Semen smears for microscopic examination were made from the tube with the 
highest color reaction; the spermatozoa were unstained or, at best, had an ex- 
tremely light red stain. 

The question arises as to whether the live spermatozoa, dead spermatozoa or 
seminal plasma may be responsible for the reduction of the TTC. I n  this connec- 
tion several types of semen preparations have been reacted with TTC for. 3 hr. 
at 46.5" C. a t  the rate of 5 mg. of TTC per ml. The data are presented in table 
3. These trials seem to indicate that the reduction of TTC can not be caused 
by seminal plasma alone but rather by either live or recently killed spermatozoa. 
However, live spermatozoa gave a much more intense color reaction than did re- 
cently killed spermatozoa. 

The high toxicity of TTC in semen, together with its extremely poor capacity 
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TABLE 3 
Color reactions of various semen preparations 

Sample 
no. Description of sample Color rating 

- - -  

1 I ml. fresh semen 5 
2 1 ml. plasma from fresh semen 0 
3 1 ml. fresh semen-heat (46.5" C.) and cold (0" C.) 

shocked repeatedly to kill spermatozoa 2 
4 1 ml. plasma from no. 3 0 
5 1 ml. semen + 0.2 ml. toluene, incubated for 

3 hr. to kill spermatozoa 2 
6 1 ml. plasma from no. 5 0 
7 1 ml. fresh semen heated to 82" C. for 20 min. 0 

for staining spermatozoa, seem to preclude its use either as a vital stain for sper- 
matozoa or as a general indicator of spermatozoa vitality. 

SUMMARY 

Triphenyltetrazolium chloride is readily reduced to triphenylformazen, an 
insoluble red compound, by fresh dairy bull semen. Semen in which the sperma- 
tozoa have been killed by heat- and cold-shocking or by treatment with toluene 
also has the ability to reduce the compound, but to a lesser degree. The heating 
of semen to 82' C. for 20 min. destroyed its reducing ability. Seminal plasma 
exhibited no ability to reduce the tetrazolium. 

As judged by the effects of tetrazolium on the length of time which sperma- 
tozoa will maintain motility when incubated at 46.5' C., tetrazolium is very toxic. 
This together with its inability to stain spermatozoa adequately in its reduced 
state, precludes its use as a vital stain for spermatozoa or in measuring sperma- 
tozoa viability. 
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THE INFLUENCE OF PASTURE AND EARLY RUMEN DEVELOPMENT 
ON THE CHANGES IN THE PLASMA CAROTENOIDS, VITAMIN A 

AND ASCORBIC ACID AND THE LIVER STORAGE OF 
CAROTENOIDS AND VITAMIN A OF 

YOUNG DAIRY CALVES 

J. W. HIBBS AND W. D. POUNDEN 
Department of Dairy Industry, Ohio Agricultural Experiment Station, Wooster 

The favorable results obtained from feeding relatively large amounts of 
good quality hay, coupled with rumen inoculations, as a means of initiating 
early rumen function and meeting some of the vitamin needs of young calves, 
suggested the feasibility of utilizing pasture, when available, in young calf 
feeding. 

I n  an earlier communication (2) ,  the changes in the blood plasma carotenoids, 
vitamin A and ascorbic acid during the first 6 wk. in calves fed milk and alfalfa 
hay with and without grain concentrates and with and without rumen inocu- 
lations with cud material from older cattle were presented. Calves fed on a 
ration consisting of whole milk and alfalfa hay had a much higher blood 
plasma carotenoid level than calves fed the same ration plus grain concentrates 
free choice. Little, if any, difference in plasma vitamin A was ?hewn between 
the two groups. No effect from rumen inoculations could be detected in either 
the plasma carotenoids or vitamin A. However, a higher, more uniform level 
of ascorbic acid was maintained in inoculated calves fed only milk and alfalfa hay 
than in the uninoculated calves fed the same ration. 

In accompanying reports (5, 6), the influence of the ration, including vari- 
ous proportions of grain concentrates to roughage ingestion, on the establishment 
of certain rumen microorganisms was shown. 

This report presents the results obtained from feeding young calves on 
pasture with variations in supplemental hay and grain feeding and rnmen in- 
oculations. The changes in the blood plasma carotenoids, vitamin A and as- 
corbic acid, liver storage of carotenoids and vitamin A and the gain in body 
weight are included. The influence of pasture and rumen inoculations on the 
establishment of certain rumen microorganisms in the same calves is pre- 
sented in an accompanying paper (7). 

EXPERIMENTAL 

Plasma carotenoids and vitamin A were determined by the procedure of 
Kimble (3) ,  plasma ascorbic acid according to Mindlin and Butler (4) and 
liver carotenoids and vitamin A by an adaptation of the method of Guilbert 
and Hart (1). 

Experiment with youfig calves. Fifteen calves of both the Jersey and Hol- 
stein breeds were assigned a t  birth to one of five groups. The calves in groixps 
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I and I11 were inoculated on the fifth, tenth, fifteenth and twenty-first days of 
age with cud material from older cattle (5) which were eating pasture. The 
calves in groups 11, IV and V were not inoculated. 

All the calves were allowed to nurse their dams for the first 3 days and 
then were fed whole milk at the rate of 0.9 lb. per 10 lb. of body weight, based 
an  the birth weight. Beginning on the fourth day of age, the calves in the 
5rst four groups were tethered out during the day on a lawn type (bluegrass, 
white clover) pasture. The stakes were moved periodically so as to provide 
fresh grazing. Some variation in the quality of the pasture resulted from 
weather conditions, but for the most part, it was of good quality. The in- 
oculated calves were kept separate from the uninoculated calves, both while 
on the pasture and when in the barn at night. One calf in each of the first 
four groups also was offered clover-timothy hay (second cutting) free choice 
while in the barn at night. 

The three calves in group V were not given access to pasture. They were 
given clover-timothy hay (second-cutting) and a 14 per cent simple grain 
mixture free choice, beginning at 14 days. Groups I and I1 were not fed any 
grain supplement in addition to pasture and milk, while groups 111 and IV 
were given the 14 per cent simple grain mixture free choice, throughout the 
experiment. The experiment was terminated at the end of the sixth week. 

Data showing the feed consumption and body weight gains are presented 
in table 1. The calves in all groups were bled as nearly as possible on the 
fourth and seventh days and weekly thereafter through the sixth week, and 
the samples were analyzed for carotenoids, vitamin A and ascorbic acid. Ten of 
the calves were slaughtered a t  6 wk. of age and the livers were analyzed for 
carotenoids and vitamin A. The results of the blood and liver analyses for 
carotenoids are shown in table 2, those for vitamin A in table 3, and those for 
ascorbic acid in table 4. 

Experiment with older calves. Blood plasma carotenoids, vitamin A and 
ascorbic acid analyses also were made periodically on five of the six older calves 
which are mentioned in the accompanying paper (7 ) ,  after they were turned 
out to pasture. The five calves ranged in age from 62 to 96 days of age 
(average 71 days) on June 7, 1948, when they were put on a permanent blue- 
grass, white clover pasture. 

Three of the calves had had their rumens inoculated artificially during the 
first 3 wk. after birth and two of them had not been inoculated. One of the latter 
two had picked up a partial inoculation in a natural manner. One of the 
three inoculated calves was given a fresh inoculation from a cow on pasture 
just before the calf was put on pasture. The changes in plasma carotenoids, 
vitamin A and ascorbic acid during the 5 wk. following the change from dry 
feeds to pasture are shown in table 5. 

RESULTS AND DISCUSSION 

Experiment with young calves. As shown in table 1, the calves that were 
offered hay ate a small amount in addition to the pasture. Most of the calves 
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TABLE 5 
Changes in  the blood plasma carotenoids, vitamin A, and ascorbic acid of calves 

given access to pasture at  approxi~nately 10 weeks of age 

Calf Before Days after access to pastureb 
Remarks 

no. pasturea 14 23 30 38 52 (Before pasture) 

Plasma carotenoids (y/100 ml.) 
16J $ 42.8 368 4 1 6 ~  437 316 280 Inoculated 
17J 9 83.0 384 2 9 2 ~  399 398 305 Inoculated 
18H $b 38.8 264 292 312 276 190 Inoculated 
19H 9 11.4 366 181 232 255 221 Partial natural inoculation 
20H 9 37.2 384 463 418 307 206 - - - - - -  Not inoculated 

Av. 42.6 353 329 360 310 240 

Plasma vitamin A (v/100 ml.) . .. 
16J  $ 7.5 12.0 13.5~ 12.2 15.0 20.8 Inoculated 
1 7 J  9 8.2 21.1 21.60 11.9 24.8 24.4 Inoculated 
18H $d 8.2 11.7 13.9 10.8 9.9 14.8 Inoculated 
19H p 12.8 21.4 21.2 22.0 22.3 19.4 Partial natural inoculation 
20H 9 6.9 16.6 20.2 16.4 15.5 17.0 Not inoculated - - - - - -  

Av. 8.7 16.6 ' 18.1 14.7 17.5 19.3 

Plasma ascorbic acid (mg./100 ml.) 
16J $ .37 .55 .47c .44 .41 .37 Inoculated 
175 9 :60 .61 .23c .35 .42 .46 Inoculated 
18H $d .64 .70 .54 .52 .55 .45 Inoculated 
19H p .32 .70 .48 .37 .42 .36 Partial natural inoculation 
20H p .68 .73 .78 .47 .47 .44 - Not inoculated - - - - - 

Av. .52 .66 .50 .43 .45 .42 

a Av. age 50 d. 
b Av. age 71 d. a t  beginning of pasture June 7, 1948. 
cFed 1.5 lb. of grain daily after July 2, 1948. 
aPreshly inoculated just before pasture period from cow eating pasture. 

made satisfactory gains in body weight; however, considerable variation was 
observed. The calves fed on pasture and milk only (groups I and 11) made an 
average increase in weight from birth to 6 wk. of 33.3 per cent while the calves 
that were fed grain in addition to pasture and milk (groups I11 and IV) 
averaged 41.8 per cent increase. No difference could be detected between the 
calves which were inoculated and those that were not, so far as their gains in body 
weight were concerned. This was true in both the grain-fed and no grain-fed 
groups. 

Blood plasma carotenoids of the pasture calves (groups I, 11, I11 and IV) in- 
creased rapidly reaching an extremely high but variable level( average 255 y per 
100 ml.) at 6 wk. of age. The calves fed grain concentrates (groups I11 and IV) 
increased a t  a somewhat slower rate during the first 4 wk., but during the fifth 
and sixth wk. increased much more rapidly than the no grain groups ( I  and 11). 
Much of this apparent difference was due to the extremely high levels attained 
by two calves, 45 and 125. 

No difference was found between the inoculated and uninoculated calves SO 

far as their plasma carotenoids were concerned, which is in agreement with 
the observations made previously (2) when hay was fed instead of pasture. 



INFLUENCE OF PASTURE, ETC. 1023 

The control calves (group V) fed in the barn did not show any increase in 
plasma carotenoids during the entire 6-wk. period. As they were fed the same 
milk as the calves in the other groups, it  is apparent that the increases in 
carotenoids in the other groups were due principally to utilization of carotenoids 
from the pasture grass. 

Liver storage of carotenoids was approximately seven times higher, on the 
average, in groups I, 11, I11 and IV than in group V. While the liver storage 
of carotenoids is somewhat variable, no marked differences among the first 
four groups can be seen. Unfortunately, liver storage data were not avail- 
able in group I. 

The changes in the plasma vitamin A, although quite variable indicated no 
marked difference among the pasture fed calves (groups I ,  11, I11 and IV). 
The plasma vitamin A levels in these calves were consistently much higher than 
those in the control group V. The vitamin A liver storage data do not show 
any clear cut difference among the pasture groups 11, I11 and IV. No data were 
available in group I. The average liver storage of vitamin A of the pasture-fed 
groups was, however, more than twice that of the barn-fed calves. 

The changes in the plasma ascorbic acid were variable, but were mostly in the 
normal range. No particular significance can be attached to the trends in the 
data. The calves in control group V at 14 days of age had an average level of 
0.25 mg. per 100 ml. which is extremely low as compared to the other four groups. 

Experiment with older calves. When the five older calves (average age 71 
days) were turned out to pasture a marked increase in both plasma carotenoids 
and vitamin A occurred (table 5).  Within 2 wk. the plasma carotenoids had 
increased more than eight times the pre-pasture level and the vitamin A nearly 
doubled. These high levels were maintained throughout the pasture period except 
for a decline in the carotenoids at the end, which probably was due to dry 
weather and maturing of the bluegrass. The accompanying rise in plasma 
vitamin A is another example of the increase in plasma vitamin A often ob- 
served concurrent with the fall from a high plasma carotene level to a lower 
level, as previously discussed (2) .  

No marked changes in the plasma ascorbic acid resulted from access to 
pasture, except that a temporary average increase was noted just after the 
change from dry feed to pasture. 

SUMMARY AND CONCLUSIONS 

An experiment was conducted to measure the influellee of pasture and early 
rumen development on the performance of calves and as a means of meeting some 
of their vitamin needs. Twelve calves, one-half of which were rumen inoculated 
with cud material from older cattle, were tethered during the day on a lawn- 
type bluegrass-white clover pasture beginning at 4 days of age. One-half of the 
calves in both groups were fed a 14 per cent simple grain mixture free choice 
while on pasture. The pasture calves were compared to three calves fed in the 
barn on dry feeds. Milk feeding of all calves was limited to 0.9 Ib. per 10 Ib. of 
body weight at birth. 
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The calves on pasture were able to utilize the nutrients from the grass, as 
indicated by their high blood plasma and liver carotenoid and vitamin A levels 
plus satisfactory growth and appearance. The calves fed grain in  addition to 
pasture increased in body weight more rapidly than those that did not receive 
grain. The plasma carotenoids of the pasture-fed calves averaged 255 y per 100 
ml. a t  42 days of age. The average plasma ascorbic acid level a t  14 days of age 
was also higher in  the pasture-fed calves than in those that did not receive pas- 
ture. Otherwise, no marked differences were observed in the plasma ascorbic acid 
among the groups. 

Rumen inoculations were not shown to affect the blood or liver vitamin levels 
which were observed, even though the inoculations and variations in  the feed 
resulted in marked differences in  the rumen microorganism picture (7 ) .  

Data also are presented showing the changes in plasma carotenoids, vitamin 
A and ascorbic acid before and after turning five older calves out to pasture. 
These calves had been fed in  the barn, three with and two without rumen in- 
oculation, prior to the pasture period. 

Based on these findings, plus those presented in an accompanying paper ( 7 ) ,  
it is concluded that good pasture grass, when available, can be utilized by 
calves, even a t  an early age, as an effective means of meeting some of their vita- 
min needs and as a source of other nutrients. 

The authors wish to acknowledge the assistance of John Tate, Miss Barbara 
L. Carson and C. E. Knoop in conducting this investigation. 
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T H E  INFLUENCE O F  PASTURE AND RUMEN INOCULATION ON T H E  
ESTABLISHMENT O F  CERTAIN MICROORGANISMS I N  

T H E  RUMEN OF'YOUNG DAIRY CALVES 

W. D. POUNDEN AND J. W. HIBBS 
Ohio Agricultural Ezperinzent Station, Wooster, Ohio 

The use of certain rumen microorganisms as indicators of the presence or ab- 
sence of characteristic flora i n  young calves was described i n  a previous report 
concerning investigations of rumen development i n  these animals (4). The 
particular bacteria chosen for this purpose were observed quite regularly in sam- 
ples from mature stock consuming usual mixed rations. Generally, they were 
present, especially i n  samples from calf rumens, i n  sufficiently limited numbers 
to permit detecting variations in  concentrations. Furthermore, they were among 
the rumen bacteria which can be identified most readily i n  stained smears in  so 
f a r  as morphology and staining characteristics permit. 

I n  the previous report (4), four of these microorganisms were referred to as 
being associated with a high proportion of hay ingestion. Large Gram-positive 
cocci i n  closely knit pairs were described, and these were referred to as the first 
hay-group bacteria. The following three bacteria made up  the second hay-group 
and were described as (a) large Gram-positive, thick, fairly square-ended rods, 
(b) very large Gram-negative, cigar-shaped rods and (c) smaller Gram-negative, 
short rods i n  fours and multiples of four in  shapes suggestive of window panes. 
Medium sized, comparatively thin, Gram-positive rods, which sometimes stained 
i n  a granular manner, were among the bacteria observed to be associated with the 
consumption of high proportions of grain. 

The bacteria which were observed to be associated with a high proportion of 
hay ingestion and also the protozoa sometimes failed to become established in 
young calves. Segregation of the calves from the older stock which apparently 
cut off their source of inoculum for some of these microorganisms, and the failure 
of the calves to ingest combinations of feeds suitable for development of the 
microorganisms were the two reasons involved. Under some conditions, the 
lack of usual microorganisms in the rumen appeared to be associated with a 
lowered state of health in  these young animals (2, 4, 5). The feeds involved in 
the above investigations were dry-feed rations consisting of hay and grain. The 
present report concerns results of a study of the rumen microorganisms i n  calves 
on pasture, both with and without hay and grain supplements. 

EXPERIMENTAL 

Two groups of Holstein and Jersey calves were used. The first consisted of 
12 calves which were tethered each day on lawn pasture beginning a t  4 days of 
age. At night, they were kept in  the barn in separate groups. They received per 
day 0.9 Ib. of milk for each 10 lb. of body weight a t  birth. Half of them received 

Received for publication August 18, 1949. 
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rumen inoculations i n  the manner described previously (4) when they were 5,10, 
15 and 21 days old, using cud materials from cows on pasture. Some of the 
calves wcre fed either mixed hay or a 14 per cent protein grain mixture, or both, 
free choice while they were i n  the barn a t  night. 

The second group was composed of six calves which were between 39 and 96 
days of age, and which averaged 66 days a t  the time they were given access to 
pasture during the day beginning on June 7. They had been receiving milk, . 
grain, and mixed hay. These calves received either whole milk or separated milk 
during the pasture feeding period. They were kept in  the barn a t  night and 
were turned out each day on a mixed bluegrass and clover pasture i n  which 
growth of coarse types of weeds was fairly heavy in some places. Two of these 
calves received, i n  addition, 1.5 Ib. per day of the grain mixture beginning on 
July 2. Four had received rumen inoculations during their first.3 wk. of age, and 
two of these four were given reinoculations with cud materials from cows on pas- 
ture. The rumen of the fifth had become partially inoculated i n  a natnral man- 
ner, and the sixth was a n  uninoculated animal which had been raised in compara- 
tive segregation. 

Rumen samples were collected repeatedly from both groups and examined 
in the manner described previously (4). Protozoa were examined i n  the fresh 
state and Gram-stained smears were relied on for bacterial observations. The 
presence or absence of the same bacteria as formerly described was determined 
and the same designations that had been assigned to these have been followed. 
An attempt was made to grade the samples according to the relative numbers of 
these particular microorganisms which were observed; this consisted of making 
rough estimates of the concentration and assigning values ranging between 0 
and 4. 

RESULTS 

Experiment with young calves. The results of the examinations made on 
rumen samples collected from the 12 younger calves when they were 3 and 6 wlr. 
old are presented in table 1. The treatment as regards inoculation, the type of 
feed given each calf, and the ratings assigned to the concentrations of some of 
the microorganisms i n  the rumen samples are included. 

Protozoa were present in  the samples from all six of the inoculated calves a t  
3 wk. of age and were present i n  great numbers a t  6 wk., but were completely 
absent in  the samples obtained from the uninoculated calves. Of the bacteria 
which had been observed to associate with hap ingestion (4), those i n  the first 
hay-flora group were present in  samples from all but one of the inoculated calves 
a t  3 wk. of age and in all a t  6 wk. They were present in  samples from two of 
the six uninoculated calves a t  3 wk. and in those from four of them a t  6 wk. of 
age. Eacteria designated as belonging to the second hay-flora group were present 
in samples from only one of the six inoculated calves at  3 wlr. and in but four a t  6 
wk. of ape. The two calves in  whose rumen samples they were absent were re- 
ceiving grain free choice. These bacteria were never observed in samples from 
the six uninoculated calves. Within their respective groups, samples from the 
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TABLE I 
Ratings indicating the relative concentration of certain microorganisms in rumen samples from 

young calves following access to pasture beginning at 4 days of age 

Rumen microorganisms ratings0 at: 

3 wk. of age 6 wk. of age 
Calf Feed 

Hay-flora Hay-flora 
Protozoa Protozoa 

I I1 I I1 

Inoculated 
1 H Pasture alone 
2 J Pasture alone 
8 H Plus hay 

Uninooulated 
3 H Pasture alone 
155 Pasture alone 
9 H Plus hay 

Inoculated 
4 J Plus grain 
5 H Plus grain 
l l J  Plus hay and grain 

Uninooulated 
6 J Plus grain 
14H Plus grain 
125 Plus hay and grain 

a Ratings: 1 =few; 2 =moderate numbers ; 3 = many ; 4 =masses. 

two calves receiving hay in addition to the pasture were rated as having the higher 
concentrations of the bacteria noted to associate with hay ingestion. 

Although not shown in table 1, samples from all 12 calves contained varying 
numbers of the Gram-positive rods designated in the previous report (4) as asso- 
ciated with grain ingestion. These were especially prevalent in samples from 
calves consuming a high proportion of grain during the first 4 wk. 

The general appearance and growth of all the calves was comparatively good. 
Their gains in weight are reported in an accompanying paper (3) .  Four calves 
suffered from attacks of diarrhea, which were of short duration and not severe, 
and all recovered without treatment. Two of these calves (numbers 5 and 11) 
had received rumen inoculations and two (numbers 12 and 15) had not; one re- 
ceived pasture alone (number 15), one pasture plus grain (number 5) and the 
other two pasture plus both grain and hay (numbers 11 and 12). 

Three other uninoculated calves which were born during the same period 
were kept in the barn continuously, were given milk and fed similar hay and grain 
free choice starting at 14 days of age. The results of examinations of rumen 
samples were rather similar to those previously obtained for calves handled in 
this manner (4). Protozoa were missing from all samples, and bacteria of the 
hay-flora groups were practically absent from all samples. On the other hand, 
great numbers of the Gram-positive rods observed to associate with a high propor- 
tion of grain ingestion were present in all samples. Of these three barn-fed 



1028 W. D. POUNDEN AND J. W. EIBBS 

calves, two suffered from mild attacks of diarrhea of short duration, which 
desisted without treatment. 

Experiment with older calves. Data collected on rumen samples obtained 
from the older group of six calves on several representative days are presented in 
table 2. The ratings assigned on the basis of the relative concentration in the 
rumen samples of the particular microorganisms which were being observed are 
given. No marked change in the relative numbers of protozoa were noted 
throughout the period of observation. The two groups of organisms which have 
been observed to associate with hay ingestion tended to decrease in the samples 
during the first few days the calves were on pasture, but soon regained their 
former status. During this period, small Gram-negative short rods were espe- 
cially prominent in all the samples. When the calves were first turned out, the 
pasture was particularly lush. Besides these changes in the microflora, the 
plasma carotenoids also tended to vary considerably (3), indicating that the 
character of the pasture was more than likely involved in both variations. The 
calf having a partial inoculation, which was acquired in a natural manner, de- 
veloped a rumen flora and fauna which appeared quite comparable to those of the 
inoculated animals after associating with them for approximately 2 wk. Micro- 
organisms in rumen samples from the uninoculated animal failed to become simi- 
lar to the others, even though they progressed somewhat in this direction. HOW- 
ever, characteristic microorganisms readily were established when the animal 
received an inoculation with cud materials from an older animal on July 30. A 
rumen sample obtained on August 23 was rated for protozoa as 3, for hay-flora 
group I as 3, and for hay-flora group I1 as 2. It was noted that the same rather 
large Gram-positive rods frequently seen in other uninoculated calves were pres- 
ent in many of the samples obtained from this calf. 

The percentage increases in weight on August 2 over the weights on June 2 
were 61.0 and 75.5 per cent for the two inoculated calves which received grain 
part of the time. For those which did not receive grain, they were 53.5 and 62.6 
per cent for the inoculated calves, 58.1 per cent for the naturally inoculated calf 
and 51.7 per cent for the uninoculated animal. The inoculated calf which gained 
53.5 per cent was a twin of the uninoculated calf. The latter calf suffered from 
recurrent mild diarrhea until after it received the rumen inoculation on July 30. 
Its tail and hind legs were fouled with feces almost continuously, which was 
seldom observed in any of the other calves. I t  also had a noticeably rougher 
hair coat. 

DISCUSSION 

The observation that the same rumen microorganisms were established as 
readily in the rumens of calves eating pasture as when they were consuming dry 
feeds is in line with the findings of others, including Bortree et  al. (I), that 
these feeds promote the development of rather similar rumen flora. 

The absence in the uninoculated calves of certain characteristic microorgan- 
isms which were present in the rumens of inoculated calves indicates that calves 
having access to pasture are in no better position than those being raised on dry 
feeds as regards obtaining these microorganisms from sources other than the 
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bovine rumen. I n  the case of the younger calves which were eating lawn pasture, 
the lack of characteristic rumen microorganisms did not appear to be of much 
consequence i n  so fa r  as gain in  weight (3) or general health was concerned. 

The slowness with which the uninoculated calf in  the older group developed 
rumen flora and fauna similar to the others while on pasture with inoculated 
calves was rather unexpected. The data collected on this single calf cannot, 
of course, provide more than a slight indication of what may occur i n  similar 
animals under such circumstances. However, it does suggest the possibility that 
failure of characteristic flora and fauna to become established in the rumens of 
young animals, which are forced to depend upon pasture utilization to meet their 
nutrient requirements, may limit their ability to efficiently utilize some types of 
pasture. 

The comparatively normal existence which frequently is possible for calves, 
even though they lack some of the usual rumen microorganisms, probably is due to 
the fact that substitute organisms can do a creditable job. However, microorgan- 
isms that have developed over a long period of time i n  the environment of 
the rumen, would be expected to function most efficiently i n  this organ. 

When the role that segregation can play in  the control of the spread of some 
infectious disease organisms is considered, the effect of such a management pro- 
cedure on the transfer of rumen microorganisms from animal to animal can be 
appreciated more readily. 

SUMMARY 

Rumen inoculations with cud materials from cows on pasture were given 
six of twelve calves which were fed milk and placed on lawn pasture a t  4 days of 
age. Rumen protozoa and certain bacteria, used as indicators of the presence of 
varieties characteristically associated with a high proportion of hay ingestion, 
readily were established in all inoculated calves. The bacteria were established 
i n  a relatively less degree in  two of the calves which received grain supplement 
free choice. Protozoa did not develop i n  the uninoculated calves. Some charac- 
teristic bacteria became established in four of the six uninoculated calves by 6 wk. 
of age, but were limited to one of the observed varieties and were relatively few 
in number. 

Characteristic rumen microorganisms became established only i n  relatively 
limited numbers in  a milk-fed, uninoculated, 2-month old calf after being in 
a pasture for 7 wk. with four rumen-inocxlated calves of similar age. The 
marked difference i n  microorganisms was rectified following rumen inoculation. 
Prior to ipoculation, this calf had recurrent mild diarrhea and a comparatively 
rough hair coat while on pasture, but its percentage gain i n  body weight was al- 
most equivalent to a n  inoculated twin. 

Characteristic rumen microorganisms can be established in young calves on 
pasture when they are inoculated with cud materials from older cattle and when 
grain is not fed in  excessive amounts. Calves possibly may be limited somewhat 
i n  their ability to utilize certain pastures, if characteristic rumen microorganisms 
are lacking. 
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PREPARTUM MILKING. 111. THE PLASMA LEVELS OF CAROTENE 
AND VITAMIN A IN CALVES FROM DAMS MILKED PREPARTUM 

AND IN CALVES FROM DAMS MILKED POSTPARTUM1 

R. D. EATON, R. E. JOHNSON, A. A. SPIELMAN, L. D. MATTERSON AND L. NEZVESKY 
Animal Industries Department, Storrs Agricultural Experiment Station, Storrs, Connecticut 

Prepartum milking results in a marked decrease in both the carotene and 
vitamin A content of colostrum (3) .  Since colostrum contributes a large pro- 
portion of these nutrients to the young calf, it is of value to know what effect 
prepartum milking of the dam has on these metabolites in the young calf. The 
purpose of this study was to determine the effect of prepartum milking of the 
dam on the carotene and vitamin A content of the plasma of the neonatal calf. 
Secondarily, these factors were studied in relation to two dietary regimes. 

EXPERIMENTAL 

Animals. A detailed description of the treatment, changes in certain blood 
constituents and composition of the colostrum of the dams of the calves used in 
this experiment has been reported previously (2, 3).  Briefly, the dams were 
divided into four experimental groupings: 1-A, postpartum milked-basal 
ration; 1-B, postpartum milked-basal ration+ 1 million USP units of vitamin 
A daily for 30 days prior to the calculated parturition date; 2-A, prepartum 
milked for 10 days prior to calculated parturition date-basal ration; and 2-B, 
prepartum milked-basal ration + vitamin A. There were nine calves from dams 
in group 1-A, ten calves from dams in group 1-B, and 11 calves each from dams in 
group 2-8 and group 2-B. 

The calves were not allowed to nurse but were removed immediately after 
birth to individual pens in a separate portion of the barn. There the Ayrshire 
and Holstein calves received 6 lb. daily of their dams' colostrum and milk for 
the first wk., and 7, 8, and 9 lb. of herd milk for the second, third, and fourth 
wk., respectively. Similar values for the Guernsey and Jersey calves were 5, 6, 
7, and 8 lb. All colostrum and milk were fed twice daily in nipple pails. At the 
beginning of the second wk. of age, each calf had free access to water, com- 
mercial dry-calf starter and mixed grass and clover hay. Each calf was weighed 
a t  birth and at weekly intervals thereafter to 4 wk. of age. I n  cases of scours, 
the milk allowance was reduced to one-half; and in three calves it was necessary 
to inject intravenously, at the rate of 1 grain per Ib. of body weight, a 25 per 
cent solution of sodium sulfamethazine as a therapeutic agent. 

Samples and Analyses. Venous blood samples were drawn at birth and a t  
weekly intervals thereafter to 4 wk. of age. The samples immediately were 
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chilled to 4 O  C. and centrifuged, and plasma carotene and vitamin A were deter- 
mined by the method of Kimble (7) .  Standard statistical procedures (5, 10) 
were used to test for differences between treatments. In  the case of liveweight, 
the method of Wishart (14) was used, as well as methods outlined in Snedecor 
(10). 

RESULTS 

Data on the content of carotene and vitamin A in the blood plasma and live- 
weight at birth, and at weekly intervals to 4 wk. of age, are given in fig. 1 to 3. 
Prepartum milking resulted in lower levels of both plasma carotene and plasma 
vitamin A. Secondarily, the feeding of supplementary vitamin A to the dam 
prepartum resulted in higher levels of vitamin A in the plasma and in a de- 
pression in the levels of carotene in the plasma. 

- POSTPARTUM BASAL - - - POSTPARTUM BASAL+VIT.A 
.-.,.-. PREPARTUM BASAL 
-..-. PREPARTUW BASAL+VIT.A 

3 6, 

2 4- 
-"- ..-.. _. , -..-.___. 

12- 
PLASMA CAROTENE 

I 7 

0 I 2 3 4 
WEEKS 

F I ~ .  1. The effect of prepartum milking of the dam on the carotene content of the plasma 
of the dairy calf. 

Plasma carotene (fig. 1 )  was affected significantly by treatment. Calves 
from dams milked prepartum had lower average carotene plasma values 
(P<0.01) for the entire experimental period, and also lower average values for 
the period of 1 through 4 wk. of age (P<0.05), than those values for calves from 
dams milked postpartum only. A similar difference (P<0.05) existed at 1 and 
at  2 wk. of age. The feeding of supplementary vitamin A prepartum resulted in 
lower levels of plasma carotene, but these differences were not statistically sig- 
nificant. 
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Plasma vitamin A levels (fig. 2) were lower (P<0.05) from 1 wk. of age 
through 4 wk. in calves from dams milked prepartum. The feeding of supple- 
mentary vitamin A prepartum significantly (P <0.01) raised the blood plasma 
levels of vitamin A for the entire experimental period. Also, the blood plasma 
levels of vitamin A at birth were higher (P<0.001) in those calves from dams fed 
supplementary vitamin A than in calves from dams fed the basal ration alone. 

The liveweight increases (fig. 3) were greater in those calves from dams 
milked only postpartum and those calves from dams receiving supplementary 

- POSTPARTUM BASAL 
- - - POSTPARTUM 8ASAL+VIT.A 

PREPARTUM BASAL 
-..-.. PREPARTUY BASAL+VIT.A 

PLASMA VITAMIN A 

0 l 
1 

I 2 3 4 
WEEKS 

FIG. 2. The effect of prepartum milking of the dam on the vitamin A content of the 
plasma of the calf. 

vitamin A. An analysis of the actual gains during the 28-day experimental 
period and their linear coefficients, or either of these measures adjusted to the 
birth weight of the individual calves, failed to reveal statistically significant dif- 
ferences between treatments. 

Four calves from dams milked prepartum and fed the basal ration (group 
2-A) had scours for a period of 1, 1, 3, and 8 days, respectively. Two of these 
received intravenous injections of 25 per cent sodium sulfamethazine. In  group 
2-B, two calves had scours for 1 day each. No scours were observed in calves from 
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dams milked postpartum and fed the basal ration (group 1-A). One calf in . 

group 1-B had scours for a total of 7 days and received intravenous injections of 
25 per cent sodium sulfamethazine. Conversion of the percent days free from 
scours to an angle corresponding to the percentage, and analysis of variance of 
the angles showed no statistical differences due to treatment. 

- POSTPARTUM BASAL - ,- POSTPARTUM OASAL+VIT. A 
,.,.-. PREPARTUM BASAL 
-..-.. PREPARTUM BASAL+VIT.A 

cn 
n 
z /./' 
3 
0 
a 

7 5- 

LIVE WEIGHT 
65 f 

0 I 2 3 4 
WEEKS 

FIG. 3. The effect of prepartum milking of the dam on the liveweight changes of the 
dairy calf. 

DISCUSSION 

These data indicate that both management and ration during the prepartum 
period can influence the blood plasma levels of carotene and vitamin A in the 
young dairy calf. 

Previous workers (6, 8, 13) have reported difficulty in raising calves from 
cows milked prepartum, and Keyes et al. (6) have indicated that oral adminis- 
tration of a carotene preparation would alleviate scours and general inactivity in 
calves from dams milked prepartum. I n  this study, the blood plasma levels of 
vitamin A of the calves from dams milked prepartum and receiving the basal 
ration alone were, on the average, slightly above loy per cent, which Boyer et al. 
(1) have indicated as adequate. There appears to be the possibility that a subop- 
timuni intake of vitamin A might exist in calves when their dams receive limited 
amounts of carotene in their ration and are milked prepartum. However, other 
factors may influence the nutrition of the calf when its dam is prepartum-milked 
since not only is there a quantitative change in the contituents of colostrum, but 
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also a qualitative change as reviewed elsewhere (3). Although the vitamin A 
content of the colostrum of the dams milked prepartum and fed supplementary 
vitamin A was significantly greater than that for dams milked postpartum and 
fed no supplementary vitamin A (3),  calves from dams in the former group did 
not maintain as high plasma vitamin A levels after 2 wk. of age as did calves from 
dams in the latter group. This suggests that colostrum contains a factor(s), 
apparently not found in milk, which results in greater efficiency in the utilization 
of vitamin A. Previous workers (4, 11) have indicated such, but more direct 
measurements are needed. 

The increase in blood plasma levels of vitamin A in those calves from dams 
fed supplementary vitamin A during the prepartum period confirms work previ- 
ously reported (12). In  addition, the cases of scours, although few and not 
statistically signxcant, are in line with the previous report. The depression 
in carotene, likewise not statistically significant, is of interest; since intrauterine 
influences of supplementary vitamin A feeding apparently carry over into the 
neonatal calf under "normal" conditions of feeding and management. 

The greater but not statistically significant liveweight gains in calves from 
dams fed supplementary vitamin A prepartum is of interest. Previous workers 
(9, 12) have demonstrated significantly greater liveweight gains in neonatal 
Holstein calves due to prepartum feeding of supplementary vitamin A, and in 
Holstein heifers fed supplementary vitamin A directly. The lower but not 
signscant weight gains in those calves from dams milked prepartum well might 
be due in part to suboptimum intakes of vitamin A. 

SUMMARY 

The effect of prepartum milking of the dam, for 10 days prior to the calcu- 
lated parturition date, on the plasma carotene and vitamin A levels, liveweight 
changes, and incidence of scours in 41 young dairy calves has been studied. 
Secondarily, the effect of feeding one million USP units of vitamjn A daily for 
30 days prepartum was measured. 

The data indicate that prepartum milking significantly lowers the level of 
blood plasma carotene and vitamin A in calves from 1 wk. through 4 wk. of age, 
as compared to those values for calves from dams milked postpartum only. 
The feeding of supplementary vitamin A prepartum resulted in significantly 
greater blood plasma levels of vitamin A for the entire experimental period and 
lower but not statistically significant blood plasma carotene levels. The dif- 
ferences between treatments, in liveweight and incidence of scours, were not 
statistically significant. 
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ASSOCIATION ANNOUNCEMENT 
COLLEGIATE STUDENTS' INTERNATIONAL CONTEST I N  JUDGING 

DAIRY PRODUCTS 

Los Angeles, Ca1.-Oct. 23, 1949 

Teams from 18 State Agricultural Colleges, participated in this, the fifteenth annual Contest 
sponsored by the Dairy Industries Supply Association, Inc., and the American Dairy Scienee 
Association. 

Following is  a list of those who won high standings in the Contest: 

ALL PRODUCTS 

rndividuals 

Herbert Ruggles, Iowa State College 
Richard Jaekson Stanley, Mississippi State College 
Russell J. Moe, University of Minnesota 
Donald E. Miller, University of Illinois 
John R. Tedford, University of Connecticut 
Gene D. Lower, Ohio State University 
Lee R. Morgan, Utah State Agricultural College 
Harold A. Ramsey, Kansas State College 
Sam Louis Swett, Mississippi State College 
Robert K. Wight, Iowa State College 

Teams 

1. Mississippi State College 
2. University of Connecticut 
3. Iowa State College 
4. Kansas State College 
5. University of Minnesota 
6. University of Massachusetts 

Tie 7. Michigan State College 
Tie 7. State College of Washington 

9. Utah State Agricultural College 
10. University of Illinois 

BUTTER 

Individuals 

1. Russell J. Moe, University of Minnesota 
2. Raymond G. Otto, University of Minnesota 
3. Herbert Ruggles, Iowa State College 
4. Donald E. Miller, University of Illinois 
5. Philip J. Blauchard, Jr., University of Massachusetts 
6. John R. Tedford, University of Connecticut 
7. Duane D. Walter, State College of Washington 
8. Warren C. Jones, Texas A & M College 
9. William R. Thomas, Oklahoma A & M College 

10. Edwin R. Frankel, Michigan State College 

Teams 

1. University of Minnesota 
2. University of Massachusetts 
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3. Michigan State College 
4. University of Connecticut 
5. State College of Washington 
6. Mississippi State College 
7. Kansas State College 
8. University of Illinois 
9. Oklahoma A B; M College 

10. Agricultural & Mechanical College of Texas 

CHEESE 

Individuals 

1. Sam L. Swett, Mississippi State College 
2. Richard Jackson Stanley, Mississippi State College 
3. Dee R. Morgan, Utah State Agricultural College 
4. John R. Tedford, University of Connectieut 
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8. James D. Yoder, University of Nebraska 
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3. Michigan State College 
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5. University of Nebraska 
6. University of Connecticut 
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9. University of Minnesota 
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1. 
2. 
3. 
4. 
5. 

Tie 6. 
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8. 
9. 

Tie 10. 
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Tallahassee 

BECKER, R. B. Animal Industry Dept., 
Univ. of Fla. kgr. Expt. Station, Gaines- 
ville 

BOWEN, J. O., 62 N.E. 27th St., Miami 
DRESSEL, R. L., Dressel's Dairy Farm, P. 0. 

Box 1656, Riverside Station, Miami 35 
DUPuIS, JOHN G., JR., P. 0. BOX W, Little 

River Ftation, Miami 38 
FOG@, E. C., 111, 101 Alton Rd., Miami 

Beach 39 
FOUTS, E V E ~ T T  L., Dairy Products Lab., 

Fla. Agr. Expt. Station, Gainewille 

Sarasota 
HASTINGS, E. G., Route 3, Box 456, Orlando 
ERIENKE, WALTER A., Univ. of Fla., Gaines- 

ville 
MARSHALL, SIDNEY P., Dept. of Animal In- 

dustry, Univ. of Fla., Gainesville 
M ~ L ,  LEON E., Dairy Products Lab., Univ. 

of Fla., Gainesville 
NEAL, WAYNE M., c/o Jackson Grain Co., 

P. 0. Box 1290, Tampa 1 
PARSON. C. H.. 3613 W. Platt St.. Tampa 
REAVES,' C. w:, Extension ~airydaan, vniv. 

of Fla., Gainesville 
SCRIBNER, L. A., D.V.M., City Hall, Orlando 
SHEALY, A. L., Animal Industry Dept., 

Univ. of Fla., Gainesville 
STOP. CHARLES 0.. Dade Countv Health 

~ i i t ,  800 Court kouse, Miami ' 
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TRIPSON, JOHN ROBERT, Vero Beach Dairies, DUDLEY, JAMES R., Flavet 111, Apt. 212D, 
Vero Beach Gainesville 

TWORGER, GEORGE, BOX Q, Little River Sta- EDWARDS, OTHO JR., BOX 646, Quincy 
tion, Miami HENDRIE, JAMES H., 415 S. 9th St., Gaines- 

ULVIN, GUS B., 1733 Sefir Circle West, Jack- ville 
sonville LANEY, WILLIAM A., 5506 Seminole Ave., 

WILLIAMS, N. KENNETH, P. 0. BOX 142, Tampa 4 
Fort Pierce LEWIS, JOHN, 900 N.W. 130th St., Miami 

WRENSHALL, C. L., Foremost Dairies, Inc., LEWIS, RICHARD, 3248 Green St., Jackson- 
53 W. Ashley St., Jacksonville ville 

MINEAR, LAIRD, Kappa Sigma House, . - -  - 
Student Affiliates: Gainesville 

MINEAU, JUDSON, BOX 217, Jupiter 
BALDWIN, L. R., 5212 10th Ave. N., St. PDTIER, WOODROW P., Broward Grain & Sup- 

Petersburg ply Co., Ft. Lauderdale 
BAXTER, LOREN H., Chi Phi House, Gaines- SANCHEZ, ALDON B., Star Route, Old Town 

ville SCHEE L. B., P. 0. BOX 2812, University 
REARMAN, JULIUS E., 1231 W. University stadion, Gainesville 

Ave., Gainewille SCHNEIDER, RUDY, JR., BOX 545, Eustis 
CAMMACK, ELBERT, 103 N. Hillside, Orlando WEAVER, CURTIS A., BOX 313, Boynton 
CLEMONS. JAMES A., P i  Kappa Phi House, Beach 

1469 W. university, ~ a i n e b i l l e  WILLIAMS, CHARLES R., 217 T Flavet 111, 
Gainesville 

GEORGIA 
Members : 

BONAR HENRY, Moultrie BRYAN: WILLIAM G., c/o Rosemary Cream- 
ery, 62 Baltimore Place N.W., Atlanta 

CALLAWAY, FULLER E. JR., Hills & Dales, 
Lagrange 

CLARK, GEORGE J., Columbus Field Training 
Station, Muscogee County Health Dept., 
Columbus 

COARSEY RALPH W., Riegeldale Farm, Trion 
DAVIS, ~ U K E ,  P. 0. BOX 953, Atlanta 1 
DEHART, G. H., Dept. of Health, 815 Hem- 

lock St.. Macon 

SHEURING, JOHN J., Dept. of Dairy Hus- 
bandry, Univ of Ga., Athens 

SOUTHWELL, B. L., Georgia Coastal Plain 
Expt. Station, Tifton 

STRATTON, JAY W., Washington 
WARD, C. A., Rucliff Farm, R.F.D. 3, Athens 
WEISSNAN. HARRY. U. S. Penitentiarv. 

ucts, 657 1 
Student Affiliates : 

GAY, JAMES D., 661 Whitehall St., Atlanta ARRENDALE, JOHN V., JR., Dairy Dept., 
GRIFFON, GEORGE R., Route 2, Madison Univ. of Ga., Athens 
HARRIS, J. J., Pelham BENNETT, F. W., Dairy Dept., Univ. of Ga., 
HARRIS, L. A., Assistant County Agent, Athens 

Wilkes County, Washington CONNER, JOHN SIDNEY, R.F.D. 1, Monroe 
HAWKINS, JOE E., 314 Main St., Lagrange FOLDS, GEORGE R., Waleska 
HENDERSON, H. B., Univ. of Ga., Athens GOBER, WILLIAM, 304 Cherokee St., Marietta 
MASSEY, Z. A., Georgia Expt. Station, Ex- MAHAFFEY J. C., Youngcane 

periment MARET, KARL, Dudley Hall, Univ. of Ga., 
MECH, A. W., E r a f t  Foods CO., 890 Me- Athens 

morial Dr. S.E., Atlanta MCGOWAN, JOHN, BOX 121, Washington 
MORRISON, SPENCERH., Dairy Dept., College MORGAN, ROBERT, 1394 S. Milledge Ave., 

of Agr., Univ. of Ga., Athens Athens 
SANCKEN, GEORGE A., BOX 710, Augusta MYERS FRED, P. 0. BOX 76, Marietta 

PERRY,' ROY, Route 2, Colbert 
GREECE 

Student Afiliates: 
STROGYLI, PARAZKEVI, 68 Spetson St., 

Athens 
HAWAII 

Members: 
HENKE, L. A,, Agr. E x p t  Station, Univ. of 

Hawaii, Honolulu 
IDAHO 

Members: BUCK, CHARLES, 119 S. 1st W., Rexburg 
ANDERSON, G. C., State House, Boise FOURT, D. L., Dept. of Dairy Husbandry, 
BOYD, JAMES CECIL, Dept. of Dairy Hna- Univ. of Ida., Moscow 

handry, Univ. of Ida., Moscow 
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HANSEN, HENRY C., Dept. of Dairy Hus- 
bandry, Univ. of Ida., Moscow 

KERBY DARRELL C., Caldwell Branch Expt. 
station, Route 4, Caldwell 

MANWARING, D. H., Banquet Better Foods, 
Nelson-Ricks Creamery Co., Rexburg 

MCGLASSON. ELMER D.. Apt. 1-e, North 
Main Village, Moscow' - 

Ross, RICHARD H., Dept. of Dairy Hus- 
bandry Univ. of Ida., Moscow 

SLATER, f. W., 1208 Owyhee St., Boise 
THEOPHILUS. P. R.. College of Aer.. h~oscow 
TRASK, E. s., upper ~ i a k e  ~ i % r  Valley 

Dairymen's Assn., Inc., Box 501, Idaho 
Falls 

Student AfiZiates: 
ALLDAFFER, ROBERT, Dept. of Dairy Hus- 

bandry, Univ. of Ida., Moscow 
BEAL, ERNEST, Dept. of Dairy Husbandry, 

Univ. of Ida., Moscow 
BISHOP, ROBERT, Dept. of Dairy Husbandry, 

Univ. of Ida.. Moscow 
BUSH, MILAN, bept .  of Dairy Husbandry, 

Univ. of Ida., Moscow 
COPENHAVER, HOW- V., Dept. of Dairy 

Husbandry, Univ. of Ida., Moscow 

Members: 
ACKERMAN, H. A., Food Materials Corp., 

2521 W. 48th St., Chicago 32 
ALEXANDER, M. H., 120 Old Agr. Bldg., 

Univ. of Ill., Urbana 
ANDERSON, RALPH J., Sisalkraft Co., 205 N. 

Wacker Dr.. Chicaeo 
BARNES, R. E., 327 k. Prairie, Mnrcnpo 
BARON, MORRIS, 6606 9. Richmond St., Chi- 

cago Lawn, Chicago 
BOARD, F. S., 162 E. Ohio, Chicago . 
BOBER. L. E.. Babson Bros. Co.. 2843 W. 

19t1; st., chicago 
BOYLE, REID G., 223 W. Park St., Edwards- 

ville 
BRIGGS, S. E., 20 N. Wacker Dr., Chicago 6 
EROCK, JOHN H., BOX 128, Dundee 
BROWN, J. C., American Butter Institute, 

Room 1404, 110 N. Franklin St., Chi- 
capo 6 

BROGN, W. CARSON, 100 Elmhurst Rd., Box 
274, Proapect Heights 

BRYANT. H. WAYNE. 504 N. Willis St.. 
stockton 

BURROWS, 0. K., Cherry-Burrell Corp., 427 
Randolph St., Chicago 6 

CARTER, E. B., Meadow-Gold Dairies, 304 S. 
Main St.. Decatur 

CHRISTIAN~EN, C. VALDIMAR, 140 W. Ontario 
St., Chicago 

CORBETT W. J., 1724 Ridge Ave., Rockford 
DARGER,'HARRY C., 2022 Lincoln St., Evan- 

ston 
DENNERLEIN, ARNO A., The Quaker Oats 

Co., 141 W. Jackson Blvd., Chicago 4 
DIAMOND, WILLIAM T., American Feed 

Mfgrs. Assoc., 53 W. Jackson Elvd., 
Chicago 

DALKE, ORLANDO, Dept. of Dairy Hua- 
bandry, Univ. of Ida., Moseow 

D E M ~  BOBBY] 716 Lynn, Moscow 
GARREIT: ERNEST A., Route 2 North, Poca- 

telln 
JAG&, FERD. G., Paris 
KIILSGAARD, CARL, Dept. of Dairy Hus- 

bandry) Univ. of Ida., Moscow 
MILLER, EARL, Dept. of Dairy Husbandry, 

Univ. of Ida., Moscow 
MORGAN, DEE, R.F.D., Ovid 
MYASKI, TOMMY, Route 1, Sugar City 
NESBIT, SHERMAN, Dept. of Dairy Hus- 

bandrv. Univ. of Ida.. Moscow 
PLATO, NICK, Dept. of' Dairy Husbandry, 

Univ. of Ida., Moscow 
SENFTEN. EUGENE R.. 14008 Washineton 

Ave., ~ o i s e  
- 

SHEPHERD, WILLIAM G., BOX 772, Mont- 
pelier 

SUITER, JOHN, Dept. of Dairy Husbandry, 
Univ. of Ida., Moscow 

THACKER, DAVID, Dept. of Dairy Husbandry, 
Univ. of Ida., Moscow 

TRAUTMAN, JACK, Dept. of Dairy Hus- 
bandry, Univ. of Ida., Moscow 

WILLIAMS, EILL, Dept. of Dairy Husbandry, 
Univ. of Ida., Moscow 

01s 

EDMAN GEORGE J., 703 E. Center St., Leroy 
EISEN~TEIN, NORMAN, 1263 Prat t  Blvd., 

Chicago 
ELDRED. R. E.. A & P Tea Co.. 211 W. 

~ a c k e r  Dr., 'chicago 6 
ELLICKSON, BRUCE E., 1713 N. State St., 

Westville 
ELMSLIE, W. P., Moorman Mfg. Co., Quincy 
EPSTEIN, ALBERT K., 5 S. Wabash, Chicago 
FAIRBANKS, B. W., American Dry Milk In- 

stitute, 221 N. LaSallc St., Chicago . 
FAIRCHILD. F. C.. Prairie Farms Creameries. 

43 E. 0hio st:, Chicago 11 
FEDDERSON, R. E., 3931 S. Leavitt St., Mc- 

Kinley Park Station, Chicago 
FELDMAN, SHELDEN, 2811 W. Division, Chi- 

cago 22 
FIFER RUSSELL, American Butter Institute, 

1 1 0 ' ~ .  Franklin St., Chicago 6 
FLAKE, J. C., 1321 Washington, Evanston 
Fox. WILLIAM K.. 918 Hickorv St.. Wan- " ,  

kegan 
FRITZ, JAMES C., 22 Monroe St., Elgin 
FRYMAN. LEO R.. 1016 W. Vine. Champaign 
GAINES, 'w. L., 120 ~ a v e n ~ o r t '  Hall, b z v .  

of Ill.;Urbana 
GARDNER, KARL, Dept. of Dairy Husbandry, 

Univ. of Ill., Urbana 
GAYMONT, STEPHEN, 320 N. LaSalle St., 

Chicago 
GIBSON, GILBERT G., 10541 Drew St., Chi- 

C 3 R O  43 
GOODMAN, MARK C., JR., Goodman American 

Corp., Federal a t  45th St., Chicago 9 
GRAHAM, T. W., Allied Mills, Inc., 210 Suf- 

fern Bldg., Decatur 
GRANDISON, EDWARD G., Swift & CO., U. S. 

Yards, Chicago 
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GREENSPAN, JOSEPH, Consolidated Products 
Co., 119 N. Washington Ave., Danville 

GUNDERSON, N. O., 8th Floor, City Hall 
Bldg., Rockford 

HAMAN, ROBERT W., The Wander Co., Villa 
Park 

HAMILTON, GEORGE B., 20 N. Wacker Drive, 
Chicago 6 

HANSEN, ELMER N., Curtis8 Candy Co., Cary 
HARPER, CLAUDE, JR., Beatrice Foods Co., 

1526 8. State St., Chicago 5 
HARRIMAN, L. A., Armour Research Lab., 

Union Stocks Yards, Chicago 
HARSHBARGER, K. E., 120 Davenport Hall, 

Univ. of Ill., Urbana 
HEDRICK, T. I., 626 S. Maple Ave., Oak 

Park 
HEMB, D. M., 3659 Harrison St., Chicago 
HENRY, J. W., 221 N. La  Salle St., Chicago 
HERREID, ERNEST, Dept. of Dairy Hus- 

bandry, Univ. of Ill., Urbana 
HETRICK, J. H., Dean Milk Co. Rockford 
HOEGER, VERNON C., BOX 792,&arrenville 
HORNE, L. W., 500 Peshtigo St., Kraf t  

Foods Co. Chicago 
HORRALL. E.' E.. 6759 8. Oelesbv Ave.. Chi- - " ,  

cago 49 
HOYT, RICHARD M., 807 S. Main St., Normal 
HUFFER, ENOS G., 1328 Noble Ave., Spring- 

field 
HULL: MAURICE E., 230 S. Catherine Ave., 

LaGrange 
HUNNICUTT, W. D., National Dairy Prod- 

ucts Co.. Inc.. 75 E. Wacker Drive. Chi- , , 
cago 1 

HUNZIKER, 0. F., 103 Seventh Ave., La  
Grange 

HUSSONG, R. V., Kraf t  Foods Co., 923 
Waukegan Road, Glenview 

INGLE, JAMES D., 9825 S. Peoria St., Chi- 
cago 

JACOBSEN, D. H., Cherry-Burrell Corp., 427 
W. Randolph St., Chicago 

JENSEN, OTTO G., 112 N. Home Ave., Park 
Ridge 

KARNOPP, KARL W., 216 N. Spring St. 
Waukegan 

KEEFER, KYLE W., c/o Sprague Dairy Co., 
Lockport 

KEITEL, KUUS, Millstadt 
KELLEB. FLOYD M.. 309 W. Jackson Blvd.. 

Chicago 
KENDALL, K. A., Dairy Husbandry Dept., 

Univ. of Ill., Urbana 
KENT, 0. B., The Quaker Oats Co., Liberty 

Villa Farm. Libertvville 
KLEIN, RALPH A., 1526 S. State St., Chi- 

cago 
KUEBLER, JUSTA, 706 Maple Ave., Downers 

Grove 
KUNKEL, REINOLD, Kraf t  Foods Co., Re- 

search Lab., Glenview 
KWASIGIOCH, CARL, Ass't. County Agent, 

Farm Bureau, McRenry Co., Woodstock 
LERNER L. Phil Kalech Research Lab., 200 

E. 1liinoi$ St., Chicago 11 
LONG, HENRY F., Sugar Creek Creamery 

Co., Danville 

LONGSDORF. JOHN H.. 2817 Auburn St.. 
~ o c k f  ord 

Loos, HENRY, Kraf t  Foods Co., Glenview 
LOU~ER,  EARL A., Pet Milk Co., Greenville 
LOP, WILLIAM C.. Wilson & CO.. 41st St. & 

S.' Ashland Avk., Chicago 9 ' 

MAACK. ARTHUR C.. 10905 S. California 
~ve. :  Chicago 4 3  ' 

MAINA, MYRTLE, Kraf t  Foods Co., 923 
Waukeean Rd.. Glenview 

MARTENS; CARL IN., 907 S. Forrest Ave., 
Carbondale 

MARTIN ETHEL A., C/O National Dairy 
CounAil, 111 N. Canal St., Chicago 

MCAULIFFE, HERBERT, Bowman Dairy Co., 
140 W. Ontario St., Chicago 

MCKINNEY, WILLIAM B., Beatrice Foods 
Co., 120 S. LaSalle St., Chicago 3 

MERHOFF. JOHN H.. c/o Borden Co.. Ma- , . 
rengo 

NAFIS, LOUIS I?., C/O Georgian Hotel, 
Evanston 

NEVENS, W. B., College of Agr., Urbana 
NORTH, G. C., Beatrice Creamery Co., 1526 

8. State St., Chicago 
O'MALLEY C. M., American Dry Milk In- 

stitute. fnc.. 221 N. LaSalle St.. Chicaeo 
ORMISTON, E . ~  E., Dept. of ~ a i ; ~  pro;., 

Univ. of Ill., Urbana 
OSRI. STANLEY M.. 4100 N. Kenneth Are.. 

Chicago 
OVERMAN, 0. R., Dairy Dept., Univ. of Ill., 

Urbana 
PARFITT, E. H., Evap. Milk ASSOC., 307 N. 

Michigan Ave., Chicago 1 
PARKER, MILTON E., Room 5128, 308 W. 

Washington St., Chicago 6 
PASHKOW, A. D., 415 W. Scott St., Chi- 

cago 10 
PEDRICK, R. F., Dean Milk Co., 1126 Kil- 

burn Ave., Rockford 
POPE, DONALD B., 703 N. Evans, Bloom- 

ington 
PROHASKA. J. R.. 2555 W. Diversev Ave.. 

Chicago'47 ' 
PRUCHA MARTIN J., 702 Nevada, Urbana 
P U T N A ~ ,  GEORGE W., 1042 Pontiac Rd., 

Wilmette 
PYENSON. HARRY. Dairv Manufactures 

Bldg., ~ n i v .  of ill., ursana  
RAUSCH, KARL H., 1021 S. 3rd St., Galena 
REEDER. GEORGE W.. 5446 S. Dorehester. 

Chicago 
REICHART, E. L., Rm. 1312, 110 N, Frank- 

lin St., Chicago 6 
REINBOLD, GEORGE W., JR., 1005 W. Uni- . . 

versity; Urbana 
REMALEY, ROBERT J., 320 Spring St., Park 

Ridup 
RHoDE"-c. S. Dept. of Dairy Prod., Univ. 

of dl., ~ r d a n a  
RICE, FRANK, Evaporated Milk Assoc., 307 

N. Michiean Ave.. Chicano 
RICHARDS -OWEN 'M., Lmerican Dairy 

ASS 'n., '20 N. Wacker Dr. Chicago 
RISHOI, A. H., Cherry-~ur:ell Corp., 427 

W. Randolph St., Chicago 
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ROBICHAUX, R. P., 4333 N. Winchester, Chi- 
cago 13 

ROUNDY, ZOLA DOYLE, 17 MeIntosh Ave., 
Clarendon Hills 

RUEHE PROF. H. A., 908 S. Lincoln Ave., 
~ r b a ) n a  

SALISBURY, GLENN, Dept. of Dairy Hus- 
bandry, Univ. of Ill., Urbana 

SAM~SON, JESSE, 509 W. Charles St., Cham- 
Paw'  

SCHRENK, 0. J., Bowman Dairy, 140 W. 
Ontario Chicago 

SCHROEDE~, HERMAN C.. 7938 Crandon Ave.. 
Chicago 

SCOTT E. C., Ashton 
S H A D ~ I C K ,  G. W., JR., Beatrice Creamery 

Co., 1526 S. State St., Chicago 5 
SHERE, LEWIS, The Diversey Corp., 53 W. 

Jackson Blvd., Chicago 
SIEHRS, A. E., Krim KO Corp., Chicago 
SIHMONS. NICHOLAS L.. Stock-Gro. Inc.. 333 , , 

N. Miihigan Ave., chicago 
SMITH F. R. Pet Milk Co., Greenville 
SMITH! HIRA& P.. 1257 Granville Ave.. Aut. , - 

3W 'chicago 46 
SNIT;, WARREN, R., Dairy Dept., Univ. of 

Ill.. Urbana 
SNOW, C. H., P. 0. BOX 77 Bloomington. 
SNYDER, VICTOR P., 16231 hmerald Ave., 

Harvey 
SOMMER, W. A., Borden's Soy .Processing 

Co., P. 0. Box 508, Kankakee 
SPANNUTH, H. T., 5458 Dorchester, Chicago 

15 
STEBNITZ, V. C., Chicago Dairy & Food Lab., 

6930 N. Clark St., Chicago 
STEVENSEN, FRENTON G., Breese 
SPINE, J. BRYAN,, Kraft Cheese Co., Re- 

search Lab., 923 Waukegan Rd., Glen- 
view 

STOKES. LOUIS. 5551 S. Eimbark Ave.. Chi- 
cago'37 ' 

STOLPER, ERNST G., 18 Bailey Rd., Park 
Forest. Chicaeo Hts. 

STORRS, ARNOLD B., BOX 13, Palos Heights 
SYNOLD, R. E., Soyafood & Oil Corp., 422 S. 

Front St.. E. St. Louis 
TRACY, P. k., Dept. of Food Technology, 

Univ. of Ill., Urbana 
TUCKEY. S. L.. 101 Dairy Manufactures 

Bldg.' Univ. 6f Ill., ~ r b i n a  TURNER: J. RAY, Preferred Brands Co., 461 
W. Erie St., Chicago 10 

VANDEMARK, N. L., Dept. of Dairy Prod., 
Univ. of Ill.. Urbana 

VORHES, CARL A., Q. M. F. & C. I., 1845 W. 
Pershing Rd., Chicago 9 

WAINESS. HAROLD. U. S. Public Health Ser- 
vice, 69 W. ~ a k h i n ~ t o n ,  Chicago 

WARNER, E. A., Sunbeam Corp., 5600 Roose- 
velt Rd., Chicago 50 

WATTS, MEREDITH W., Allied Mills, Inc., 
Box 459, Libertyville 

INI 
Student Affiliates: 

KALAPA, C. D., Dairy Development Dept., 
Fort Mercara P. O., Coorg 

WEINER, L. H., Borden CO., Chicago Milk 
Division, 3638 Broadway, Chicago 13 

WEINREICH, CHARLES F., c/o Cherry-Burrell 
Co., 427 W. Randolph St., Chicago 

WHITNEY, ROBERT MCL., Dept. of Food 
Technology, Univ. of Ill., Urbana 

WHITNEY, W. O., 1243 W. Washington 
Blvd., Chicago 

WILSON. H. KENNETH, Wilson Ice Cream 
Co., 107 E. Elm St., ~ r b a n a  

WILSON, H. L., Kraft Cheese Co., 500 Pesh- 
tigo Court, Chicago 90 

WRIGHT, J. HAROLD, Research Lab., Pet 
Milk Co.. Greenville 

WOLFEL&,'DONALD C., White Hall 
YAPP, W. W., 608 W. Green St., Urbana 
YOUNG, PAUL A., 75 E. Wacker Drive, Chi. 

eago 1 
ZIMMERMAN, HARLIE F., 218 Barker Ave., 

Peoria 5 

Student Afiliates : 
ALBRECHT, JOHN R., 1108 W. Springfield, 

Urbana 
BREEDLOVE, ROYCE, Dairy Dept., Univ. of 

Ill., Urbana 
COE, ROBERT, BOX 54, Shabbona 
DAILY, HOW~P*D, R.F.D. 2, Peoria 5 
DIDIER, AL J., 1525 Maryland Drive, Ur- 

bana 
GROSCHE, CHARLES A., 109 Phillippa Ave., 

Waukegan 
HEIRES, PAUL, Frazer Apts., Chester ' 
HUGHES, CHARLES A., 1109 W. Stoughton, 

Urbana 
HUNDING, CARL W.. 208 W. Columbia, Cham- 

paign 
KELLY, MAX B., 312 S. State., Champaign 
EIBLER, WILLIAM T., 401 Barr Ave., Jerseg- 

villn 
KREUZKAMP, LINCOLN, 512 E. Healey, 

Champaign 
MCBRIDE, CLIFFORD, 456 W. Judd St., Wood- 

stock 
MCCABE, PAUL J., Ludlow 
MODENHAUER, RAYMOND, BOX 144, Mon- 

mouth 
MOORE, DONALD, Dept. of Food Technology, 

Univ. of Ill., Urbana 
RUESTMANN. D. G.. 705 W. Elm St.. Aut. 8. , *  P 

Urbana 
SANG. DONALD G.. 1025 N. L a t h r o ~  Ave.. 

~ i < e r  Forest ' 
SCHMIDT, A. R., 5545 Rosemont, E. St. 

Louis 
SISLER, WILLIAM, Ohio 
SMITH, MA& 501 E. Springfield, Champaign 
SOUTHWELL, LEONARD, 403 2nd St., Pana 
VARNEY, HOWARD, 1117 W. Illinois Ave., 

TTrhana 
W&TLAKE, ORVILLE O., Producer's Dairy, 

S. College St., Danville 
ZIVNEY, S. E., 128 Locust St., Minonk 

nA 
KONAR, M. R., ~hoshbagan Burdwan, W. 

Bengal 
MATHUR, P. E., Animal Husbandry Dept., 

Bikaner 
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INDIANA 
Members: MILLER, NORMAN J., Mead Johnson & Co., 

BABEL, FRED J., Dairy Husbandry Dept., Evansville 
Purdue Univ., Lafayette MOODY, E. GRANT, Dept. of Dairy Husban- 

BARNEW, BEN F., Silver Lake dry Smith Hall, Purdue Univ., Lafayette 
BARNETT, J. A., R. R. 2, BOX 2, Boswell MOSELEY, W. K., 3862 E. Washington St., 
BRYAN, KENNETH V., Smith Hall, Purdue Indianapolis 1 

Univ., Lafayette OVERMAN, ORTON, 357 N. Walnut St., Union 
CHUMLEA, L. W., Associated Laboratories, City 

810 N. Meridian St., Lebanon PARSONS, DONALD W., 256 W. 3rd, Peru 
COHENOUR, FRANCIS D., C/O Armour & CO., PRICKEm, Mead Johnson & Co., 

Rochester Evansville 
COLE, GLENN H., c/o Swift & Co. Marion R. E., 918 Robinson Ave., W. 
DE LACROIX, FRANK E., 1718 ~drthwestern Lafayette 

Ave., Lafayette SCHARF, IRVIN C., Purity Maid Prod. Co., 
New Albany 

EICHENBERGERI R.> 666 SIEGRIST, URBAN J7 St. College, 
St., Berne 

GALENA, M. L., R. D. #1, Lafayette Collegeville 
GANNON, E. A., Purdue Univ., West Lafay- W', Red 73 Creamery, 

ette Union City 
G R A ~ S ,  R,. D., P.0, Box 392, Valparaiso 415 North St'? Lafa~ette 
GREGORY, H. W., Chief of Dairy Husbandry, SUHRE' H ' ~  COIUmbUS 

Purdue Univ., Agr. Expt. Station, Lafay- ;FF.. $ . , ~ e ~ ' b ~ ~ ~ ~ s o n  & co., Evans- ette ville 21 
HuvEyj E', JR., 716 E. WEISKETTEL, WALTER A., Goshen Milk Cond. South Bend Co. Goshen 

I.> Northwood Drive, W E R L ! ~ ~ ~ ,  WILLTAN H., 861 Lincoln Aye., 
Indianapolis 20 Evansville 13 

H0LLENDER7 H' A'* Dept' of Dairy HIIS- WILBUR, J. M., Smith Hall, Purdue Univ., bandry, Purdue Univ. Lafavette 
IDDINGS, HARRY G., Route 1, B ~ X  185, Gary Lafayette 

JOHNSON, E. R., Smith Hall, purdue Univ., W1LL1ANS9 G' A', Purdue W' 
Lafayette Lafayetto 

LARSON, R. A., Indiana Dairy Prod. Assoc., ZELL, FRED, Carmel 

623-25 Board of Trade Bldg., Indian- Student  Atfiliates: 
apolis 4 BROWN, GORDON, 408 Center St., Valparaiso 

LUNDQUIST, NORMAN S., Dept. of Dairy DIETRICK, LOUIS L., BOX 813, Portland 
Husbandry, Purdue Univ., West Lafay- HEREIN, ANDREW T., Romney 
ette VANDERBEEK, JAMES L., 113% West 8th St., 

MCPEAK, T. L., 360 Penn Ave., Ft. Wayne Rochester 

IOWA 
Members: HUGHES, CHARLES E., Successful Farming, 

ARNOLD, FLOYD, Extension Service, Iowa Des Moines 3 
State College, 202 Morrill Hall, Ames IVERSON, C. A., Dept. of Dairy Industry, 

BAKER, MERLE P., Dept. of Dairy Industry, Iowa State College Ames 
Iowa State College Ames JACKSON, LYLE ~ . , ' 9 2 3  16th s t .  N. E., 

BIRD, EMERSON W., bept. of Dairy Indus- Cedar Rapids 
try, Iowa State College, Ames JACOBSEN, N. L., Dept. of Animal Hus- 

BONEWITZ, PAUL W., Bonewitz Chemicals bandry, Iowa State College, Ames 
Inc., P.O. Box 560, Burlington ERISTOFFERSON, THORVALD, Dairy Industry 

BURWELL, F. A., Rat11 Packing Co., Water- Dept., Iowa State College, Ames 
loo EUBICEIC, MILTON D., 1145 First St. S. W., 

CANNON, C. Y., Animal Husbandry Dept., Mason City 
Iowa State College, Ames LUSH, JAY L., Agriculture Hall, Iowa State 

CAULFIELD, W. J., Dept. of Dairy Industry, College, Amos 
Iowa State College, Ames MORTENSEN, MARTIN, Iowa State College, 

EDMONDSON, JOE E., Dept. of Dairy Indus- Ames 
try, Iowa State College, Ames NELSON, F. E., Dept. of Dairy Industry, 

FAHL, JOSEPH R., 1417 East Lombard St., Iowa State College, Ames 
Davenport NIELSEN, VERNER H. Dept. of Dairy Indus- 

FINCHAN, ROBERT G., 222 South Hazel, try, Iowa State c;llege Ames 
Ames OWEN, THOMAS S., 209 S: 12th St., Center- 

Goss, E. F., Dept. of Dairy Industry, Iowa rille 
State College, Ames PARMELEE, C. E., Dairy Industry Dept., 

HANSON, F. E., 1321 Ave. H, Hawarden Iowa State College, Ames 
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PEEBLES, H. E., Bacteriology Lab., Iowa 
State Dept. of Agr., State House, Des - .  
Moines 

PETERS. ISAAC. Dairv Industry Blde.. Iowa " -, 
state' ~ o ~ e g k ,  ~ m e s  

PIRIE, .J. W., Eastern Artificial Breeding 
Assoc.. Cedar R a ~ i d s  

PORTER, ~ R T H U R  R.; 110 Curtiss Hall, Iowa 
State College, Ames 

RAPS, GREG, 3108 Ellis, Ames 
RATHORE, A., Animal Husbandry Dept., 

Iowa State College, Ames 
ROSENBERGER, W. S., Dairy Industry Dept., 

Iowa State College, Ames 
RUDNICK, A. W., 214 S. Russell Ave., Ames 
SANDERS, L. R., Hutchinson Ice Cream Co., 

Cedar Rapids 
THOMAS, B. H., 306 Chemistry Bldg., Iowa 

State College, Ames 
VOELKER, DONALD E., 202 Morrill Hall, 

Iowa State College, Ames 
WARE, ROBERT, Carroll Creamery Co., Car- 

roll 
WEAVER, RUSSELL C., 310 S. Tennessee, Ma- 

son City 
WEGERMANN, EDWIN H., 864 18th St. S. E., 

Cedar Rapids 
WILKOWSKE, HOWARD, Dairy Industry 

Dept., Iowa State College, Ames 

Student Afiliates : 

ACKER, ROBERT M., 310 Ivanhoe Rd., Water- 
loo 

ANDREAE, JOHN, 217 Ash, Ames 
BAKER, R. J., Dairy Industry Dept., Iowa 

State College, Ames 
BASSEW, PAUL, Box 175, Station A, Ames 
BELL, KENNETH, 307 15th St. N. W., Mason 

City 
BRAYMAN, DONALD, 124 N. Hyland Ave., 

Ames 
CALVERT, PHILLIP, R. F. D. 4, Jefferson 
CHRISTENSEN, JAMES V., 2120 Lincoln Way, 

Ames 
COFFIN, DALE, Rutland 
COYLE, CHARLES, 466 Pammel Ct., Amns 
DAVIES. IDRIS. Alumni Hall. Iowa State Col- 

lege, '~mes ' 
DAVIES, JAMES, 1329 Kirkwood Ave., Iowa 

City 
DUDANI, A. T., Dairy Industry Dept., Iowa 

State College, Ames 
GEORGE. KENNARD. 307 W. 4th St.. Boone 
GERNAND, MAX,, Tiolga City 
GERRY, KEITH, 17th & Early, Sac City 
GERVAIS. HUGH B.. 2110 Lincoln Way. 

Ames 
GIDEONSEN, RAY, 1933 8. Bluff, Clinton 
GOODMAN, RICHARD, McCallsburg 
HAGEN, VERNON, Joice 

IREL 

Members: 
GRIMES, MICHAEL, Dairy Bacteriology Dept., 

University College, Cork 

HARVEY, WALTER R., Animal Br. Section, 
Iowa State Collkge, Ames 

HAUPT, ERNEST, 1818 Boone St., Boone 
HENRYSON, ROY 228 Welch, Ames 
HERRICK, ~ 0 ~ ~ , ' 1 2 1 9  Lincoln Way, Ames 
HILDRETH, DONALD G., 744 Pammel Ct., 

Ames 
HUMPHREY, SAM, 145 Pammel Ct., Ames 
JOHANSON, RICHARD E., 304 Welch Ave., 

Ames 
JONES, GAIL M., 310 Michigan Ave., Storm 

Lake 
JONES, MIU), Corydon 
KEEN. PAUL. 1118 Jones St.. Betteudorf 
KELL~GG, W~LLACE, 713 ~ a k m e l  Ct., Ames 
KOELE, EARL, 84 Pammel Ct., Ames 
LARSEN, CPRIL, BOX 27, Akron 
LEGATES, J. E. 670 Pammel Ct., Ames 
LOVLIEN, CARL,' 303 Welch Ave., Ames 
LUND, WAYNE E., 211 N. Hazel, Ames 
MAGILL, ROBERT, Hughes Hall, Ames 
MAGRABI, M., Station A, Box R, Ames 
MCBRIDE, CLIFFORD, 131 Campus Ave., Ames 
MCGILLIARD, LON D., Animal Breeding Sub- 

section, Dept. of Animal Husbandry, 
Iowa State College, Ames 

MEYERS, WILLIAM, 62 May St., Manning 
MOELLER, RICHARD, 107 8. Riverside Dr., 

Ames 
MONAWECK, JOHN, 2112 Lincoln Way, Ames 
MORRIS, WALTER, Strawberry Point 
MORRISON, HENRY F., 1137 Northwestern, 

Ames 
NASHIF, SELIM A., BOX 330, Friley Hall, 

Ames 
NELSON, WALTER Randall 
NORRIS, HOOD, 364 Welch Ave., Ames 
OLSON, ROBERT A., Model Dairy, Waukon 
PAUGH, ROBERT J., 325 Welch, Ames 
PHELPS, THOMAS, 733 Pammel Ct., Ames 
PUTT, THOMAS B., Osborne Cottage, Iowa 

State College Ames 
RHODES, SAM, $11 Ash Ave., Ames 
SKOGMAN, DEANE, Farmersburg 
STODDARD, GEORGE E., Dept. of Dairy Hus- 

bandry, Iowa State College, Ames 
THOMAS, ROBERT H., Dairy Industry Dept., 

Iowa State College, Ames 
VITTENGLE, JOHN G., 2421 Lincoln Way, 

Ampa 

.WAGGONER, BURDETTE, 630 7th St. S. E., 
Cedar Rapids 

WEIR, GEORGE, 403 W. Lincoln Way, Apt. 3, 
Ames 

WEYANT, ROBERT E., Strawberry Point 
WILHELM, DENNIS, Route 1, Renwick 
PANG, S. P., Dept. of Animal Husbandry, 

Iowa State College, Ames 
ZEUTHEN, NIELS, International House, Iowa 

State College, Ames 
ZIMMERMAN, HOWARD, Dairy Industry 

Dept., Iowa State College, Ames 

AND 
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ISRAEL 

Student Afitiates : 
POLTSHUK, MENASHE, 137 Rotshiid St., 

Petah-Tiqua 
KANSAS 

Members : LINN. J. W.. Extension Division. Kan. State . . .  

ATKESON, F. W., Dept. of Dairy Husban- 
dry, Kan. State College, Manhattan 

BECK, GLENN H., Dept. of Dairy Husbandry, 
Kan. State College, Manhattan 

BRIGHT, HOWARD, 5351 Ash St., Mission 
CHILSON, WILLIAM H., Dept. of Dairy Hus- 

bandry, Kan. State College, Manhattan 
CLAYDON, T. J., Dairy Dept., Kan. State 

College. Manhattan 
DAY, C-&ENCE A., 520 Ash St., Ottawa 
ECKLES, WILLIAM CLARENCE, 5706 Ash Dr., 

Mission 
ELDRIDGE, FRANKLIN, Dept. of Dairy HuS- 

bandry, Kan. State College, Manhattan 
FOREMAN. CHARLES F.. 825 Fremont St.. - ,   anh ha it an 
FOUNTAINE, I?. C., Dept. of Dairy Husban- 

dry, Kan. State College, Manhattan 
GEORGE, B. J., Kansaa City Power & Light 

Co., 1330 Baltimore Ave., Kansas City 10 
HOSTETLER. P. H.. Haruer 
IBSEN, HEMAN d., D&. of Animal Hus- 

bandry, Kan. State College, Manhattan 
. Ku, BENEDICT H. Y., Dept. of Dairy Hus- 

bandry, Kan. State College, Manhattan 

coilege, hanhattan 
MARTIN, WILLARD H., Kan. State College, 

Manhattan 
PARRISH, DONALD B., Dept. of Chemistry, 

Kan. State College, Manhattan 
UNDERBJERG, GRAVERS 9. L., Dept. of Phys- 

iology, Kan. State College, Manhattan 
WHITNAH, C A ~ E L L  H., Dept. of Chemistry, 

Kan. State College, Manhattan 
Student Afiliates: 

AINSLIE, HARRY, Apt. 28D, Elliott Courts, 
Manhattan 

BARTLEY, ERLE, Dairy Husbandry Dept., 
Kan. State College, Manhattan 

GIGSTAD, ALFRED, Dairy Barn, Kan. State 
College Manhattan 

QUIMBY, 'KENNETH, 2100 Madison, Great 
Bend 

RAMSEY, HAROLD, 1409 Fairehild, Manhat- 
tan 

SEERROD. HOWARD J.. 1648 Leavenworth. 
 anh hat tan 

STOKES, WILLIAM BRICE, 209 W. 23rd, Apt. 
8. Wichita 

ZE&, MLADDEN, D., 316 4th Ave., Leaven- 
worth 

KENTUCKY 
Members: Student Affiliates: 

BARKYAN, J. O., Dairy Dept., Univ. of Ky., BuENETI'E, CECIL, Route 1, Fulton 
Lexington BUSH, LINVILLE, R. D. 3, Winchester 

BARKYAN, ROBERT L., Prospect CONLEY, CECIL, University Apts., 333 South 
BLUE, JAMES L., JR., Cudaby Packing Co., Lime, Lexington 

Harrodsburg DUNNING, MOSE W., JR., 317 Grosvner Ave., 
CARPENTER, MARSHALL C., Route 6, Louis- Lexington 

ville DWALL, CHARLES ALLEN, JR., Smithfield 
CLIFTON, CARL M.. D a i n  De~t..  730 Rose St. EARLY. WALTER B.. JR.. BOX 123. Williams- , , 

~exington 29 ' - - ' burg 
DEUTSCH, ANN, Route 4, Box 773, Louis- FORTNER, HENRY L., 600 3rd St., Fulton 

ville 13 GRAHAM, JOHN D., BOX 546, Hopkinsville 
DOZIER, EYYIZT, JR., 306 Douglas Ave., JOHNSON, JAMES T., Route 1, Water Valley 

Versailles LASSITER, CHARLES, 544 B Hilltop Ave., 
ELLIOTT, RALPH F., Dairy Section, Univ. of Cooperstown, Univ. of Ky., Lexington 

Ky. Lexington LEMASTER, JAMES L., 527 Brewer Drive, 
FOST& JAMES D., 730 Rose St., Lexington Cooperstown, Univ. of Ky., Lexington 
FOSTEB, JOHN W., D a b  Dept., Univ. of LINTON. FUNK B.. 303 E. Maxwell St.. Lex- 

Ky Lexington . - - . ington 
FREE&, THE0 It.. Dairy Section. Univ. of MCNEIL. WILLIAM SAMUEL. JB.. BOX 1253. 

, I  

Ky. Lexington ' - college P. O., Berea 
HIXS~N, E. L., Pet Milk Co., Mayfield MULLINS, DEWEY A., 741 Oldham Ave., Lex- 
MCCULLOUGH, MARSHALL E.. BOX 1123 Col- ineton 

lege Station, Berea PRIG, H. V., 100 Wabash Place, Apt. 1, 
MENNEN, K. E., Armour Creameries, Louis- Lynn Acres Apt., Louisville 8 

ville 8 mu, THEODORE S., BOX 5634, Univ. of Ky., 
MORRISON, H. B., Dairy Dept., Univ. of Ky., Lexington 

Lexington SAALWAECHTER, PAUL, 708 Meredith, 
SEATH, DWIGHT M., 106 Dairy Bldg., Univ. Cooperstown, Univ. of Ky., Lexington 

of Ky., Lexington SAMPLES, RUBERT N., Route 1, Fancy Farm 
SUMME, JOHN J., 224 E. 20th St., Coving- SCHOOLCRAFT, GEORGE W., Cain Stone 

ton STAHL, PERRY, Pikeville College, Pikeville 
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Members : WARNER, ROBERT A., Route 3, BOX 133, 
ANDERSON, H. W., Extension Dairyman, Monroe 

Univ. Station, Baton Rouge 
BRANTON, CECIL, L. S. U. Artificial Breed- Student Affiliates: 

ing Center, Dairy Dept., Univ. Station, ALFORD, JOHN A., Dept. of Bacteriology, 
Box 8907, Baton Rouge 3 La. State Univ., Baton Rouge 

BROWN, CHARLES A., 841 Exposition Blvd., BARKER, HAL B., BOX 507, La. Polytechnic 
New Orleans 15 Institute, Ruston 

CALLOWAY, R. C.. Univ. Station. Baton BATEMAN. DALLAS L.. BOX 8381. La. State 
Rouge Unis.,  ato on R O U ~ ~  

CATHCART, S. L., Iberia Expt. Farm, Jeaner- CADWALLADER, J. M., JR., BOX 1188, Baton 
ette Rouge 

DAVIS, C. C., 2618 Calhoun St., New Orleans D 'ARENSBOURG, GERALD F., BOX 6592, La. 
18 State Univ., Baton Rouge 3 

FRYE, JENNINGS B., JR., I)airy Dept., La. ESTESS, D. L., BOX 739, Mansfield 
State Univ., Baton Rouge EVERAGE, OTIS R., BOX 6883, La. State 

GAXTT, PAUL A., Trinity Plantation, Rose- Univ., Baton Rouge 
dale HODGKINS, E. E., BOX 7330 A, La. State 

GELPI, A. J., JR., Assoc. Prof. of Dairying, Univ., Baton Rouge 
La. State Univ., Baton Rouge HOUEYE, MILES, BOX .566, Amite 

GIBBONS, J. T. P.O. BOX 284 New Orleans JAMES, CHARLES B., 2533 Jessamine St., 
HAQ, Mn OBA~EDUL, BOX NO. b463, L. S. U., Baton Rouge 

Baton Rouge 3 KUHNELL, J. S., 7428 Freret St., New Or- 
MILLER, G. D., Louisiana State Univ., P.O. leans 

Box 7443, Baton Rouge MCDANIELS, THOMAS M., Spring Creek 
NEASHAM, E. W., La. State Univ., Baton MEADE, E. L., 525 Government St., Baton 

Rouge Rouge 
PATRICK, T. E., Dairy Dept., La. State NOLAN, DONALD J., BOX 6406, La. State 

Univ., Baton Rouge Univ., Baton Rouge 
RIVERS, PHILIP, Southwestern La. Institute, SCOTT. G. W.. Iberia Livestock Exot. Sta- 

Lafayette tion, ~eaneiet te  
ROUGEOU, C. L., Dairy Dept., Southwestern SIMON, DENIS E., JR., BOX 6741, La. State 

La. Institute, Lafayette Univ., Baton Rouge 3 
Rusonr, LOUIS L., Dairy Research, La. State WALKER, W. D., JR., BOX 8733, La. State 

Univ., Baton Rouge Univ., Baton Rouge 
S,MYTH, EUGENE R., 4920 Moore Drive, New WEST, ERIC E., Lillie 

Orleans 19 WREN, MARCUS D., JR., Route 5, Minden 
MAINE 

Members: DORSEY, L. M., Dairy Division, Univ. of 
DICKEY, HOWARD, Univ. of Maine, Orono Maine, Orono 

ROGERS, L. A., Patten 

MAR 
Members: 

ARBUCKLE, W. S., Dairy Dept., Univ. of 
Md.. Colleee Park 

BABC~CK, C. 2.. 3705 Chew Chase Lake Dr.. 
Apt. 3; Chep$ Chase 15" 

CAIRNS, G. M., Dairy Dept., Univ. of Md., 
College Park 

CARY, C. A., 4605 Queensbury Rd., Riverdale 
CASKET, C. D., JR., Southern States Coop., 

2101 E. Fort Ave.. Baltimore 30 
COLLIER, CHARLES w:, Indian Springs Farm, 

Darlington 
CONVERSE, H. T., Beltsville 
ELLMORE, FRANKLIN, Dept. of Dairy Hus- 

bandry, Univ. of Md., College Park 
ELY, RAY E., Bureau of Dairy Industry, 

Beltsville 
ENGLAND, C. W., 4408 Underwood St., 

Hyattsville 
GIFFORD, JOHN, BOX 389, Silver Spring 
GLICK, D. P., BOX 661, Frederick 

HALL, J. OAKLEY, Dairy Dept., Univ. of Md., 
College Park 

HALLER, HARRISON S.. 28 Everett St.. 
Kensington 

HETZIOLOS, B. C., Dept. of Dairy Hus- 
bandry, Univ. of Md., College Park 

HILDER, ROBERT A., Bureau of Dairy Indus- 
try, Agr. Research Center, Beltsville 

HODGSON, R. E., 7006 Wake Forest Drive, 
Collew Park 

JACOBS~N, W. C., Bureau of Dairy Industry, 
U.S.D.A., Beltsville 

KANE, EDWARD A., U.S.D.A., Beltsville 
LANG, JULIUS I?., Kennersley Farms, Church 

Hill 
L ~ G U R E ,  J. M., Fairfield Western Maryland 

Dairy, Linden Ave. & Dolphin St., Balti- 
more 3 

LOCHRY, H. R., Bureau of Dairy Industry, 
Beltwille Agr. Research Center, Beltsville 

MARTY, IVAN H., Room 902, Municipal 
Bldg., Baltimore 3 
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MATTHEWS, CHARLES A., U. S. Bureau of 
Dairy Industry Station, National Agr. 
Research Center, Beltsville 

MCDONALD, CHARLES S., 5614 Hamilton 
Manor Dr., Apt. 2, Hyattsville 

MCELWEE, 201 R e p l d s  Ave., Hagerstown 
MECHAM, C. MARION, 2503 Taylor Ave., 

Baltimore 14 
METCALF, KENNETH L., Box 459, Frederick 
MOORE, L. A., Bureau of Dairy Industry, 

Beltsville 
PORTERFIELD, RALPH A.. Univ. of Md.. Col- , - 

lege park '  
POTTER, FRANK E., 806 Easley St., Silver 

Spring 
ROBERTS, HENRY E., Mt. Aarat Farms. Port 

Deposit 
SAARINEN, PELLERVO, Univ. of Md., College 

Park 
SCGNGER, J. R., Ass't. County Agent, 

Westminster 
SENGER, MARVIN E., Dairy Dept., Univ. of 

Md.. Colleee Park 
SHAW; JOSEGH C., Dairy D e ~ t . .  Univ. of 

Md., College park " A ' 
SHEPHERD, J. B., 9528 49th Ave., Berwyn 
SIEGEL, MAURICE, 1403 Eutaw Place, Balti- 

more 17 -. . -. 

SIEGMUND, H. B., Hendler Creamery Co., 
1100 E. Baltimore St., Baltimore 2 

STAGG, A. M., 16 Willis St., Westminster 
SYKES, JOSEPH F., U.S.D.A., Bureau of 

Dairy Industry, Beltsville 
THOMAS, J. WILLIAM, Bureau of Dair j  

Industry, Beltsville 

MASSA 

Members : 
ABRAHAMSON, CARL E., 45 Queen St., Frank. 

lin 
ARCHIBALD, JOHN G., Dept. of Animal Hus- 

bandry, Mass. State College, Amherst 
BIRDSEYE, CLARENCE, Eastern Point Blvd., 

Gloucester 
BURKE, EDMUND W., Lyndonville Creamery 

Ass'n., 86 Elm St., Watertown 
CAMPBELL, P. A., Eastern States Farmers 

Exchange, West Springfield 
FAY, A. C., H. P. Hood & Sons, 500 Ruther- 

ford Ave., Boston 
FINNEGAN, E. J., Dairy Dept., Univ. of 

Mass., Amherst 
FOLEY, RICHARD C., Stockbridge Hall, Univ. 

of Mass., Amherst 
FRANDSEN, J. H., Mass. State College, Am- 

h @,.st. 
F&<&~N, STANLEY L., 419 Spring St., West 

Bridgewater 
GAUNT, STANLEY N., Stockbridge Hall, 

Mass. State College, Amherst 
GUIMOND, ARTHUR C., 359 Robeson St., Fall 

River 
HANKINSON, D. J., Dept. of Dairy Industry, 

Univ. of Mass., Amherst 
HAWKINS, V. M., JR., 53 Pleasant St., 

Sharon 

TREBLER, R. A., 14 E. Chase St., Baltimore 
2 

WARREN, F. G., Dairy Husbandry Dept., 
Univ. of Md., College Park 

WEATHERBY, EDWIN J., 8501 Greenwood 
Ave., Takoma Park 

WILSON, LOGAN T., Sherwood Feed Mills, 
Inc., 500 President St., Baltimore 

Ytadent Afiliates: 
CARUTHERS, BRUCE E., 3608 Longfellow St., 

Wyattsville 
CHUNG, ANTHONY CHI WU, 7509 Princeton 

Ave., College Park 
COLEMAN, WILLIAM R., 4302 Knox Rd., 

College Park 
DRAWBRIDGE, ROBERT FRANCIS, 3308 40th 

Place, Colmar Manor 
GOETZ, PAUL C., Box 2044, Univ. of Md., 

College Park 
GREENBERG, MORTON, 213 W. Madison St., 

Baltimore 1 
HOOKER. ROBERT E.. BOX 4631. Univ. of Md.. 

college Park ' 
POLITE, JOSEPH G., Box 2614, Univ. of Md., 

Colleee Park 
RICHTE;, LAWRENCE, 8209 Wilson Ave., 

Baltimore 
SCHUTRUMPF. ROBERT J.. VE 10-B. Colleee - 

Park 
SPENCER, CHARLES, 3043 St. Paul St., Balti- 

more 18 
SPRING, ARTHUR H., 7107 Chatham Rd., 

Chevv Chase 15 
WACHTER, EUGENE T., Route 3, Frederick 

HOLMES, ARTHUR D., Univ. of Mass., Am- 
herst 

HOWARD. HARLAN A.. 750 N. Pleasant St.. 
~mhe;st.  

KEITH, ROBERT H., 75 Indian Hill Rd., 
Worcester 

KELLER, D. S., 6 1  Ellington St., Long- 
meadow 

LINDQUIST, H. G., Dairy Industry Dept., 
Univ. of Mass., Amherst 

LYTHGOE, HERMANN C., 36 Fair Oaks Ave., 
Newtonville 60 

MARCUS, THEODORE, 577 Blue Hill Ave., 
Roxbury 21 

MUELLER, W. S., Dept. of Dairy Industry, 
Mass. State College, Amherst 

NELSON, D. H., Dairy Industry Dept., Mass. 
State College, Amherst 

RICE, V. A., Mass. State College, Amherst 
SELBY, H. W., United Farms Corp., Cream- 

ery Ass 'n., Charlestown 
SHRADER, J. H., Eastern Nazarene College, 

Wollaston 
SIBLEY, JOHN R., Spencer 
SMITH, ALBERT W., United Dairy System, 

Springfield 
SMITH, CHESTER G., BOX 141, Hadley 
STEVENS, KENNETH M., 121-123 Randolph 

St., N. A bington 
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STITTS, T. G., H. P. Hood & Sons, 600 CHIN, RICHARD G. L., Food Technology 
Rutherford Ave., Boston 29 Dcpt., Univ. of Mass., Amherst 

TOOLEY, HARRY C., Health Dept., Pittsfield DEARY, JOSEPH, BOX 274, Webster 
UTLEY, SAMUEL T., E. Washington Rd., GAFFNEY, MICHAEL C., 24 Cottage Park, 

Hinsdale Reading 
WALTS, CHARLES C., H. P. Hood & Sons, Re- JOHNSON, HARRY, Ridge Rd., Rutland 

search Dept., 56 Roland St., Boston 29 KAYE, ARTHUR E., 35 Bnchholz St., Spring- 
WARD, RUEL E., Eastern States Farmers field 

Exchange, West Springfield LANOEVIN, HERMAN E., 45 Old Sturbridge 
WATSON, JAMES G., New England Home- Rd., Southbridge 

stead, Springfield LIBBEY, LEONARD, 60 Townsend Rd., Bel- 
WHITWORTH, JOHN, 40 Garland St., Melrose mont 
76 MCCARTHY, JEREMIAH A., 159 Calumet St., 

WILDE, H. G., Highlawn Farm, Lenox Roxbury 
WILLMANN, ALFRED, 165 Clifton St., Bel- PELUSO, OTIS H., 20 W. Baltimore St., Apt. 

mont 1, Lynn 
WISE, ROBERT, National Ice Cream GO., Iuc., PERRY, ROLLIN W., 74 Rand St., Revere 
166 London St., East Boston 28 RONEY, DAVID P., JR., 13 Edmands St., 

Bomerville 
Student Affiliates: SALVIE, RAYMOND A., 64 School St., Seekonk 

B A s s ~ n ,  EMMETT W., 925 N. Pleasant St., SMITH, CLARENCE B., 375 N. Pleasant St., 
N. Amherst Amherst 

BEMIS, ERNEST W., 86 W. Chestnut St., STEWART, FRANK, 375 N. Pleasant St., Am- 
Brockton 69 herst 

BLANCHARD, PHILIP J., JR., 50 Hollywood SULLIVAN, JOHN F., 32 Clarendon St., North 
St., Worcester 3 Andover 

BOYLE, RICHARD S., 30 Maple Terrace, W. THAYER, PAUL E., JR., 8 Strathmore Rd., 
Springfield Worcester 

BRUNELL, SYDNEY, 389 N. Pleasant St., WRABEL, MICHAEL G., 61 Myrtle Ave., Web- 
Amherst ster 

CASH, CLARENCE D., 39 Conway St., Green- YALOFF, ABRAHAM S., 50 Hamilton Ave., 
field Lynn 

MEXICO 

Members: PRICHARD, AETHUR, Cremeria Americana 4a 
CARRANCEDO, EDUARDO GARCLA, Calle Alamo Martires de la Conquista g2 Y 94, Tacu- 
40, Mexico D. F. baya 

LYNCH, P. CAMPOS, Niza 15, Mexico City 
MICHIOAN 

Members: DANDO, ROBERT E., BOX 54, Stephenson 

ALQEE, HARRY B., 19051 Dolores Ave., Birm- ~ ~ ~ ~ N " , ~ ~ & ~ ~ ~  ~ ~ ~ ~ p ~ ~ f B ~ " , ~ ~ h e m m  ingham 6 
BAILEY, HERBERT, The Whittin, Burns Drive, istry, State E' Lansing 

Detroit 14 DUNN, J. A., Diamond Crystal Salt Co., St. 
Clair BALTZER, A. C., Extension Dairyman, D a a  

KENNET= M., Dairy Dept., Mioh. Dept., Mich. State College, E. Lansing State College, E. Lansing BECHTEL, H. ERNEST, 68, North End 
EWBANK, F. C., ~ i ~ h .  ~ i &  produeera Station, Detroit 2 

BERNHART, F.  W., Wyeth, Inc., Mason Ass'n., Imlay City 
BRUNNER, ROBERT, Dairy Dept,, Mioh. State W., Of Vet' 

College, E. Lansing State College, E. Lansing 

B R y A ~ ,  (7. S., Surgery & Medicine Dept., FARRALLJ A' W'9 D e ~ t '  of Agr' Engineering, 

Mich. State College, E. Lansing Mich. State College, E. Lansing 

C. B. A., Box 455, Montgomery GTRRBACH, GEORGE, So0 Creamery, Sault St. 
Marie 

BURLINGAME, M. M., 15261 Promenade Ape., HAPS, J. G., 605 ~ ~ t t ~ ~ f i ~ l d  ~ , . i ~ ~ ,  E. 
Detroit 24 Lansing 

BURNS, CLIFTON Dairy De~t-7 MiCh- HORWOOD, RUSSELL E., Upper Peninsula 
State College, E. Lansing Expt. Station, Chatham 

CHRISTIANSEN, JAMES B.3 BOX 681 Berth HUFFMAN, CARL F., Dairy Dept., Mieh. 
End Station, Larro Research Farm, De- State College, E. Lansing 
troit 2 JENSEN, J .  M., Dairy Dept., Mich. State 

COLE, CLARENCE, 4151 MeKay Rd., Romeo College, E. Lansing 
COPE, GEORGE, 2111 =verside Dr., N. W., JOHNSON, LAWXENCE A., Dairy Dept., Mich. 

Grand Rapids State College, E. Laming 
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JONES. V. R.. Wvandotte Chemicals Corp., , " - .  
~ y a n d o t t e  

LEWIS, ROBERT C., Dairy Dept., Mich. State 
College, E. Lansing 

LUCAS. PAUL S.. Mieh. State Colleee. Dairv - ,  " 

~ e ~ t . ,  E.   an sin^ 
LUTZ, WILLIAM B., Upper Peninsula Expt. 

Station, Chatham 
MACLEOD, JOSEPH W., Northland Dairy 

Division, General Foods Corp., Evart 
MCMAHON, HARRY, 8047 Hamilton Ave., 

Detroit 2 
MCMILLAN, DONALD Y., 301 2nd St., E., 

Flint 3 
MEISER, JOSEPH C., JR., Dairy Dept., Mich. 

State College, E. Lansing 
MEITES, JOSEPH, Dept. of Physiology & 

Pharmacy, Mich. State College, E. Lans- 
ing 

MINOR, L. H., 3138 Birchwood, Trenton 
MORLEY, LEWIS W., Mieh. Milk Prod. 

Ass'n., 406 Stephenson Bldg., Detroit 
MURRAY, D. L., Dairy Husbandry Dept., 

Mich. State College, E. Lansing 
NELSON, RONALD H., Dept. of Animal Hus- 

bandry, Mich. State College, E. Lansing 
NOBLITT, C. O., Box 55, College Station, 

Berrien Springs 
PARSONS, GEORGE E., 202 Dairy Bldg., Mich. 

State College, E. Lansing 
PETRIE, ERNEST B., Lockshore Farm, Rick- 

or7 Corners 
RAL~TON, NOEL, Dairy Dept.. Mich. State 

College, E.  ans sin^- - ' 

REINEKE, E. P., Dept. of Physiology & 
Pharmacy, Mich. State College, E. Lans- 
ing 

RICHARDS, W. F., Richards Dairy, 205 Brush 
St., St. Johns 

ROEHM, L. S., Room 255, 47 Bldg., Dow 
Chemical Co., Midland 

ROGERS, C. A., 8731 Witt St., Detroit 
SALSBURY, R. L., 211 S. Sycamore, Lansing 

15 
SEIDEL, C. J., 1838 McKinley Ave., Bay City ' 
SEIDEL, MARTIN, 403 E. John St., Bay City 
SMITH, WAYNE E., 701 Michigan Ave., 

Sturgis 
- 

SNYDER, W. W., Dairy Dept., Mich. State 
Colleee. E. Lansing 

STEPHEINSON, ROBERG, 994 61st St., 8. E., 
Grand Rapids 8 

STOUT, ROBERT E., 430 Cedar St., Sault St. 
Marie 

STRAIT, HOWARD, 501 Walker St., Sturgis 
TRAVER, LESTER, 330 N. Sears St., Reed City 
TROUT, G. MALCOLM, Dairy Dept., Mich. 

State College, E. Lansing 
WARD, GEORGE M., Dairy Dept., Mich. State 

College, E. Lansing 
WEAVER, EARL, Dairy Dept., Mich. State 

College, E. Lansing 
WEBER, DALE K., BOX 2007, Mich. Ave. 

Station, Lansing 11 

Student Aflliates: 
ALLEN, LOWELL, Dairy Dept., Mich. State 

College, E. Lansing 
ASSELIN, VIRGIL F., JR., 602 Saginaw St., 

 orw way - 

BAGGINS, CHARLES, Dairy Dept., Mich. State 
College, E. Lansing 

BIRCHMAN. OWEN R.. 13653 Ward Ave.. 
Detroit 27 

BLACKFORD, CARL L., Dairy Dept., Mich. 
State College, E. Lansing 

BLACKFORD, KENNETH, Dairy Dept., Mich. 
State College. E. Lansing 

BRINKS, KENNETH, Dairy ~-eept., Mich. State - - .  
, college, E. Lansing 
CHANCE, CHARLES M., Dairy Dept., Mich. 

State College, E. Lansing 
CHUAN, C. I(., Dairy Dept., Mich. State Col- 

lege, E. Lansing 
CLAY, VIRGIL. Dairy ~ep t . . '  Mich. State Gol- - - .  

lege, E.  ans sing 
CLELAND, STANLEY, Dairy Dept., Mich. State 

College, E. Lansing 
ESKIN, MARVAIN, Dairy Dept., Mich. State 

Colleee. E. Lansine 
FLIPSE: ROBERT, ~ a y r y  Dept., Mich. State 

College, E. Lansing 
FREEMAN, GEORGE A., Dairy Dept., Mich. 

State College, E. Lansing 
FREEMAN, GEORGE J., Dairy Dept., Mich. 

State College, E. Lansing 
FREISEN, ALFRED J., Dairy Dept., Mieh. 

State College, E. Lansing 
HATFIELD, ROBERT, Dairy Dept., Mich. State 

College, E. Lansing 
HERSHBERGER, RUSSELL C., 325 8. Sheldon 

St., Charlotte 
JOHNSON, F. E., Dairy Dept., Mich. State . . .  

college, E.  ans sing 
JUENGEL, ALLEN VERNE, Dairy Dept., Mich. 

State College, E. Lansing 
KIM. SUNG SUN. Dairv De~t . .  Mich. State " - ,  

cd1lege, E. ~ a i s i n ~  
KNUPP, RICHARD, Dairy Dept., Mich. State 

College, E. Lansing 
LONGHENRY, GEORGE, 311 N. Nottawa St., 

Sturgis 
MADRINAN, RAMIRO, Dairy Dept., Mich. 

State College, E. Lansing 
MCCLELLAN, ELMER, Dairy Dept., Mich. 

State College, E. Lansing 
NEWLIN, ROBERT, Dairy Dept., Mieh. State 

College, E. Lansing 
SEELEY, WILLIAM, Dairy Dept., Mich. State 

College, E. Lansing 
SEIBERT, WILLIAM, Dairy Dept., Mich. State 

College, E. Lansing 
SMITH, WILLIS E., Dairy Dept., Mich. State 

College, E. Lansing 
STARXI, JACK, Dairy Dept., Wich. State 

College, E. Lansing 
WEINSTEIN, BERNARD. Dairy Dept., Mich. 

State College, E. Lansing 
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WILKOWSKE, ROGER, Dairy Dept., Mich. ZURAKOWSKI, WALTER, Dairy Dept., Mich. 
State College, E. Lansing State College, E. Lansing 

YOKUM, ARTHUR, Dairy Dept., Mich. State 
College, E. Lansing 

Members : 
AHLSTRAND, E. R.. 5607 Cambridge St.. - .  

~ i n n e a ~ b l i s  
ALLQUIST, JOHN E., 621 Case Ave., St. Paul 
ASTROTH, FUNK B., 1453 Hythe St., St. 

Paul 8 
BARKER, E. M., Rochester, Dairy Co., Roch- 

ester 
BARNES, JOHN C., 302 E. Alcott Ave., Fer- 

gus Falls 
BARTLE, ERVIN, 4517 Washburn Ave., S., 

Minneapolis 
BONNET, RICHARD, 507 S. Cleveland Ave.. 

St. Paul 4 
BOSWORTH, GROVER, St. Michael 
CARLSON, D. T., Willmar 
CLARK, DONALD M., Twin City Milk Prod. 

Assoc., 1001 Glenwood Ave., N., Minne- 
apolis 

COMBS, W. B., D a i v  Div., University Farm, 
St. Paul 8 

CONNER. J. K.. Lakeville Creamery Co.. - ,  
~ake&l le  ' 

COULTER, S. T., University Farm, at. Paul 
FARRAR, ROBERT R., Route 8, St. Paul 10 
FINE, N. C., Animal Husbandry Div., Uni- 

versity Farm, St. Paul 
FITCH. J. B.. Dent. of Dairv Husbandrv. ", 

~ n i i e r s i t ~  ~ a r i ,  St. Paul 8" 
FOURNELLE, H. J., 106 N. Smith Ave., Apt. 
340, St. Paul 2 

FREDERICKSEN, F. M., 222 3rd St., N.E., 
Faribault 

GEIGER, ROBERT, 2274 W. Como Ave., St. 
Paul 8 

GILMORE, JOHN, Land 0 'Lakes Farm, R. D. 
3, Anoka 

GRAF, G. C., Dairy Dept., University Farm, 
St. Paul 

GULLICKSON, T. W., University Farm, St. 
Paul 8 

HALVERSON, RALPH, Mora 
HANKINSON, CLOYCE L., North American 

Creameries, Inc., Paynesville 
HANSON, CLEMENTS C., Barnum Creamery 

Co Barnum 
HAN&N, RAYMOND L.. 2082 Como Ave., 

Apt. 7, St. Paul ' 
HARLAND, HERBERT A., Div. of Dairy Hus- 

bandry, University Farm, St. Paul 8 
HAWKINS, ORVILLE J., 2274 Como Ave., St. 

Paul 8 
HEALY, HENRY A., Dairy Products Lab., 
2244 Carter Ave., St. Paul 8 

HERVEY, MARSHALL C., Div. of Dairy Hus- 
handrv. UniversitvTarm, St. Paul 8 

~ o - i ~ s o i , '  R. E., ~ & s e o a  ' 
JENNESS, ROBERT, Univ. of Minn., Div. of 

Agr. Biochemistry, University Farm, St. 
Paul 8 

JEZESKI, JAMES, J., Dept. of Dairy Hus- 
bandry, Univ. of Minn., St. Paul 

JOHNSON. 0. C.. 515 State Office Bld~. .  
Dairy k-, Food bept., St. Paul 1 

' 

KETCHAM, WESLEY J., 1125 94 Ave. S. E., 
Rochester 

KOHLER, HENRY, 411 Banning Ave., White 
Bear Lake 

LARSON, BRUCE L., Dept. of Agr. Biochem- 
istry, University Farm, St. Paul 

LARSON, GILBERT O., 1407 Randolph St., St. 
Paul 

LEIQHTON, RAMER, University Farm, St. 
Paul 8 

LONSDALE. RICHARD E.. 3750 N. E. 5th St.. 
~ inneapo l i s  

MACY, HAROLD, Div. of Dairy Husbandry, 
University Farm. St. Paul 8 

MATTSON, CARL H., 5729 Pillsbury Aye., 
Minneapolis 

MATTSON, H. A., BOX 145, Minneapolis 
MEYER, CLIFFORD H. Wayzata 
MILLER, KENNETH 'P., Univ, of Minn., 

Grand Rapids 
MILLER, WALLACE, New Prague 
MODEN, GILMER, 305 Sheridan St., Albert 

Lea 
NELSON, H. GODFREY, Div. of Public Health, 
401 City Hall, Minneapolis 15 

NELSON, J. WESLEY, 200 Grain Exchange 
Bldg., Minneapolis 15 

NUPSON, H. N. Redwood Falls 
OLSON, FLOYD 'c., 435 S. Broadway, Still- 

water 
OLSON, JOSEPH C., JR., Dept of Dairy 

Bact., University Farm, St. Paul 8 
PETERSEN, W. E., University Farm, Dairy 

Dept., St. Paul 8 
PFEIFER, GEORGE B., 4800 Emerson Ave. S., 

Minneapolis 9 
SCARR. DAVID N.. West Concord 
SEARL'ES, H. R.,'A~I. Extension Div., Uni- 

versity Farm, St. Paul 8 
SEATH, R. W., 104 E. University St., Owa- 

tonmn 
S I & ~ ,  JULIAN E., Kraft  Foods Co., 100 

N. 7th St., Minneapolis 
SJOWALL, ALFRED L. Maple Island Farm, 

Inc., 219 N. Main kt., Stillwater 
SORENSEN, C. M., 752 Vandalia St., St. Paul 
4 

SORENSEN, FRANKLIN L., JR., 1967 Grand 
Ave., Apt. 203, St. Paul 

THOELE, HOWARD W., 1309 E. 4th St., St. 
Paul 

THOMAS, ELMER, Div. of Dairy Husbandry, 
University Farm, St. Paul 8 

TJOSVOW, DALE, 3204 Minnehaha Ave., 
Minneapolis 

TRYQGESETH, 0. A., 4239 31 Ave. S., Minne- 
apolis 6 
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VACHA, G. A., Room 537, State Office Bldg., LI, LAWRENCE, Div. of Dairy Husbandry, 
St. Paul 1 University Farm, St. Paul 

WAHENAAR, RAPHAEL, Div. of Dairy Hus- MCCORMICK, PATRICK, 2150 Berkeley St., 
bandry, University Farm St. Paul 1 St. Paul 

WAYNE, RALPH W., 2160 barter Ave., St. MIX, LEW S., Div. of Dairy Husbandry, 
Paul 8 University Farm, St. Paul 

WEIMAR, A. C., 4945 Colfax S. Minneapolis MORRIS, HOWARD A., Div. of Dairy Hus- 
WELLS, CLAUDE B., JR., 618 3:d St. S. W., bandry University Farm, St. Paul 

Rochester NELSON, ~ A R V A R D  G., Div. of Dairy HUB- 
WILSON, JOHN L., Economies Lab., Inc., bandry, University Farm, St. Paul 

914 Guardian Bldg., St. Paul 1 NICICERSON, THOMAS A., Div. of Dairy HUS- 
YOUNG, DONALD E., 4924 4th Ave. S., Edinne- bandry, Univ. of Minnesota, St. Paul 

apolis 9 NIELSEN, ARTHUR J., 1388 Grand Ave., St. 
Paul 5 

Student Afliliates: OBERNOLTE, DEAN McGregor 
BOATMAN, PETEIL T., 1431 Buehanan St. OLSON, ARDEN D)., 2321 Priscilla St., St. 

N. E., Minneapolis 13 Paul 
BURTNESS, EINAR R., Route 1, Caldonia OTTO, RAYMOND G., 2348 Buford, St. Paul 
ERICKSON, WALLACE, Route 1, Box 98, Rush REGER, BERNARD G., Fergus Dairy Coop., 

City Fergus Falls 
GONI, S. K., Div. of Dairy Husbandry, Uni- REGER, JOSEPH V., 921 Hoyt, St. Paul 

versity Farm, St. Paul 1 REINARZ, RUSSELL R., 3138 Cedar Ave. S., 
GRANT, RALPH S., Mille Laca County Ex- Minneapolis 7 

tension Service, Milaca RUDNICK, ARTHUR W., JR., Div. of Dairy 
HARTLEY, CLELL, Div. of Dairy Husbandry, Husbandry, University Farm, St. Paul 

University Farm, St. Paul 1 SIMONSON, LAWRENCE R., 2147 B, Univer- 
REDLUND, LOUIS V., 2060 Carter Ave., St. sity Village, St. Paul 

Paul STONE, HAROLD, 1307 Chelmsford St., St. 
HILL, DONALD L., Div. of Dairy Husbandry, Paul 8 

University Farm, St. Paul 1 STONE, PAUL, 187 Arthur Ave. S. E., Minne- 
HOGLUND, HAROLD, 576 Cromwell Ave., St. apolis 14 

Paul 4 VALO, GEORGE, 2379 Bourne Ave. St. Paul 8 
KELKAR, C. N., Div. of Dairy Husbandry, WEGENER, L. W., School of A&-., Unirer- 

University Farm, St. Paul sity Farm, St. Paul 
KUBICEE, QUENTIN Waseca YOUNG, GUY S., Marshall 
LAUGHLIN, LAWRENCE R., BOX 409, Cam- YOUNG, ROBERT, Canton 

bridge ZELLER, ROLAND, 2137 F Hoyt Ave., Uni- 
LEAF, ROBERT, Apples Aeres Farm, Route rersity Grove E., St. Paul 8 

#3, Hastings 

MISSISSIPPI 

Members: LUSK, JOHN W., BOX 342, State College 
BRACKETT, CHARLES E., Newton MITCHELL S. B., Houston 
CONNELLY, R. M., BOX 549, Columbus WALKER, 5. C., Walker Farms, Stoneville 
COWSERT W. C., BOX 452, State College WATERS, RICHARD E., Starkville 
CUNNINGLAM, ROBERT c., 402 S. ~ o n t g o m -  

ery St., Starkville Student Afliliates: 
FLETCHER, LANE, Animal Husbandry Dept., DALEY, CHARLES B., BOX 302, State College 

Miss. State College, State College DAVIS, MARVIN E BOX 1199, State College 
HERZER, F. H., Dept. of Dairying, Miss. FLYNT, WILLIAM 8. BOX 421, State College 

State College, State College WORTHINGTON, GLEAN A., Route 4, Box 96, 
HIGGINS, L. A., Starkville Jackson 
HONER, CLEM, Dairy Dept., State College 

MISSOURI 

Members: DAVIS, GLEXN, Route 6, Columbia 
ANDERSON, J. A,, 901 S. Rogers St., Spring- DEW GEORGE, 4451 Raytown Rd., Kansas 

field tidy 3 
BRODY, SAMUEL, Dairy Dept., Univ. of Mo., DICKERSON, G. E., Animal Husbandry Dept., 

Columbia Univ. of Mo., 211 S. Schweitzer Hall, 
CAINE, RICHARD, Producer's Creamery, Mo- Columbia 

nett EDWARDS, FRED, Producers Creamery Co., 
CASSIDY, B. J., 3110 Gillham Rd., Kansas Cabool 

City 3 FENNEB, GEORGE H., Western Dairy & Ice 
CLONINGER, WILLIAM H., Extension Dairy- Cream Co., 218 S. 5th St., St. Joseph 

man, Eckles Hall, Columbia 
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FERRAEZ NIC~LAS, JR., 5800 Pershing Ave., TUBNEE, CHARLES W., Dept of Dairy Hus- 
s t .  ~ d u i s  12 bandry, Univ. of Mo., Columbia 

GEHRKE. CHARLES W.. Dent. of Am. Chem- VARNEY. BRUCE. 328 Board of Trade Bldn.. v z 

istry, ' ~ n i v .  of Mo.: ~o iumbia  " 127 W. 10th s t . ,  Kansas City 6 
GHOLSON, JAMES H., 103 Eekles Hall, Univ. WEAR, JOHN M., JR., Purina Research Farm, 

of Mo.. Columbia Grav Summit 
GRAHAM,' W. R., JR., Cerophyl Lab., Inc., 

P. 0. Box 356, Kansas City 10 Student Afiliates: 
HARRIS. RANSOM C.. Beatrice Creamery Co.. AGEE. CALVIN B.. 1528 Locust St.. St. Louis " ,  

~ a i n  & Jules st;., St. Joseph 
HEINEMANN, BURDET, Producers Creamery 

Co.. P. 0. Box 1427. S. S. Station. Spring- , -  - 
field 

HENRY, VANCE, 817 College Ave., Columbia 
HERMAN, HARRY A., Dept. of Dairy Hus- 

bandry, College of Agr., Columbia . 
HUNT. LESLIE L.. Pet  Milk Comoanv. 1401 ", 

~ r e & d e  Bldg., 'st. Louis 1 
ITSCHNER, E. T., Eckles Hall, Univ. of Mo., 

Columbia 
JOHNSTON, HARVEY L., Route 1, Golden 

City 
KIBLER, H. H., Dairy Dept., 208 Eckles 

Hall, Univ. of Mo., Columbia 
KNUDSEN EDWIN, 814 E. 8th St., Trenton 
KOCHER, 'DANIEL S., Aines Farm Dairy, 

3110 Gillham Rd., Kansas City 
K~MARAN,  J. D. S., Dairy Dept., Eckles 

Hall Univ. of Mo. Columbia 
L A T Z E ~ ,  ROBERT L., $401 Arcade Bldg., St. 

Louis 1 
LEACH. ConL A.. Miller Bldg.. 8th & Broad- - ,  

way; ~olumbi'a 
LIDE, B. M., JR., 2001 Chestnut St., St. 

Louis 3 
MORGAN, ROY, Country Club Dairy Co., 5633 

Troost Ave., Kansas City 
POWELL, E. B., Research Farm, Ralston 

Purina Co., 835 S. 8th St., St. Louis 2 
QUIGLEY, J. V., Chapman Dairy Prod., 1217 

Harrison St., Kansas City 10 
RAGSDALE, A. C., Eckles Hall, Univ. of Mo., 

Colt~mbia 
REGAN, M. J., Dairy Dept., Univ. of Mo., 

Columbia 
REID WILLIAM H. E., Dept. of Dairy Hus- 

ba)ndry, Univ. of Mo., Columbia 
STALLCUP, ODIE TALMADGE, 225 Eckles nail, 

Columbia 
STEPHENS, A. F., 4929 McPherson, St. Louis 
THOMPSON. J. C.. Ralston-Purina Co.. 835 

S. 8th st., St. ' ~ o u i s  2 

Members : 

3 
ANDERSON, DONALD, 201 Eckles Hall, Co- 

lumbia 
BASSNETT, ROBERT, 123 Eckles Hall, Co- 

lumbia 
BLATTNER, ROBERT Route 1, Columbia 
COBBLE, JAMES, l i 7  Eckles Hall, Columbia 
CONRAD, A. B., 809 College Ave., Columbia 
DAY, JOHN P., 216 N. Moffet Ave., Joplin 
DICKENSHEET, MAURICE, 814 Virginia Ave., 

Columbia 
EDMONDSON, JUSTUS H., 127 Eckles Hall, 

Columbia 
HART, WALLACE BOX 594 Columbia 
HARTLEY, J. L.: 1 Obse;vatory Hill, Co- 

lumbia 
KAMAL, SYED 214 Eckles Hall, Columbia 
KAUFFMAN, &GENE, 307 College, Columbia 
LABEN, ROBERT C., 127 Eckles Hall, Co- 

lumbia 
MEREDITH, WILLIAM H., 1507 Bouchelle, Co- 

lumbia 
MERILAN, CHARLES P., 201 Eckles Hall, Co- 

lumbia 
MONROE, ROBERT A., 217 Eckles Hall, Co- 

lumbia 
PIPES, GAYLE W., 217 Eckles Hall, Colum- 

bia 
PORTER, VERNON L., 51 N. Park St., Cape 

Girardeau 
PURSLEY GLEN 201 Eckles Hall Columbia 
RECTOR,  LEN, k: D. 1, Rush ~ i i l  
RISK, MARION A., 607 W. Ash, Columbia 
ROARK, DONALD B., 225 Eckles Hall, Co- 

lumbia 
SCHWINKE, ARLEN, 802 Virginia, Columbia 
TALLMAN, KENNETH L., 223 Eekles Hall, 

Columbia 
WALL, CHESTER, 1516 Ross, Columbia 
WARDLOW, VICTOR, 3104 Benton Blvd., Kan- 

sas City 
WEBER, GILBERT, 720 Missouri. Columbia 
WEETH, HOWARD, 201 Eckles Hall, Columbia 

ANA 

MITCHELL, FERGUS G., Ayrshire Dairy. Great 
Palls - ,  

BRATTON, EDWARD, Ronan 
BRENCE, JOHN L., Dept. of Dairy Industry, NELSON, J. A., Dept. of Dairy Industry, 

Bozeman Mont. State College, Bozeman 
GOBLE HAROLD, Jersey Dairy, Bozeman ROSENEAU, FRED, 425 1st Ave. S.W., Great 
HARRI~BERGER, WARREN, P. 0. BOX 1381, Falls 

Great Falls SLACK, RANSOM O., Gold Medal Dairies, 
KEYES, EVERETT A., Dept. of Dairy Indus- Missoula 

try, Mont. State College, Bozeman TRETSVEN, J. O., Dairy Specialist, Mont. 
KOPLAND, D. V., Huntley Field Station, State College, Bozeman 

Huntley Student Afiliates: 
MACIVER, KENNETH S., 402 West Cleve- BRATTON, DONALD, Dairy Industry Dept., 

land, Bozeman Mont. State College, Bozeman 
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BURGER, MARIE, Dairy Industry Dept., Mont. 
State College, Bozeman 

CLARK. RALPH. Dairv Industrv Dent.. Mont. 
~ t a < e  college ~ o i e m a n  " ' 

CRUMBAKER, H ~ W A R D ,  Dairy Industry Dept., 
Mont. State Colleee. Bozeman 

GANDER J. W.,  airy 1ndustry Dept., Mont. 
state'  college, Bozeman 

HAWKINS, W. W., JR., Dairy Industry 
Dept. Mont. State College, Bozeman 

HUANG,'W. Y., Dairy Industry Dept., Mont. 
State College, Bozeman 

MCHUGH, E. P., Dairy Industry Dept., 
Mont. State College, Bozeman 

MCMURRAY, J. A., Dairy Industry Dept., 
Mont. State College, Bozeman 

NELSON, J. H., 1110 8. 5th, Bozeman 
PEACE, EARL, Dairy Industry Dept., Mont. 

State College Bozeman 
REHBERG, WALLACE, Dairy Industry Dept., 

Mont. State College, Bozeman 
SMITH, ERVIN, Dairy Industry Dept., Mont. 

State College, Bozeman 
STOCKING, JOHN A., Rural Route, Huntley 
TURNER, GORDON, Dairy Industry Dept., 

Mont. State College, Bozeman 

Members: 
CROWE, L. K., Dairy Husbandry Dept., 

Univ. of Neb., Lincoln 
DAVIS, H. P., Dairy Dept., College of Agr., 

Tdnmln - --. . ... 
DAY, R. E., Allied Mills, Inc., Omaha 
DEANE, DAREELL D., Dept. of Dairy Hus- 

bandry, Univ. of Neb., Lincoln 
DOWNS, P. A., Dept. of Dairy Husbandry, 

Univ. of Neb., Lincoln 
FUR, R. H., 5636 Oak St., Omaha 
FOSSLAND. ROBERT G.. Dairy Husbandry 

Dept., ~ n i v .  of ~eb. , '   inc coin 
GERRISH, F. S., 609 Redick Tower, Omaha 2 
HATHAWAY, IRWIN L., Dept.. of Dairy Hus- 

bandry Univ. of Neb., Lincoln 
HOWE, D: K., Fairmont Foods Co., Omaha 

NIBLER, C. W., Dairy Bldg., College of Agr., 
Lincoln 

RUMERY, MYRON, Univ. of Neb. Expt. Sta- 
tion, North Platt 

SANDERS, CHRIS H., Univ. of Neb., Dairy 
Dept., Lincoln 

SCHULTZE, ANDREW B., Dept. of Dairy Hus- 
bandry, Univ. of Neb., Lincoln 

TEMPLETON, HUGH L., 6125 Florence Blvd., 
Omaha 11 

WASSON, ARELL J., 2413 Leavenworth St., 
Omaha 

Student Afiliates : 
BAKER, FOREST, 1221 N. 37th St., Lincoln 
COLE, PHILLIP, 3905 Dudley St., Lincoln 

NEVADA 

Members: 
HEADLEY, F. B., Dept of Farm Div., Univ. 

of Nev., Reno 

NEW HAMPSHIRE 
Members: KEENER, HARRY A., Dept. of Dairy Hus- 

AMODON, WINTHROP R., c/o H.H.B.A., Rte. bandry, Univ. of N. H., Durham 
4, Concord MOORE, H. C., Dairy Dept., Univ. of N. H., 

BEAUTES, LOUIS J., R. D. 1, West Canaan Durham 
BOYNTON, HILTON, Extension Dairyman, MORROW, K. S., Dairy Husbandry Dept., 

Univ. of N. H., Durham Univ. of N. H., Durham 
CUMMINGS, C. M., American Guernsey Cat- OLSSON, G. B., Dairy Dept., Univ. of N. H., 

tle Club, Peterborough Durham 
FARRAR, PRESCOTT S., Div. of Food & Chem- PIKE, ADNA B., Dept. of Agr., Concord 

istry, State Dept. of Health, Concord 

NEW JERSEY 
Members : BISHOP, JOHN V., Columbus 
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GEBHARDT, H. T., Route 5, Marysville 
GILMORE, LESTER O., Dairy Husbandry 

Dept., Plumb Hall, Ohio State Univ., Co- 
lumbus 10 

GINQERY, ROY, 3320 E. 139th St., Cleve- 
land 20 

GOULD, IRA A., Dairy Technology Dept., 
Ohio State Univ., Columbus 10 

GREINER. FRED J.. 44 W. Torrence Rd.. Co- 
lumbus 

HAMILTON, ROBERT, Willard Dairy, Willard 
HAMILTON. T. KLINE. Diamond Milk Prod- 

ucts 1nL 315 ~ r a h a m  St., Columbus 3 
HARMAN, ~ H O M A S ,  325 S. Court st., Circle- 

ville 
HAYDEN, C. C., Ohio Agr. Expt. Station, 

Wooster 
HELWIG, J. H., College of Vet. Medicine, 

Ohio State Univ., Columbus 10 
HIBBS, JOHN W., Ohio Agr. Expt. Station, 

Wooster 
HOLESKI, CASHMERE, Oak Hill Rd., Route 1, 

Peninsula 
HOLESXI, FRANK, R. F. D. I, Peninsula 
HOLM, WARD, c/o Columbus Milk Distribu- 

tors Assoc., 35 E. Gay St., Columbus 15 
JEWELL, R. M., 1103 E. Vine St., Mt. Ver- 

non 
JOHNSTON, FLOYD, American Jersey Cattle 

Club, 107 N. 6th St., Columbus 15 
JOHNSTON, W. L., Westerville Creamery Co., 

Westerville 
KAESER, HAROLD, 4871 Olentangy Rd., CO- -. 

lumbus 2 
KELLOGG, RICHARD H., 1224 Alton Darby 

Rd.. Columbus 4 
KENNEDY, R. N., The Borden Co., 165 N. 

Washington Ave., Columbus 16 
KESSELRING, 1;. M., Kesselring Dairy, 1559 

Triplett Blvd., Akron 6 
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KNOOP, C. E., Ohio Agr. Expt. Station, 
Wooster 

KOCR, IRVING O., Bordens Dairy & Ice 
Cream Co., Columbus 16 

KOLAR, RAYMOND E. 702 Broadway, Piqua 
KRAUSS, WILLIAM E:, Ohio Agr. Expt. Sta- 

tion, Wooster 
KRILL, W. R., Veterinary Clinic, Ohio State 

Univ., Columbus 10 
LENGACHER, JOHN, Route 1, Dunaee 
LOWE, ROBERT W., 940 Washington Ave., 

Cuyahoga Falls 
LUDWICK, THOMAS M., Dairy Husbandry 

Dept., Ohio State Univ., Columbus 10 
LYMAN, J. F., Dept. of Agr. Chemistry, 

Ohio State Univ., Columbus 10 
MAPP, GEORGE R., R. D. 1, TIOY 
MARTIN, ROBERT L., 1936 Clinton St., To- 

ledo 
MCBRIDE, CHARLES GROVER, 2212 Glouster 

Rd., Columbus 12 
MCCLURE, ROBERT J., 1957 Coventry Rd., 

Columbna 8 
~ - -  

MCGREW, C. D., Plumb Hall, Ohio State 
Univ., Columbus 10 

MEACHEM, WILLIAM S., 1509 E. Broad St., 
Columbus 

MEISTER, ARTHUR E., 650 Leonard St., To- 
ledo 

MILLER, ROY, R. D. 2, Canton 
MINDLINQ, LUTHER, 4665 W. Fork Rd., Apt. 

C-3, Cincinnati 23 
MITTEN, HORACE L., JR., Dairy Technology 

Dept., Ohio State Univ., Columbus 10 
MONROE, C. F., Ohio Agr. Expt. Station, 

Wooster 
MOORE C. M., Cowles Chemical Co., 7016 

~ u c k d  Ave., Cleveland 2 
NADELIN, EUGENE PAUL, 819 Quimby Ave., 

Wooater 
NAss, ED, Box 264, The Fountain, Canfield 
NISBET, 58 N. Washington Ave., Columbus 

15 
OTTING, H. E., 2701 Minerva Lake Rd., 

Columbus I1 
P ~ T O N ,  JOHN, 29 E. Norwieh Ave., Co- 

lumbus 
PFEFFER, JOHN C., 4279 Hegner, Cincin- 

nati 36 
POUNDEN, WILLIAM D., Dairy Dept., Ohio 

Agr. Expt. Station Wooster 
PRATT, AVERY D., 6airy  Industry Dept., 

Ohio Agr. Expt. Station, Wooster 
P u n ,  H. R., 226 Denison Ave., Elyria 
PUTNAM, DEXTER N., Prod. Testing Dept., 

American Jersey Cattle Club, Columbus 
7.5 

RAMSEY, R. F., 21853 Cromwell, Rocky 
River Branch. Cleveland 

RATHBUN, GORDON P., 111 E. Forest St., 
Clyde 

RHOADES, PAUL L., 2776 Albreeht Ave., 
Akron 

Ross, RICHARD M., 8 E. Long St., Colum- 
bus 

SALISBURY, S. M., Dept. of Dairy Hus- 
bandry, Ohio State Univ. Columbus 10 

SCHELLENGER. KERN K.. 514 Woodbum 
Ave., ~o lumbus  4 

SCHILLING, R. L., R. D. 1, Farmersville 
SCHROER, C. J., 137 N. 8th St., Upper San- 

dusky 
S E ~ L L ,  W. E., The Procter & Gamble Co., 

M.A. & R. Bldg., Ivorydale 17 
SHAFER, REED, BOX 132 Greenville 
SHELTON, ELBERT M., 6614 Prospect Ave., 

Cleveland 3 
SLATTER, WALTER L., Dept. of Dairy Tech- 

nology, Ohio State Univ., Columbus 10 
SMITH, DUKE L., 1320 Linda St., Rocky 

River 16 
SMITH, JAMES T., BOX 5587, Cleveland 1 
SPRAGUE, A. L., Jackson Center Creamery, 

Jackson Center 
STARBUCK, RAYMOND R., Plumb Hall, Ohio 

State Univ. Columbus 10 
STEINER, JOH;, Akron Pure Milk Co., Akron 
STEVENS, SUE CASSELL, 1033 Salem Ave., 

Dayton 6 
STIVER, HUGH F., R. D. 2, Lewisburg 
STUCKEMAN, HOWARD W., BOX 164, Kins- 

man 
SUTERMEISTER, L. A,, Borden's Finch 

Farms, 219 E. 5th St., Dayton 
SUTTON, T. S., Dept. of Agr. Chemistry, 

Townshend Hall, Ohio State Univ., Co- 
lumbus 10 

SWINEHART, MICEAEL F., 160 N. Lisbon St., 
Carrollton 

THOMAS, ROBERT C., U. S. Public Health 
Service Kroger Bldg., Cincinnati 2 

TITUS, R: W., Control Lab., Nestles Milk 
Products, Marysville 

TUCKZR, HUBERT, Worthiington 
TUCKER, WALTER S., 5015 Monroe St., BOX 

129 Station B Toledo 
VAN ~ U R E N ,  RLLPH, 15 Boehler St., Tiffin 
VOELLER, EARL H., Plumb Hall, Ohio State 

Univ. Columbus 10 
VROMA;, V. S., Defiance Milk Products CO., 

Defiance 
WAGNER, WILLIAM, Canal Fulton 
WAY, H. O., 2403 Prospect Ave., Cleve- 

land 15 
WEER, C. G., 725 East Ave., Hamilton 
WEISER, HARRY H., Dept. of Bact., Ohio 

State Univ., Columbus 10 
WICKHAM. J. C.. 4227 W. 36th St., Cleve- 

land 
WIEDEMER, ARTHUR, 201 Euclid Ave., Green. 

ville 
WILSON, HORACE K., 330 E. Paint St., 

Washington C.H. 
WISCHHUSEN, J. F., 15031 Shore Acres Dr., 

Cleveland 10 
WOEBRENBERT. NORBERT H.. 1623 Rose Pl.. 

Cincinnati 29 
WOODYARD, W. O., Cudahy Packing Co., 

Washington C.H. 

Student Affiliates: 
ABELL, CARL T., 154 E. Woodruff, Columbus 
ANTEL, RICHARD K., 2625 Euolid Hts. Blvd., 

Cleveland 6 
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ARGEROS, JOHN, Room 106 River Rd. Dorms, 
Columbus 

BALDWIN. CHARLES S.. 868 Deunison Ave.. 
columdus 

BAUMAN, WARREN, 3 14th Ave., Columbus 
BAXTER. RICHARD C.. 333 W. 5th St.. 

~ e l ~ h o s  
BEARDSLEY, JOHN E., 2208 Indiana Ave., 

Columbus 
BEERY, CARL, R. D. 1, Lancaster 
BENDER. ROLAND D.. 87 W. Northwood. 

colu&bus 
EENSON, KIRK, 123 Selby Blvd., Worth- 

i n ~ t o n  
BETFEL, FRED, 290 Garden Rd., Columbus 
BOTSCH, R. M., R.D. 2, Grafton 
BRICKER. DUANE. R. D. 3. Massillon 
BROWN, EENNETH, ~ r i s tda le  Farm, Route 2, 

Loudouville 
BUNDUS, ROBERT, 2005 Summit St., Colum- 

bus 
BUSKENMEYER, DALE F., Route 3, Box 32, 

Swanton 
CARSON, HERMAN, 1957 Indianola Ave., 

Columbus 
CHAPMAN. GEORGE A.. 60 E. Lane Ave.. 

~olumbus 
CLAY, FRED, 1478 N. 5th St., Columbus 
CLAYTON, KEITH, 1831 N. 4th St., Columbus 
COFFMAN, FRED E., R. D. 1, Germantown 
CONNELLY, ROBERT M., 27 Boulevard Shelby 
CONRAD, HARRY R., Dairy ~ u s b a u d r ~  Dept., 

Ohio State Univ., Columbus 10 
COOPER. PAUL. 33 14th Ave.. Columbus 
COPE, HOWARD D., 429 I h c ~ i n l e ~  Ave., 

Crooksville 
CRECELIUS BOB, Allen Hotel, Eellevue 
CULP, WI~LIAM R., 6064 Monroe St., Mar- 

tins Ferry 
CURTIS, VIRQIL, 287 E. Tulaue Rd., Colum- 

hllq 

D~V;;, CHARLES, 266 S. Knox Rd., Apt. Dl 
Columbus 

DAVIS, HOWARD E., 23 Chittenden Ave., 
Columbus 

DEBROSSE, A. C., P. 0. BOX, University Sta- 
tion, Columbus 

DENTNER, RICHARD, 334 N. Burgess Ave., 
Columbus 

DIETRICH, JOHN P., 5019 N. High St., 
Columbus 

DUDLEY DAVID 1772 W. 1st Ave., Columbus 
DULING' WILLIAM, Route 4 Coshocton 
EBERT ~ D W A R D ,  R. D. 1 dockbourne 
ERF,R< WILLIAM, 740 ~ i k b a l l  Pl., Columbus 
ELTZROTH, EARL, 1957 Iudianola Ave., 

Columbus 
EZELL, MILES, 1373 E. Hudson St., Colum- 

bus 
FARISON, RICHARD B., BOX 29, McClure 
FECHHEIMER, NATHAN, Hopewell Rd., Mout- 

gomery 
FISCHER, JESSIE, Baker Hall, Box 219, Ohio 

State Univ., Columbus 10 
FLANAGAN, PAUL, 141 13th Ave., Columbus 
FOGG, DONALD E., Court House, Lancaster 
FOSTER, DEAN, R. D. 3, London 

FOWLER, WILLIAM, 609 Spruce St., Caldwell 
Fox, CARMEN, R. F. D. 1, Seville 
Fox, KENNETH, 171 E. Northwood, CO~IIIII- 

bus 
FRERIKS, JAMES H., 341 W. 6th Ave., Co- 

lumbus 
GARMAN, WALTER, 25 W. Frambes Ave., Co- 

lumbus 
GEPHART, WILLIAM A., 1339 Ducksherry 

Ave., Columbus 
GIFFORD, MYRON, R. D. 1, Galena 
GLASS, DALE, 3377 Renny Rd., Columbus 
GOEDDE, GERALD H., 1918 Indianola Ave., 

Columbus 
GUIDER, DONALD, 64 W. Duncan St., Colum- 

bus 
HARPER. W. JAMES. Dairv Dent.. Ohio State , " - ,  

univ.; Columbus 
HARPSTER, ROBERT, R. D. I, Jeromesville 
HARTLEY, RICHARD, Dairy Technology Dept., 

Ohio State Uuiv. Columbus 10 ' 

HAWK, GEORGE ~ . , ' 6 1 1 ~  Hess Rd., Colum- 
bus 10 

HAWTHORNE, MORRIS, 126 Chittenden Ave., 
Columbus 

R o ~ r u s ,  DONALD, Ohio Club, Stadium Dorm, 
Ohio State Uuiv., Columbus 1 

HOOVER. A. 8.. 461 E. Sandusk~ St.. Findlav 
H O O V E ~  B. J.; 2656 Tremont ~ d . ,  ~olumbu"~ 
HOWE, ~ O N A L D ,  2097 Summit St., Columbus 
JOHNSON HENRY R., 550 W. Ontario, Lima 
JONES, &ID, Route 1 Delaware 
JOYCE, JOHN EX, JR., 3& Westland Ave., Co- 

lumbus 9 
KAGY, DONALD, 1230 Neil Ave. Columbus 
KENSINGER, WILLIAM S., R. D. i, Greenfield 
KISHMAN, GEORGE, 385 E. Tulane Rd., Co- 

lumbus 
KOHL. N. D.. 430 N. Clairmont Ave.. 

sp;iugfield ' 
KOHLMORGAN, ELMER, 1825 Atlantic St. 

N.E.. Warren 
KOVAL,' FRANK, 70 E. 18th Ave., Columbus 
LADRACK, EUGENE, 427 W. Elm St., Wash- 

ington C.H. 
LAISHLEY P. L., Martin Bldg., Crestline 
LANGE, D~NALD, BOX 169, Washington C.H. 
Loo. CHING CHEE. 1020 =ver Rd. Dorm. Co- 

1;mbus 10 
LOWER, GENE, 12 University Place, Colum- 

bus 1 
LUTZ, HARRY C., 805 N. Market St., Troy 
MASSIE, JOHN W., 175 E. 13th Ave., Colum- 

bus 
MCKELVEY, PAUL L., 4480 Lincoln Ave., 

Shadyside 
MILFORD, WILLIAM DEAN, 70 2nd St., Ritt- 

man 
MOORE, WILBUR V., Pleasant City 
MUGGRAVE, DONALD K., Wharton 
NADAL, R. A., Central YMCA, Columbus 
NEEL, LAWRENCE, JR., 510 N. Main St., Orr- 

ville 
NEUHARM; VERNON A., R. D. 2, Lewisville 
OBERSCHLAKE, DWIGHT, Hamersville 
OWEN, GENE, River Rd. Dorms, Columbus 
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PANIGOT, EUGENE, 130 Brady Circle, Steu- SIMMONS, LLOYD V., JR., 56 W. Frambes 
benville Ave., Columbus 

PAULIN, MARVIN E., R. D. 2, New Paris SMITH, Ross, 3422 Oakway Drive, Toledo 9 
PETERSON, RAYMOND D., 504 Gallia St., Apt. SMOOTS, EDWARD, 2382 Brentwood Rd., Co- 

D, Columbus lumbus 
POPLIN, PARRY M., 86 W. Main St., Carroll- SMYTH, FRANK, 807 River Rd. Dorm, Ohio 

ton State Univ., Columbus 10 
PURDY, CLYDE L., Killbuck SNIDER, JOHN, River Rd. Dorms, Columbus 
RENNER, KENNETH R., Dairy Technology 10 

Dept., Ohio State Univ., Columbus 10 SNODDY, WALTER, Shreve 
REVELOS, GEORGE J., 114 Harrison St., Mid- SPRANG, RALPH, 583 Hess Rd., Apt. B, Co- 
dletown 
RHODES, JAMES A., JR., R. D. 2, Salem 
RICHMOND, ROBERT N., R. F. D., Huntsburg 
RICKARD, HERMAN, R. D. 3, Albany 
RIDDLE, PAUL, 8005 W. Broad St., Galloway 
RIENKE. EUGENE. 3421 Lvleburn Place. Ciu- 

~ - >  
cinn&i 20 ' 

RINEHART, L. VAUGHN, R. D. 1, Galion 
ROBERTS. JAMES. 386 S. Terrace. Columbus 
ROBIN SO^, ROBERT F., 224 ~ o u n d ' s t . ,  Logan 
R o u s ~ ,  DALE K., Southeastern Ohio Agr. 

Expt. Farm Carpenter 
R o u s ~ ,  HARO~D, 141 W. Northwood Ave., 

Columbus 
RYDER, WENDELL, 1918 Indianola Ave., Co- 

lumbus 
SCHELL, LEONARD, R. D. 2, Apple Creek 
SCHERER, ROBERT D., Haverhill 
SCHILLIN~ER, JOHN, 2684 Neil Ave., Colum- 

bus 
SCHMIDT, ROBERT E., 4355 St. Lawrence 

Ave., Cincinnati 
SCHNEIDER, JOHN W., BOX 232, Sugarcreek 
SCHROEDER, HAROLD, Plumb Hall, Ohio State 

Univ., Columbus 10 
SCOTT, GEORGE, 1131 Deacon St., Springfield 

10 
SEIBERLINB. DALE A.. 107 E. Lane Ave.. Co- - 7 

lumbus 
SEMONES, VERNON, 4316 Gallia St., New 

Boston 
SENADENOS, SAM, 312 Tibet Rd., Columbus 
SHIFFERYILLER, WILLIAM E., 8064 N. Main 

St., Dayton 
SICKAFOOSE, DONALD G., 81 W. Frambes, 

Columbus 
SIDDALL, ROBERT L., 560 Roslyn Ave., Akron 
SIMMONS, AUGUST T., R. D. 3, Cambridge 

OKL 
Members: 

BEBOUSEK, E. R. Dept. of Dairying, Okla. 
A & M, ~tillwLter 

BOEHB, JOHN W., Extension Service, Okla. 
A & M, Stillwater 

BURKEY, JOHN P., 121 S. Hugh, Cushing 
CAVE, H. W., Dept. of Dairy Husbandry, 

Okla. A & M, Stillwater 
COLVERT, RICHARD W., Ardmore 
CROWNOVER, WILLIAM M., BOX 52, Pawhuska 
GATHERS, WAYNE E., BOX 1536 Tulsa 
GIBSON, WENDELL, 1712 S. ~ork)town, Tulsa 

4 
HOLLAND, THEODIES H., Langston Univ., 

Langston 
JANDER, JOHN C., A & M College Campus, 

Okmulgee 

lumbus 
SQUIRES, HAROLD C., 76 W. Woodruff Ave., 

Columbus 
STAFFORD, J. R., R. D. 2, Tipp City 
STANTON, JIM, 2357 Linden Ave., Columbus 
STARR, MERLE, 1957 Indianola Ave., Colum- 

bus 
STRACHLER, RAYMOND D., 412 Knecht Drive, 

Dayton 
SUMMERS, DONALD, R. D. 2, Urbana 
THARP, VICTOR, Blue Crystal Farm, Hilliard 
TISHER. KENNETH. 2280 N. High St.. Co- - ,  

lumbus 
TITUS JAMES B. Rutland 
V O G E ~ E S A N G .  C~ARLES.  927 10th st. N. E., 

Massillon 
VOZABULE, BERNARD T., BOX 90,. Southern 

Rd., Everett 
WABY, JOHN C. 82 W. 3rd Columbus 
WEBB. WILLIE >R.. 2272 d. High St.. Co- - ,  

lumbus 
WEBER, EDSEL V., R. Jl. 2, Box 43, Lewis- 

ville 
WEBER, EDWARD, 416 Glenwood Ave., Cin- 

cinnati 
WELLS, DALE, 86 W. Norwich Ave., Colum- 

bus 
WESTRICK, FRANCIS C., Route 3 Defiance 
WHINERY, GEORGE B., 81 E. )College St., 

Alliance 
WITHERSPOON. WILLIAM. 459 E. Dunedin 

Rd., columbus 
WHITTAKER, ARNOLD, 4409 Westway, Toledo 

12 
YODER, ORIE, 1359 Dennison Ave., Columbus 
ZIEGLER, DONALD E., Apt. F, 2594 Putman 

St., Columbus 

AHOMA 
JOHNSON, PAUL E., Dept. of Dairying, Okla. 

A & M College, Stillwater 
KUHLMAN, A. H., Dairy Dept., Okla. A & 

M, Stillwater 
LEWIS. J. C.. 319 W. Pierce. Maneum 
LOEWENSTEIN, MORRISON, ljept. zf Dairy- 

ing, Okla. A & M Stillwater 
MACVICAR. ROBERT.' Aer. Chemistry Re- 

search, bkla. A & M,-stillwater 
* 

MCGILLIARD, P. C., Dairy Dept., Okla. 
A & M. Stillwater 

OLSON, ~. C., Dept. of Dauying Okla. A & 
M, Stillwater . 

SCHWARZ, LEE R., Carnation Co. of Okla., 
Tulsa 

STINNETT, L. H., Extension Service, Okla. 
A & M, Stillwater 
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THOMASON, LOUIS C., 713 N. Davis, Enid 
TRZCINSKI, SAM C., 2030 Denver, Muskogee 

Btudent Affiliates: 
ANDERSON, ROBERT E., 314 Knoblock, Still- 

water 
BAKER, JAPES B., 102 Stadium, Okla. A & 

M. Stillwater 
BARBEE. LEWIS F.. JR.. BOX 85. Veterans 

village, ~tillwathr ' 
BASSE, ROBERT W., 240 Duck St., Stillwater 
BURTON. CHARLES L.. 2614 S. Shartel. Okla- 
- homa'citY 
COFFIELD, A. W., Box 626, Drumright 
CORE. WILLIAM J.. P.O. BOX 815. Homin 
DAVIS, ALBERT o:, 463 Cordell Ball, Okla. 

A & M, Stillwater 
DEEDS. ESMUEL W.. BOX 664. Veteran 'a Vil- 

lage: Stillwater ' 
EDMONDSON, LOCKE F., 1411 Hartford, 

Stillwater 
EISENHAUER,, CHARLES, R. R. 3, Newkirk 
FOSHEE, WILLIAM A., 402 Washington St., 

Stillwater 
GOODS, AL Route 1, Poteau 
GUTHRIE, )CHARLES K., 511 W. 7th, Still- 

water 
GUYER, DAN E., 1204 8. W. 3ist st., Okla- 

homa City 
HAXILTON, BILLY G., 264 Cordell Rall, Still- 

water 
HANKINS, JAMES, 5171 West St., Stillwater 
HARDIN, GEORGE, Route 2, Stillwater 
HARRINGTON, DWAIN F., BOX 643, Veteran's 

Village, Stillwater 
HAYS, JIM L., 1339 N. Atlanta 
HICKEY, BRYCE, JR., 418 S. Independence, 

Sapulpa 
KEIRN, DOYLE L., BOX 655, Veteran's Vil- 

lage, Stillwater 
KEIRN, ORAN R., R. D. 3, Gleneoe 
KERNAN, FRANK H., JR., BOX 837, Veteran's 

Village, Stillwater 
KNIPE, DICK, NO. 10 LaRue Midi., Veteran's 

Village, Stillwater 
KOZEL, KARL A., R. D. 3, Shawnee 
LAUBACH, MARVIN R., 201 West St., still- 

water 
LONG, JOHN EDWARD, 201 Duncan, Still- 

water 
 LON^, ORRIAN B., Hallett 
MCCARROLL, L. M., 2336 B. N. E., Miami 
MCDOWELL, RALPH L., 240 Hester, Still- 

water 

Members : 
BRANDT, LEWIS C., 28 N. 22nd St., Corvallis 
BRANDT, P. M., Div. of Animal Industries, 

Ore. State Agr. College, Cowallis 
BYERS, JOHN H., Dairy Dept., Ore. State 

College, Corvallis 
ELLIKER, PAUL R., Dept. of Bact., Ore. State 

College, Corvallis 
EWALT, H. P., 209 Dairy Bldg., Ore. State 

College, Corvallis 

MITCHELL, ESTES D., 323 West St., Still- 
water 

PARKER. GEORGE M.. BOX 528. Veteran's 
village, stillwater' 

PARKER, GEORGE M., Unit 10, Apt. 7, Jordan 
St.. Stillwater 

PARSONS, G. F., JR., Box 731, Idabel 
PERKINS, BILLY GENE, Route 2, Wewoka 
PITTMAN, ARMON A., 7 E. Woodrow Place, 

Tulsa 6 
PORTER, PHILIP B., BOX 78, Veteran's Vi- 

lage, Stillwater 
PRESCOn, HURSTON E., 121 S. Main, Still- 

water 
PROPHET, RUSSELL E., BOX 873 Veteran's 

Village, Stillwater 
REECE, M. F., JR., Route 2, Stillwater 
RUPPERT, BOB J., 267 Cordell Hall. Still- 

water 
SCHMIDT, KENNETH F., 210 N. G St., Musk- 

ogee 
SCHMIDT, SAMUEL, BOX 526, Stillwater 
SHARKEY, ROY, JR., Pond Creek 
SHEETS, BOB, Route 1, Box 219, Tulsa 
SMITH, ARTHUR J., 267 Cordell Hall, Still- 

water 
SMITH, JAMES D., 321 N. Duck, Stillwater 
SMITH, JOHN A., 619 Market St., Muskogee 
STACY, J. W., New Castle 
STAHL, PERRY, 408 Duck St., Stillwater 
STEPHENS, BOBBY JOE, 461 Cordell Hall, 

Okla. A & M, Stillwater 
STEPHENS, WILLIE O., 1523 W. 6th St., Still- 

water 
STOUT, VIRGIL E., 401 S. Townsend, Ada 
STREICH, MERLE, 302 Knoblock, Stillwater 
TARRANT, HAROLD, 307 Hanner Hall, Still- 

water 
THOMAS, WILLIAM, R., 713 College 'Ave., 

Stillwater 
VON GUNTEN, R. L., 1806 College Ave., 

Stillwater 
- 

WALKER, CHARLES H., Dairy Dept., Okla. 
A & M, Stillwater 

WILLIAMS, GRADY F., Dairy' Dept., Okla. 
A & M School of Tech. Training, Okmul- 
gee 

WILLIAMS, RALPH, BOX 554, Veteran's Vil- 
lage, Stillwater 

WILSON, ROBERT W., 707 Adams, Stillwater 
WLATER. PAUL E.. 240 Husband. Aut. 1. , + .  

~ti l lwater  
WOODS, WILLIAM H., 354 Cordell Rall, Okla. 

A & M, Stillwater 

IN 

GEORGE, J. S., Tillamook Co. Creamery 
Ass 'n., Tillamook 

GLYNN, J. K., 1935 S. W. Park, Portland 
HAAG, J. R., Agr. Expt. Station, Corvallis 
HOWELL, H. B., Route 1, BOX 921, J. J. 

Astor Expt. Station, Astoria 
JONES, IDWAL R., Dairy Dept., Ore. State 

College, Corvallis 
KEYSER, H. C., C/O  dairy'^ Supply Co., 

Inc., 506 8. E. Union Ave., Portland 
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KLAUS, FRED C., 138 S. Liberty, Salem BERGER, PAUL C., Route 3, Albany 
LONGWELL, BRYANT R., Consolidated Food BURGH, I. M., Route 1, Box 273, Corvallis 

Co., Cornelius CORNETT, JOHN A,, JR., 32 N. 26th St., 
MCKENZIE, FRED. Ore. State College. COT- Cowallis - ,  

vallis COVINGTON, J. L., 637 N. 14th, Corvallis 
MEADOWS, ELMER J., 302 Corbett Bldg., COWGILL, FORREST L., 231 Mall St., Corvallis 

Portland 4 DALAL. SAM, 440 N. 6th St.. Corvallis 
MILLER, DONALD, Dept. of Bact., Ore. State GANG&, R.,' 8 N. 27th, ~o&all is  

College, Corvallis GARNER, LYELL B., Route 1, Box 323, Gaston 
MORSE, ROGER W., Extension Dairyman. Ore. JACOBS. BRUTAS L.. Route 4. Box 181. Cor- - ,  

College, Corvallis vallis 
OLOUFA, MOHAMED M., 620 N. 21st St., Cor- MURRAY, R. N., 812 Pacific Terrace, Kla- 

vallis math Falls 
RICHARDSON, GEORGE A., Dept. of Dairy OLSON, ALVIN E., 2040 Jackson St., Corvallis 

Husbandry, Ore. State College, Corvallis PARPIA, R. A. B., Oregon State College, 
ROWE, GORDON A., Dairy Bldg., Room 307, Corvallis 

Ore. State College, Corvallis REGELE, RODGER L., 942 N. 9th St., Corvallis 
STEIN, ROY W., 1313 8. E. 12th St., Portland ROCK, WILFORD D., 2500 Monroe St., Cor- 
SWANSON, EDGAR H., Dairy Coop. Assln., vallis 

1313 S. E. 12th Ave., Portland 14 SCHMIDLKOFER, JOSEPH C., 129 W. Douglas, 
WAGGONER, RALPH W.. BOX 333. Klamath St. Rosebure 

Falls STREET, MABIGN C., 135 S. 9th St., Cowallis 
WEBSTER, HARRY L., Clatskanie STREIFF, ROBERT, 6140 S. W. Shattuck Rd., 
WILSTER, G. H., Dept. of Dairy Husbandry. Portland 19 " ,  

Ore. State College, ~ o r v a l l i i  WALLACE, ARTHUR J., 9844 N. E. Pacific St., 

Student Afiliates: 
Portland 

YOUNG, KEITH F., 617 S. E. Main St., Port- 
BALSARA. DARIUS s.. D e ~ t .  of Food Tech- land - ---- 

nology; Ore. StateZcollege, cowallis Yo%;, ORVILLE, 207 N. 21st St., Cowallis 
BERG, LESLIE R., c/o Langlois Cheese 

Makers, Langois 

PENNSYLVANIA 
Hembers : DEUBLER, E. C., Bucks County, Newtown 

ALMQUIST, JOHN, 0.) Dept. of Dairy Hus- DOAN, F. J., Dairy Dept. Penn. State Col- 
bandry, Penn. State College, State College lege, State College 

~ D E R S ,  HERBERT K., Agr. Extension Ass'n., DRAGGO, EUGENE T., 35 W. Pine St., 
Box 487, Williamsport Knightstown 

ARNOLD, RICHARD N., R. D. 9, Pork DUTCHER, R. ADAMS, 254 E. Hamilton Ave., 
AUSTIN, CARLTON J., Supplee-Wills-Jones State College 

Milk Go., 15 S. 34th St., Philadelphia 4 EDINGER, FLOYD G., 429 N. Main Ave., 
BARNHART, JOHN L., Swede Rd., Norristown Scranton 4 
BEAM, A. LELAND, 141 Ridge Ave., State A. GLYNN, Lewisburg 

College GALLLICKER, LOUIS, Gallicker Ice Cream Co., 
BENNY, WALTER, 195 E. Main St., Bradford 453 Franklin St., Johnstown 
BORLAND, A. A., 310 S. Burrowes St., State GEARHART, C. R., Penn. State College, State 

College College 
BORTREE, ALFRED L., Dept. of Animal Hus- GEYER, FRANK E., 601 Laver Rock Rd., 

bandry, Penn. State College, State College Glenside 
BR.~CKE, GEORGE M., Rieck-McJunkin Dairy GIFFORD, CLAUDE W., Farm Journal, Inc., 

Co., 1345 Forbes St., Pittsburgh Washington Square, Philadelphia 5 
BROCK, 0. CARLYLE, 519-29 E. 18th St., Erie GILMORE, HERBERT C., 213 Dairy Bldg., 
BRYAN, PAUL S., R. D. 1, Perkasie State College 
CLAXTON, A. J., Meadow Gold Dairies, Inc., GOSSER, HAROLD, 409 Warrington Ave., 

126 Denniston Ave., Pittsburgh Pittsburgh 10 
COHEE, C. I., Philadelphia Inter-State Dairy GREENLEAF, FREDERICK M., 1724 Congress 

Council. 234 S. 22nd St.. Philadelohia 3 St.. Allentown 
COLDREN, JOHN, 700 W. ~ i d d l e  St., kanover GROW, WALTER, Fluid Milk Plant, 265 Beech 
COLEMAN, PAUL E., R. D. 1, Wexford St., Pottstown 
CONE. J. FRANK. D e ~ t .  of Bacterioloev. GUERRANT. N. B.. Penn. State Colle~e. State -", - ,  

~ e k .  State cduege; State College College 
DAHLE, CHESTER D., Dairy Dept., State HADFIELD, WILLLIAM A., Penn. Salt Mfg. 

College Co., 1000 Widener Bldg., Philadelphia 7 
DAVEY, WILLIAM R., Room 125, Dairy Bldg., HAMOR, WILLIAM A., Mellon Institute, 4400 

State College 5th Ave., Pittsburgh 13 
DAWDY, MAX L., Dairy Dept., Penn. State HIDINGER, ORVIS, 204 Times Bldg., Penn. 

College, State College Ave. & Spruce St., Scranton 
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HORN, DAVID WILBUR, Box 666, Bryn Mawr 
JAQGARD, GEORGE, 2300 Locust St., Phila- 

delphia 3 
JOHNSON. H. 8.. 119 Federal St.. Pitts- 

burgh 12 
JOHNSON, LAWRENCE W., Whitmoyer Labor- 

atories, Inc., Myerstown 
JONES, P. D., Dairy Dept., Penn. State Col- 

leae. State Colleae 
JOSGHSON, D. V.,%airy Dept., Penn. State 

College, State College 
JUZI, WILLIAM H., Guernsey Breeders 

Assoe., Box 491, Harrisburg 
KEEN, ROBERT H., Queen Dairy Co., Ine., 

413-19 S. Queen St., Laneaster 
KENT, ALBERT L., R. D. 1, New Albany 
KEGLER, EARL M., Dairy Husbandry Dept., 

Penn State College, State College 
KILGORE, JAMES, Route 1, Northampton 
KING, CLIFTON J., BOX 25, Dayton Arm- 

strong Co. 
KIBK, J. J., 409 Maple Ave., DuBois 
KNODT, C. B., Dept. of Dairy Husbandry, 

Penn. State College, State College 
LAUGHLIN, JOHN, Menzie Dairv Co.. 1909 " ,  

River St., ~ c ~ e e s ~ o r t  
LAWHORN, ROBERT K., 397 E. Upsal St., 

Philadelphia 19 
MCCBNDLE~S, J. COULTER, R. D. 5, Butler 
MCCLURE, JOSEPH W., New Wilmington 
MCGRAIL, GERALD, 3010 N. 3rd St.. Phiia- 

delphia 
MCMICHAEL, HARRY S., Meadow Gold 

Dairies, Ino., 126 Denniston Ave., Pitts- 
burgh 6 

MEISENHELDER, SAM I?., R. D. 2, Dover 
MELIK, LA RUE T.. 426 Memorial Ave.. n rove City 
MERRILL, HOWARD J., 206 Dairy Bldg., State 

College 
MOORE, ROBERT B., 1808 W. 24th St., Erie 
NAGEOTTE, JOE, Dairy Extension Specialist, 

213 Dairy Bldg., State College 
OLXSTEAD, R. H., Dairy Bldg. Penn. State 

College, State College 
OTTO, B. FRANK, Otto Suburban Dairy, Inc., 

Camp Horne Rd., Box 4198 Bellevue, 
Pittsburgh 

PARKHURST. RAYMOND T.. Florv Millin@ 
Co., ~ a n g o r  

- 
PARKIN, IVAN E., Room 213, Dairy Exten- 

sion, State College 
PATTON, STUART, Dairy Husbandry Dept., 

Penn. State Colleae. State Colleae 

D.. drums 
2 

PERRY. N. A.. Dairv Blde.. Penn. State Col- ., , 
lege; s t a t e  college 

PRATT, HAROLD T., Philadelphia Dairy Prod. 
Co. Box 267, Philadelphia 5 

PRIN~E,  PAUL W., Dept. of Dairy Hus- 
bandry, Penn. State College, State College 

RAHAUSER, GEORGE W.. 5028 Smithfield Rd.. 
Drexel 

RIETH, HOWARD E., R. D. 1, BOX 96, Per- 
kasie 

ROBERTSON E. I., John W. Eshelman & Sons, 
Laneaster 

ROBISON. CLYDE S.. Coal Center 
ROLAND,'CH~RLES T., P.O. BOX 1346, Calgon, 

Inc., Pittsburgh 
ROSENBAUM, ROBERT, 3743 D St., Philadel- 

phia 24 
ROUGHT, GEORGE B. Nicholson 
SALER. MORTON. ~ L t e r  Callowhill. Philadel- 

phia 23 ' 

SAMPEY, J. J., Abbotts Dairies, Inc., 238 
Lombard St.. Philadel~hia 47 

SCHAEFER, WI~LIAM F.; JR., 48 Wyoming 
Ave., Tundhannock 

SCHWENK, JOHN P., R. F. D. 1, Allentown 
SCOTT, JOSEPH C., 52 S. Vireo Drive, Mc- 

Kees Rocks 
S H ~ F E R ,  HARVEY E., Dept. of Dairy Hus- 

bandry, Penn. State College, State College 
SMITH, ROBERT T., 311 Chamber of Com- 

merce, Scranton 
SPUR, BERNHARD, 4317 Spruce St., Phila- 

delphia 4 
SWOPE, W. D.. Penn. State Colleee. State - ,  

College ' 
TANABE, T., Dept. of Dairy Husbandry, 

Penn. State College, State College 
TAYLOR, JOE S., Dairy Bldg., Penn. State 

Colleee. State Colleae 
THOMPSON, GEORGE If. BOX 303, Clarion 
WALKER, H. S., 623 15th Ave., Bethlehem 
WATROUS, G. H., JR., Dept. of Dairy Hus- 

bandry, Penn. State College, State College 
WELCH, R. C., c/o Wilbur-Suchard Choco- 

late Co., Lititz 
WILLIAMS, PAUL S., Dairy Bldg., State 

College 
WOODRUFF, ALFRED C., 42 Locust Ave.. 

Springfield, Delaware Co. 
YODER, DAVID Landisville 
~ I M M E R M A N ,  ~ O S E P H  A., Lehighton 

Student Ajfiliates: 
COLLINS, WILLIAM F., Dairy Dept., 

Colleen 
ELDER,~CHARLES, 2330 Woodstock 

Swissdale 18 
GANT, JOHN W., R. D. 1 Scottdale 
GROBMAN, SYDNEY, 2625'8. 9th St., 

delphia 48 
HOKE, D R U S I ~ A ,  80 N. Harrison 

Bellevue, Pittsburah 2 

State 

Are., 

Phila- 

Ave., 

EEENEY, DAVID G. , -~ept .  of Dairy Hus- 
bandry, Penn. State College, State College 

KEENEY, MARK, Dairy Husbandry Dept., 
Penn. State College, State College 

MUSSETT, ARTHUR T., Dairy Husbandry 
Dept. Penn. State College, State College 

PAINTEA, HERVEY M., Route 1, State College 
SHOPE, FRANK L., 236 E. Foster Ave., State 

College 
SMITH, ARNOLD C. Dept. of Dairy Hus- 

bandry, Perm. College State College 
STINE, CHARLES M., 507 curtin St., Osceola 

Mills 
WILDASIN. HARRY F.. 127 S. Barnard St.. 

State college ' 
WILLIAMS, JESSE B., Room 206, Dept. of 

Dairy Husbandry, Penn. State College, 
State College 
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PERU 

Student Affiliates: 
CAPUIL&O, JUAN MIGUEL, Casilla 468, Lima 

PORT0 RICO 

Members : MARTORELL, MIGUEL A., BOX 28, Dorado 
BRENES, LUIS RIVERRA, Agr. Expt. Station, 

Rio Piedros 
RHODE ISLAND 

Members: HENDERSON, B. W., JR., Fort Kearny, Saun- 
ARMSTONG, ROBERT E., 102 Summitt St., derstown 

East Providence NORTON, CHARLES L., R. I. State College, 
ATWOOD, JOHN W., R. I. State College, Kingston 

Kingston SMITH, WILLIAM T., 172 Berkshire St., 
CAMPBELL, MASON, Kingston Providence 

SOUTH AMERICA 

Student Affiliates: RUEDA, INQ LEOPOLDO, Compania Colombi- 
BURGUERA D, GERMAN G., c/o Merido Mo- 

' ana De, Alimentos Lacteos S. A., Bugala- 
' 

tors, Merida Edo Merida, Venezuela grande Valle, Colombia 

Members: 

SOUTH CAROLINA 

KAPP. ROBERT P.. Edisto Farms Dairy. Co- 
BOWERS, T. S., Belton 
BRANDT, GRAYDON W., Dairy Dept., Clemson 

Agr. College, Clemson 
BRANNON, CARROLL C., Dairy Dept., Clem- 

son Collene. Clemson 
BREAZEALE,-'~HOMAS C., JR., Dairy Dept., 

Clemson College, Clemson 
COBB, E. D., Pet Dairy Products Co., Green- 

ville 
FLETCHER. 0. J.. McC011 

- .  
lumbia 

KELLY, J. W., 12 Bishop St., Inman 
KING, WILLIS A., Dairy Dept., Clemson Col- 

lege, Clemson 
LA MASTER. J. P.. Dairy De~t . .  Clemson " - ,  

College, dlemson ' 
LAZAR, JAMES T., Dairy Dept., Clemson 

College, Clemson 
LOMAS, C. H., Clemson College, Clemson 
LYLE, JOHN W., JR., 21 Forest Lane, Clem- 

GEE, G A S ~ N ,  s ta te  Farm, Boykin son 
GOODALE, B. E., Clemson College Clemson MERCER, DON- N.7 R. 5'- D.9 L~kesland 
HELLBMS, J. I., Greenwood crekmery Co., WHISENHuNT, HENRY L.7 Mimosa 

Greenwood Cope 
HIERS, JESSE C., c/o County Agent, Ander- Student Affiliates: 

son GILPIN A. T., BOX 762 Clemson 
HOBSON, W. M., Foremost Dairies, Spartan- H A N C ~ E L ,  RICHARDSON' M., Coburg Dairy, 

burg Charleston 
HURST, VICTOR,' Dairy Dept., 8. Carolina P E ~ G R E W ,  J. E., Route 2, Box 1, Ander- 

Agr. Expt. Station, Clemson son 

SOUTH DAKOTA 
Members: JOHNSON, LESLIE E. Animal Husbandry 

BARTLE, EMERY, BOX 3, College Station, Dept. College stadion, Brookings 
Brookings KELLY, '~ .  L., Dairy Dept., State College 

BREAZEALE, D. F., Dairy Husbandry Dept., station, Brookings 
8. Dak. State College, Brookings TOTMAN, C. C., Dairy Dept., 8. Dak. State 

CAVE, R. A., 8. Dak. State College, Brook- College Brookinga 
ings TURNER, )GEORGE E., Dairy Dept., S. Dak. 

DRACY, ARTHUR E., Dairy Husbandry Dept., State College, Brookings 
8. Dak. State COllege, Brookings 

EDWARDS, WILLIAM CHARLES, Tyndall Student Affiliates: 
GOODBARY W. ALLAN, Dairy Dept., 5. Dab. DEHOOGH, MARVIN, Route 1, Marion 

'State College, Brookings PETERSON, REUBEN, Dairy Dept., State Col- 
HAINES, A. L., 631 St. Charles, Rapid City lege, Brookings 

Members : BENNETT, BALLARD K., W. Main St., Le- 
ARMSTBONG, W. H., 4222 8. Garden Rd., ganon 

Knoxville CHAPPELL, CLYDE, 212 Pythian Bldg., Jaok- 
8011 
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COLEBANK, L. O., Agr. Extension Service, RECORD, P. R. c/o Security Mills, Knoxville 
Univ. of Tenn., Knoxville ROGERS, L. R.: Security Mills, Knoxville 

COPELAND, LYNN, Univ. of Tenn., Agr. Ex- RUBIS, JOSEPH A., 608 Shady Lane, Nash- 
tension Office, 2321 West End Ave., Nash- ville 
ville SWANSON, ERIC W., Dairy Dept., Univ. of 

DOUGHERTY, A. F., Southern Dairies, 601 Tenn. Knoxville 
Oak St  Knoxville WYLIE, '0. E., Dairy Dept., Univ. of Tenn., 

FRIEND. 2. F.. 1497 Union Ave.. Unit 4. Knoxville 
 emp phis ' 

GARRECRT, HUBERT, Klinke Bros. Dairy, Student 
2469 Summer Ave.. Memuhis ALBRECHT, T. W.. DeDt. of Dairvine. Univ. - -, 

HARRISON, THOMAS B., 23b7 Laurel Ave., of ~ e n n . ,  ~ n o & i l l e  
Knoxville CARRELL, EVERETT E., 1412 Highland Ave., 

HURLEY, W. C., A & I College, Nashville Knoxville 
HUTTON, C. A., Agr. Expt. Service, P.O. DuNAoAN, H O ~ C E  H., Univ. of Tenn., 

Box 1071. Knoxville Dairy Dept., Knoxville 
LUSH, R. H. Dept. of Dairying, Univ. of HUMPHREYS, ROBERT H. Collierville 

Tenn., ~ndxvil le  16 JORDAN, FRED L., 607 16th Ave. N., Nash- 
MADDUX, JAMES N., Lewisburg Dairy Expt. . ville 

Station, Lewisburg MCADAMS, J. B., R.' D. 3, Henderson 
Moss, W. F., #4 Federal Bldg., Chatta- MOORE, CARL, Route 2, Dayton 

nooga NICHOLS, JAMES R., Route 7, Jackson 
NAIVE. J. B.. Beverlv Hills Sanatorium. SANDERS. HOYT. D e ~ t .  of Public Welfare, 

~ndxvil le  ' 309 ~ a r k e t  st., ~ u o w i l l e  
OVERCAST, WOODROW W., Dairy Industry SMITHSON, S. F., Route 2, Bradyville 

De~t . .  Univ. of Tenn.. Knoxville WARREN, LLOYD Durn. 100 8. 16th St., 
P A R ~ ~ N S ,  V. D., 205 N. ~ u l t  St., Knoxville ~ashv i l l e  

Members : 
TEXAS 

MADDEN, FRED W., 423 E. Main St., Grand 
CARDWELL, JOE T., Dairy Mfg. Dept., Texas 

Tech. College, Lubbock 
CHAPMAN. WILLIAM E.. BOX 564. Wichita 

Falls 
DEWEY, LLOYD G., Phenix Dairy, 1220 

Smith St., Houston 2 
EISENSTEIN, PHILIP P., 2534 South Blvd., 

Dallas 
ENGRAM, L. W., Dairy Dept., Prairie View 

A & M College, Prairie View 
FEATRO, JOSEPH G., Dept. of Dairy Hus- 

bandry, A & M College of Texas, College 
Station 

FROEDGE, J. R-~LPH, Fort Worth Poultry & 
Egg Co., Inc., P.O. Box 1537, Fort Worth 

GIBSON, G. G., Extension Dairyman, c/o Ex- 
tension Service, College Station 

HARMON, LAURENCE G., Dept. of Dairy 
Manufactures, Texas Tech. College, Lub- 
bock 

HEEP, HERMAN F., Heep Jersey Farms, 
Buda 

HOECKER WESLEY H., Dept. of Dairying, 
Texas & M College, College Station 

HOMEYER, W. C., Arrow Mills, Inc., P.O. 
Box 3012, Houston 1 

HOWE, J. W., Division of Agr., Texas Col- 
lege of Arts & Indus., Kingsville 

JOHNSTON, J. B., 4236 Love11 Ave., Fort 
Worth 7 

JONES, CHARLES L., BOX 563, Friona 
KILWRE, J. P., c/o Eastland Creamery, 

Eastland 
LEIGHTON, R. E. Dairy Dept., Texas A & 

M College, coliege Station 
LIVELY, JACK, Route 5, Bluff View Farm, 

Dallas 

Prairie 
METZGER, JACOB, P.O. BOX 899 Dallas 1 
MOORE, A. V. Dairy Dept., ~ k x a s  A & M, 

College ~ t a i i o n  
PEDERSON, M. G., c/o Price's Creameries, 

Box 1572. El  Paso 
PRICE, R O B ~ R T  B., Price's creameries, Inc., 

P.O. Box 1572, El  Paso 
REED, W. W., John Tarleton College, Ste- 

phenville 
ROBB, NOEL N., Production Mgr., Carna- 

tion Co.. Box 914. Houston 1 
RUPEL, I.' W.,   air^ Husbandry Dept., 

Texas A & M College, College Station 
SHEPARDSON, C. N., Dean of Agr., Texas 

A & M College, College Station 
TINNEY, WILLIAM H., 3312 25th St., Lub- 

bock 
TULLEY, W. C., BOX 1688, Ft. Worth 
WILLINGHAM, J. J., Dept. of Dairy Manu- 

factures, Texas Tech. College Lubbock 
YENTZEN, VURRELL A., ~ e d e r l k d  

Student Afiliates: 
BAKER, W. D., Dairy Dept., Texas Tech. 

College Lubbock 
BECKER, OLENN, BOX 643, Paducah 
BENNETT, JACK, Dairy Dept., Texas Tech. 

College, Lubbock 
BLANEK, LOUIS J., Dairy Dept., Texas Tech. 

Colle~e. Lubbock 
C A R M I C ~ ~ L ,  JACK C., Dairy Dept., Texas 

Tech. College, Lubbock 
CARVER, JAMES A., Dairy Dept., Texas Tech. 

College, Lubbock 
CAUDLE, JEHU, Dairy Dept., Texas Tech. 

College, Lubbock 
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DARTER, CLARENCE L. JR., Dairy Dept., RATCLIFF, LANTIS, BOX 5123, College Sta- 
Texas Tech. college,' Lubbock tion 

DENISON, C. W., 314 E. Cardwell, Brown- REEVES, J. E., Dairy Dept., Texas Tech. 
field College Lubbock 

FANN, WILLIAM, 3800 31st St., Port Arthur SAWYER, ~ A R O L D ,  Dairy Dept., Texas Tech. 
FRY, TRAVIS, Dairy Dept., Texas Tech. Col- College, Lubbock 

lege Lubbock SHOPE, RICHARD E., BOX 661, Mission 
G A I T H ~ ,  FoY, Dept. of Dairy Mfg., Texas SMITH, HARVEY T., Dairy Dept., Texas 

Tech. College, Lubbock Tech. College Lubbock 
GARDNER, SAMUEL DEAN, Dairy Dept., SMITH, LOTT B.: Dept. of Dairy Mfg., Texas 

Texas Tech. College, Lubbock Tech. College, Lubbock 
HALL, J. D., Dairy Dept., Texas Tech. Col- SMITH, TERRY, Dairy Dept., Texas Teeh. 

lege Lubbock College, Lubbock 
HOGA;, DONALD, Dept. of Dairy Mfg., SPROULS, HENRY, Dept. of Dairy ~ f ~ ,  

Texas Tech. College, Lubbock Texas Tech. College, Lubbock 
JACKSON, ROYCE T. Dairy Dept., Texas TOMLINSON, HORACE, Dept. of Dairy Mfg. 

Tech. College, ~ubbock  Texas Tech. College, Lubbock 
JOHNSON, SIDNEY A. Dairy Dept., Texas VICKERS, DURWARD, Dairy Dept., Texas 

Tech. College, ~ u b i o c k  Tech. College, Lubbock 
WY, CHESTER, Dept. of Dairy Mfg., WEEMS, CLOP H., Dairy Dept., Texas Tech. 

Texas Tech. College, Lubbock College, Lubbock 
PEEPLES, MILTON, Dept. of Dairy Mfg., WILLIAMS, CHARLES A., Route 2, Memphis 

Texas Tech. College, Lubbock WILLIAMS, GRADY F., 1330 Graham Drive, 
PLUMMER, WILLIAM H., Dept. of Dairy Bryan 

Mfg., Texas Tech. College, Lubboek 

UTAH 
Members : BEUTLER, R. F. D, 1, Smithfield 

ANDERSON, H. D., Ephraim BO~WELL EVAN C. Woodruff Hall Logan 
BATEMAN, GEORGE Q., Utah State Agr. Col- BROWN, ~ A R L  8.t kg85 S. 3rd E.,' A p t  3, 

lege, Logan Salt Lake City 
CAINE, GEORGE B., Utah Agr. College, Logan BUCK, RULON W., Prefab 1709, College 
CURTIS, L. R., 2184 Oneida St., Salt Lake Housing, Logan 

City 5 BURGH, GENE H., U.S.A.C. Creamery, Logan 
FERRIS, REED, C/O Nelson Ricks Creamery FITz"ERALD JACK F., Camus 

CO., 314 W. 3rd S., Salt Lake City 1 FORD, LYLE) S., Wallsburg 
HARDELL ROBERT, 657 E. Center St., Logan HAGEMAN, ALQER E.7 416 N. 5th E., Skanch~ 
HOSKISS~N, WILLIAM A., 952 Windsor St., Apts., Logan 

Salt Lake City 4 HENINGER, HAROLD E., Mendon 
LAMB, D. O., BOX 2490, Salt Lake City 14 HOGAN, M e ,  Midvale 
LARSEN, PAUL B., Dept. of Dairy Hus- KILLPACK, G. J.2 3'. D. 1, Logan 

bandry, Utah State Agr. College Logan KUUm,  WALTER, Woodruff Hall, Logan 
MORRIS, A. J., Dairy m us ban dry) Dept., GEORGE, BOX 208, R. D. 1, River- 

Utah State Agr. College, Logan ton 
QUAYLE, JOSEPH R., 375 N. 1st E., Logan MILLER, IVAN, College Housing 
RICH, LYMAN A., U.S.A.C. Extension Ser- Logan 

vice, Logan PETERSON, S c m  R., Peterson Bros., Hol- 
stein Farms, Box 922, Park City 

Student Affiliates: PRICE, SETH, Paradise 
ABBOT, MYRON S. 479 N. 5th E., Logan SANDERS, DOAN C., JR., P.O. BOX 342, 
BENNION, STERLI~G, 711 E. 9th N., Logan Farmington 

VERMONT 
Members: ELLENBERC-ER, H. B., Univ. of Vt., Burling- 

BUNDING, L. W. R., Holstein-Friesian ton 
Ass'n., Brattleboro PRAYER, JAMES M., Vt. Agr. Expt. Station 

BRADFIELD, ALEX, 210 Loomis St., lhr1ing- 489 Main St., Burlington 
ton HAMLEN, C. L., St. Albans 

BEEMER, HARRY E. Dept. of A ~ ~ . ,  s tate  NEWCITY, GLADWYN, 16 Henry St., Bellow 
House, Montpelie: Falls 

CAMBURN, 0. M., v t .  ilgr. ~ ~ ~ t .  station, NEWLANDER, J. *., Univ. of Vt.7 Burling- 
489 Main St., Burlington ton 

CHAPFEE, L. L., Morrisville 
NORTON, H. W., Holstein-Friesian Ass'n, 

Brattleboro 
CONKLIN, C. T., Apshire Breeders Assoe., RIDDELL, W. H., University of Vt., Burling- 

Brandon ton 
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STILES, ALBERT H., 32 Proctor Ave., S. Bur- Student Affiliates: 
lington RESI, LOUIS A., 236 South Prospeck St., 

WARNER, WILLIAM K., 96 Colchester Ave., Burlington 
Burlington 

Members : 
AULL, W. F., JR., Assoc. Dairy Husbandry, 

Extension Deot.. Va. Polv. Institute. 

VIRGINIA 

TRELOGAN, HARRY C., 6025 N. 18th St., 

A ,  

Blacksburg 
BUSSEY, J. C., Southern Dairies, Rocky Mt. 
CONNELLY, R. G., Dept of Dairying, College 

of Agr., Blacksburg 
ESPE, DWIGHT L., 1047 N. Edgewood St., 

Arlington 
FLORA, CARROLL C., Dairy Bldg., Va. Poly. 

Institute, Blacksburg 
FOSTER, ARDEN S., Assac. Dairy Extension- 

man,  Va. Poly.'Institute, ~ i a c k s b u r ~  
GREENBANK, GEORGE R., 632 24th St. S., 

Arlington 
HERRMANN, LOUIS F., 3022 N. Westmore- 

land Dr.. Falls Church 
HOLDAWAY; C. w., Dept. of Dairy Hus- 

bandry, Va. Poly. Institute, Blacksburg 
KENNEDY, G. S., Health Dept., City of 

Roanoke, Roanoke 11 
MALLORY, T. E., Bland 
MILLER, W. C., Garst Bros. Dairy, Roanoke 
OXMODT, B. J., 2702 Valley Dr., Alexandria 
OWEN, JOHN W., State Milk Commission, 

1203 E. Broad St., Richmond 19 
PAIS, ALEXANDER A., BOX 191, Pocahantas 
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101 
Penicillium roguef orti, 

mold-enzyme preparation from, use in  blue 
cheese, 1001 

oxygen requirements of, 101 
Phosphatase, rate of inactivation in milk, 509 
Phosphatase test, 

for cheese, carbonate-bicarbonate buffer for, 
760 

modification for cheese, 751 
preservation of dairy products for, 166 

Phosphorus, 
in  plasma, a t  parturition of masteetomized 

cows, 927 
radioactive, distribution in cow's body, 717' 

Plasma, vitamins in, effect of Brucella vac- 
cination on, 914 

Prepartum milking, 
effect on, 

calf plasma levels of carotene and vita- 
min A, 711' 

colostrum composition, 559 
colostrum composition, 919 
leucocyte count in postpartum milk, 804 
mammary secretion composition, 719* 
performance of cows and calves, 719% 
plasma vitamin A and carotene of calves, 

1032 
riboflavin and ascorbic acid content of 

colostrum, 720* 
milk production following, 725' 

Preservation, of dairy products, for phospha- 
tase test, 166 

Production, of milk and fat, influence of toco- 
pherols and cod liver oil on, 133 

Production records, 
analysis of, in artificial insemination pro- 

gram, 730' 
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computation of, 728* 
Proteins, plant and animal, semen production 

and fertility of bulls fed, 292 
Protozoa, occurrence in bovine stomach, 806 
Proved sons, for evaluation of transmitting 

ability of sue, 706' 

Q a A T E R N A R p  ammonium compounds, ef- 
fect of metallic ions on, 703* 

R E D  cell volume, influence of cobalt con- 
sumption on, 533 

Reducing groups, in proteins and milk, 698* 
Reducing systems, of dry whole milk, 334 
Reproduction, 

carotene requirements for, 714* 
vitamin E and, 495 

Reproductive failures, in  cows of low fertil- 
ity, 237 

Reproductive inefficiency, inheritance of func- 
tional causes of, 71 

Resazurin test, for milk, variations in, 702' 
Review, 

hormones for treatment of sterility, 45 
infectious disease as cause of infertility, 36 
inheritance of functional causes of repro- 

ductive inefficiency, 71 
lactose and gastro-intestinal motility, 139 
nutrition and bovine sterility, 60 

Riboflavin, in  colostnun, prepartum milking 
and, 720' 

Roughage, and growth of dairy heifers, 715' 
Roughages, vitamin D content of, 715* 
Rumen, 

digestion and synthesis in, effect of saliva 
on, 123 

early development of, influence on caro- 
tenoids, vitamin A and ascorbic acid of 
calves, 1016 

establishment of microorganisms in, effect 
of pasture and rumen inoculation on, 

7101, 1025 
inoculation of, for calves, 1025 

SALIVA, bovine, chemical and phyaical prop- 
erties of, 123 

Sanitary standardization, of dairy equipment, 
701' 

Semen, 
bovine, 

effect of testis biopsp on, 327 

livability and bacterial content of, effect 
of penicillin and streptomycin on, 183 

thyroxine and fertility of, 322 
triphenyltetrazolium chloride for vital 

studies of, 1013 
cooling of, citrate-sulfanilamide-yolk ex- 

tender and, 723' 
dilution of, 

buffered whole egg for, 722' 
on basis of numbers of spermatozoa, 721' 
penicillin and sulfanilamide in, 722' 
to higher levels, 722' 

fertility of, 
effect of penicillin and sulfanilamide on, 

722* 
effect of penicillin on, 950 - 
improvement by penicillin, streptomycin 

and sulfanilamide, 722' 
influence of bacterial numbers on, 543 

frequency of collection of, 723* 
oxygen consumption of, 

effect of thyroxine and acetylcholine on, 
726' 

testosterone effect on, 725' 
production, influenee of plant and animal 

proteins on, 292 
quality of, eosin-aniline blue stain for, 723. 
turbidometric hyaluronidase determination 

in, 570 
Sex ratio, in 2 Minnesota herds, 706* 
Sherbets, 

dehydrated whey in, 697' 
whey use in, 696* 

Shrinkage, of ice cream, 697' 
Silage, 

carotene determination in, 33 
wilted, nutrient conservation in, 716' 

Silage organisms, energy sources for, 901 
Sire selection, a different slant on, 730' 
Skim milk, heated, isolation of furfural from, 

222 
Sodium citrate, as stabilizer for frozen homo- 

genized milk, 175 
Soil fertility, effect on dairy cows, 716' 
Soluble nitrogen in milk, influence on 8. lactis 

and coliform bacteria on, 652 
Sow's milk, fjtt and vitamin A in, 22 
Soybean oil, 

crude expeller, calf feeding with, 429 
hydrogenated, calf feeding with, 429 

Soybean oil meal, effect on plasma and milk 
vitamin A and carotene, 565 

Soybeans, 
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and vitamin A requirements of dairy cattle, 
714' 

in  calf rations, 609 
raw, effect on plasma and milk vitamin A 

and carotene concentrations, 565 
Spermatozoa, 

livability and fertility of, effect of diluters 
' on. 604 
motility of, effect of diluter composition on, 
345 

oxygen damage to, effect of catalase on, 353 
Stabilizers, for frozen homogenized milk, 175 
Stale flavor, 

of butter oil, 715' 
of dried whole milk, 383 

Sterility, 
hormone treatment for, 45 
nutrition and treatment of, 60 

Stilbestrol, in bovine mammary development, 
707" 

Stimulus, conditioned, milk production after, 
17 

Stomach, bovine, protozoa in, 806 
Streptococcus agalactiaa, in maatitis, 720" 
Streptococcus crenzoris, 

bacteriophage multiplication on, 701' 
effect of penicillin and other antibiotics on, 
961 

nutrition of, 701" 
Streptococcus dgsgalactiae, in mastitis, 720' 
Streptococcus faecalis, in Cheddar cheese, 630 
Streptococcus lactis, 

action of bacteriophage on, 702' 
bacteriophage multiplication on, 701' 
effect of penicillin and other antibiotics on, 
961 

nutrition of, 701" 
soluble nitrogen produced in milk by, 652 

Streptococcus uberis, in mastitis, 720' 
Streptomycin, 

for improving semen fertility, 722' 
semen livability and bacterial content in- 

fluenced by, 183 
Subtilin, effect on lactic streptococci for 

cheesemaking, 961 
Sulfanilamide, 

for improving semen fertiity, 722" 
in semen dilutors, 722' 

Sulfhydryl groups, in heated milk, 398 
Sulfonamides, in semen dilutors, 604 
Surface growth, on blue cheese, 704' 
Surf ace tension, 

of fresh milk surfaces, 406 
of milk, 698' 

Sweet potatoes, dehydrated, as feed for lac- 
tating cows, 725' 

Sweetness, of corn sugar products in  ice 
cream, 697 

T E M P E R  AT-, 
effect on carotene and vitamin A of milk 

fat, 713* 
external, effect on f a t  unsaturation, 700" 

Testis biopay, semen influenced by, 327 
Testosterone, in  vitro effect on OZ consump- 

tion of sperm, 726' 
Thermal death time studies, on coliform bac- 

teria, 702* 
Thyroid gland, size in southern cows, 708* 
Thyroprotein, 

feeding during lactation decline, 708' 
feeding during first lactation, 278 
low-level feeding for 52 weeks, 257 

Thyroxine, 
effect on fertility of semen, 322 
effect on sperm OZ consumption, 726' 

Tocopherols, 
in milk, effects of feeding on, 700' 
in ration, effect on colostrum, 458 
influence on milk and fa t  production, 133 
milk stability to oxidation affected by, 196 

Transmitting ability, of sire, number of 
proved sons necessary for evaluation of, 
706' 

Tricalcium phosphate, fused, as low-fluorine 
phosphorus supplement, 228 

Triphenyltetrazolium chloride, vital studies on 
semen with, 1013 

Tryptophane, free, determination in cheese, 
704' 

Type ratings, of Ayrshires, as heifers and as 
COWS, 375 

Tyramine, 
in Cheddar cheese, 316, 630 

U m E R  treatment, milk let-down influenced 
by, 725 

measurement of, torsion pendulum dscosi- 
meters for, 452 

of milk products, 452 
Vitamin A, 

absorption, 
by calves, effect of dispersion on, 711* 
by ruminants, 714' 
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activated glycerol dichlorohydrin test for, 
688 

depletion of calf stores of, 418 
effect of prepartum milking on, 919 
fetal stores of, utilization by newborn calf, 
764 

in  butter, carotene in feed and, 714* 
in calf plasma, prepartum milking and, 1032 
in  calf plasma and liver, influence of pas- 

ture and early rumen development on, 
1016 

in colostrum, 587 
effect of ration supplements on, 458 
factors influencing, 209 

in milk, 
influence of pasture herbage on, 955 
interrupted milking and, 977 

in milk and plama, soybean products and, 
565 , 

in  plasma, 
effect of Brucella vaccination on, 914 
of calves from dams milked prepartum, 
711C 

i n  sow's milk, '22 
in spray-dried milk, stability to drying, 695 
of milk fat,  influence of temperature on, 
713* 

prepartum supplement of, effect on calves, 
367 

requirements by cattle, relation of soybeans 
to, 714' 

supplementing calf rations with, 418 
Vitamin A alcohol, in  ration, effect on colos- 

trum, 458 
Vitamin A ester, in ration, effect on colos- 

trum, 458 
Vitamin B,, role and sources of mammals, 
715* 

Vitamin C, elimination of, effect on oxidized 
flavor of homogenized milk, 786 

Vitamin D, in roughages, 715' 
Vitamin E, effect on reproduction, health, milk 

production and growth, 495 
Vitamins, fat-soluble, stability in cream and 

butter, factors influencing, 679 

W BIGHT standards, for Jersey heifers, 
718* 

Whey, 
dehydrated, in  ice cream and sherbets, 697' 
use i n  sherbets, 696* 

Wood molasses, and growth of heifers, 719' 

Y E A S T ,  in &ace smear of brick cheese, 
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BOOK REVIEW BUTTER 

888. Methods of vitamin assay. Assok. of Vita- 0. F. HUNZIKER, SECTION EDITOR 
min Chemists, Inc., Interscience Publishers, Inc., 
N. Y. 189 pp. 1947. 890. Smorets struktur vid vanlig och kontinuer- 

lig srniirtillverkning. (The structure of butter 
This volume is based upon actual laboratory by the usual buttemaking process as 

check of methods for Vitamin A, carotene, thia- ,,+th the continuous method.) N. K ~ ~ ~ .  svenSka 
min, riboflavin, niacin and ascorbic acid. Chemi- Mejeritidningen, 40, 9:  95-97. Feb., 1948, 40, 
cal formulae, spectroscopic characteristics (ex- 10: 105-109. ~ ~ ~ ~ h ,  1948. 
cept for niacin and ascorbic acid), sources, rela- 
tive precision of methods and detailed methods The effect physical and chemical factors on 

of assay are presented for the vitamins listed the structure and consistency of butter is discussed 
above. ~i~~~~~~~~ references are presented for in detail. The microscopic structure of butter 

assay of "itamins, D, E and K and for biotin, consists of fat globules, fat crystals, brine drop- 
folic acid, benzoic acid, hositol, lets and air cells. Liquid butter fat serves as 
pantothenic acid and pyridoxine. excellent embedding medium for these elements. Fe and 
section is presented relative to sampling, though CU Present in cream in combination with phos- 
unfortunately, dairy products are slighted in this pholipids and proteins are believed to be trans- 
section. ~h~ volume is written critically ferred to the butter. The number of fat crystals 

should be in the libraries of all who are engaged In free fat and their size are to play an 

in vitamin work. E. W. ~i~~ important part in the hardness and consistency 
of butter. The size and number of brine droulets 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

889. Incidence of Q fever in eastern Washing- 
ton. R DODDANANJAYYA, State College of Wash., 
Pullman. Pub. Health Repts., 64,39: 1230-1236. 
Sept. 30, 1949. 

A seriological survey showed that Q fever exists 
in eastern Washington in both humans and ani- 
mals. Six of 289 samples of human sera were 
found to have Q fever complemented-fixing anti- 
bodies, in titers ranging from 1 : 8 to 1 : 128. Three 
of these positive sera were from humans having 
close contact with animals while the other 3 per- 
sons had no occupational contact with animals. 
Out of 327 samples of blood sera from beef and 
dairy cattle, 9 were found to be positive with 
titers ranging as high as 1 : 128. The breed, age 
and sex of the animals had no special significance. 

D. D. Deane 

may have some influence upon the appearance 
and keeping quality of butter. 

In the phase inversion of the cream as it oc- 
curs in the Alfa process for dontinuous butter- 
making the following steps are enumerated: (a) 
fat globules distributed in milk serum, (b) begin- 
ning clumping with fat globules partly combined 
in clumps, (c) very large clumps with an irregular 
edge, (d)  double emulsions in which both brine 
droplets, containing larger or smaller numbers of 
fat globules are present in the fat phase and fat 
globules with a birefringent peripheral layer and 
(e) a system with fat globules and brine droplets 
in free fat and no fat globules in brine droplets. 

I t  is pointed out that microscopic methods are 
of considerable value in research involving butter 
structure but the microscopic method is useful 
only when dimensions are not smaller than 0.5- 
0 . 1 ~ .  Undoubtedly there are present in butter, 
particles varying from 0 . 1 ~  to Imp such as small 
fat crystals in free fat, water veins and phospholi- 
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pid-protein membranes of fat globules. In order 
to obtain more information regarding these, it 
will be necessary to use methods that will be as 
satisfactory in the submicroscopic field as the 
microscopic methods are in the microscopic field. 

G. H. Wilster 

891. Metallic churns and butter kneaders hav- 
ing no kneading rollers. F. J. J. J. HENRARD. 
(Assignor to Ecremeuses Melotte.) U. S. Patent 
2,481,842. 2 claims. Sept. 13, 1949. Official 
Gaz. U. S. Pat. Office, 626, 2: 497. 1949. 

This metallic chum and butter kneader rotates 
on its horizontal axis, the 2 end walls being flat 
and parallel. Instead of the usual cylindrical 
shape, with the cross-section in the shape of 
circle, the cross-section of this churn is in the 
shape of 3 equal cyloidal curves, thus providing 
suitable agitation for churning and working action 
for the butter as the chum is rotated. 

R. Whitaker 

CHEESE 
A. C. DAHLBERG, SECTION EDITOR 

892. Cheese cutting machine. L. M. SEELY. 
U. S. Patent 2,481,162. 3 claims. Sept. 6, 1949. 
Official Gaz. U. S. Pat. Office, 626, 1 :  203. 1949. 

Cheese may be sliced in any shape by this ver- 
tical gravity-operated knife. A guard prevents 
operator injury by the knife. R Whitaker 

893. Rotary drum cheese grater. J. ORLANDO. 
U. S. Patent 2,481,336. 1 claim. Sept. 6, 1949. 
Official Gaz. U. S. Pat. Office, 626, 1: 248. 1949. 

A rotating drum having a rough surface grates 
the cheese as it is fed continuously to the drum. 

R. Whitaker 

894. Manufactire of rennet paste. E. C. SCOTT 
and G. W. MCDONALD. (Assignors to Swift and 
Co.) U. S. Patent 2,482,520. 4 claims. Sept. 
20, 1949. Official Gaz. U. S. Pat. Office, 626, 3 : 
809. 1949. 

A paste is made of 60 parts whole milk curd 
and 1 to 12 parts of rennet extract and the pH 
adjusted to 4 to 5. R. Whitaker 

Also see abs. no. 897. 

DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 

895. Mechanism of the fermentation of lactose 
by yeasts. MORRISON ROGOSA, U. S. Dept. of 

Agr., 'Washington, D. C. J. Biol. Chem., 175, 
1: 413423. Aug., 1948. 

Evidence is given that enzymatic hydrolysis of 
lactose to the component monosaccharides is not 
necessary for fermentation. Ten different lactose- 
fermenting organisms were used in the study. 

A. 0. Call 

DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 

896. Methods for determining the iron content 
of milk. F. A. JOHNSTON, NAOMI GELLMAN and 
JUNIATA STROM, Cornell Univ., Itbaca, N. Y. 
J. Biol. Chem., 175, 1: 343-347. Aug., 1948. 

In 1943 the National Research Council re- 
ported the Fe content of milk as 2.0 mg./kg. This 
figure was lowered to 0.7 mg./kg. in their 1945 
published tables. In 1944 the senior author re- 
ported a value of 0.32 mg. Fe/kg. A recheck of 
the dry ash method originally used showed it to 
be reliable when compared with two other meth- 
ods. Ten separate milk samples from 5 distrib- 
utors (presumably from the Ithaca area) were 
tested for Fe by 3 methods. The average values 
by each method were 0.38, 0.39 and 0.33 mg./kg. 
The highest reported value of any sample by any 
method was 0.59, and the lowest 0.25 mg./kg. 
Details of an improved wet ashing procedure are 
given. A. 0. Call 

897. The estimation of fatty acids of inter- 
mediate chain length by partition chromatog- 
raphy. M. H. PETERSON and M. J. JOHNSON, 
Univ. of Wis., Madison. J. Biol. Chem., 174, 3: 
775-789. July, 1948. 

While investigating the role of fatty acids in 
Cheddar cheese flavor a chromatographic method 
for the quantitative estimation of formic, acetic, 
propionic, n-butyric, caproic, caprylic and capric 
acids was developed. A detailed description for 
the preparation of both macro and micro chro- 
matogram tubes and their development, as well as 
the titration of aliquots of the effluents is given. 
Sulfuric acid (27 to 35 N) was used as the non- 
mobile phase and Celite 545 as an inert filler. 
For routine estimations in biological materials 
one macro and three micro columns were used. 
Analyses of known mixtures, as well as butterfat 
with added known amounts of fatty acids showed 
recoveries with an 8% maximum error. 

A. 0. Call 

898. Stable fortified milk products and process 
of preparing same. G. E. GRINDROD. (Assignor 
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to Wis. Alumni Research Foundation) U. S. 
Patent 2,481,414. 11 claims. Sept. 6, 1949. 
Official Gaz. U. S. Pat. Office, 626, 1: 268. 1949. 

An insoluble salt of Cu, Fe or Mn is allowed to 
absorb an edible protective colloid and the dis- 
persion is incorporated into liquid milk products 
to form a fortified concentrated sterilized food. 

R. Whitaker 

899. Stable milk product containing added anti- 
anemia factor and process of making same. G. 
E. GRINDROD. (Assignor to Wis. Alumni Research 
Foundation.) U. S. Patent 2,481,415. 7 claims. 
Sept. 6, 1949. Official Gaz. U. S. Pat. Office, 
626, 1: 268. 1949. 

Essentiallv the same as Abstract 898, except 
that ascorbic acid is added to the produdt befoie 
canning and sterilizing. R. Whitaker 

DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 

/900. Practical ammonia refrigeration. Cooling 
buttermilk, condensed milk and ice cream mix. 
C. H. MINSTER, Greenbriar Dairy Products Co., 
Beckley, W. Va. Ice Cream Rev., 33, 2: 52, 54, 
56, 57, 58, 60. Sept., 1949. 

The refrigeration load as applied to cooling 
buttermilk involves cooling the fluid skim milk 
from the pasteurization temperature of 180-190° 
F. to the setting temperature of 70-74' F., and 
cooling of the finished product from the setting 
temperature down to 50' F. or below. Sur- 
face coolers, plate-type coolers or coil vats may be 
used in cooling the fluid skim milk. Vat cooling 
with sweet water or brine is the most common 
method employed in cooling buttermilk from 
the setting -temperature to 300 F, or below. 
Freezing of any part of the buttermilk and exces- 
sive agitation during cooling are to be avoided. 

Sweetened condensed milk may be cooled in a 
coil vat or by an internal tubular cooler. The 
latter ~rovides for continuous cooline from the - 
pan with no intermediate crystallization period 
required. The well water temperature and the 
final temperature desired are variables which will 
affect materially the refrigeration load in,cooling 
sweetened condensed milk. 

Plain condensed milk may be cooled with a vat 
or plate-type cooler. The latter method appears 
to be growing more popular. Precautions should 
be taken to avoid contamination of the product 
and to prevent the incorporation of air during.. 

the cooling process. Evaporated milk, unless it 
is to be stored over night, need not be cooled prior 
to canning and sterilization. 

Ice cream mix, because of its greater viscosity, 
which interferes with heat transfer, is more diff- 
cult to cool than fluid milk. To cool ice cream 
mix efficiently, either the surface area of the 
cooler must be increased or the time allowed for 
cooling must be increased. Regeneration has 
only limited application in cooling ice cream mix, 
since the sugar and stabilizer must be dissolved 
in the mix prior to pasteurization. 

Data presented show that if an ice bank storage 
system is used, the hourly refrigeration load may 
be reduced by as much as 90% as compared with 
the use of direct expansion. W. J. Caulfield 

901. Milk cooler. G. R. DUNCAN. U. S. Patent 
2,482,579. 6 claims. Sept. 20, 1949. Official 
Gaz. U. S. Pat. Office, 626,3: 826. 1949. 

This tank for cooling milk in cans is charac- 
terized by having a side door for easy insertion of 
the cans. A cooling coil below the can-support- 
ing frame provides chilled water which is circu- 
lated and sprayed over the cans in the tank. 

R. Whitaker 

902. Ice cream package filling mechanism. F. 
D. PALMER. U. S. Patent 2,482,593. 1 claim. 
Sept. 20, 1949. Official Gaz. U. S. Pat. Office, 
626,3: 829. 1949 

A sleeve slides in and out of the end of the tube 
1eading.from a continuous freezer. When the 
sleeve is projected, the valve on the end of the 
sleeve is closed and it is open when retracted, thus 
alternately filling .and discharging a given portion 
of ice cream as the sleeve is moved up and down. 

R. Whitaker 

903. Method of and apparatus for dehydrating 
liquid products. J. M. HALL. (Assignor to Dry- 
ing and Concentrating Co.) U. S. Patent 2,481,- 
418. 14 claims. Sept. 6, 1949. Official Gaz. 
U. S. Pat.' Office, 626, 1 : 269. 1949. 

Milk is heated rapidly under pressure to tem- 
peratures sufficient to destroy instantly bacteria 
and enzymes and immediately sprayed into a blast 
of air at a lower pressure to reduce the moisture 
content of the milk. R. Whitaker 

904. Centrifugal separator with movably sup- 
ported supply can therefor. W. H. HARs~cK and 
0. E. HEINTZ. (Assignors to International Har- 
vestor Go.) U. S. Patent 2,482,272. 6 claims. 
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Sept. 20, 1949. Official Gaz. U. S. Pat. Office, 
626, 3: 745. 1949. 

The supply tank which feeds this separator may 
be raised and lowered by means of a foot pedal 
at the base of the machine. When lowered, the 
supply tank outlet is positioned correctly for 
feeding directly into the spinning bowl. 

R. Whitaker 

905. Centrifugal homogenizer. H. BECCHIA. 
U. S. Patent 2,482,235. 2 claims. Sept:20, 1949. 
Official Gaz. U. S. Pat. Office, 626,3: 735. 1949. 

The fluid to be homogenized is introduced 
through a pipe into a rapidly rotating horizontal 
drum from which it is discharged rapidly by cen- 
trifugal force through small perforations in the 
outer wall of the drum, to impinge on serrations 
mounted close to the rotating drum. The homo- 
genized product drains into a bowl-like vessel 
below the spinning drum and is discharged 
through an outlet in bottom. R. Whitaker 

906. Dump can. V. SCHWARZKOPF. (Assignor 
to Lathrop Paulson Co.) U. S. Patent 2,480.778. 
3 claims. Aug. 30, 1949. Official Gaz. U. S. 
Pat. Office, 625, 5: 1415. 1949. 

The features of this easily cleaned dump tank 
for milk are a simple means of preventing splash- 
ing when cans of milk are rapidly emptied into 
it and the inclusion of a removable strainer tray. 

R. Whitaker 

907. Building heating. J. C. MCCABE, McGraw- 
Hill, New York, N. Y. Operating Engineer, 2, 
9: 19-34. Sept., 1949. 

Topics covered in this review are behavior 
of heat, calculation of heat loads, infiltration, 
distribution of heat, distribution systems, heating 
units and auxiliaries. There are 81 tables and 
illustrations. Some of the heat distributors illus- 
trated and discussed are radiators, wall radiators, 
convectors, baseboard heaters, panel heaters, blast 
coils, unit ventilators and propel1or;fan units. 
The discussion of auxiliaries concerns valves, fit- 
tings and traps. H. L. Mitten, Jr. 

Also see abs. no. 891. 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

908. Keep out of the hole with cost control. 
F. MERISH. Milk Plant Monthly, 38, 9: 34-36. 
Sept., 1949. 

The 14 rules discussed for maintaining an ef- 
fective cost control in the dairy plant are: (a)  ac- 
curate accounting systems, (b) monthly profit and 
loss statements, (c)  analysis of business figures, 
(d )  comparative analysis by percentages, (e)  de- 
preciation in cost allotments, ( f )  overhead ex- 
pense, (g) promotional outlay increases, (h)  
equipment modernization, ( i )  provisions for per- 
sonal salary, ( j )  production cost knowledge, (k) 
departmentization of cost and sale figures, (1) in- 
surance costs, (m)  delinquent accounts and (n)  
improved supervision. J. A. Meiser, Jr. 

909. Separate cabinets for "Take Home" sales 
build volume at drug stores. V. M. IIABuFFo. 
Ice Cream Trade J., 45, 9: 28, 31, 65-69. Sept., 
1949. 

The installation of separate serve-yourself cabi- 
nets for dispensing packaged ice cream may save 
drug stores their "take home" ice cream market. 
This would simplify proper pricing, eliminate 
waiting on rushed fountain clerks and, with carry- 
home provisions and proper location in the store, 
would increase sales and retain ice cream custo- 
mers who rapidly are turning from drug stores 
to other retail outlets. W. H. Martin 

910. Bonus plan spurs sales. P. L. ANDERS. 
Milk Plant Monthly, 38, 9: 68-69. Sept., 1949. 

Using the previous month's sales as the base 
period, increased sales of 1 to 3 points netted the 
routeman $1.00 per point. Four to five points 
obtained $1.50 each, whereas 6 points returned 
$2.00 per point. Besides being used for milk 
sales, this plan was used also for increasing but- 
termilk and cheese sales. J. A. Maiser, Jr. 

911. collecting "Slow accounts". L. FANALD. 
Milk Plant Monthly, 38, 9: 38-39. Sept., 1949. 

A drastic reduction in slow accounts was ac- 
complished by the issuing of "nudge cards" to 
routemen whose duty was to attempt a collec- 
tion each time they found a delinquent customer 
home. If, at the month's end, payments had not 
been made, red stickers were pasted on the face 
of the bill demanding immediate payment and 
these in turn delivered by the routeman to the 
customer. J. A. Meiser, Jr. 

912. What it costs to serve dealers' customers of 
different sizes. P. P. MILLER, General Ice Cream 
Corp., Schenectady, N. Y. Ice Cream Trade J., 
45, 10: 60. Oct., 1949. 



The cost per gallon to serve customers of one 
of General Ice Cream Co.'s plants ranged from 
$0.2757 for customers of the 6001 to 7000 gal. 
group to $0.9035 for the 101 to 200 gal. group. 
These figures include delivery, selling and admin- 
istrative expenses. To make the same profit per 
gallon on large and small accounts, the price to 
the small account may have to be very high. 

W. H. Martin 

FEEDS AND. FEEDING 
W. A. KING, SECTION EDITOR 

913. Voederproeven over de invloed van or- 
ganische zur- (vooral in verband met bet 
aanzuren van ondermelk) . (Feeding trials on the 
influence of organic acids, especially in relation 
to the acidifying of skimmilk.) (English sum- 
mary.) TH. J. DEMAN, Institute for Modem Cat- 
tlefeeding, "De Schothorst", Hoogland near 
Amersfoort, Holland. Publication of the Nation- 
ale CoGperative Aan-en Verkoopvereniging voor 
de Landbouw (National Cooperative Buying and 
Selling Association for Agriculture.) "Centraal 
Bureau" G. A., Rotterdam, Holland. 31 pp. 
1949. 

Skimmilk, used in practice for fattening pigs 
and raising calves, often gave bad results caused 
by putrefying bacteria present in skimmilk of 
inferior quality. This can be improved by using 
the ripened product. Experiments were per- 
formed in fattening pigs with skimmilk acidified 
with lactic acid, acetic acid, formic acid and citric 
acid to a pH of about 5.7, and compared with 
culture-ripened product and sweet skimmilk. The 
artificially acidified skimmilk caused approxi- 
mately the same rate of growth and food con- 
sumption as the culture-ripened product. Best 
results were obtained with the sweet skimmilk 
which was of good quality. With citric acid a 
somewhat retarded growth and a disturbance in 
the locomotion of the animals were observed. For 
practice, formic acid is most efficient, being cheap 
and having a low equivalent weight. 

A growing experiment with calves, comparing 
skimmilk acidified with formic acid and culture- 
ripened skimmilk showed the formic acid product 
as favorable as the other one. An experiment on 
the influence of addition of 0.1% of citric acid 
to the fattening mash of pigs resulted, at times, in 
disturbances in the locomotion and in other cases 
in cannibalism (biting off each other's tails). 
Possibly citric acid works in this way via distur- 
bance of the microflora in the intestines, influ- 

encing the production of B vitamins. The ob- 
sewed abnormalities, curable with yeast, may 
be caused by shortage of riboflavin and panto- 
thenic acid, but this explanation needs further 
investigation. A. F. Tamsma 

GENETICS AND BREEDING 
N. L. VAN DEMARK, SECTION EDITOR 

914. Inheritance of a Karakul-type curline58 
in the haii of Ayrshire cattle. F. E. ELURIDGE, 
F. W. ATICESON and H. L. IBSEN, Kansas State 
College. J. Heredity, 40, 8: 205-214. Aug., 
1949. 

The Karakul-type of curliness involving irregu- 
larity in the diameter of the hair rather than 
uniform flatness was found in an Ayrshire herd. 
The curliness is pronounced at  birth, resembling 
a newborn Karakul lamb, and becomes less curly 
with age. The seasonal variation noted was con- 
cluded to be caused by the shorter hair in sum- 
mer when the curliness is less evident, as com- 
pared to winter when the curliness is character- 
istic. There is no sex difference in the expression 
of the responsible gene(s). The character was 
concluded to be due to a single autosomal domin- 
ant gene, K, and differs from the more common, 
variable type of curliness found in individuals of 
most breeds, and from the type of curliness as- 
sociated with semi-hairlessness. L. 0. Gilmore 

HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 

915. Field tests of insecticides and spraying 
methods to control horn flies in dairy herds. 
W. S. MCGREDOR, U.S.D.A., Agr. Research Adm., 
Bureau of Entomology and Plant Quarantine. 
J. Econ. Entomol., 42, 4: 641-643. Aug., 1949. 

DDT, DDD, methoxychlor and toxaphene 
emulsions, each containing 0.5% of the toxicant, 
were compared for horn fly control in field tests 
on Jersey cattle in Texas. Spray application was 
made on cattle confined in stanchions. A nozzle 
pressure of about 200 Ib . / i~ .~  was used. Treat- 
ments began in June, when fly population aver- 
aged 25 or more per animal in every herd, and 
were repeated each time the population rebuilt 
to 25 per animal. Area of cattle treated and 
quantity of spray varied as follows: (a) 2 qt. on 
entire body, (b) 1 qt. on entire body, (c) 1 qt. 
on top line and (d)  1 qt. on underlie. 

There was great variation in range of pro- 
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tection periods against flies as afforded by in- 
secticides. One qt. of any spray applied on the 
top line was as good as 1 or 2 qt. on the entire 
body. Underline treatment was less effective, 
except with toxaphene. E. H. Fisher 

\/916. The DDT content of milk from a cow 
sprayed with DDT. R. H. CARTER and H. D. 
MANN, U.S.D.A., Agr. Research Adm., Bureau 
of Entomology and Plant Quarantine. J. Econ. 
Entomol., 42, 4: 708. Aug., 1949. 

A high pressure sprayer was used to apply a 
wettable powder suspension at a concentration 
of 4 lb. of DDT/100 gal. of water. A Shorthorn 
herd was sprayed over the entire body to the point 
of super saturation. Milk samples were taken 
from 1 cow for DDT analysis. Milking was by 
hand, and no precautions to prevent contamina- 
tion of milk with DDT were taken. No check 
sample of milk was taken before spraying. Be- 
ginning 2 d. after spraying, and at 5 subsequent 
irregular intervals, milk samples showed a range 
of from 3.0 to 0.4 p.p.m. of DDT over a period 
of about 5 wk.; the average was 1.3 p.p.m. 

E. H. Fisher 

917. Cows heat house. N. HOLMQUIST, Swed- 
ish Government Research Institute for Farm 
Buildings, Lund, Sweden. Agr. Eng., 30, 9: 425. 
Sept., 1949. 

An average milking cow produces about 20,- 
000 cal./d., 25% of which is latent in respiratory 
moisture. All of the latent and 60% of the sen: 
sible heat is wasted by being carried away by 
ventilating currents without heating the barn. 
The remaining heat is sufficient for keeping the 
temperature high enough. 

The Swedish project attempts to use the waste 
heat from the barn for heating a 5-room house. 
A heat pump with its evaporator located in the 
barn's outgoing ventilating duct is used. The 
lowest design temp. for which the system is cal- 
culated is 5' F. The system with 10 to 15 milk- 
ing cows will heat the house with no insulation 
on the house or barn. When heating oil is $45 
per ton and electricity is 2B/kw.-hr., the cost of . 
heating is $245 with oil and $190 with the heat 
pump. The system was tried in sweden last 
winter and found to be practical. 

H. L. Mitten, Jr. 

918. Portable milker. A. I. TUPENIND. (As- 
signor to DeLaval Separator Co.) U.S. Patent 

2,482,602. 5 claims. Sept. 20, 1949. Official 
Gaz. U.S. Pat. Office, 626, 3: 831. 1949. 

A milking machine, complete with vacuum 
pump, is mounted on a 2-wheeled cart. 

R. Whitaker 

ICE CREAM 
C. D. DAHLE, . SECTION EDITOR 

919. Use of whey in sherbets. F. E. POTTER and 
D. H. WILLIAMS, Agricultural Research Ad- 
ministration, USDA. Ice Cream Trade J., 45, 
9 :  54-55, 86-88. Sept., 1949. 

Approximately 75% of the 12 billion pounds 
of cheese whey produced annually is used as 
animal feed or wasted. Ransdell and Webb de- 
veloped a sweetened condensed whey to over- 
come the high water content and perishable 
nature. 

A good quality sherbet was made by using 
whey solids instead of milk solids. These .sher- 
bets contained 5% whey solids when made from 
plain condensed, sweetened condensed, or de- 
hydrated whey but after adding sugar, stabilizer, ' 

flavor and citric acid to the fresh, separated whey, 
the whey solids content of the finished product 
was between 4 and 5%. 

The whey sherbets were frozen most success- 
fully in a continuous freezer. When a batch 
freezer was used excessive whipping occurred. 
Overrun in the batch freezer could be controlled 
by the addition of fat. A normal amount of 
citric acid was required for sherbet made from low 
acid whey, but no citric acid was needed with cot- 
tage cheese whey. The whey sherbets had a 
smooth body and texture, were more refreshing 
than other sherbets and had no whey flavor when 
made from a good quality whey. 

W. H. Martin 

920. Shrinkage. J. C. LANDO and C. D. DAHLE, 
Penn State College, State College. Ice Cream 
Trade J., 45, 10: 90, 114-115. Oct., 1949. 

Of 12 commercially shrunken samples of ice 
cream studied, all but 2 showed a formol titration 
in excess of the titration for the control mix of the 
same nitrogen content, indicating that the 
shrunken ice cream protein had undergone some 
degree of change causing them to have a higher 
formol titration. A study was made of changes in 
the distribution of mix proteins when treated with 
the proteolytic enzyme, trypsin. M i  treated 
with 2 g. of trypsin to 45 lb. of mix and held at 
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40' F. for 24,48, 72 hr. showed little or no shrink- 
age in the resulting ice cream after 1 wk. in a 
cabinet at -15' F. Shrinkage did result when the 
mix was held for 96 hr., indicating that some 
change was occurring during the 72 to 96 hr. 
period which was of major importance in enzy- 
matic shrinkage. 

Other tests were made to determine any change 
in protein distribution when ice cream was sub- 
jected to severe dry ice exposure, and also the 
effect of the albumen-globulin fraction of milk 
protein in ice cream shrinkage. Additions of the 
unaltered whey proteins to ice cream mixes re- 
duced shrinkage considerably. W. H. Martin 

921. Control of ice cream texture with micro- 
scope. W. S. ARBUCKLE, Univ. of Md., College 
Park. Ice Cream Trade J., 45, 10: 86, 114. 
Oct., 1949. 

The microscopical examination of ice cream 
may reveal body and texture characteristics which 
are not readily detected organoleptically. 
Smooth textured ice cream will have a large 
number of evenly distributed ice crystals and 
air cells. Coarse textured ice cream will have 
numerous large ice crystals along with fewer 
small crystals and less uniformity of crystals 
and air cells . 

Microscopic examination is made by preparing 
a thin section of ice cream, imbedding the section 
in immersion oil and examining at a magnifica- 
tion of 100 times. This work usually is done at 
hardening room temperature. W. H. Martin 

922. New frozen citrus purees and their uses. 
E. A. BEAVENS, Bureau of Agr. and Ind. Chem., 
U.S.D.A., Pasadena, Cal. Ice Cream Trade J., 
45, 10: 58, 96. Oct., 1949. 

Successful processing of citrus fruit purees has 
been accomplished and provides fruit bases which 
possess natural flavor, color and nutritive value. 
These purees can be kept in good condition for a 
year when stored at O0 F. Use 14 to 18 oz. of 
5 to 1 orange puree and 1.5 oz. of a 50% solu- 
tion of citric acid solution to 1 gal. of sherbet mix, 
stir thoroughly, freeze at 50 to 65% overrun and 
then place in containers and harden. For lemon 
sherbet only 10 to 14 oz. of puree and 0.5 oz. of 
50% citric acid are needed. The citric acid so- 
lution should be added after freezing when the 
sherbet mix contains any milk products to pre- 
vent curdling. 

Milk sherbet mixes should contain 2.5% fat, 
2.5% milk solids and 25% sugar. W. H. Martin 

923. Gallonage analysis. Anonymous. Ice ' 

Cream Trade J., 45, 9: 42, 88-89. Sept., 1949. 

The International Association of Ice Cream 
Manufacturers has compiled an analysis of U. S. 
wholesale and retail ice cream production by 
manufacturers. The recently issued Ice Cream 
Sales Index for 1948 shows the number of whole- 
sale ice cream manufacturers in the U. S. to be 
3,766, producing 91.7% of all commercial ice 
cream. Of these 3,766, there are 2,879 which 
sell ice cream by wholesale only, with the re- 
maining 887 retailing in their own stores, though 
they are primarily wholesalers. The 10,394 
manufacturers who made and sold at retail only 
accounted for only 8.3% of the national produc- 
tion. 

Of the industry's 629,090,000 gal, produced, 
the 3,766 wholesale manufacturers were respon- 
sible for 577,026,000 gal. and the 10,394 retailers 
for 52,064,000 gal. This report is substantiated 
by figures from the U. S. Department of Agricul- 
ture based on 1946 operation and by the U. S. 
Census of Manufacturers' report for 1947. 

W. H. Martin 
Also see abs. no. 900, 902, 909, 912. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P. REECE, SECTION EDITOR 

924. The fate of radioactive copper adminis- 
tered to the bovine. C. L. COMAR, G. K. DAVIS 
and LEON SINGER, Fla. Agr. Expt. Station, 
Gainesville. J. Biol. Chem., 174, 3: 905-914. 
July, 1948. 

Fifteen cattle were given an isotope of copper 
( C U ~ ~ ) ,  orally in some cases and by jugular in- 
jection in others. The Cu retention was very low 
w k n  fed but was highly retained when injected 
intravenously. In both cases, the Cu retained 
was widely distributed in the body tissues but 
more concentrated in the liver. A table showing 
the Cu distribution in the various body tissues is 
included. A. 0. Call 

925. The transfer of immunity to the new-born 
calf from colostrum. E. L. SMITH and AUGUST 
HOLM, E. R. SQUIBB & SONS, New Brunswick, 
N. J. J. Biol. Chem., 175, 1: 349-357. Aug., 
1948. 

Electrophoretic studies show that y-globulin 
and T-globulin, both found in the serum of the 
mother, are not present in the serum of the new- 
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born calf or the new-born lamb, demonstrating the pituitary adrenocorticotrophic hormone, 
that there is no placental transfer of antibodies which in turn regulates hormone secretion by ,the 
in these species. This is in direct contrast to adrenal cortex. V. Hurst 
what is found in humans, where the y-globulin 
in the serum of the new-born exceeds that of the SANITATION AND CLEANSING 
mother. The calf acquires immunity through 
the igestion of colostrum. A. 0 Call , K. G. WECKEL, SECTION EDITOR 

926. Passage of selenium through the mammary 4 2 8 .  Quatemv ammonium in 

glands of the white rat and the dist,.ibution of da~ry  sanitation. C. C. PROUTY, Dept. of Dairy 

selenium in the proteins after subcutaneous Husbandry, State College of Washington, Pull- 
iniection of sodium selenate. K. P. MCCONNELL, ?:"_. 383 9: 4&48. Sept.9 
u k v .  of Rochester, Rochester, N. Y. J. Biol. 
Chem., 173, 2: 653-657. April, 1948. 

Radioactive selenium was injected subcutane- 
ously into lactating white rats and was shown to 
be present in the carcasses of the suckling pups 
within 24 hr., thus confirming previous reports 
of selenium being transmitted in the milk. To 
determine the milk fraction carrying the selenium, 
the stomach contents of 2 litters of rats were 
removed and the milk curd resuspended and 
fractionated. The protein fraction carried 
selenium. A. 0. Call 

927. Effect of the blood glucose level on the 
secretion of the adrenal cortex. G. L. STEEPLES 
and H. JENSEN, Medical Dep't., Field Research 
Laboratory, Ft. Knox, Ky. Am. J. Physiol., 
157, 3: 418421. June, 1949. 

Studies were made on 225-280 g. rats. Ad- 
renal glands were weighed, blood sugar measured 
and cholesterol content of the adrenal glands 
determined. Hyperglycemia, induced by glu- 
cose administrated orally in a 50% solution, 
inhibited hormone release from the adrenal cor- 
tex as measured by the cholesterol content of the 
adrenal cortex. With the same measurement, hy- 
poglycemia induced by insulin injections stimu- 
lated hormone release from the adrenal cortex. 

How the blood sugar level influences the se- 
cretion of adrenal cortical hormones is not defin- 
itely known, although a plausible explanation is 
that the blood sugar level affects the secretion of 

A discussion of present knowledge of Quater- 
nary ammonium compounds is presented. The 
various phases covered are: (a)  methods of de- 
termining germicidal efficiency, (b)  physical re- 
action of bacteria in contact with quaternary 
compounds, (c) bacteriostatic action of the com- 
pounds, (d )  the influence of pH, type of water 
and organic matter on the germicidal efficiency 
and (e) selective action on organisms. 

J. A. Meiser, Jr. 

929. Deposition of aerosol particles. A. H. 
YEOMANS, E. E. ROGERS and W. H. BALL, U.S. 
D.A., Agr. Research Adm., Bureau of Entomology 
and Plant Quarentine. J. Econ. Entomol., 42, 
4: 591-596. Aug., 1949. 

Tests with DDT aerosols determined the pro- 
portional deposition of toxicant on horizontal and 
vertical surfaces. Comparisons were made on 
the basis of (a)  toxicity to insects, (b) chemical 
analysis, (c) visual observation of dyed deposits 
and (d )  no. and size of particles. 

Aerosol application in still air, simulating that 
in closed buildings, showed very little or no de- 
position on walls or other vertical surfaces. The 
particles settled almost solely upon the top of 
horizontal surfaces. Chemical analysis recovery 
of DDT from wall panels was less than 1% as 
great as from floor panels. Data on aerosol de- 
position in moving air, 2 to 16 mi./hr. also were 
included. E. H. Fisher 
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immunization against, A131 
nonantigenic allergic agent for introdcrmal 

test for, A44 
ring test for milk, A104, A151 
trace minerals for combating of, A151 

Brushes, for cleaning dairy plants, A29 
Building heating, A184 
Bull, expense of, A24 
Bull halter, A54 
Business worth, calculation of, A5 
Butter, 

aluminum foil packaging of, A60 
bacterial discoloration of, A165 
body characteristics of, A88 
butyric acid in, A18 
continuous production of, A35, A72, A l l 1  
controlling body defects of, A60 
cutter for, A161 
diacetyl determination in, A108 
effect of free air in, A105 
improving texture during winter, A46 
increasing firmness during summer, A46 
keeping quality of, 

effect of chemical additions on, A105 
light during manufacture and, A105 

machine molder for, A1 
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nutritive value of, a t  low environmental 
temperatures, A147 

packaging of, A105 
packaging of prints, A45 
physical aspect of, A31 
print cutter for, A32 
properties of, influence of f a t  content of 

cream on, A46 
proteinaceus substances in, A60 
selling of, A46 
specific gravity and air content of, A60 
stabilization against oxidation, A132 
structure of, comparison of usual and con- 

tinuous churning, A181 
texture of, control in continuous churning 

process, A l l 1  
variations in summer firmness, A47 
water droplets in, A32 
water insoluble fatty acids in, A17 
workmanship of, A104 

Butter, New Zealand, chemical properties of, 
A70 

Butter, summer, growth promoting factor in, 
A116 

Butter, whey, A161 
Butter cultures, acetylmethylcarbinol plus di- 

acetyl in, A2 
Butterfat, 

balance sheet for, A112 
correction of butyrometer readings for, 

A108 
determination of, in milk powder and baby 

foods, A135 
in buttermilk, A108 

Butterfat percentage, heritable factors for, 
among Brown Swiss bulls, A24 

Butterfat production, effect of tocopherols on, 
A114 

Buttermaking, 
alpha continuous process, A161 
comparison of methods, A87 
Fritz process study, A88 
gas saturation process for, A87 

Buttermilk, 
butterfat globule size in, A108 
eultured, manufacture from non-fat dry 

milk solids, A107 
Butteroil, 

manufacture of, A163 
technology of, A152 

Butyrie acid, 
development in cream, A18 
in commercial cream and butter, A18 

Butyric acid fermentation, in edam cheeae, 
A89 

Byproducts, route sales of, A172 

CALCIUM, in human diet, from milk, A55 
Ca caseinate, electron microscope detmn. of 

particle size, A136 
Calcium salts, effect on renal excretion, A178 
Calf feeder, A37 
Calf-raising facilities in Washington, A54 
Can inverter, for can washer outlet, A137 
Can washer, mechanical 

acid and alkaline detergents for, A122 
factors in operation of, A117 
mechanical, operation of, A73 
operation and maintenance, A117 
polyphosphate use in, A117 
study of, A74, A167 

Carotene, 
determination in alfalfa meal, A23 
in Norwegian milk and butter, A100 
in pasture grasses, A6 
retention in alfalfa meal, A36, A173 

Carotene concentrates, preparation and stor- 
age of, A77 

Carpet grass, seasonal composition of, A6 
Casein, 

devitaminized, solvent treatment process for, 
A152 

effect of autoclaving with dextrose on nutri- 
tive value, A84 

filaments from, treatment of, A109 
in milk, condition of, A109 
in textile fiber, A3, A70 
modification for greater nutritive value, 

A136 
rennet, treatment for glue use, A48 
solution of, A122 

Casein fibers, denaturation in, A167 
Casein-formaldehyde dispersion, A69 
Cecal flora, rats fed variously, A84 
Cheese, 

cutting device for, A106 
grater for, A182 
low temperature storage of, A89 
machine for cutting, A182 
mechanical turning of, A89 
packaging of, A106 
report on sampling, f a t  and moisture of, 

A133 
rheological properties of, A106 
sales from new product developments, A2 
statistics of rheologieal studies on, A106 
taste and flavor compounds of, A47 



A210 SUBJECT INDEX OF ABSTRACTS 

Cheese, blue, 
punching apparatus for, A48 
reasons for P. rogueforti dominance in, A66 

Cheese, Camembert, 
microflora of, A18 
ripening of, A18 

Cheese, Cheddar, 
bitter flavor in, A61 
comparative yields of, A61 
cutting for retail trade, A61 
envelope for use during curing, A133 
extraneous matter in, A106 
from pasteurized milk, flavor development 

of, A61 
moisture content and body firmness of, A60 
proteolytic enzyme in making of, A18 

, quality improvement in Canada, A1 
rancid flavor due to lipolytic bacteria, A162 
rancidity caused by bacteria, A105 

Cheese, Cheshire, ripening of, A162 
Cheese, cottage, 

Ca and P determinations, on, A71 
consumer preferences in, A132, A162 
manufacture of low-add rennet-type, A1 
sales contests for, A126 
storage of, A61 
variations in characteristics, A132 
various types of, A120 

Cheese, edam, butyric acid fermentation of, 
A89 

Cheese, process, gassy fermentation in, A88 
Cheese, roquefort, deficient mold growth in, 

A162 
Cheese, roquefort-type, lactic starters for use 

in, A132 
Cheese factories, efficiency in operation of, 

A74 
Cheese industry, 

basic research needed in, A162 
future possibilities for, A61 

Cheese manufacture, centrifugal separation of 
curd in, A72 

Chemical sterilizers, use in dairy industry, 
A118 

Chlorine sterilizers, present status of, A15 
Chocolate, as coating for ice cream bars, A7 
Chocolate dairy drink, A176 
Cholesterol content, of milk, A21 
Chum, 

metallic, A182 
small d e a l ,  A4 
W45, testiig of, A87 

Churning, continuous and usual, butter stmc- 
ture resulting from, A181 

Churns, treatment with quaternaries, A85 
Citric acid, in  seminal glands, A173 
Citrus oils, concentrated, analysis of, A79 
Citrus purees, frozen, use in ice cream and 

sherbets, A187 
Cleaner-sanitizers, advantages and limitations, 

A179 
Cleaning, of dairy equipment, A117 
Cleaning compounds, control of use, A16 
Cleaning methods, for dairy plants, A179 
Clipping, for cleaner milk, A29 
Clostridium sporogenes, nutritional require- 

ments of, A84 
Clostridium tyrobutyricum, in gassy process 

cheese, A88 
C. 0. Jensen, Selected papers, vol. I, book re- 

view, A159 
Colif orm bacteria, 

in  milk, lactose fuchsin-paper disk method 
for, A32 

in  pasteurized milk and milk products, A2 
signifiaoance in ice cream, A164 

Collections, weekly vs. every-other-week, A52 
Color inheritance, in Shorthorn cattle, A77 
Color selection, of paints for dairy plants, A4 
Colostrum, 

feeding of, A6 
immunity transfer by, A187 
mare's composition of, A109 
pseudo-globulin of, AllO 

Colostrum feeding, of calves, and blood serum 
protein electrophoretic studies, AllO 

Conception rates, seasonal, A174 
Condensed milk and milk powder, 7th ed., 

book review, A119 
Condensing, experimental, problems in, A63 
Confection, frozen, A127 
Consumer solicitation, by routemen, A52 
Cooler, 

for cream, A167 
for milk in cans, A167 
mechanical, for milk, A183 
spray, for milk in cans, A39 

Coolers, for milk on farm, A39 
Cooling, of milk, A l l  
Cooling water, sulfur dioxide treatment of, 

A168 
Copper, radioactive, fate after administration 

to bovine, A187 
Corn starch, influence on roughage digestion, 

A153 
Corrosion, by Na hypochlorites, A180 
Corrosion resistance of metal, A170 
Corynebacterium pyogenes, in bull semen, A78 
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Cost allocation, in multiple product plants, 
A141 

Cost control, for dairy plantq A184 
Couplings, flexible, A95 
Cream, 

apparatus for separation and homogeniza- 
tion of, A35 

butyric acid in, A18 
defects of, causes and preventive measures, 

A27 
development of butyric acid in, A18 
fa t  content of, influence on butter proper- 

ties, A46 
for buttermaking, cooling of, A60 
for churning, quality of, A161 
4-day grading program for, A105 
improvement program for, A105 
production and delivery of, A82 
reseparation method for increasing viscosity 

of, A27 
sediment test standards for, A150 
water insoluble fatty acids in, A17 

Cream, 8070, deformation of fa t  globules in, 
A48 

Cream, frozen, 
block grinder for, A176 
storage of, A25 

Cream, high-fat, viscosity measurements on, 
A71 

Cream, hombgenized, bicarbonate addition to, 
A100 

Cream, pasteurized, bacterial flora and keep- 
ing quality of, A82 

Cream, plastic, 
manufacture of, A163 
production and useq A19 
storage of, A25 

Cream, powdered, manufacture of, A63 
Cream, whipped, ready-to-use from cans, A146 
Cream dispenser, A54 
Cream remover, for milk bottles, A l l  
Creameries, suggested improvements of, A73 
Crossbred dairy calves, growth, A174 
Cysteine, prooxidant effect of aqueous f a t  sya- 

tems, A167 

Darm EQUIPMENT, 
cleaning of, A117 
sanitary standardization of, A101 

Dairy farm, sanitation for, A15 
Dairy heifers, growth on roughages, A142 
Dairy industry, opportunities in, A5 
Dairy plants, 

acid cleaners for, A179 

cleaning methods for, A179 
cost control for, A184 
efficient operation of, A74 
housekeeping for, A128 
multiple-product, A94 
operating costs in, A51 
planning, construction and maintenance of, 

A72 
production costs in, A172 
wastes and losses in, A172 

Dairy research, 
in agricultural experiment stations, A57 
under the Research and Marketing Act, A58 

Dairy sanitation, progress in, A16 
Dallis grass, seasonal composition of, A6 
DDT, 

as spray residues on foods, determination of, 
A150 

determination in milk, A3 
failure to control houseflies, A155 
in  aerosols, deposition of particles from, 

A188 
in milk of sprayed cows, A186 
residual properties of, A155 
use on cattle, A97 

Dealer education, for ice cream sales, A52 
Dehorning, 

painless, A78 
solution for, A6 

Depreciation reserves, 
adequacy of, A124 
maintenanre of, A53 

Detergents, 
characteristics of, A85 
for dairy plants, use and evaluation of, A40 
synthetic, new developments in, A128 
synthetic non-ionic, in combination cleaner- 

sanitizers, A40 
Diabetes, pancreatic, in calves, A149 
Diacetyl, 

determination in butter, A108 
determination in butter cultures, A2 

Digital abnormality, hereditary, in cattle, 
A154 

Diplococcin, characterization of, A20 
Direct microscopic count, 

comparison with plate counts, A2 
on pasteurized milk, A90 
preparation of smears for, A20 
staining of smears for, A163 

Dishes, sterilization of, A29 
Dishwashing, high-temperature, A101 
Dried milk products, keeping quality of, A62 
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Drier, 
centrifugal spray, for milk, etc., A136 
for milk, etc., A137 
spray, for milk, A183 

Dry ice, for ice cream refrigeration, A26 
Drying, spray, problems in, A63 
Dump can, for milk, A184 
Dust, types of material in, A30 
Dwarf cattle, for the tropicq A154 
Dynamometer, for determining depth of freez- 

ing in foods, A124 

E A S T  COAST FEVER. in South African 
cattle, A31 

Egg composition, containing milk, A163 
Eggs, frozen, pathogens in, A92 
ElectriciQ, cutting farm costs with, A7 
Electron bombardment, for milk sterilization, 

A51 
Elementay experiments in dairy bacteriology, 

book review, A129 
Emulsifiers, 

effect on physico-chemical properties of ice 
cream, A8 

for ice cream, AS, A79, A98, A127, A175 
Emulsions, device for making and breaking of, 

A35 
Enteritis bacteria, in whey, A49 
Entrainment separator, for vacuum pans, A4 
Equipment, dairy, sanitary design of, A35 
Ergothioneine, antithpoid activity of, A148 
Escherichb and Aerobacter, 

growth on phenol-bile media, A122 
separation with boric acid medium, A122 

Estrogens, 
effect on rat lactation, A146 
effect on rat mammary structure, A147 

Experimental imm?mochemistry, book review, 
A159 

Extraneous matter, in Cheddar cheese, A106 

F A R M  DAIRIES, grade A, design standards 
, - 

for, A139 
Farm worR k:implifiation, book review, A103 
Fat, 

crystallized, determination in cream, A92 
globular and free, in Fritz process butter, 

A88 
Fat  deterioration, determination of, A93 
Fat  globules, in butter, measurement of, A104 
Fat  losses, control of, A97 
Fat  test, Babcook, for homogenized milk, A166 

Fat  variations, in milk, A82 
Fats, edible, bacterial examination method 

for, A165 ' 

Fatty acids, 
estimation by chromatography, A182 
production in butter by microorganisms, 

A165 
water-insoluble, in cream and butter, A17 

Feedwater, treatment of, A124 
Fermentation processes review, A21 
Filter, for milk, A4 
Fieldmen, role in producing sanitary milk, 

A117 
Flavor materials, for ice cream, A7 
Flow diversion valve, for control of HTST 

pasteurization, A137 
Flue dust, control of, A168 
Folic acid activity, of milk, microbiological de- 

termination of, A136 
Food analysis, review of methods for, A72 
Food plant sanitation, book review, A43 
Food poisoning, A86 
Food technology, symposium on, A41 
Forage crops, management for higher yields, 

A24 
Frost little plate method, modified, for milk, 

A134 
Fuels and firing, of boilers, A96 . 

~ A S S Y  FERMENTATION, in process 
cheese, A88 

Genes, major, in evolution of economic char- 
acters, A78 

Germicides, cationie, activity of, A34 
Gestation, length of, in N. 2. dairy cattle, 

A114 
Globular fat, in butter, dilution method for 

measurement of, A104 
Globulin, gamma electrophoretic-convection 

fractionation of, A179 
Globulins, immune, in plasma of hyperimun- 

ized cows, A l l 0  
Glucose, blood level of, effect on adrenal cor- 

tex secretion, A188 
Glycerides, fully-saturated, determination in 

N. 2. butter, A108 
Glycol benzoates, germicidal activity of, A34 
Glycols, germicidal activity of, A34 
Goitrogenic effect of aminothiazole, A178 
Goodwill, estimation of, A52 
Guanidoacetic acid, transmetbylation in beef 

liver autolyzates, A149 
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H A L T E R ,  breaking lead type for cattle, A54 
Hays, composition and digestible energy of, 

A173 
Heat, 

effect on Jersey calves, A84 
effect upon Jerseys in milk, A84 

Heater, steam, for liquids, A4 
Heating, 

of buildings, A184 
relation to steam costs, A169 

Heating pumps, for the dairy industry, A138 
Heating rates, of foods in containers, A36 
Homogenization, of a portion of an ice cream 

mix, A25 
Homogenizer, 

centrifugal, A184 
new, A72 

Horn flies, insecticides for eontrol of, A185 
House flies, 

failure of DDT to control, A155 
toxicity of synthetic pyrethrins to, A155 

House heating, by cows, A186 
Housekeeping, in dairy plants, A29 
Hyaluronidase, 

in bull spermatozoa, A6 
in rat  testes, A14 

Hypocalcemia, bovine, Sulko~ritch test for, 
A178 

Hypochlorite aerosols, critical humidity for 
bactericidal action of, A49 

Hypochlorite solutions, efficacy a t  different pH 
levels, A29 

Hypochlorites, sodium, corrosion by, A180 
Eypoderma sp., occurrence in cattle, A161 

bulk container for, A79 
coliform bacteria in, A164 
combination offer of, A9 
consumer survey on merchandising of, A52 
container for, combined spoon and lid for, 

A27 
control of finished product, A9 
cost system in manufacture of, A170 
costs in manufacture and sale of, A10 
creation of marbleized patterns in, .A175 
dealer education for sales of, A52 

' 

dealer pricing for profits, A52 
dealer service costs for, A184 
defects in, A115 
defects of, curing of, A175 
delirery to stores, A112. . 

drug-store merchandising of, A112 
emulsifiers for, AS, A79, A98, A127 
flavor and texture preferences, A174 
flavor preference tests for, A26 
flavoring materials for, A7 
gallonage analysis, A187 
gallonage for 1st half of 1948, A9 
gallonage for 1948, A54, A80 . 
gallonage for May, 1949, A146 
home market for, A140 
improved cone for, A115 
in restaurants, A171 
in supermarkets, A99 
in  theaters, A140 
increasing sales of, 8112, A170 
liquid sugar use in, A7 
manufacture of, quality requirements of, 

A80 
nutritive value of, A83 
package filler for, A183 
package trends for, A79 
packaged sundae, A38 
packaging of, A115, A175 
physico-chemical properties of, effect of 

emulsifiers on, A8 
pint bowls for packaging of, A99 
production costs, of, A76 
promoting dealer-consumer understanding, 

A9 
quality in manufacture of, A80 
refrigeration requirements for manufacture 

of, A51 
sales of, for January, 1949, A99 
sanitation in production and handling of, 

A85 
scoop for, A38 
self-service and package merchandising of, 

A112 
self-service stores for, A140 
selling cost calculator, A26 
selling through vending machines, A37 
shrinkage of, A98, A186 
stabilizers and emulsifiers for, A175 
stabilizers for, A79 
stimulating sales of, A9 
texture of, eontrol with microscope, A187 
use of laboratory for control of, A9 
wholesale prices of, A113 
wind tunnel for hardening of, A25 

Ice cream, chocolate coated, A7 
Ice cream, diced, A54 
Ice cream, fried, A25 
Ice cream cabinets, 

relation to sales and profits, A80 
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self-service, in drug stores, A184 
standard dimension of, A145 

Ice cream eclairs, A79 
Ice cream freezer, 

agitator for, A137 
scraper for, A122 

Ice cream gallonage, shifts in, A145 
Ice cream industry, unethical practices in, 

A140 
Ice cream mix, 

cooling of, A37 
homogenization of a portion of, A25 
HTST pasteurization of, A98 
superheating of, A25 
vacreator pasteurization of, A98 

Ice cream mix, chocolate, viscosity of, A99 
Ice cream mix, concentrated, storage of, A25 
Ice cream mix, frozen, storage of, A25 
Ice cream package, A154 
Ice cream packer, A54 
Ice cream plant, work simplification in, A125 
Ice cream ' ' snowballs," A140 
Ice cream specialty, cake roll, A145 
Ice cream trucks, refrigeration for, A168 
Iceq making of, A175 
Immunity, transfer to ne*-born calf in colos- 

trum, A187 
Incentive plan, for milk sales, A53 
Infant food, powdered, from cows' milk, A121 
Infertility, of frieaian bulls, inherited seminal 

character in, A144 
Insecticides, 

food adulteration with, A155 
for horn fly control, A185 
organic, 

fumigating properties of, A155 
residual activity of, A155 

Insects, 
control in dairy plants, A16, A57, A85 

Inspection, uniform, for milk supplies, A81 
Insulation, of cod  rooms, A94 
Investment return, adequacy of, A75 
Iodinated casein, longtime feeding of, A130 
Iodine number, of New Zealand butter, A70 
Ion exchange, application to milk products, 

A68 
Iron, in milk, determination of, A182 

J E R s m s ,  
effect of heat on, A84 
N. Z. breed type and production records of, 

A114 

Judging, of food, 
dependability of, A58 
triangular taste tests for, A68 

K A R A K u L - t n e  hair curliness, of Ayrshire 
cattle, inheritance of, A185 

Kefir, biological value of proteins in, A56 
Kjeldahl method, for milk proteins, A68 

LABOR RESPONSIBILITY, in future de- 
velopment of dairy industry, A74 

Labor saving, on farm, with electricity, A7 
Laboratory, plant, for ice cream control, A9 
Laboratory control, of finished dairy products, 

A23 
Lactalbumin, treatment for resuspension of, 

A50 
Lactation, 

effect of steroids on, A13 
effect on blood ascorbic acid, A57 
regulation of, A28 

Lactation, of rats, on natural and purified 
diets, A116 

Lactation response, influence of soil fertiliza- 
tion on, A113 

Lactic acid, 
from whey, A92 
polymers of, as synthetic resins and coat- 

ings, A22 
Lactic starters, for Cheddar cheese, influence 

of penicillin on, A134 
Lactic streptococci, influence of abnormal milk 

on activity of, A34 
Lactodensimeter readings, on whey, correction 

for, A133 
Lactose, 

ash determination in, A166 
detmn. in  milk products, A166 
fermentation by yeasts, mechanism of, A182 
methanol extraction of, from skim milk 

powder, A135 
Lactose, crude, preparation of, A163 
Lactose, low-ash, manufacture of, A107 
Lecithin, crude soybean, effect on vitamin A 

absorption, A153 
Leptospira, bovine, comparison of N. J. and 

Palestine strains, A119 
Lifter, for milk cans, A167 
Linseed oil meal, digestibility of, A173 

M A L T E D  MILES, sales and profits of, 
A145 
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Mammary development, role of adrenal cortex 
in, A14 

Mammary gland, 
adrenalectomy and the, A13 
growth of, thiouracil effect on, A128 
infusion with streptomycin, A119 
sustained penicillin level in, A57 

Mammary gland infections, sulfamethazine for 
treatment of, A45 

Mange, in dairy cattle, control and treatment 
of, A152 

Manziale lactis, book review, A138 
Manu~e, reinforcement with superphosphate, 

A78 
Mastitis, 

age and infection in, 4104 
detection, control and prevention of, A44 
early features of, A17 
hemolytic group C streptococci in, A160 
optimal testing of milk for, A87 
organisms of, antibactericidal artion on, 

A130 
penicillin therapy for, A1 
procaine penicillin G for treatment of, A151 
review on treatment of, A152 
staphylococcic, nureomyein treatment of, 

A151 
snlfamethazine and penicillin for treatment 

of, A151 
sulfa preparations for, A17 
treatment with penicillin ointment, A160 

Mastitis, in England, infective agents for, A45 
Media, for microbial counts on milk, A134 
Medium, universal, for bacteria, A91 
Methods of vitamin assay, book review, A181 
Methylene blue test, 

for dried milk, A66 
for pasteurized milk, A49 

Metrorrhagia, in virgin heifers, A13 
Microbaeteria, characteristics of, A65 
Micrococci, of milk, classification of, A65 
Microorganisms, taxonomy of, A134 
Milchwirtsohaftliche Patelztberichte, book re- 

view, A103 
Miik, 

acidity of, A66 
acidity of, improved indicator for, A68 
acidity of, standardization of methods of de- 

termination of, A50 
antioxidant gas treatment of, A93 
as human food, A55 
bottle-filling measurements for, A176 
Brmcella abortus ring test for, A44 
buffer indices of; A66 

cholesterol content of, A21 
coliform bacteria in, A32 
composite sampling of, A3 
composition of, 

changes in, A67 
ratio of fa t  to other constituents, A67 
relationships between constituents, A67 

consumer evaluation of, A10 
consumption of, in future, A32 
cooling of, A l l  
DDT in, A3 
delivery of, controlling costs of, A125 
distribution of, 

costs and profits in  N. Y., A125 
possible economies in, A171 

farm coolers for, A39 
fat-free vitamin-fortified, A81 
flavor of, effect of benzene herachloride on, 

A27 
flavors in, A80 
fortification with vitamins A and D, A28 
grading of, 

resazurin test for, A2 
resazurin test plus direct microscopic 

count for, A2 
home delivery of, A141 
home pasteurization of, A81 
hygiene of, A20 
inhuman diet, A55 
increasing human consumption, A55 
instability of, Ca ions in, A109 
iron determination in, A182 
keeping quality of, visual conditions on 

farm and, A38 
meehanical cooler for, A183 
media for microbial counts on, A134 
modification with concentrated apple juice, 

A28 
modified Frost little plate for use on, A134 
nutritive value of, A39; A116 
nutritive value of, animal evaluation for, 

A56 
optical testing for mastitis in, A87 
oxidized flavor in, control with ascorbic aeid, 

A22 
pasteurization and safety of, A135 
pasteurization of, A55 
pricing of, Boston formula for, A23 
proteins in, Kjeldahl method modifications 

for, A68 
psychrophilic bacteria in, A34 
quality tests for, A175 
receiving of, A27 
resazurin test for, A32 
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Milk--continued 
sediment test standards for, A150 
spray cooling in cans. A39 
spray drier for, A183 
strainer for, A100 
supplementation of, for pig diets, A154 
tank truck hauling of, from farm to plant, 

A146 
technical advances in handling of, A12 
thermoduric bacteria in, A33 
3-day delivery of, A99 
uniform inspection of, -481 
universal bottles for, A10 
vacuum concentration of, A22 
variations in fa t  and total solids, A60 
variations in  proteins, salts, etc., A51 
vending of, A28 

E l k ,  abnormal, and acid production bc lactic 
streptococci, A34 

Milk, canned, new process for, A146 
Milk, chocolate, 

making of, Al!? 
milk fat  in, A2i  

Milk, concentrated, 
fortification of, A182, A183 
for use in ice cream, A63 

Milk, concentrated fresh, consumer reaction to, 
A163 

Milk, concentrated frozen, A121 
Milk, dried, 

cost of manufacture, A113 
dye-reduction tests for, A66 
factors in manufacture of, A120 

Milk, dried skim, addition to bread, A177 
Milk, evaporated, 

canning method for, A163 
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selling of, A38 
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dairy plant factors, A82 
farm factors, A82 

Milk, frozen condensed, storage of, A25 
Milk, homogenized, 
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problems of, A12 
rough or spotty defect of, A27 

Milk, pasteurized, 
direct microempic count for, A90 
dye reduction tests for, A49 
keeping quality of, A38 
significance of coliform bacteria in, A2 

Milk, powdered, 
moisture remora1 from, A90 
use in cultured buttermilk, A107 

Milk, quick-frozen homogenized, A128 
Milk, reconstituted, Babcock fat  test for, A71, 

A90 
Milk, spray-dried, bacterial growth after re- 

constitution of, A66 
Milk, sweetened condensed, bacteriology of, 

A49 
Milk and milk processing, book review, A43 
Milk bottle, 

cream separator for, A176 
paper, A55; A116 
paper, cap for, -427 

Milk can inverter, A l l 6  
Milk cans, 

comparison with tank trucks, 9 1 1  
lifting hoist for, A153 
seasonal variations in sterility of, -4101 
thermoduric bacteria in, A33 
thermoduric and thermophilic bacteria in, 

A49 
Milk code, U.S.P.H.S., recent amendments of, 

A38 
Milk consumption, future of, A36 
Milk dealers, profits of, A76 
Milk delivery tube, for use in cans, A27 
Milk fat, 

acetate as precursor for, A83 
factors influencing composition of, A70 
manufacture, packaging and use, A18 

Milk fever, 
blood minerals in, A132 
observations on, A17 

Milkhouse, beating of, A139 
Mi ordinances, effectiveness of, A10 

' 

Milk pail, refrigerated, A127 
Milk pail cover, A53 
Milk plants, 
' ' break-even' ' point in operation of, A141 
business charts for management of, A171 
cooperatively built, A5 
cost reduction in, A171 
efficient planning of, A73 
helpful accessories for, A127 
layout of, A72 
municipally owned, A10 
problems in operation, A52 

Milk powder, 
skim, changes in storage, A82 
spray-dried, bacteriological quality of, A62 
vacuum treatment of, A22 
whole, 
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in diets of growing, pregnant and lactat- 
ing rats, A56 

manufacture with minimum heat treat- 
ment, A162 

Milk prices, production costs in establishment 
of, A76 

Milk production, effect of tocopherols on, A114 
Milk products, 

acid, drying of, A121 
nutritive value of, review, A177 

Milk protein, reaction with reducing augar, 
A69 

Milk proteins, 
nutritive value of, effect of heat-processing 

on, A177 
separation by precipitation, A69 

Milk receptacle, refrigerated, for barn use, 
A127 

Milk refrigerating apparatus, with hydraulic 
lift, A97 

Milk routes, driver ownership of, A10 
Milk samples, air express shipment of, A107 
Milk secretion, 

mechanism of, A39 
stimulation by L-thyroxine, A146 

Milk solids, storage of, for ice cream mix, A25 
Milk solids not fat, 

in bread, A163 
in quality improvement of bread, A163 

Milk tank trucks, cleaning and sterilizing of, 
A40 

Milk trucks, 
maintenance of, A172 
refrigerated case for, A168 

Milking barn, design for, A145 
Milking machine, 

alarm device for, A98 
automatic shut-off mechanism for, A115 
clinic on use of, A127 
overhead support for, A37 
portable, A186 
pressure release device for, A54 
preventing vacuum loss in, A115 
pulsation mechanism for, A115 
rail mounting of, A127 
sanitation of, A15 
suspension hanger for, A78 
teat cups for, A127, A145 
teat cup holder for, A153 
teat cups of, sanitation of, A15 

Milking techniques, A175 
=lking parlor, A154 
Milone, methods for analysis of, A63 
Mold, control with CO,, A66 

Molds, in dSiry plants, A107 
Monographs on the progress of research in 

Holland during the war. Chemical and 
physical investigations on dairy products, 
book review, A157 

N I A C I N  METABOLISM, in ruminants, 
A142 

Nitrogen, 
fecal, for measurement of pasture yield, 

A77 
residual, in cow's milk, A69 

Nutrition research, in dairy industry, A83 
Nutritional requirements, of special age 

groups, A83 
Nutritive value, 

of casein, A84 
of dairy foods, A83 
of ice cream, A83 
of milk, A116 
of skim milk solids, A83 

OPERATING COSTS, 
cutting with better management, A5 
in dairy plants, A51 

Operating methods, standardization in dairy 
plants, A4 

Organic acids, toxicity to yeasts and molds, 
A21 

Ova, fertilized, apparatus for extraction from 
living cows, A144 

Oxidized flavor, in milk and cream, A122 

P A c m G E s ,  for ice cream, A79 
Paint, selection of, for dairy plants, A4 
Paratyphoid bacteria, in  whey, A49 
Pastures, 

by hydropdnics, A77 
digestibility measurement on, from fecal 

nitrogen, A77 
management for higher yields, A77 

Pasteurization, 
electrical control of, A137 
electronic, A72 
HTST, 

checking of, A137 
for ice cream mix, A98 
measurement of holding time, A51, A72 
system for, A51 

of milk, A55, A135 
relation to health, A19 
in home, A81 

Pasteurizers, 
temperature control system for, A94 



A218 SUBJECT INDEX OF ABSTRACTS 

Pen barns, 
for milk production, A9i 
use for dairy cows, A37 

Penicillin, 
action on lactic startera for Cheddar cheese, 

A134 
action on staphylolococci pathogenic to ani- 

mals, A160 
effect on acid production of cultures, A107 
effect on lactic streptococci, A164 
for mastitis therapy, A1 
for  Str. agaladiae infections, A130 
in mammary gland, sustained level of, A57 
levels in udder, A1 

Penicillin ointment, for bovine mastitis, A160 
Penicillin roqueforti, reasons for dominance in 

blue cheese, A66 
Phosphatase, 

in milk, heat destruction of, A93 
in  rat  mammary glands, effect of hypophy- 

sectomy or gonadectomy on, A147 
Phosphatase test, 

for pasteurization control, A21 
rapid method for milk, A166 
Sanders-Sager procedure, A71 

Phosphate fertilization, influence on forages 
for sheep, A143 

Phosphatic animal-feed supplement, A143 
Phosphorus, radioactive, secretion in milk, 

A128 
Piping, 

of pumps, A169 
operating costs of, A169 
principles of, A95, A123 

Pituitary lactogen and gonadotrophin, effect 
of restricted feed intake on, A147 

Plate counts, 
comparison with direct microscopic counts, 

A2 
of milk, improved medium for, A50 

Polysaccharide, of calf mucosa, electrophoretic 
behavior of, A149 

Potassium, influence on serum minerals, A143 
Praoticol dairy bacteriology, hook review, 

A157 
Prices, of dairy products, A77 
Principles of food freezing, book review, A43 
Principles of veterinary science, book review, 

A129 
Producer incentive plan, for milk, A76 
Production costs, 

in establishment of milk prices, A76 
in ice cream manufacture, A76 

Procaine penicillin G, for treating chronic 
mastitis, A151 

Profits, of milk dealers, A75 
Protein level, influence on roughage digestion, 

A142 
Proteins, 

acetyl, pancreatin digestion of, A136 
of plasma, organic ion binding by, A136 
soluble, extraction from skim milk powder, 

A135 
Proven sires, in University of Idaho herd, A53 
Pseudo-globulin, of colostrum, amino acid 

content of, All0  
Psychrophilic bacteria, in milk, A34 
Publicity, for dairy plants, A77 
Pumps, 

centrifugal, wearing rings in, A140 
piping of, A169 

Pusher, for cheese in vat, A47 
Pyrethrin-type eompounds, toxicity to houae 

flies, A155 

Q FEVER, 
in cattle, A103 
in eastern Washington, A181 

Quaternary ammonium eompounds, 
action on .lactic streptococci bacteriophages, 

A166 
as bactericides, A101 
effect upon milk quality, A15 
evaluation of, A85 
field test for, A180 
for churns, A85 
in combination cleaner-sanitizers, A40 
in dairy sanitation, A188 
laboratory evaluation of, A14 
present status of, A15 , 

testing germicidal potency of, A150 
Quintuplicate calves, A78 

RAGWORT, marsh, as poison for farm ani- 
mals, A152 

Refrigeration, 
dscul t ies  in, A73 
efficiency of, A138 
for ice cream plants, A73 
for ice cream trucks, A168 
for milk trucks, A168 
for storage of dairy products, A81 
of ice cream, dry ice for, A26 
purging of, A138 

Ref rigeration, ammonia, 
for cooling fluid dairy products, A183 
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for ice cream and milk plants, A l l 1  
for ice cream plants, A94, A123 

Refrigeration, freon, ice cream plant, A36 
Refrigeration requirements, for ice cream 

manufacture, A51 
Refrigerators, insulation of, A95 
Beichert values, of New Zealand butter, A70 
Renal excretion, effect of Ca salts on, A178 
Rennet coagulum, elastic properties of, A108 
Rennet paste, manufacture of, A182 
Rennet test, direct method of Van Dam, A106 
Resazurin test, 

for dried milk, A66 
for milk, A32 
for pasteurized milk, A49 
milk grading with, A2 

Restaurant sanitation, A41 
Restraining device, for cattle, A54 
Retail milk delivery, 3-day, A75 
Rodents, 

control in creameries, A85 
control in dairy plants, A57 

Roof construction, choice of, A94 
Roughage digestion, 

influence of corn starch on, A153 
influence of protein level on, A142 
influence of soybean oil meal on, A142 

Roughages, for growing dairy heifers, A142 
Routemen, 

bonus plan for, A74, A75 
milk, 

bill collections by, A172 
bonuses for increased sales by, A171 
collection incentives for, A113 
homogenized milk sales by, A171 
sales contest for, A171 
wages paid, A141 

Rumen fermentation, under normal and 
atonic conditions, A53 

S A m T y ,  in industrial plants, A139 
Sales contest, for milk plants, A126 
Salesmen, 

milk, training of, A75 
training of, A141 

Samplea, composite, semi-monthly vs. monthly, 
A3 

Sanitary design, of dairy equipment, A35 
Sanitary standardization, of dairy equipment, 

A101 
Sanitation, for ice cream, A85 
Saponification values, of New Zealand butter, 

A70 1 

Scoop, for ice cream, A38 
Sediment, in cream, dust and fine debris in re- 

lation to, A30 
Sediment test standards, for milk and cream, 

A150 
Sediment tester, vacuum, for milk, A100 
Selenium, 

distribution in milk proteins, A188 
passage through rat mammary gland, A188 

Selling, pricing for profit, A74 
Semen, bull, 

amino acid composition of, A114 
Corynebacterium pyogenes in, A78 
hyaluronidase activity of, A6 
metabolic activity of, A153 
methods of evaluation of, A53 

Seminal character, inherited by infertile 
Friesian bulls, A144 

Seminal glands, fructose and glucose in, A173 
Separator, centrifugal, 

for cheese curd separation, A72 
self -washing, A35 
with raisable supply tank, A183 

Separator bowl, theoretical discussion of ac- 
tion, A138 

Separator-homogenizer, for cream, A35 
Serum proteins, bovine, electrophoretic frac- 

tionation of, A150 
Shaft alignment, checking of, A170 
Sherbets, 

making of, A175 
whey use in, A186 

Shorthorns, color inheritance in, A77 
Shrinkage, of ice cream, A98, A186 
Silage, from steamed potatoes, bacteriological 

changes in, A66 
Skim milk, 

acidification for feeding, A185 
dried, egg substitute from, A109 

Skim milk powder, lactose and soluble gro- 
tein extraction from, A135 

Slow accounts, collection of, A184 
Soil fertilization, influence on lacthtion re- 

sponse, A113 
Sow's colostrum and milk, composition of, 

A154 
Soybean oil, influence on bovine roughage di- 

gestion, A142 
sperm, activity of, measurement, A97 
Soermatozoa. 

effect of dilution on motility and fertility, 
A144 

metabolic regulator for, A143 
motility of, A6 
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Spores, bacterial, 
increasing heat resistance by selection, A65 
resistance to heat and germicides, A65 
technic for temperature resistance of, A35 

Spray drier, for milk, A122 
Stabilizers, for ice cream, A79, A175 
Stains, for direct microscopic count of milk, 

A163 
Staphylococci, 

sensitivity to penicillin, A160 
of milk, classification of, A65 

starters, 
penicillin action on, A107 
selection of lactic streptococci for, A63 

Starters, cheese, bacteriophage in, A64 
Starters, lactic, for use in roquefort-type 

cheese, A132 
Steam costs, for dairy plants, A138 
Sterilizers, chemical, present status of, A15 

Steroids, effect on lactation, A13 

Strainer, for milk, A100 

Streptococci, 
hemolytic group C, in bovine mastitis, A160 
lactic, 

for starters, identity of, A64 
inhibitory strains of, A63 

of milk, classification of, A64 

Streptococcus 'agahctiae, infection8 by, peni- 
cillin for, A130 

Streptococcus oremoris, 
degeneration in starters, A92 
inhibitory strains of, A63 
inhibitory substance produced by, A20 
morphological differences in, A134 
penicillin *bition of, A164 

Streptococcus lactis, 
degeneration in starters, A92 
inhibitory strains of, A63 
inhibitory substance production by, A20 
penicillin inhibition of, A164 

Streptococcus salivarius, critical humidity for 
destruction by hypochlorite aerosols, A49 

- 
Streptomycin, effect of infusing mammary 

gland with, A119 

Strip cup, A115 

Strychnine, residual, in tissues of drug-treated 
cattle, A116 

Sugar: I t s  Production, Technology and Uses, 
book review, A158 

Sugar, liquid, 
in food products, A37 
use in ice cream, A7 

Sulfamethazine, 
for  treatment of mammary gland infections, 

A45 
in blood of calves, A57 

Sulfamethazine plus penicillin, for mastitis 
treatment, A151 

Sulfanilamide, for mastitis, A17 
Sulfur dioxide, for treatment of cooling 

water, A168 
Sulkowitch test, for bovine hypocalcemia, 

A178 
Superphosphate, for reinforcing farm manure, 

A78 
Sweetened condensed s k i  milk, dehydrated, 

manufacture, storage and use of, A19 

for hauling milk from farm to plant, A146 
for milk, A l l  

Taxes, keeping a t  a minimum, A23 
Teat, draining tube for, A6 
Teat cup, for milking machines, A97, A145 
Testosterone propionate, effect on spermato- 

genesis, A174 
The better utilization of milk, book review, 

A158 
The chemistry and technology of enzymes, 

book review, A43 
Thermoduric bacteria, 

control of, A164 
in cheese-making, A65 
in farm water supplies, A34 
in milk, A33 
in milk cans, A33, A49 
in raw milk, A164 
of dairy utensils, A33 

Thermometer, mounting well for, A153 
Thermophilic bacteria, in milk cans, A49 
Thiouracil, and mammary gland growth, A128 
Thyroid function, influence of vitamin A de- 

ficiency on, A14 ' 

Thyroid gland, of bovine fetus, 
growth of, A148 
iodine compounds in, A148 

Thyroprotein, synthetic production of, A178 
Thyroxine, oral effectiveness of, A146, A148 
Tocopherol, .deficiency of, among sheep, A154 
Tocopherols, 

determination in human milk, A108 
effect on mammary and placental transfer 

of vitamin A, A143 
effect on milk and butterfat production, 
A114 
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placental and mammary transfer of, A114 
Tote box, for milk handling, A100 
Trap discharge lines, A139 
l'reponema theileri, transmission from donkey 

to calf, A31 
l'riohomonas foetus, treatment of bulls in- 

fected with, A44 
~richomoni'asis, 

bovine, mucous agglutination test for, A131 
bovine venereal, field studies on, A44 

Trucks, for ice cream, moisture accumulation 
in, A26 

Truck bodies, undercoating of, A86 
Tuberculosis, human, bovine origin of, AT60 

ULTRASONIC E N E w ,  use in agricul- 
ture, A123 

Undercoating, of truck underbodies, A86 
Universal milk bottle plan, in Columbus, A l l  
Urea, 

as protein supplement, A126, A141 
isotopically labelled, 

body nitrogen formation from, A126 
synthesis of, A126 

U.S.P.H.S. milk code, amendments of, A38 
Utensils, dairy, thermoduric bacteria in, A33 

V ACCENIC ACID, synthesis of, A3 
Vacreation, for pasteurization of ice eream 

mix, A98 
Vacuum pans, entrainment separator for, A4 
Vaginal smear, of cow, variations in, A174 
Van Slyke method, for free amino groups in 

milk, A68 
Vending machines, for ice cream, A37 
Veterinarians, relation to community health, 

A152 
Pibrio foetus, infection of cattle with, A31 
Viscosity, of ice cream mix, A99 
Vitamin A, 

absorption of, effect of crude soybean leci- 
thin on, A153 

eff ect on thyroid function, A14 
effects of feeding on blood serum values, 

, A113 
in Norwegian milk and butter, A100 
milk fortification with, A28 
of ewes and lambs, A149 

mammary and placental, transfer of, influ- 
ence of tocopherols on, A143 

Vitamin C, of ewes and lambs, A149 
Vitamin D, 

assay in milk, A83 
milk fortification with, A28 

W A S T E S  AND LOSSES, in dairy plants, 
A172 

Water, 
added, detection by serum tests, A135 
on the farm, thermoduric and thermophilie 

bacteria in, A34 
Water-cooling tower, upkeep of, A167 
Water softeners, use and care of, A36 
Water supply, from tank, for milk cooling, 

A167 
Watering device, for livestock, A174 
Watering fountain, for stock, A154 
Wetting agents, use in dairy plants, A28 
Whey, 

alcoholie fermentation of, A21 
determination of quality, A48 
fermented beverage from, A48 
filtration for human use, A133 
history of milk sugar from, A48 
in sherbets, A186 
lactic acid from, A92 
lactodensimeter corrections for, A133 
paratyphoid and enteritis bacteria in, A49 
proteins of, from various animals, A109 
yeast yield from, A93 
dried, browning and staling prevention in, 

A121 
Whey food products, making of, A120 
Whey-potato mixtures, dried, preparation of, 

A90 
Whey protein, denaturation by heat, A69 
Wind tunnel, for hardening ice cream, A25 
Work simplification, in ice eream plants, A125 
Wrapper, for frozen eonfections, A7 

from whey, A93 
lactose fermentation mechanism for, A182 
wood, as protein supplement for cattle, A24 

Yeasts, carbon assimilation tests in classXea- 
tion of, A66 
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The B-K PR Plan stands for better Patron 
Relations between the farmer and the dairy 
plant. The fundamental point in this B-K PR 
Plan is the importance of a good dairy sani- 
tation program. . . strictly enforced by the 
dairy farmer himself! 

TheB-K PR Plan offers the farmer . . . through 
his dairy plant fieldman . . . interesting, in- 
formative literature, films, special field tips 
. . . and other aids that direct the farmer's at- 
tention to the need for careful milk handling. 

You can depend on the authenticity and ac- 
curacy of the material used in the B-K PR 

Plan . . . because it has been 
carefully prepared by the 
makers of B-K dairy chemicals. . . long a by- 
word with dairy farmers, plant men and tech- 
nicians. The B-K PR Plan is working . . . find 
out how you can play a vital part. . . we'll 
send full details on request. Write: Dept. 
PR-2, B-K Division, Pennsylvania Salt Mfg. 
Company, Philadelphia 7, Pa. 

dairg chemicals 

I CERELOSE ..,.. - dextrose sugar 
I AND 1 PURITOSE ...,. - Corn Syrup 

U s e  these products to improve the 

flavor, texture and eating qualities of 

ice cream, water ice, sherbets and other 

dairy products. 

Consult our Technical Sales Department- 
without obligation. 

Corn Products Sales Company 
17 Battery Place • New York 4, N.Y. 

Your advertisement is being read in every Stnte and in 45 Foreign Countries 
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GAULIN HOMOGENIZERS 
Help Milk Sales Soar 

In The Twin Cities 

S ALES of homogenized milk have soared in the 
Twin Cities of St. Paul and Minneapolis 

. . . and the large number of dairies which use 
Gaulin Homogenizers are benefiting handsomely. 
In the past three years, Twin City sales of homo- 
genized milk have doubled, and total more than 
all other grades combined. Every day more 
people are changing to homogenized milk be- 
cause of its richer, creamier flavor. 

bookletrf Homogenized Milk" Naturally, Gaulin Homogenizers process the big 
and full information on part of this milk supply . . . because dairy 
Gaulin Homogenizers plant owners know that Gaulin does the best 

job at the lowest operating cost. 

N T O N  G A U L I N  MFG. CO., INC. 
44 Garden Street Everett 49, Mars. 

GBNIZERS . EIGB PRESSURE PUMPS 

Your advertisement is being read In < 

THE CULTURE 
of definitely better 
flavor & aroma pro- 

The standard with 
foremost operators 

agricultural schools & 

FLAV-0-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 

SPECIAL FLAV-0-LAC FLAKES "40" 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.50. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on request. 

DAIRY LABORATORIES 
2Srd & Locust Ms., Phila. 3, Pa 

!ry State and in 45 Foreign Countries 
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Model 72-1 0 Mojonnier Tubular Heat Exchanger with heating 
ronge of 40 to 205'F. and capacity of 15,000 Ibr. of milk 
per hour. Used to preheat raw milk oheod of o Mojonnier 
Double Effect Evaporator in o large eortern plant. 

Heating ahead 
of Evaporator 

MOJONNIER TUBULAR HEAT EXCHANGERS FEATURE: 

1. Instant hewing. 
2. Easy cleaning-only two doors, two gaskets. 
3. Simplified controls. 
4. Continuous condensate removal. 
5. Air continuously and automatically removed. 
6. Desuperheated steam insures uniform beat distribution 

around tubes. 
7. Automatic desuperheating. 
8. A11 parts in contact with product are stainless steel. 
9. Compact, ready for installation in a minimum of door space. 

10. Wide range of capacities to meet every need. 
11. Backed by years of heating experience. 

Whether your application is Pasteurizing, Butter Making, 
Condensing, Evaporoting, Preheating, Separating, Powdered 
Milk, you'll find a Mojonnier Tubular Heat Exchanger 
to meet your needs perfectly. Write: 

MOJONNIER BROS. CO. 
4601 W. OHIO ST., CHICAGO 44, ILLlNOlS 

BREEDER'S ;EQUIPMENT CO. 
Supplies 107 Artiflofa1 Insemination 01 Admala 

FLOURTOWN, PA. 

NEW INSTRUMENTS NOW 
AVAILABLE 

(R-50) Molded rubber artificial 
Vagina casing. Four colors- 
Black, Red, White, Tan. RENNET and COLOR 

((3-1 Annealed glass inseminating 
tubes wi th improved bullet-nose 
tip. 

(G-11-20) Large size tube carrier, 
Pyrex Brand glass barrel. 

For complete specifications send for 
illustrated catalog No. 102. 

Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marxhall Rennet 
generously for maximum results. 

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN L A 
Your advertisement is being read in every State nnd in 45 Foreign Countries 
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BACK COP11 ' 

Journal May Be Available 

The Association has available back copies of the Journal of 

Dairy Science. If you need back copies, please write and 
inquire as to whether the particular one that you need is 

available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is 

purchased. In many cases we have six or eight volumes 

AMERICAN DAIRY SCIENCE ASSOCIATION 

Your advertisement ia being read in every State and in 46 Foreign Countries 



Special Products for Dairy Processing 

FRIGIDRY-Lyophilized Dairy Cultures 
Reg. U.S. Pat. Off. 

The importance of the original culture in producing cultured dairy prod- 
ucts cannot be over-emphasized. Sub-zero, high-vacuum drying techniques 
developed during the war for sensitive biological fluids like blood plasma 
and penicillin have been adapted to the manufacture of Frigidry cultures. 
This has resulted in hyper-viable, stable cultures which produce optimum 
acidity, flavor and aroma in mother cultures in  one generation. We have 
several leaflets which give the complete story. Write for them. 

2. BODY-GUARD-Ice Cream Emulsifier and Stabilizer 
Reg. U.S. Pat. Off. 

The value of stabilizers to control body and texture of ice cream is well 
established. Small anlounts of Body-Guard, because of its high content of 
especially selected active ingredients, produce top-quality results, both as 
a stabilizer and emulsifier. For full information write for Leaflet NO. 207 
and trial offer. 

3. PROVALAC-Carotene Dairy Fortifier 
Reg. U.S. Pat. Oft. 

Carotene, the naturally occurring vitamin A active, yellow plant pigment 
is now available in convenient form for bringing fluid dairy products up to 
"June" level of color, vitamin A activity and flavor. Provalac is madc of 
butter, fortified with carotene and emulsified in milk. I t  provides a simple, 
ready-to-use, carotene-restoring agent, requiring no special equipment to 
use and one which blends homogeneously with simple agitation. Write for 
a Provalac Demonstration Kit and Booklet No. 277. 

4. YELLO-A-Carotene Butter Color and Fortifier 
Reg. U.S. Pat.  Off. 

Cows color butter and enrich it with Vitamin A activity and so can you. 
Inert vegetable colors and inert coal tar  dyes can now be replaced with 
Yello-A which will restore and standardize not only the natural, golden 
yellow trntle mark of butter, but its vitamin A content as well. I t  may be 
used to obtain any degree of coloring and fortification dictated by local 
consumer preference. Samples are available for testing purposes. 

GENERAL BIOCHEMICALS, 1NC. 
20 LABORATORY PARK CHAGRIN FALLS, OHIO 
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