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FACTORS INFLUENCING ACID PRODUCTION BY CHEESE 
CULTURES. I. EFFECT OF COOKING TEMPERA- 

TURES ON ACID PRODUCTION IN THE MANU- 
FACTURE OF CHEDDAR CHEESE1 

F. J. BABEL 
Iowa Agricultural Experiment Station, Ames, Iowa 

The rate of lactic acid development by cheese cultures has received con- 
siderable attention in the past few years. Increased interest in acid develop- 
ment appears to be due to the larger amount of cheese being manufactured 
from pasteurized milk and the adoption of a definite time-schedule in the 
manufacturing operation. The schedules which have been proposed assume 
that a certain degree of acidity will be attained in a certain period of time. 
In  order to follow such a method as closely as possible, i t  is of paramount 
importance that the cheesemaker have a culture that will produce acid uni- 
formly and consistently from day to day. The cheesemaker should also be 
familiar with the particular culture he is using and know certain of its 
limitations. 

I n  the manufacture of both semi-commercial and experimental lots of 
cheese in the cheese laboratories of Iowa State College, many cheese cultures 
have been studied with regard to rate and constancy of acid production. 
During the course of these trials, several instances of slow acid production 
occurred and these were studied in  detail. Slow acid production was at- 
tributed to two factors : (a)  the cooking temperature employed, and (b) the 
presence of bacteriophage. These two factors will be discussed separately. 

HISTORICAL 

The influence of temperature on acid production by cheese cultures has 
been studied by several investigators. Whitehead and Cox (6) noted that 
strains of lactic acid streptococci which could withstand temperatures of 
37" C. (98.6" F.) developed acid in a normal manner right up to the salting 
stage in the manufacture-of cheddar cheese when cooking temperatures of 
37" to 39" C. (98.6" to 102.2" F.) were employed. Strains that could not 

Received for publication April 15, 1946. 
1 Journal Paper J-1365 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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withstand a temperature of 37" C. (98.6" F.) produced acid normally dur- 
ing the early part of the cooking period, and the manufacturing process ap- 
peared to proceed normally until the whey was drained; after the whey was 
drained slow acid production persisted throughout the remainder of the 
manufacturing process. 

Harrison and Dearden (4) determined the rate of acid production by 
three cultures a t  temperatures of 22", 2B0, 30°, 37", 40" apd 45" C. (71.6", 
82.4", 86", 98.6", 104" and 113" F.).  Culture S produced acid at  tempera- 
tures up to 37" C. (98.6" F.) but failed to produce acid at  40" C. (104" F.). 
Culture X as well as culture Y produced acid at  40" C. (104" F.).  All of 
the cultures failed to grow at 45" C. (113" F.). After incubation at  40" C. 
(104" F.) for 24 hours, culture S was incapable of further growth a t  either 
22" or 28" C. (71.6" or 82.4" F.). Cultures X and Y were capable of 
growth a t  the lower temperatures after 24 hours incubation at  40" C. 
(104" F.). 

Dolby (2) studied the effect of cooking temperatures of 100" and 104" F. 
on the rate of acid formation in the manufacture of cheddar cheese ; one cul- 
ture was employed in these trials. With the higher cooking temperature, 
growth of the culture was restrained to such an extent that acid development 
in the later stages of the manufacturing process was definitely retarded. 
The pH of the young cheese cooked to the high temperature was considerably 
higher than that cooked a t  the lower temperature. 

Golding et al. (3) concluded that a cooking temperature of 102" F. 
greatly retarded the development of acidity and the longer the culture 
organisms were held at this temperature, the slower was their subsequent 
development of acidity when returned to 86" F. These investigations were 
carried out in milk and not in actual cheesemaking operations. 

Dahlberg and Ferris (1) inoculated milk with a cheese culture and held 
one portion at  86" F. and another portion at  100" F. Acid development at  
86" F. was rapid, while at  100' F. it was very slow. When the milk was 
held at  86" F. for 2 hours followed by incubation at  100" F., acid develop- 
ment was good. In  actual cheesemaking operations, when bacterial multi- 
plication of cultures was commenced at 86" F. before cooking to 100" F., the 
acid developed satisfactorily a t  100" F. 

METHODS 

Source of  cuitures. The cultures uskd in these studies came from the 
following sources: Cultures 1 and 5 were from the regular collection main- 
tained in the Dairy Industry Department, Iowa State College. Cultures 2, 
6 and 7 were obtained from commercial sources. Cultures 3 and 4 were 
prepared for experimental purposes ; the organisms were obtained from sour 
cream. 

Propagation of cultures. Whole mixecl milk, heated to 200" F. for 1 
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hour, was used for propagation of the cultures. After heating, the milk was 
cooled to 70" F., inoculated with approximately 1 per cent culture, and incu- 
bated a t  70" F. for 16 hours. After the incubation period, the cultures were 
placed in a refrigerator a t  a temperature of 34" 3'. The cultures were trans- 
ferred every day except Sunday and had been transferred in this manner 
several months before this work was begun. 

Titrable acidity determinations. The acidity determinations were made 
by titrating a 9-gram sample with N/10 sodium hydroxide, using phenol- 
phthalein (5 drops of a 1 per cent solution in 50 per cent alcohol) as the 
indicator. 

The rate of acid production by cultures in skim milk was determined on 
various days. The skim milk used in these trials was prepared from one 
lot of skim milk powder; 90 grams of powder were dissolved in 1 liter of dis- 
tilled water. The reconstituted skim milk was heated to 180" F. for 10 min- 
utes, cooled to the desired temperature, inoculated with culture and divided 
into portions of 250 ml. 

The temperature of the cultures held a t  86" and 98" F. was maintained 
by use of a water bath placed inside a thermostatically controlled incubator. 
The temperature of the cultures held at  101" and 104" F. were controlled by 
&leans of water baths ; the variation in temperature was f 0.5" F. 

Mumfacture sf cheese. The method followed for manufacturing the 
cheddar cheese was essentially that outlined by Price (5) except that the 
curd was milled at a whey acidity of 0.50 per cent, calculated as lactic acid. 

RESULTS 

The experimental work was designed to demonstrate: (a)  the effect of 
temperature on acid production by cheese cultures when the cultures were 
inoculated into skim milk and held for the entire incubation period a t  tem- 
peratures of 86", 98", 101" and 104" F., (b) the effect of a short exposure 
to a temperature of 104" F. on acid production by cheese cultures growing 
in skim milk, and (c) the effect of cooking temperatures of 100°, 102" and 
104" F. on acid development in the manufacture of cheddar cheese. 

Table 1 presents the data on rates of acid production as measured by the 
increases in titrable acidity, at  temperatures of 86", 98", 101" and 104" F. 
Cultures 2, 5 and 6 produced acid more rapidly at  86" F., while cultures 1, 
3, 4 and 7 produced acid more rapidly at  98" F. All of the cultures pro- 
duced acid slowly at  temperatures of 101" and 104" F. There was very 
little difference in the amounts of acid produced during the first two hours 
of incubation, regardless of the temperature employed. Although very little 
acid was produced by the cultures at 101" and 104O F., there were differ- 
ences in acid production at  these temperatures. Cultures 1, 5 and 6 pro- 
duced practically no acid after being held a t  101" or 104" F. for 4 hours. 
Cultures 2,3 ,4  and 7 showed some increase in acidity at  101" F. thronghout 



the holding period and cultures 4 and 7 showed some increase in acidity 
at 104" F. 

The rates of acid production by cultures held (a) continuously a t  86" F., 
and (b) for 2 hours a t  86' F., then 2 hours at  104' F., and then 3 hours at  
86" F. are given in table 2. Culture 3 was the only culture that produced 
acid more rapidly when returned to 86" F. after being held at 104' F. for 
2 hours than when held' for the entire period a t  86' F. Culture 4 was 

TABLE 1 

Rates o f  acid production b~ cheese cultures when held at various ternpcratures 

* A one per cent inoculation was used. 

Culture 
No." 

1 

2 

3 

4 

5 

6 

7 

inhibited slightly by the heat treatment. Immediately after the heating 
period, or after 4 hours, the cultures receiving the heat treatment had pro- 
duced larger amounts of acid than the cultures held continuously a t  86' F. ; 
subsequent incubation, however, showed that the heat treatment decreased 
final acid production with all except culture 3. The various cultures showed 
appreciable differences in rates of acid production. 

The results of 14 trials involving the use of cooking temperatures of 100°, 
102" and 104' F. in the manufacture of cheddar cheese are presented in 

Temperature 
of incuba- Titrable acidity (ml. N/10 NaOR per 9 grams) 

7 hours 

4.00 
4.30 
1.65 
1.65 
5.50 
4.85 
2.30 
1.85 
4.35 
4.55 
1.95 
1.85 
4.00 
4.75 
2.60 
2.15 
4.35 
3.25 
1.80 
1.70 
3.10 
2.40 
1.75 
$75 
3.30 
4.00 
2.35 
2.20 

tion 

86 1.35 2.10 
98 1.35 1.65 2.30 

101 1.35 1.60 1.65 
104 1.35 1.55 1.55 

86 1.40 1.50 2.05 
98 2.02 

101 1.40 1.85 
104 1.40 1.70 

86 1.45 1.55 2.05 
98 1.45 1.60 2.15 

101 1.45 1.75 
104 1.45 1.50 1.65 

86 1.40 1.80 
98 1.40 1.50 2.10 

101 1.40 1.50 1.80 
104 1.40 1.55 1.75 
86 1.45 1.60 2.05 
98 1.45 1.70 2.25 

101 
104 1.45 1.65 1.65 

86 1.40 1.50 1.90 
98 1.40 1.55 1.85 

101 1.40 1.50 1.70 
104 1.40 1.50 1.60 

86 1.40 1.60 2.00 
98 1.40 1.65 2.15 

101 1.40 1.60 1.90 
104 1.40 1.60 1.85 

5 hours 

2.45 
2.80 
1.70 
1.60 
2.65 
2.85 
2.00 
1.75 
2.40 
2.50 
1.80 
1.70 
2.25 
2.85 
2.05 
1.85 
2.40 
2.55 
1.75 
1.65 
2.20 
2.00 
1.70 
1.65 
2.40 
2.65 
2.05 

, 1.95 

6 hours 

2.90 
3.50 
1.65 
1.65 
3.85 
3.85 
2.20 
1.80 
3.00 
8.40 
1.85 
1.70 
3.05 
4.05 
2.30 
2.00 
3.10 
2.90 
1.80 
1.65 
2.55 
2.20 
1.75 
1.65 
2.80 
3.15 
2.20 
2.10 
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TABLE 2 

Rates o f  acid production by cheese cultures when held ( a )  co?ztinuously at 860 F. awd 
( b )  & hours at 86OF., then B hours at 104O F., an.d then 3 hours at 86* F. 

I Titrable acidity (ml. N/10 NaOH per 9 grams) 

0 hours 

1.35 
1.35 
1.45 

' 1.45 
1.40 
1.40 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.50 
1.50 

1 hour 

1.45 
1.45 
1.60 
1.60 
1.50 
1.50 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.65 
1.65 

6 hours 

3.40 
3.05 
5.90 
4.40 
3.60 
4.00 
4.70 
4.30 
3.85 
3.65 
3.60 
3.10 
3.40 
2.80 

7 hours 

4.75 
3.63 
6.35 
5.35 
4.95 
5.13 
5.80 
5.43 
4.95 
4.15 
5.10 
4.10 
3.95 
3.00 

* A one per cent illoeulntioii was used. 

table 3. With 5 of the 7 cultures employed, acid production was more rapid 
at  100" F. than at  102" F. ; one culture produced the same amount of acid a t  
both temperatures and one culture produced acid slightly faster a t  102' F. 
A cooking temperature of 104" F. resulted in decreased rates of acid prodnc- 
tion with all of the cultures as compared with cooking temperatures of 100" 
and 102' F. The cultures showed variations in the time required to reach 
a whey acidity of 0.50 per cent. The variation between cultures a t  100" F. 
was 40 min., at  102' F. it was 68 min., and at  104" F. it was 80 min. The 
average increase in manufacturing time of cheese coolrecl to 102' F. as com- 
pared with a cooking temperature of 100" F. was 14.5 min. for all cultures. 
When a cooking temperature of 104" F. was employed the time of mannfac- . 
ture was increased 35 min. as compared with the time of manufacture when 
a cooking temperature of 100" F. was employed. I t  was noted that when a 

TABLE 3 

Time required from settinn to  mi7li7zn to rearlr a wh.r~/ acidit?! o f  0.50 per c ~ ? t t  .~cihe?~ 
cooking tcmpcratllrc~s o f  ZOO0, 10ZO and 104O F. sirre rinplo?lrd 

Cooking temperature 
Cultlire No: 

102" F. 104O F. 
v 

1 4'30" 4'57" 5'15" 
2 4'10" 4'30'' 4/35" 
3 4'20" 4'10" 4/25" 
4 4'35" 4'35" 5'00" 
5 4/45'' 5'05" 5,230 
6 4'20'' 4'37" 5'10" 
7 4'50" 5'18" 5/45'' 

104O F." 

4'25" 
4'02" 
4'20" 
4'30" 
4'50" 
4'15" 
4'45" 

* Ripened an addition:il 30 minntcs before setting. 
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cooking temperature of 104" F. was employed, the rate of acid production 
was less ?ffected if the cultures were growing rather rapidly at the time of 

-cooking. When the vat to be heated to 1040 F. was given an additional 
ripening time of 30 minutes before setting, the time from setting to milling 
was approximately the same for vats cooked to 100" F. as for vats cooked to 
104" F. ; the vats being milled a t  the same acidities. 

DISCUSSION 

I n  the several instances prior to the time at which these experiments were 
begun, in which acid production was slow during the manufact,ure of ched- 
dar cheese, the slowness was usnally f i s t  evident a t  the time of draining the 
whey or shortly thereafter. I n  all instances, the cultures appeared to be 
fnnctioning normally up to this time. Since the slowness occurred right 
after the curd had been cooked, it appeared probable that the culture being 
employed might be inactivated by the cooking temperature. For this reason 
the influence af temperature on acid producbion by cheese cultures was 
studied. 

Acid production by all of the cultures was fairly rapid when grown ib 
skim milk a t  temperatures of 86" and 98" F. With some cultures a tempera- 
ture of 98" F. tended to slightly decrease the rate of acid production in 

' comparison to that produced at 86" F. while with other cultures this tem- 
perature appeared slightly more favorable than 86" F. Temperatures of 
101" and 104" F. resulted in greatly decreased acid production when the 
cultures were continuously held a t  these temperatures during the entire 
incubation period. I n  most instances, only slightly more acid was pro- 
duced at  101" than at  104" F. 

The failure of a culture to produce acid when held continuously at  tem- 
peratures of 101" or 104" F. does not necessarily mean that the culture will 
fail to produce acid when cooking temperatures of 101" or 104" F. are em- 
ployed in the manufacture of cheddar cheese. This has been shown by ex- 
periments in which the cultures were heated to 104" F. and held at  that tem- 
perature for 2 hours, and alsoby experiments in the manufacture of cheddar 
cheese in which various cooking temperatures were employed. I n  trials with 
varions cultures that were grown in skim milk and first given an incubation 
period at  86O F. before heating to 104" F. the heating resulted in decreased 
acid production with 6 of the 7 cultures tested; one culture produced more 
acid. The extent to which acid production was decreased by heating to 
104" F. for 2 hours varied with the different cultures, some being affected 
more than others. I n  no case did the production of acid nearly cease as a 
result of the heat treatment. 

The cooking temperatures generally used in the cheese laboratories of 
Iowa State College range from 100" F. to 102" F. However, in the manu- 
facture of experimental lots of cheese in small vats (50 gal.), the tempera- 
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ture at  times will accidentally reach 103' or 104' F. Also, variations of 1' 
or 2" F. are quite common with certain dairy thermometers. When cooking 
temperatures of 100°, 102" and 104" F. were employed in actual cheese- . 
making operations, acid production was most rapid at  100' F. with the 
majority of the cultures. The results indicate that 102O F. is the maximum 
temperature which should be used with the majority of cultures. If a 
higher temperature is desirable, the culture should be checked for its ability 
to produce acid at  the higher temperature and for its ability to produce 
acid following the heat treatment. When a cooking temperature of 104" F. 
was employed, i t  was found to be more time-saving to ripen the milk for a 
longer period before setting than to ripen for the normal period of time and 
wait for acid development to occur while cheddaring. Even when the cheese 
was made by the regular procedure and cooked to 104" F., acid continued to 
develop, although a t  a slower rate. No evidence was apparent that tem- 
peratures of 104" F. would entirely stop the acid production, or very nearly 
stop acid production. With certain lots of cheese made prior to these in- 
vestigations the acid formation practically ceased after the whey was drained 
following the cooking of the curd. 

I n  order to eliminate the possibility that bacteriophage might account for 
some of the slow acid production in the trials reported in this paper, the 
cultures were exarnined for bacteriophage. I n  the studies involving the 
manufacture of cheese, both the culture and whey were examined. Since 
no phage was evident, the decrease in acid production was solely attributed 
to the temperature eniployed. 

SUMMARY 

The rates of acid production of 7 cheese cultures held at  temperatures 
of 86", 98', 101' and 104' F. were determined. Three cultures produced 
acid more rapidly at  86' F., while 4 cultures produced acid more rapidly at 
98' F. All of the cultures produced acid slowly a t  temperatures of 101" 
and 104" F. 

The rates of acid production of 7 cheese cultures held continuously for 
7 hours at  86" F., were compared with those of the same cultures held 2 
hours a t  86' F., then 2 hours at  104' F., and then 3 hours a t  86' F. Six 
of the 7 cultures produced less acid as a result of the higher temperature 
and 1 culture produced slightly more acid. 

In actual cheese-making operations, a cooking temperature of 102" F. 
slightly retarded acid development with 5 of the 7 nlltures when compared 
with'a cooking temperature of 100" F. A cooking temperature of 104" F 
appreciably retarded acid production as compared with a cooking tempera- 
ture of 100" F. 

Ripening the milk for a longer period before setting appears to be more 
time-saving in the manufacture of cheddar cheese when cooking tempera- 
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tures of 104" F. are employed than does following the regular procedure and 
waiting for acici development just prior to milling. 

A slightly high cooking temperature (104" F.) may be an explanatio~~ 
for somewhat retarded acid development in the manufacture of cheddar 
cheese but it does not explain cases of greatly decreased acid production or 
the actual stopping of acid production by cheese cultures. 
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FACTORS INPLUENCING ACID PRODUCTION BY CHEESE 
CULTURES. 11. INFLUENCE OF BACTERIOPHAGE 

ON ACID PRODUCTION IN THE MANUFACTURE 
O F  CHEDDAR AND COTTAGE ,CHEESE1 

F. J .  BABEL 
Iowa Agricultural Experiment Station, Ames, Iowa 

Slow acid production by cheese cultures is much more evident in the 
manufacture of cheddar and cottage cheese than it is in the manufacture 
of certain other cheeses in which relatively small amounts of acid are devel- 
oped. I n  the manufacture of cheddar cheese the acidity is carefully fol- 
lowed for a period of 5 or 6 hours and with cottage cheese, acid development 
may take place for a period of 14 to 16 hrs. if overnight setting is prac- 
ticed. In  the manufacture of cheeses in which only a small amount of acid 
is developed, and where the whey may be diluted with water in the manu- 
facturing procedure, it is sometimes difficult to ,determine whether or not 
the cheese culture is producing acid properly. 

Very little difficulty was experienced with slow acid production in the 
cheese laboratories of Iowa State College prior to November 1944. At this 
time considerable difficulty was encountered and the principal cause of this 
difficulty was bacteriophage. The characteristics of these incidences and 
results of studies on the causative factor will be presented in this paper. 

HISTORICAL 

Bacteriophage active against Streptococcus lactis has been reported by 
various investigators in the United States and elsewhere (2, 6, 7, 12). The 
ability of bacteriophage to influence acid development during cheesemaking 
has also been reported by various investigators in New Zealand ( l l ) ,  Eng- 
land (I), Australia ( lo) ,  France (5), Canada (4) and perhaps other coun- 
tries. Although bacteriophage active against the lactic acid streptococci of 
but.tee cultures has been reported in the United States (7), the literature 
reveals no instance of slow acid production in the manufacture of cheese 
being directly attributable to bacteriophage. 

Whitehead and Cox (12) isolated a bacteriophage from an aerated cul- 
tnre which suddenly failed to produce acid. They emphasized the impor- 
tance of bacteriophage action in connection with the problem of vitality in 
cheese cultures. 

Bacteriophage was demonstrated in a sample of whey by Sutton (10). 
When the whey was tested by means of the plate-smear technique it exhibited 
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no ability to cause plaque formation but by an enrichment procedure, bac- 
teriophage was produced in demonstrable qiantities. ' 

Single-strain cultures of streptococci, used as "starters" in cheddar 
cheese manufacture in New Zealand, frequently failed to produce acid due 
to the apparently spontaneous appearance of bacteriophage (13). 

The sudden stoppage of acid development in several experimental vats 
of cheddar cheese was shown by Johns and Katznelson (4) to be due to the 
activity of a polyvalent streptococcal bacteriophage. Although the culture 
used consisted of a mixture of organisms, the stoppage was as abrupt as in 
cases where single-strain cultures were employed. The presence of bacterio- 
phage could not be demonstrated in the culture employed, nor could i t  be 
demonstrated in the milk, stable and laboratory air, or rennet extract. 

Whitehead and Hunter (14) noted that bacteriophages active against 
lactic streptococci occurred in the atmosphere of commercial cheese factories. 
Finely divided particles of whey emitted from the whey separator appeared 
to be the main vehicle for the air-borne bacteriophages. The concentration 
of air-borne bacteriophages was sometimes so great that it was impossible to 
prevent infection of the cultures for more than a few propagations. Pro- 
tection of the cultures from air-borne bacteriophages eliminated culture 
failures. 

Anderson and Meanwell (1) state that culture troubles in the past may 
have been masked by the use of raw milk for cheese manufacture. The raw 
milk may have enabled sufficient acid to be produced from the natural flora 
in spite of partial culture failure, but the quality of the resulting cheese was 
often variable. Slow acid production was evident only when the culture 
used was infected with bacteriophage. When the milk used for preparing 
the bulk culture was slightly infected with bacteriophage, a. one thousandfold 
increase in the amount of bacteriophage took place after over-night incuba- 
tion in the presence of the susceptible culture. Cultures containing several 
strains of lactic acid streptococci failed to produce acid the same as single- 
strain cultures. 

In  England, Nichols and Wolf (8) found that bacteriophage was most 
prevalent in May and August. Phaging of cultures was widespread geo- 
graphically. Studies made on the number of phaging samples obtained 
from factories making cheese from raw and heat-treated milk showed prac- 
tically identical results for both raw and pasteurized milk cheese (23 per 
cent). 

Hunter (3) states that the primary source of bacteriophage in cheese 
factories is the whey. Whey obtained from vats during the manufacture of 
cheese when acid production was normal frequently showed bacteriophage 
titers varying from 10-I to When a bacteriophage preparation having 
a titer of 10-l2 was added to milk in the proportion of 1 : 900,000 to 1 : 700.- 
000, these additions were just on the borderline of causing a marked influ- 

a ence in acid production by the culture. 
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Manufacture of cheese. The cheddar cheese was maliufactured from 
pasteurized milk according to the method of Price (9) with the exception . 
that the curd was milled at  a whey acidity of 0.50 per cent when acid pro- 
duction was normal. When acid production was slow, the method of Price 
(9) was followed until the time of draining the whey. The curd from vats 
in which acid production was slow, was generally cheddared for a longer 
period and milled at  much lower acidities (0.15 to 0.25 per cent). 

The cottage cheese was manufactured from skim milk which had been 
pasteurized a t  145' F. for 30 minutes. The skim milk was set at  72' F. with 
1 per cent culture and 1 ml. rennet extract per 1000 pounds. The curd 
was cut with 0.5-inch knives after the whey acidity had reached 0.5 per cent. 
I t  was cooked to the desired firmness by the addition of hot water. 

Preparation, of bacteria-free filtrates. Bacteria-free filtrates of cheese 
cultures were prepared by filtering the cultures under aseptic conditions 
through coarse filter paper and the filtrate thus obtained through a Selas 
micro-porous filter (#03 porosity). 

Bacteria-free filtrates of skim milk and whole milk were prepared by add- 
ing sterile lactic acid (10 per cent) in amounts just sufficient to coagulate 
the milk and then filtering in the same manner as for the cheese cultures. 

Bacteria-free filtrates of whey and iennet were prepared by filtering 
directly through the Selas micro-porous filter. 

Isolation, of Streptococws lactis from cheese cultures. Cultures of 8. 
lactis were isolated from cheese cultures by plating on tomato agar and pick- 
ing colonies. The plates were incubated at  room temperature for 2 days. 
The tomato agar was prepared as follows : Ten grams of Bacto peptone, 10 g. 
of Bacto peptonized milk and 15 g. of agar were dissolved in 600 ml. water 
by boiling. Then 400 ml. of tomato juice (obtained by fltering canned 
tomatoes) neutraIized to p H  7.0 with N/1 NaOH was added. The medium 
was filtered, placed in bottles, and autoclaved at  15 lbs. pressure for 25 min. 

Formation of bacteriophage plaques. The method used to demonstrate 
plaque formation was as follows: About 15 ml. of tomato agar was poured 
into a sterile Petri dish and allowed to harden. A heavy suspension of a 
sensitive organism was spread over the surface of the agar by means of a 
bent glass-rod. Then a small amount of the bacteria-free filtrate to be tested 
for bacteriophage was spread over the surface of the agar and the plate 
incubated for 16 to 24 hrs. a t  30' C .  

Sensitivity test. In  order to determine whether or not a cheese culture 
was sensitive to the action of a particular bacteriophage strain, the cheese 
culture was plated on tomato agar and representative cultures of S .  lactis 
picked into litmus milk. The 8. lactis cultures were transferred into dupli- 
cate tubes of litmus milk. One set of 'cultures served as controls, while the 
cultures in the other set were inoculated with a drop of the bacteria-free 
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filtrate containing bacteriophage. Retardation of the changes observed in 
litmus milk (acid, reduction, coagulation) served as the basis for determin- 
ing whether or not a culture was sensitive. This same procedure was used 
to detect the presence of bacteriophage in unknown samples ; using X. lactis 
cultnres of known bacteriophage sensitivity as test organisms. 

Bacteria counts. Bacteria counts were made by the plate method, using 
tomato agar and an incubation of 48 hrs. at  30" C. 

Bacteriophage titer. The bacteriophage titer of a bacteria-free filtrate 
was determined by the dilution method and was recorded as the smallest 
amount of filtrate, expressed in milliliters, which would cause a significant 
retardation of acid production, reduction or coagulation of litmus milk. 

RESULTS 

Effect of bacteriophage o n  acid production during the  manufacture  of 
cheddar cheese. The effect of bacteriophage on acid production in the manu- 
facture of cheddar cheese is presented in table 1. In  the trial in which bac- 
teriophage was absent, acid production proceeded normally and the curd 
was milled at  a whey acidity of 0.52 per cent, calculated as lactic acid, 4 hrs. 
35 min. after setting with rennet. In  this trial the milk, culture and whey 
were free of bacteriophage in 1-ml. quantities, the largest amount used for 
detection of bacteriophage. I n  the trial in which bacteriophage was present, 
acid production appeared to proceed normally until the time of draining 
the whey. After the whey was drained, acid production practically ceased. 
The curd was milled at  a whey acidity of 0.17 per cent, 6 hrs. 50 min. after 
setting with rennet. In  this trial the milk was free of bacteriophage 
~vhen 1-rnl. quantities were tested but the culture employed was slightly 
contaminated with bacteriophage and had a bacteriophage titer of lo-=. 
The whey a t  the time of draining had a bacteriophage titer of and at  
the time of milling a titer of The mother culture employed in this 
trial showed no evidence of bacteriophage a t  the time it was used to inocu- 
late the bulk culture in the cheese laboratory. The bulk culture had coagu- 
lated in a normal manner and after 14 hrs. incubation at  70" F., had devel- 

TABLE 1 

E f e c t  of bacteriophage on acid production in the manufacture of chedda~ cheese 

Stage of manufacture 
Bacteriophage absent 

%me I Titrable acidity 

Milk (pasteurized) ........ 
Milk plus 1% culture ... 

....................................... Setting 
Cutting curd .......................... 
Draining whey ..................... 
Milling curd .......................... 

ppy .  cent 
0.16 
0.165 
0.175 
0.12 
0.14 
0.52 

Bacteriophage present 

Time Titrable acidity 

per cent 
0.16 
0.165 
0.175 
0.12 
0.13 
0.17 
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oped an acidity of 0.82 per cent. The same mother culture was used to 
inoculate the bulk culture in both trials. 

The effect of bacteriophage on acid production during the manufacture 
of cheddar cheese was so similar in all trials that the data .for only one of 
the trials are given. Eight other trials showed practically identical results 
even though different cheese cultures were used. Cheese cultures containing 
several strains of 5. lactis (strains showing differences in bacteriophage 
sensitivity) and also single-strain cultures were employed. I n  5 of the 8 
other trials bacteriophage could be detected in the bulk culture in small 
amounts; it could not be detected in the bulk culture in 3 trials but was 
present in fairly large amounts in the whey. However, acid production 
practically ceased after the whey was drained in all of the trials. 

The ability of the bacteria-free filtrate, prepared from the whey obtained 
a t  time of milling (trial reported in table 1-bacteriophage present), to 
delay acid production by pure cultures of X. lactis i i  shown in table 2. The 
cultures of S. lactis were obtained from the mother culture which was used 
to inoculate the batch culture employed in the manufacture of the cheese 
from which the whey filtrate was obtained. The #. lactis cultures were 
picked at' random from colonies appearing on a Petri dish. All of the control 
cultures (litmus milk inoculated with the various strains of 8. lactis) showed 
acid, reduction and coagulation after being held for 16 hrs. at  30' C. When 
parallel cultures .reere inoculated with a drop of the whey filtrate containing 
bacteriophage, only 3 of 15 cultures were not sensitive to the action of 
bacteriophage present in the whey filtrate. After 40 hrs. at  30' C., 6 of 
the 15 cultures showed acid, reduction and coagulation of litmus milk and 
after 264 hrs., 7 of the 15 cultures showed acid, reduction and coagulation. 
There was no evidence of growth in 8 of the 15 cultures. Since the 5. lactis 
cultures in this trial had different bacteriophage sensitivities, the cheese . 
culture from which the 8. lacfis cultures were obtained mould be considered 
a multiple-strain cultare. 

Bacteria-free filtrates of whey were prepared also from vats in which 
single-strain cheese cultures were employed and in which slow acid pro- 
duction occurred. When S. lactis cultures were isolated from these single- 
strain cheese cultures and tested for bacteriophage sensitivity, using whey 
filtrates from vats in which the particular single-strain cheese culture was 
employed, all of the 8. lactis cultures were sensitive. 

All of the bacteria-free whey filtrates (prepared from vats in which 
slo\r. acid prodnction occnrrecl) which showed indication of the presence 
of bacteriophage by the sensitivity test vere also tested for the presence of 
bacteriophage by the plaque method. 5. 7crctis cultures which exhibited bac- 
teriophage sensitivity according to the sensitivity test also produced bacteri- 
ophage plaques ~r l~e l i  the same bacteria-free filtrate was employed in both 
instances. 
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Effect of bacteriophage on  acid production during the  n t a ~ z u f a c t u ~ ~ e  of 
cotfage cheese. Data showing the effect of bacteriophage on acid production 
by a cheese culture in the manufacture of cottage cheese are presented in  
table 3. At the time of setting, or immediately after the addition of rennet 
and culture, the skim milk had a titrable acidity of 0.16 per cent and a total 
bacteria count of 2,460,000 per ml. A bacteria-free filtrate prepared froin 
the vat contents at  time of setting showed a bacteriophage titer of 10 l. 
Individual samples of skim milk, culture and rennet extract showed no 
bacteriophage activity when 1-ml. samples were tested. One hr. after setting 
the titrable acidity increased to 0.17 per cent and the bacteria count in- 
creased to 4,200,000 per ml.; at  the same time the bacteriophage titer 

TABLE 2 

a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a r c  
a. r c, 

:L r e 
a r c  

Influence of a whey filtrate containing bacteriophage on growth and acid production by 
cultnres of Streptococcus lactis in litmus milk 

0 
0 
0 
0 
0 
0 

a r c  
n ~c 

0 
r 
0 
0 
0 
0 

a r c  

Strepto- 
coccus 
lactis 

x o  . 
0 

a r c  
a r c  

0 
0 
0 

x r,e 
a r c .  

0 
a r c  

0 
0 
0 
0 

a r c  

0 
a r c  
d r c  

0 
0 
0 

R T C  

:I rc, 
0 

n l 'c 
0 
0 
0 
0 

a r c  

Control 
cultures 

after 

0 ' 
a r c  
a r c  

0 
0 
0 

a r c  
:I P c 

0 
:1 I' c 

0 
0 

:1i. c 
0 

3 r c 

Cultures inoculated with one drop of whey filtrate 
containing bacteriophage and incubated at  30° C. for 

16 hrs. I 0  hrs. 1 88 hrs. 1 136 111s. I 264 hrs. 

a = acid; r = reduction of litmus; c = coagulation; 0 =no cvidencc of growth. 

increased to Two hrs. after setting the titrable acidity had increased 
to 0.18 per cent, the bacteria count to 11,800,000'and the bacteriophage titer 
to After 4 hrs., the titrable acidity had increased to 0.20 per cent but 
the bacteria count showed an appreciable decrease (3,600,000 per ml.) ; the 
bacteriophage titer increased to lo-'. Eight hrs. after setting the titrable 
acidity was 0.21 per cent and the bacteria count had decreased further to 
7,300 per ml.; the bacteriophage titer apparently reaihed its maximum at 
this time There was no increase in the titrable acidity or bacterio- 
phage titer during the period 8 to 16 hrs. after setting but the bacteria count 
increased to 12,300 per ml. After 16 hrs. both the titrable acidityoand bac- 
teria count showed marked increases and the bacteriophage titer remained 
practically constant. At the 48-hr. period the titrable acidity was 0.68 
per cent and the bacteria count 660,000,000 per ml. 
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The titrable acidity, number of bacteria and bacteriophage titer was 
followed with four other vats of skim milk used in the manufacture of 
cottage cheese and in which acid production was slow due to the presence 
of bacteriophage. The same general results as those given in table 3 were 
,obtained. In  all cases acid production was slow for about 24 hrs. ; later, a 
more 01. less normal acid production occurred. The number of bacteria 
generally showed a slight increase which was followed by a very large 
decrease and then a large increase. The bacteriophage titer conlmonly 
showed an increase during the first 7 to 12 hrs. after setting; after this 
period the titer remained practically constant. 

TABLE 3 

E f f ~ t  of bacteriophage on acid production by  a cheese culture during 
the manufacture of cottage cheese 

DISCUSSION * 
I n  all of the trials in which slow acid production during the manufacture 

.of cheddar cheese was due to bacteriophage, acid development appeared to 
be nearly normal until the time of draining the whey. However, only slight 
increases normally are observed in the titrable acidity during this period 
and titration values frequently are confusing since those obtained on milk 
are not comparable to those obtained on whey. A rapid increase in the whey 
acidity takes place after the whey is drained with normal working vats. 
II7hen such an increase in whey acidity fails to take place, it is eiisily recog- 
nized. For experimental purposes it might be desirable to,follow the pH 
rather than the titrable acidity since removal of the casein from solution 
would not alter its value. The cultures selected for all of the trials were 
checked for their ability to produce acid at  the cooking temperature em- 
ployed (102' F.) ; therefore, temperature was not an influencing factor. 
When acid production is somewhat slow during the manufacture of cheddar 
cheese, many cheesemakers prefer to cheddar for a longer period of time 
so that each vat will be milled at  about the same acidity. When bacterio- 
phage was the cause of slow acid production, the curd commonly could be 
cheddared for very long periods of time (4 to 5 hrs.) without an appre- 
ciable increase in acidity. 

Bacteriophage 
titer 

10-I 
10." 
10-j 
lo-' 
10-O 
10-O 

lo-" 

Time after Titrable acidity 
setting ' (per cent) (hours) 

Initial . 0.16 
1 0.17 

0.18 
4 0.20 
8 0.21 

16 0.21 
24 0.25 
36 0.43 
48 0.68 

Number of bacteria 
per ml. 

2,460,000 
4,200,000 

11,800,000 
3,600,000 

7,300 
12,300 

7,200,000 
310,000,000 
660,000,000 
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The action of a bacteria-free whey filtrate (obtained from a vat of ched- 
dar cheese in which acid productioil was slow) containing .bacteriophage on 
pure cultures of 8. lactis (obtained from the cheese culture employed im 
the same vat) is shown by data presented i11 table 2. Since the data show 
that 20 per cent (3 of 15 cultures) of the S. luctis cultures were not affected 
by bacteriophage, it would be presumed that these bacteriophage-resistant 
cultures would produce an appreciable amount of lactic acid. However, 
this was not the case in actual cheesemaking operations. Considerable 
variation was shown among the various sensitive strains of 8. lnctis in their 
ability to produce secondary growth. In  the manufacture of cheddar cheese 
the time of manufacture could not be increased snfficiently to observe the 
effects of secondary growth. 

The literature on bacteriophage as a cause of slow acid production in  
cheesemaking is largely associated with the manufacture of cheddar cheese. 
I n  this country, where a considerable amount of cottage cheese is manu- 
factured, bacteriophage difficulties can be expected. Since cottage cheese is 
prepared from acid-coagulated skim milk, lactic acid production by the 
cheese culture is perhaps more important than in any other type of cheese. 
The data presented on the effect of bacteriophage on acid production by a 
cheese culture during the manufacture of cottage cheese would be expected 
to be very similar to data obtained when the bulk culture becomes contami- 
nated with bacteriophage and fails to coagulate. As in the manufacture of 
cheddar cheese, acid production appears quite normal and there is evidence 
of growth of the culture organisms soon after setting. Later, however, acid 
fails to develop, the bacteria count decreases and the bacteriophage titer 
increases. Still later, the secondary growth of the culture organisms is 
manifest, and from then on acid production and the increase in number of 
bacteria proceeds in a more or less normal manner. If the skim milk in- 
tended for cottage cheese is set in the usual way and acid fails to develop 
as the result of bacteriophage, the skim milk will coagulate if left in the 
vat long enough. I n  many of the trials in which slow-acid production 
was encountered during the manufacture of cottage cheese, the skim milk 
was allowed to stand in the vat for periods of 40 -to 50 hrs. before the milk 
had coagulated andathe acid had reached a whey acidity of 0.50 per cent. 
Although a long setting period was required to develop sufficient acid, the 
cottage cheese finally obtained usually was of good quality and in most 
instances codd not be distinguished from cottage cheese in which acid 
development had proceeded normally (14 to 16 hrs.). The initial bacterio- 
logical quality of the skim milk is an impor-tant factor in this respect. 

SUMMARY 

Slow acid production, due to the presence of bacteriophage, in the manu- 
facture of cheddar cheese usually mas apparent at  the t,ime of draining the 
whey or sh'ortly thereafter. 
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The presence of bacteriophage resulted in almost complete cessation of 

acid production in the manufac tu re  of cheddar cheese w h e n  either single- 
strain or mul t ip le-s t ra in  cheese cultures were employed. 

Cheddaring for a long per iod of t ime  (4 or 5 hrs.)  did n o t  result in an 
appreciable  increase in acidity when acid  product ion  was  slow because of 

bacteriophage action. 
The presence of bacteriophage in bacteria-free fi l trates of whey, culture, 

etc., could be demonst ra ted  by adding a small amount of the fi l trate t o  pure 
cultures of S. lactis isolated from the cu l tu re  used in the m a n u f a c t u r i n g  

process and also by the product ion  of bacteriophage plaques o n  a solid 

medium. 
When a vat of skim milk intended f o r  cottage cheese was contaminatecl 

, slightly with bacteriophage active against the culture employed, acid forma-  
t i on  was very slow f o r  about 24 hrs. a f t e r  setting. During this same per iod 

t h e  bacter ia  count  showed a slight increase, then a l a rge  decrease, and 
finally a l a rge  increase. T h e  bacteriophage t i t e r  increased for 7 to 12 hrs. 
following setting and then remained pract ica l ly  constant. W h e n  secondary  , 

growth occurred  (usual ly  a f t e r  24 hrs . ) ,  ac id  product ion  proceedecl 

normally.  
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THE MANUFACTURE O F  STERILIZED CARAMEL MILK 

B. H. WEBB AND C. F. HUFNAGEL 

Division of Dairy Research Laboratories, Bureau of Dairy Industry, 
Agriculturat Research Administration, U. S. ~epar tment  of dgm'ezclture 

The evaporated milk industry during World .War I1 was interested in  
methods of preparing canned milk drinks of pleasing flavor and long storage 
life for the armed forces. The beverages were to be used hot or cold and 
without dilution with water and they were to act as a quick source of energy 
on invasion beachheads when appetites were sluggish. The caramel-flavored 
milk described in this paper was'the best of a wide variety of milks which 
were studied in these laboratories in cooperation with an evaporated milk 
manufacturer who produced several commercial size batches. 

Test mixtures were prepared by adding the flavor base ,or concentrate 
to the milk, then homogenizing, canning and sterilizing the products. 
Sterilization was accomplished in a pilot evaporated milk sterilizer a t  240" 
F. for 15 minutes, with the reel revolving a t  4 r.p.m. Pilot plant tests of 
promising formulas were conducted in an evaporated milk plant by the 
cooperating manufacturer. 

An important phase of the problem was the development of a suitable 
caramel base for flavoring the milk. The bases were prepared by followiiig 
conventional caramel making procedures. The caramel mix was cooked in 
a steam-jacketed candy kettle equipped with a double action stirrer. 

Viscosity determinations were made at  86' F., the storage temperature, 
with a MeMichael viscosimeter equipped with standardized wires. 

RESULTS 

Preliminary tests indicated that milks flavored with fruits, maple and. 
sweetened vanilla were less attractive or possessed poorer storage qualities 
than did chocolate or caramel milks. Work was centered on caramel flavor 
because caramel is present to some extent in all sterilized milk and since 
there appeared to be a possibility of developing a new and pleasing caramel- 
flavored milk drink. 

It was found that a pronounced caramel flavor could not be developed 
during the sterilization of a milk sweetened with dextrose or sucrose. Such 
milks had a cooked flavor similar to that of evaporated milk: More heat and 
higher concentrations of proteins and sugars than in normal processing were' 
necessary to produce a caramel flavor. When milk protein was partially 
hydrolyzed by continuously heating it in an acid medium (below pH 6.3) a 
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cooked meat flavor was produced, but when a sugar was present in the 
mixture a caramel flavor resulte& The best caramel flavor was developed 
when a'milk and sugar mixture was concentrated by boiling in an open kettle 
by methods used by caramel manufacturers. 

Experiments were directed toward the preparation of a caramel base 
which would be suitable for use in the manufacture of caramel milk. The 
flavoring base finally produced was similar to a caramel topping. It was 
more fluid than caramel candy. The f orrnula for this base is given in table 1. 
Combinations of various dairy products were used to fill the fat, milk-solids- 
not-fat and sugar needs of the formula. A sweeter mix was produced when 
the corn sirup was decreased about 25 per cent and the sugar increased as 
much as 80 per cent of the values given in table 1. If the fat  content of the 
base was decreased and the milk-solids-not-fat content increased until the 

TABLE .I 

Formula for caramel flavor base 

Weights of components 
Ingredient 

Fa t  1 SNF I T.S. 

two values were equal, the base was inferior to the high-fat base in flavor 
but otherwise it was satisfactory. Caramel bases to which less water was 
added after cooking were made but these were too heavy to flow easily. 

'When the caramel was not diluted with water after cooking, it contained 
about 89 per cent total solids. 

Caramel milk was manufactured according to the formula of table 2. 
The simplest method of preparing trial Batches was to mix 14 pounds of 
base with 42+ pounds of water and 434 pounds of 26 per cent evaporated 
milk that had not been sterilized. The body and flavor of the product were 
better when the proper concentrations of plain and concentrated milks were 
used in place of .water and 26 per cent solids milk. A satisfactory procedure 
was to supplement a plain milk with one concentrated to 15 or 20 per cent 
solids content. Under such conditions approximately one-third of the milk 
would be partially concentrated milk from a regular evaporated milk opera- 
tion while the other two-thirds would be untreated whole milk. The milk 

Cream (30% fa t )  
Condensed skim m' 
Corn sirup ............................................................ 
Sucrose .......................................................................... 
Salt ....................... 

Total 

Heat the complete mixture with stirring to 160° F., and homogenize it a t  2500 lbs. 
pressure. Cook in a candy kettle with double action stirrer to 2380 F., cool slightly and 
add 86 lbs. of water and vanilla flavoring to suit the taste. Stir well and pour into 
a suitable receiver. Approximately 84 pounds of base containing 20% water will be 
recovered. 

lbs. 
33.3 
15.0 
45.0 
14.3 

0.7 
108.3 

Zbs. 
10 
...... 
...... 
...... 

10 

lbs. 
2.1 
4.5 
...... 
..... 
...... 
6.6 

. Ibs. 
12.1 
4.5 

36.0 
14.3 

0.7 
67.6 



STERILIZED CARAMEL MILK 609 

solids requirement of the formula of table 2 was also satisfield when the 
86 pounds of milk in the formula were added as milk containing 4.07 per cent 
fat  and 9.18 per cent solids-not-fat. 

The forewarming treatment given the milk before it was mixed with the 
caramel base affected the heat stability of the finished product as shown in 

TABLE 2 
Formula for caramel milk 

Ingredient 

Caramel base (table 1)  
Milk ................................... .... . . .  

Total ..................................... 

TABLE 4 

Tlze effect of storage a t  860 P. upon the viscosity of commercial samples of ' 

evaporated milk and of caramel flavored milk 

Weight of 
ingredient 

lbs. 
14 
86 

100 

Weights of components 

TABLE 3 

The effect of the heat trcalment of milk upon the heat stability of caramel milk. 
Milk of 4 0  per cent fa t  and 9.2 per cent solids-not-fat was used. 

Homogenization was a t  2500 pounds per sq. in. pressure 

Milk 
sample* 

Evnp ................ 
Caramel 1 ...... 
Caramel 2 . 

Total 
solids 

lbs. 
11.1 
11.4 
22.5 

* Each of the three batches were sterilized at  2400 F. for 15 minutes. Samples mere 
received and placed in storage at  86O F., 15 to 20 days after date of manufacture. 

t The.heat stability figures are estimated from the appearance and viscosity of the 
milk examined after sterilization. Facilities were not available for making accurate heat 
stability tests on these milks. 

Vi~cosity at  86' F. 

Fa t  

7bs. 
1.7 
3.5 
5.2 

Heat 
stability 

a t  
2400 F. 

? l a i l l .  

58 
51 

90 

1 day 
------- 

cp. 
51 
12 
51 

Sucrose 

lbs. 
2.3 
..... 

2.3 

M.S.N.F. 

lbs. 
1.1 
7.9 
9.0 

Hen t 
stability 

2400 
F.t 
min. 
12 
30 
10 

F:lt 

% 
7.96 
4.92 
4.93 

Corn 
& 
Ibs. 
6.0 
...... 
6.0 

Condensed 
to  T.S. 

% 
26 

Not 
condensed 

Not 
condensed 

Preparation of mixture 
Forewarming 

treatment 

,p,S, 

% 
26.05 
23.39 
22.93 

Temp. 

OF: 

203 
None 

203 

10 days 

cp. 
43 
11 
57 

Mixing 
and 

homogeni- 
zation 

tengep-  

O F .  
140 
140 

180 

Time 

nzin. 
10 
...... 

10 

Composition 

Milk 1 Water 1 s:y: 

200 days 
-- 

cp. 
22 
11 
55 

365 days 

CP. 
25 
13 
57 . 

30 days 

cp. 
30 
10 
55 

lbs. 
14 
14 

14 

lbs. 
43+ 
86 

86 

80 da.ys 

cp. 
27 
10 
56 

7bs. 
42+ 
0 

0 
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table 3. The milks used in this experiment were more heat stable than the 
commercial milks of Table 4. 

A comparison of the viscosity changes of normal evaporatecl milk and 
of caramel milk during storage a t  86" F. is given in table 4. Caraizlel mill; 
#1 was compounded from 44 parts of 26 per cent evaporated ~nillr (not 
sterilized), 14 parts of caramel base (table 1 )  and 42 parts of water. 
Caranlel milk $2 was made from a batch which contained 96 ponnds of a 
heavy caramel base (T.S. 89%), 224 pounds of concentratetl milk (T.S. 
20%) and 480 pounds of raw fresh milk (T.S. 1270). 

The caramel flavor of the finished milk was strong enough to overcome 
the cooked flavor which developed during sterilization. Caramel milk was . 
found to possess a n  attractive flavor when i t  was used either hot or cold. 
Bases made with fats other than milk f a t  did not give the finished niilk the 
delicate milk flavor produced by milk-fat bases. The fa t  content of caramel 
milks was varied from 2 per cent to 5 per cent but the flavor was sl~perior 
in the high-fat milks. The vanilla added to the caramel base helped to point 
u p  the flavor of the milk. 

The viscosity of caramel milk ranged from 8 to 65 centipoises a t  86" F., 
about 25 centipoises being the optimum viscosity for a free flowing beverage. 
However, the more viscous milks were protected from fa t  separation and 
caramel precipitation much better than the thin ones. Caramel milk 1, table 
4, was low in viscosity. After storage for a year a t  86" F. i t  showed definite 
f a t  separation and there was a quarter-inch layer of precipitate i n  the bpttom 
of the can. Caramel milk 2 was more viscous and had neither f a t  separation 
a t  the top nor sediment a t  the bottom of the can after storage nnder silnilar 
conditions. A viscosity in  excess of 50 centipoises a t  86" F. mas reclnired 
to prevent separation in milks which were held in storage for long periocls. 

The viscosity of the finished milk was controlled by adjusting the heat 
stability of .the milk before sterilization as is done in the manufacture of 
evaporated milk (1). Forewarming the raw milk to high teinpe~it tn~es pro- 
duced high heat stability (coagulation a t  240" F. only after 30 minntes o r  
longer) and a low viscosity in the sterilized milk, while low forewarming 
temperatures had the opposite effects. 

The persistence of viscosity in caramel milks during storage was of 
particular interest. The viscosities of evaporated milks, illustrated by the 
sample shown in table 4, decreased to about one-half their initial values 
during the first few months' storage a t  temperatures of about 86" F. or 
higher. The viscosities of four samples of commercially produced caramel 
milk which were placed in storage a t  86" F. within 3 weeks of the date of 
manufacture did not decrease further during one year. Data on two of 
these samples appear in table 4. The vil~cosity of four samples of caramel 
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milk prepared in the Research Laboratbries and held a t  86' F. showed an 
average decrease to 84 per cent of their initial viscosity from the date of 
manufacture to one year thereafter. 

The factors responsible for preserving the viscosity in caramel milk were 
not determined nor are the causes of the change in evaporated milk under- 
stood. 

SUMMARY 

A process was developed for the preparation of a caramel-flavored 
sterilized milk for use as a beverage by the armed forces. The milk was 
made by mixing a caramel base with plain and concentrated milk to produce 
a product .containing 5 per cent milk fat  and 22 per cent total solids. The 
mixtnre was canned and processed by the same procedure as is used for 
evaporated milk. Some caramel milks were more stable than samples of 
evaporated milk in flavor, viscosity and body during storage for one year 
at 86" F. 
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DIGESTIBILITY O F  KOBE LESPEDEZA HAY 

L. L. RUSOFF, D. M. SEATH AND G. D. MILLER 
Louisiana A.grioultura1 Experiment Station 

Louisiana and other southern states have made greater usage of lespedeza 
for pastures and hay in recent years. Common or Japanese lespedeza 
(Lespedeza striata) is one of the most extensively grown'legumes. Kobe 
lespedeza, a variety of common lespedeza, is gaining in popularity, especially 
because of its higher yield of hay. 

This paper reports the digestibility of Eobe lespedeza hay cut at  three 
stages of maturity. 

MATERIAL AND. PROCEDURE 

Kobe lespedeza hay, approxiknateIy 90 per cent pure, was obtained in 
1945 from a farm near Baskin in Franklin Parish. The soil on which the 
hay was grown is of medium fertility. The field was fertilized with 400 
pounds of 4-12-4 fertilizer before oat-planting and the Kobe lespedeza was 
seeded during late winter in the oats. The first cutting of hay was made 
slightly earlier than the full-bloom stage, the second cutting was made dur- 
ing early-seed stage, and the third in the full-seed stage. This last cutting 
produced very poor quality hay. The hay wasschopped to about one-inch 
lengths for feeding. Four dairy steers weighing from 400 to 500 pounds 
were used as experimental animals in the digestion trials. 

The procedure used in management of the animals and in obtaining 
samples df hay and excreta has been reported in a recent paper (3) .  In  
general, i t  included the use of a 10-day preliminary period and a 10-day 
coliection period. The feces were collected in a canvas collection bag. A 
1/50 aliquot was taken from each day's fecal output for each steer and stored 
in a refrigerator at  0' C. until completion of the collection period. Nitrogen 
determinations were made on aliquots of the mixed fresh excreta, while dried 
excretum samples were used for the other analyses. The A.O.A.C. methods 
'(2) were employed for the usual chemical analyses of hay and excreta, while 
lignin and cellulose were determined by the method of Crampton and May- 
nard (1). 

Nine to eleven pounds of hay was fed daily, with very little feed being 
refused. The steers maintained their weights throughout the experiment. 

' RESULTS AND DISCUSSION 

The cdmposition, coefficients of digestibility, and digestible nutrients of 
Kobe lespedeza hay at  the bloom, early-seed, and full-seed stages are pre- 
sented in table 1. 

The bloom-stage hay was the most desirable because of its higher per- 
centages of crude protein, nitrogen-free extract, and ash. This hay was also 
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higher in digestible protein and total digestible nutrients. The percentages 
of Crude fiber and lignin increased with advance in stage of maturity of the 
hay, while the nitrogen-free extract decreased. The more matured hay was 
a relatively poor squrce of nutrients, particularly of protein. 

A comparison of values found for Kobe lespedeza hay in this study and 
common lespedeza hay reported previously (3) shows that at similar stages 
of .maturity the composition and digestible nutrients are almost identical. 
The percentages of crude protein and total digestible nutrients for the Kobe 
lespedeza in the early-cut stage (bloom) were 10.48 and 50.06, as compared 
to 10.52 and 50.06 for common lespedeza hay. In  the early-seed or inter- 
mediate'stage the values for protein and total digestible nutrients for Kobe 
lespedeza were 8.21 and 49.22, while those of the common lespedeza were 8.55 

TABLE I 

The composition, digestion coefficients, and digestible nutrients o f  Kobe lespedeza 
hay at three stages of maturity (dry basis) 

Stage of  Crude Crude N-free Crude Llgnm 
bay I m%er ( protein I fiber 1 extract ( fat ( I CellulOse I 

% % % % % % % % - 
Bloom .................. 1 94.30 1 1 1 42.09 "1.6 1 1 j;:!: 1 37.47 1 4.23 Early-seed ......... 92.07 45.88 40.57 41.34 . 3.93 
Late-seed ......... 93.51 6.15 50.35 38.76 '1.57 30 20 36.25 3.16 

Digestion coefficients 

. . .  Bloom .............................. 47.55 46.78 65.37 31.99 1.8.00 49.54 
. Early-seed .... I . . . .  1 32.29 1 45.31 / 63.26 7.08 ( 20.00 / 17.70 1 

Late-seed ........ 3.60 36.74 53.96 30.99 1 2  03 36 16. 

Digestible nutrients 

/ ' 1  1 1 I / T.D.N. / 1 
Bloom .......................... 4.98 18.00 26.11 0.43 50.06 . . . . .  

Early-seed . . . .  1 . . . .  I 2.65 120.69 1 25.66 / 0.10 / 49.22 / :.... .. 1 ..:. ::: 
Late-seed ...... 0.22 18.50 20.91 0.48 40.70 . . . . .  

and 48.28. Kobe lespedeza hay cut in the very late stage (full-seed) con- 
tained 6.15 per cent protein and 40.70 total digestible nutrients. The coeffi- 
cient of digestibility and percentage of digestible crude protein for this stage 
of maturity were surprisingly low, being 3.60 and 0.22 per cent, respectively, 
as compared to 47.55 and 4.98 per cent when the hay was cut in the bloom 
stage. 

The values for the late-cut mature hay are unreasonably Iow and difficult 
to explain. I t  was expected that the values for the coefficient of digesti- 
bility and digestible protein would approximate 34.53 and 2.14 per cent, the 
values for low quality, late-cut native grass hay (4). This grass hay showed 
a protein content of 6.21 per cent on the dry basis and a total digestible 
nutrient value of 40.26, which are practically the same as the values for the 
late-cut Kobe lespedeza hay. The relatively low crude protein, however, 
definitely classifies this late-cut lespedeza hay as of inferior quality. 
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In  a previous paper (3)  a comparison was made of the digestibility values 
reported for common lespedeza and Korean lespedeza hay (5) at similar 
stages of maturity. The figures reported for percentage of crude protein 
in the Korean lespedeza are slightly higher than those for either the Kobe or 
common lespedeza at  the same stage of maturity, i.e., intermediate stage 
11.84, 10.52, and 10.48, respectively. One explanation for this might be the 
practice of the Louisiana farmer, because of a long growing season, to post- 
pone haying until fall when more favorable hay-curing weather exists. The 
rainy weather conditions make early cutting of hay more hazardous. 

The total digestible nutrients on. the dry basis for Kobe lespedeza, com- 
mon lespedeza ( 3 ) ,  and Korean lespedeza (5) at  the same stages of maturity 
are very similar. In  the bloom stage the values are 50.06, 50.06, and 48.51, 
respectively, and in the late stage of maturity the values are 48.22,48.28, and 
43.66, respectively. 

The lignin and cellulose values for Kobe lespedeza hay are higher than 
those reported for Korean (5 )  and common lespedeza hay (3) .  The possible 
relationship between lignin content and feed utilization is again demon- 
strated in this study, for with an increase in lignin value there was a decrease 
in total digestible nutrients. 

SUMMARY 

Kobe lespedeza hay cut at  three stages of maturity-bloom, early-seed, 
and late-seed-was used in three digestion trials with fohr dairy steers. Per- 
centages of crude protein on the dry basis were 10.48,8.21, and 6.15 ; percent- 
ages of digestible protein were 4.98, 2.65, and 0.22 ; and the total digestible 
nutrients were 50.06, 49.22, and 40.70 for the bloom, early-seed, and late-seed 
stages, respectively. . The early-cut hay proved more valuable because of its 
higher .nutritive value. These values are very similar to those of common 
lespedeza hay at  the same stages of maturity. 
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STUDIES ON MILK FEVER IN DAIRY COWS' 
I. THE POSSIBLE ROLE OF VITAMIN D IN MILK FEVER 

J. W. HIBBS, W. E. KRAUSS, C. F. MONROE, AND T. S. SUTTON2 
Ohio Agricultural Esperiment Station, Wooster, Ohio 

Since the early 1920's milk fever, or parturient paresis, in dairy cows 
has been the subject of considerable research and theoretical discussion. 
Numerous theories regarding the etiology of milk fever have been advanced, 
namely anaphylaxis, circulatory disfunction, the presence of air in the blood, 
cerebral anemia, anhydremia (16) infection (29), auto-intoxication (18, 25), 
defective oxidation in the tissues (7, 8),  excess oxytocic principle in the blood 
after parturition (4), hypoglycemia (2, 6, 24, 32, 33, 34, 38, 39), and hypo- 
calcemia associated with disturbed mineral metabolism (3, 5, 8, 9, 10, 12, 13, 
14, 15, 21, 23, 31, 36, 37, 40). A review of theories up to-1926 is presented 
by Little and Wright (22). 

Little experimental support is offered for any of these theories, except 
for the hypoglycemic and hypocalcemic theories. ~everal'workers have pub- 
lished results which would tend to disprove the hypoglycemic theory (7, 17, 
26, 27). Therefore, 'it appears that the answer to the question of the basic 
cause of milk fever must lie in the realm of disturbed mineral metabolism. 

This view is further substantiated by the changes occurring in the blood 
at parturition and during the milk fever attack. A marked decrease in both 
total calcium (1, 3, 8, 9, 10, 11, 12, 14, 21, 23, 35, 37, 40) and ionized calcium 
(12, 23, 31, 37) has been reported. Phosphorus is greatly decreased (3, 9, 
10, 11, 12, 23, 28, 35, 37, 40) in milk fever and in contrast to calcium and 
phosphorus, magnesium is said to increase (1, 3, 12, 28, 30, 31, 37). 

Furthermore, milk fever treatment, whether it be udder inflation or in- 
travenous injection of calcium salts, is primarily concerned with elevating 
the blood calcium to the normal level. I t  would seem, therefore, that any 
prophylactic method, to be effective, should prevent the fall of blood calcium 
below the critical level. 

That vitamin D may be a factor in milk fever is suggested by the obser- 
vation that the highest incidence is reported to occur in the winter and early 
spring months (19, 26) when solar irradiation is the least. 

The role of vitamin D in calcium and phosphorus metabolism has been 
recognized for many years. Since vitamin D is known to have 'calcemic 
properties and because i t  is now available in cheap, abundant quantities i t  
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seemed reasonable that the feeding of large amounts of vitamin D prior to 
parturition might prove beneficial in the control of milk fever. Greig (14) 
and Sjollema (36) have suggested the feeding of vitamin D as a possible 
preventive measure in milk fever but give no experimental evidence of its 
value. An increase in blood calcium in corns receiving amounts of vitamin D 
above their actual needs is reported by Hess e t  al. (20). The authors report 
no pathological effects in the tissues of cows fed 1,500,000 units of vitamin D 
per day. 

Herein reported are the results of experiments designed to determine 
whether or not the feeding of massive doses of.vitamin D prior to parturition 
will lower the incidence of milk fever. . 

The results of the effect of vitamin D feeding on the blood changes at  
parturition and in milk fever will be presented in another paper. 

EXPERIMENTAL 

In  a preliminary experiment, six cows were fed 1 million units of vita- 
min D daily in the form of type (7 F) irradiated dry yeast3 for four weeks 
before the expected date of parturition and for one week following parturi- 
tion. Although two of these cows had previons histories of milk fever, none 
of them developed milk fever. Two of the fire control animals developed 
milk fever. Both of these cows had previous histories of milk fever. 

As a result of this preliminary trial a more extensive experiment was 
planned in which the main Experiment Station, the Station Pasture Farm, 
and the Ohio State University herds were used. During the first 2 years 
(194143) all cows exclusive of first-calf heifers were included. Later 
(194345) only the two Experiment Station herds were used and only Jer- 
sey cows that had had at least two previous parturitions were included. 

Beginning September 15,1941, the cows included in the experiment were 
divided into two equal groups as nearly comparable as possible, based 011 

breed, age, expected freshening date, and previous milk fever histories. One 
group was fed vitamin D and the other, which served as a control, was not 
fed vitamin D. At each successive freshening, the cows were assigned to the 
opposite group. Thus each cow served as her own control for several fresh- 
ening~, if she remained in the herd. 

Hay, silage, grain, and pasture were fed throughout the year according 
to supplies available and the practice commonly employed in the various 
herds. ' All cows in each herd were fed and managed alike during the dry 
period and after parturition except for the yeast supplement. 

In  this experiment vitamin D was supplied in the form of type (9F) 
irradiated dry yeast,4 110 grams being required to supply 1 million U.S.P. 
units. 

3 Supplied by Standard Brands Incorporated, New York City. 
4 Supplied by Standard Brands Incorporated, 'New York City. 



MILK ~ V E R  IN DAIRY COWS 619 

TABLE 1 

The effect of irradaated-yeast feeding on the incidence of milk fever 
in different breeds of dairy cows 

Beginning 4 weeks before the expected date of parturition and continu- 
ing for 1 week following parturition, 1 million U.S.P. units of vitamin D 
were fed daily by sprinkling one half of the allowance 04 the grain at  each 
feeding. In  a very few cases, the-cows were slow at first in eating their 
grain which contained the irradiated yeast but most of them ate it readily 
from the start. 

A careful record was kept of the occurrence of milk fever, based on the 
diagnosis of a veterinarian and on blood analyses. The results of feeding 
the previously indicated amount of vitamin D in the form of irradiated dry 
yeast on milk fever incidence are indicated in tables 1 and 2. 

The seasonal incidence of milk fever based on the ,105 parturitions in 

TABLE 2 

' Control 

10 
1 

11 
9.1 

7 
0 
7 
0.0 

23 
1 

24 
4.2 

34 
18 
52 
34.6 

74 
20 
94 

. 21.3 

Ayrshire 
Fresh, normally ........................... 
Milk fever 
Total partu 
Per cent incidence .................... 

Guernsey 
Fresh, Aormally ........................ 

...................................... Milk fever 
Total parturitions ..................... 
Per cent incidence .................... 

Holstein 
Fresh, normally .......................... 

...................................... Milk fever 
Total parturitions ...................... 
Per cent incidence ...................... 

Jersey . 

A11 Breeds 
Fresh, normally .............................. 
Milk 

The effect of irradiated yeast feeding on the incidenee of milk fever 
in Jersey cows with preatous milk fever histories 

Total 
parturitions 

18 
3 

21 
14.3 

13 
2 

15 
6.7 

35 
2 

37 
5.4 

70 
35 

105 
33.3. 

136 
42 

Yeast-fed 

8 
3 

10 
20.0 

6 
2 
8 

25.0 

12 
1 

13 
7.8 

36 
17 
53 
32.1 , 

62 
22 

.Total 178 
Per c 23.6 

Fresh, normally .................................. 
Milk fever ............................................... 
Total parturitions ........................... 
Per cent incidence .............................. 

84 
26.2 

Total 
parturitions 

19 
21 
40 
52.5 

Yeast- 
fed 

13 
10 
23 
43.5 , 

Control 

6 
11 
17 
64.7 
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mature Jersey cows included in this study is presented in table 3. It will 
be seen that essentially the same per cent incidence of milk fever occurred 
in the period from May through September as in the period October through 
April. 

This observation is at variance with that of Metzger and Morrison (26) 
and Henderson (19) who report a higher per cent incidence of milk fever 
in the winter than in the summer. No explanation is evident for this differ- 
ence; however, i t  seems reasonable that solar irradiation may not have as 
much effect on lowering milk fever incidence as is commonly believed since 

TABLE 3 

Seasonal incidence of milk fever in mature Jersey cows 

the highest vitamin D potency of both blood and milk under summer pasture 
conditions is considerably less than when 1 million units of vitamin D is 
administered daily in the form of irradiated yeast. 

DISCUSSION 

Normal Milk fever 

I t  will be noted that the incidence of milk fever is much higher in the 
Jersey breed than in the other breeds. The average per cent incidence of 
milk fever in breeds other than Jerseys was 9.6 compared to 33.3 in the 
Jerseys. This is in agreement with data published by Metzger and Morri- 
son 1936 (26) and Henderson 1938 (19). 

All the data involving Ayrshires and Guernseys, plus 16 of the 35 Hol- 
stein cows, were obtained from the Ohio State University herd. All except 
five Jersey parturitions occurred in the Experiment Station herd. The milk 
fever cases in the Holstein, Guernsey, and Ayrshire breeds occurred in the 
Ohio State University herd. Milk fever has not been observed in the Experi- 
ment Station Holstein herd in recent years. 

An examination of the data from all four breeds shows that the feeding 
of 1 million units of vitamin D in the form of irradiated yeast did not pre- 

Total 

6 
26 
29 
10 
4 
4 
2 
4 
6 
4 
5 
5 

105 
20 
85 

January ......................................... 
February ................................... 
March 
April .. 
May ....................... ....... .................... 
June ................................................ 
July ............................................... 

November ................................. 
December ............................... 
Total 
May-September ..................... 
October-April .............. 

Per cent 
milk fever 

16.7 
38.4 
31.0 
30.0 
25.0 
25.0 
50.0 
25.0 
50.0 
50.0 
40.0 
20.0 
33.3 
35.0 
33.0 

5 
16 
20 

7 
3 
3 
1 
3 
3 
2 
3 
4 

70 
1 3  
57 

1 
10 

9 
3 
1 
1 
1 
1 
3 
2 
2 
1 

35 
7 

28 
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vent milk fever. The difference in per cent incidence between yeast-fed and 
control cows of the Ayrshire and Guernsey breeds is not considered to be 
significant due to the small numbers involved. 

In considering the results when limited to Jersey cows with previous 
milk fever histories, i t  appears that some beneficial effect can be attributed 
to the treatment. Of 40 such parturitions, only 43.5 per cent of the cows 
in the yeast-fed group had milk fever as compare'd to 64.7 per cent in the 
control group. 

An examination of the data regarding the effect of irradiated yeast 
feeding on the blood calcium and phosphorus, to be presented in another 
paper, indicates no significant difference between the yeast-fed and the con- 
trol group. This substantiates the results of the incidence study. 

The results of this experiment are not interpreted to mean that vitamin D 
has no place in the control of milk fever. It is entirely possible that if larger 
amounts of vitamin D had been consumed, the effect would have been greater. 
Preliminary studies with larger amounts of vitamin D indicate that it takes 
more than 1 million units daily to raise the calcium and phosphorus levels 
of the blood materially. I t  is possible that with higher levels of vitamin D 
feeding milk fever incidence could be reduced. Such studies are now in 
progress. 

SUMMARY AND CONCLUSIONS 

1. The feeding of 1 million units of vitamin D daily in the form of irradi- 
ated yeast for 4 weeks prior to and one week following parturition did not 
reduce the incidence of milk fever in an experiment involving 178 parturi- 
tions in four breeds of dairy cows. 

2. The highest incidence of milk fever was observed in Jersey cows. 
3. Milk fever occurred only in cows with at  least two previous parturi- 

tions. The percent incidence in mature Jersey cows mas found to be equally 
as high in summer as in winter. 

4. The irradiated yeast treatment reduced the incidence of milk fever 
somewhat in Jersey cows which had previous histories of milk fever. 

Experiments to investigate the effect of feeding larger amounts of vita- 
min D are in progress. 
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ADDITIONAL OBSERVATIONS ON THE STABILITY OF ASCORBIC 
ACID AND SODIUM L-ASCORBATE I N  EVAPORATED MILK" 

F. J. DOAN AND D. V. JOSEPHSON1 

The Pennsylvania Agricultural E~periment Station, State College, Pa.  

Previous studies have been published dealing with the ascorbic acid con- 
tent of commercially manufactured evaporated milk (1) and with the 
stability of the vitamin in fortified and unfortified evaporated milk, sealed 
normally and after removal of the air from the can (2, 3) .  Storage results 
were given up to 12 months at  room temperature in the latter studies. Extra 
samples of a number of the batches made were available and have since been 
analyzed after 24 and 28 months of holding, thus extending the data signi- 
ficantly. 

One study, utilizing sodium I-ascorbate in place of ascorbic acid, has now 
been carried to 12 months of storage and the data can be compared with the 
previously obtained results. The sodium salt was used in an effbrt to avoid 
the destabilizing effect of the ascorbic acid on the milk protein when fortifica- 
tion at  high levels (100 mg./l. and over, fluid basis) was attempted. This 
effect manifests itself in a flaking of the protein during the sterilization of 
the milk and requires additional quantities of stabilizing salts (di-sodium 
phosphate or sodium citrate) to overcome it. 

Methods and procedures employed in the studies have been described in 
the previous publications and will not be given here. 

I n  the accompanying figure, the average reduced ascorbic acid levels of 
the variously treated batches of evaporated milk are plotted against storage 
time in months at  room temperature. The curves depicting the loss of the 
vitamin on holding are remarkably uniform, and the rates of loss nominal. 
Vacuum sealed milk containing 106.5 mg./l. ( iuid basis) of ascorbic acid 
after sterilizing still retained 71.2 mg., 24 months later. Similar milk with 
58.6 mg. to begin with had 32.6 mg., 28 months later. These data further 
emphasize the suitability of evaporated milk as a nledium for fortification 
with and storage of vitamin C. 

The loss of ascorbic acid in evaporated milk in milligrams per month is 
higher for milk rich in ascorbic acid and lower in milk poor in the vitamin, 
as can be noted from the curves. After the first two to four months, during 
which time the free oxygen in the container apparently reacts with the ascor- 
bic acid and particularly with the heat-generated reducing substances (3) ,  
the rate of loss of the vitamin becomes much slower. The loss per interval 
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Shies of the Pennsylvania Agricultural Experiment Station. 
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of time, however, seems to be proportional to the quantity of ascorbic acid 
present. This is made clearer in table 1 where the losses suffered by a num- 
ber of variously treated batches of evaporated milk during the last twelve 
months of storage are shown. The percentake loss on all these batches 
ranges from 11.4 to 16.6 which is considered quite uniform and rather signi- 
ficant in view of the diversity of treatment. It is apparent, of course, that 
this rate of loss, approximately 14 per cent, applies only to the storage 
period subsequent to the first two to four months of more rapid loss as is 
evident in the figure. Even in the first period, however, the lo& of ascorbic 
acid appears to be more closely related to the amount present than to $he 
available oxygen since the normally sealed, unfortified, evaporated milk 

TABLE 1 

The loss o f  ascorbic acid i n  evaporated mil76 during the last twelve months 
of  storage at  room temperature 

Ascorbic acid (mg./l.-fluid basis) I Total I last 12 months of period 
Treatment of milk time Per 1 ($2:) 1 Bbginning 1 End 1 Loss 1 cent 

loss 

Not fortified 
1. Normal seal 
2. Vacuum seal 

3. Normal seal 

5. Vacuum seal .................................... 
100 mg./l. fortification 

6. Normal seal 
7. Normal seal 
8. Normal seal 

* These data were obtained by extrapolating the values for the last six months. 

exhibited only a small loss in milligrams compared to the normally sealed 
fortified milk and the vacuum-sealed fortified milk showed a greater loss 
than the normally sealed unfortified milk. Thus, i t  appears that the oxida- 
tion of reduced ascorbic acid in evaporated milk is not a quantitative reac- 
'tion with free oxygen as has been found true with sealed samples of fluid 
milk by Sharp et  al. (4) and No11 and Supplee (5). The results presented 
in the figure and in table 1 show very conclusively that vacuum sealing has 
no effect on the rate of loss after the first two to four months period. 

Sodium I-ascorbate was found to be more satisfactory as a fortifying 
substance for addition to evaporated milk than the acid form of the vitamin 
because it does not destabilize the milk proteins toward heat and create 
sterilizing difficulties when levels of 100 mg./l. (fluid basis) and above are 
used. This is indicated by the data in table 2. A batch of milli was con- 
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centrated to a point representing the threshold of coagulation at  240' F. 
for 15 minutes. It was then partitioned and fortified with 50, 100, and 
150 mg./l. of ascorbic acid respectively, using the acid form of the vitamin 
and the sodium salt. The cans were sealed and sterilized normally. 

The data reveal that no detectable change in the visible amount of coagu- 
lation occurred when sodium 1-ascorbate was used in evaporated milk as the 
fortifying agent, whereas the ascorbic acid aggravated the coagulation very 

Y 2 0 -  

I 0  

TABLE 2 

2 
I 

I l l  I l l ,  I I I I J I I  

Effect on sterilizing characteristics of eflaporated milk when fortijication is accomplished 
with ascorbic acid and with sodium I-ascorbate . 

4 8 I2 16 20 21  2 8  

MONTHS AT M O M  TEHPEPAlUPE 

FIG. 1. Effect of storage at  robm temperature dh the ascorbic acid content of 
variously treated evaporated milk. 1. Not fortified-normal seal. 2. Not fortified- 
vacuum seal. 3. Fortified (50 mg./l. ascorbic acid)-normal seal. 4. Fortified (50 
mg./l. sodium 1-ascorbate)-normal seal. 5. Fortified (50 mg./l. ascorbic acid)- 
vacuum seal. 6. Fortified (100 mg./l. ascorbic acid)-underfilled-normal seal. 7. 
Fortified (100 mg./l. ascorbic acid)-normal seal. 8. Fortified (100 mg./l. sodium 
I-ascorbate)-normal seal. 9. Fortified (100 mg./l. ascorbic acid)-vacuum seal. 

* Milk was concentrated to 19.92 per cent solids not fat. 
t Titration indicated the sodium salt to contain 88.4 per cent ascorbic acid, the 

amount used therefore was 1.131 times the amount of the acid. 

Treatment of milk 

Control* ............................................................ 
50 mg./l. ascorbic acid ....................... 

100 mg./l. ascorbic acid ........................ 
...................... 150 mg./l. ascorbic acid 

50 mg./l. sodium 1-ascorbate ......... 
100 mg./l. sodium 1-ascorbate ......... 
150 mg./l. sodium 1-ascorbate ......... 

Ascorbic acid (fluid basis) 

Before 
sterilization 

mg./l. 
11.9 
58.8 

109.0 
156.9 
58.5t 

109.3 
157.9 

Degree, of 

sterilization 

mg. /l. 
9.8 

53.2 
99.2 

144.5 
53.6 

102.0 
143.0 

f 
t 
+I- 
Ut 
t 
2 
? 

6.19 
6.19 
6.18 
6.18 
6.19 
6.19 
6.20 
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definitely as the concentration of the vitamin was increased. Variations in 
p H  of the milk as a result of the vitamin additions were hardly in excess of 
the sensitivity of the instrument used (Beckman p H  meter). Table 2 shows 
no significant differences in the effect of the sterilizing treatment on the vita- 
min, whether ascorbic acid or its sodium salt was employed for fortification 
and the curves in the figure indicate that the storage losses follow an  iden- 
tical trend with the previously studied batches of milk. . 

FINAL CONCLUSIONS 

Evaporated milk is a highly suitable medium for fortification with ascor- 
bic acid (vitamin C) inasmuch as the losses during storage are small and 
predictable. 

The disappearance of ascorbic acid in evaporated milk after the first two 
to four months of storage is uniform and proportional to the amounts pres- 
ent. 

Oxidation of ascorbic acid in evaporated milk is not a quantitative reac- 
tion with the free oxygen present as is apparently the case with sealed sam- 
ples of fluid milk. 

The sodium salt of ascorbic acid is a more satisfactory form of the vita- 
min to use for fortifying evaporated milk inasmuch as i t  does not effect the 
stability of the porteins toward sterilization and in all other respects behaves 
identically with the acid. 
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BOOK REVIEWS 

294, The Bacterial Cell: in its relation to problems of virulence, immunity 
and chemotherapy. RENE J. DUBOS. With an Addendum by 
C. F. ROBINOW. Harvard University Press, Cambridge, i-xix, 
460 pp. 1945. 

Dr. Dubos' presentation of the bacterial cell is an extremely interesting 
one. He gives briefly and matter-of-factly the physical structures, based 
on judicious ehoice from the early literature and the latest electron microgra- 
phy. One is impressed with the considerable literature on the subject within 
the last 5 years; i t  is a field many of us take as little developed. The dis- 
cussion of staining is particularly good, as it relates to the physicochemical 
basis of staining reactions. Much emphasis is given to the Gram stain, in 
anticipation of later reference to the serological and other biochemical dif- 
ferences between the Gram positive and Gram negative bacteria. 

The remainder of the book deals with the physiological significance of 
cellular structures. Analyses by enzymatic and im~unological and bac- 
teriophage methods are cited and interpreted in terms of what they reveal 
about surface and internal reactive groupings within the protoplasm. In- 
evitably there must follow a chapter on bacterial variability, for loss of 
flagella, loss of capsules, loss of specific antigens come up for discussion. 
The opinions expressed on nontransmissible and transmissibli? modifications 
and the possible mechanism of hereditary variaiton are cautious indeed. 
"In the absence of some process of fusion and segregation, it is difficult to 
account at  the present time for the observed phenomena of bacterial varia- 
tion . . ." (p. 175). And yet there follows a critique of the claims of life 
cycles and transformation of pneumococcal types, ending with the cryptic 
remark: "If the transformation thus induced is described as a genetic muta- 
tion, it offers an authentic case of specific mutation brought about by a 
specific treatment, a feat which geneticists have vainly tried to accomplish 
in higher organisms" (p. 187).  

The last half of the book deals with the vastly important problems of' 
nature of virulence, immunization against bacterial infection, and the vari- 
ous types of mechanisms of bacteriostatic and bactericidal agents. These 
subjects are certainly timely in this day of new and better therapeutic 
agents. The many new workers in the antibiotic and general chemothera- 
peutic field will find the discussion most informative. 

E.M. 
A137 
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295. Disinfection and Sterilization. E. C. MCCULLOCH. Lee and Febiger, 
Philadelphia. Sec. Ed. 1945. 472 pp. Illus. $6.50. 

This book represents 3: thorough revision of the first edition. It in- 
cludes a history of our knowledge of disinfection and sterilization, and the 
part played by natural agencies and the defensive mechanisms of the body. 
The effects of the better known physical and chemical agents together with 
factors affecting their activity are discussed thoroughly. A chapter on the . 
dynamics of disinfection presents a theoretical discussion as well as a report 
on factors affecting disinfection in general. Methods of water purification, 
sewage treatment and air disinfection are discussed also. 

The final chapter on factors to consider in selecting a disinfectant for 
various specific purposes should be quite valuable for the research and prac- 
tical worker alike. 

Of special interest to dairy workers are the chapters on heat, including 
pasteurization and hea'ting for sanitizing of food equipment, and the discus- 
sion on factors affecting activity of chlorine compounds. The sections on 
antibiotics and cationic germicides unfortunately do not contain much of 
the information that has appeared within the last few years. The section 
on methods of air purification is not complete. 

This book should be valuable to teachers and research workers in bac- 
teriology and related fields. It is the only available publication that com- 
bines in one volume the various phases of disinfection and sterilization. 
For the reader benefit numerous references are given to original publi- 
cations. P.R.E. 

296. ~ i c r o b e s  of Merit. OTTO RAHN. The Jaques Cattell Press, Lancas- 
ter, Pennsylvania. 1945. 277 pages, illustrated. $4.00. 

In  this unusual book the author successfully explains the nature of bac- 
teria in terms understandable to the layman and emphasizes the seldom 
recognized fact that harmful bacteria comprise only a small fraction of the 
total microbic population on this earth. The reader will be profoundly im- 
pressed by numerous interesting descriptions of the multitude of useful 
activities performed by microorganisms. 

The author has enlivened his descriptions with numerous excellent 
sketches, illustrations, and photographs. A rare sense of humor through- 
out adds immeasurably to the discussion. This book should be of interest 
not only to the layman but also to the scientist, whether he be bacteriologist 
or otherwise. It should be of value to dairy farmers, plant operators and 
laboratory workers alike because of its splendid descriptions and remarkable 
analogies and comparisons employed in telling what bacteria are, how they 
live and how they affect man's activities. Its approach is of necessity some- 
what elementary. Nevertheless, it is one of the most entertaining and also 
valuable books ever published in the field of microbiology. P.R.E. 
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BACTERIOLOGY 
297. Sterilization of Micro-organisms. OTTO RAHN, Prof. of Bacteriol- 

ogy, Cornell University. Milk Plant Monthiy, 34(12) : 24-26, 46, 
52. 1945. 

Bacteria may be sterilized by physical methods-by the application of 
heat or light and by chemical methods-by adding disinfectants. The 
higher temperatures and stronger disinfectants must be used. Heat, dry- 
ing, freezing, pressure and supersonic waves all have been utilized in de- 
stroying bacteria, heat being the best method available to dairymen. Ultra 
violet light not only kills vegetative cells but spores as well. Of the hun- 
dreds of different disinfectants on the market only very few are used in the 
dairy industry. Any disinfectant must be rejected if it is (a) strongly 
tasting or smelling, eliminates phenol, cresol, lysol, thymol, formaldehyde, 
etc., (b) colored, (c) very toxic to man, (d) corrodes the metals, and (e) 
very expensive. Chemical disinfectants used in the dairy industry are 
alkalies, chlorine, weak acids and synthetic detergents. High alkalinity may 
have excellent sterilizing properties, but possess a tendency to corrode tin 
and produce milk stone. Chlorine is very effective in water or on clean 

.equipment. Its efficiency depends largly upon the degree of cleanliness 
accomplished before the chlorine is applied. Acid detergents show promis- 
ing results under proper conditions of use. The non-synthetic wetting 
agents with decreased surface tension vary in their disinfectant properties 
depending to some extent on the pH of the solution used. The author 
believes that the chemical sterilization of dairy equipment is more promis- 
ing than physical methods. However, the ideal disinfectant, one which can 
be used for all purposes and applied under all circumstances, has not as 
yet been found. More data on two new promising methods-the use of 
weak acids and synthetic detergents-should be obtained. G.M.T. 

BUTTER 
298. Many Factors Affect the Total Loss of Fat in Buttermilk. L. C. 

THOMSEN. Canad. Dairy and Ice Cream Jour., 23: 8. Aug., 1944. 
The factors affecting the fa t  loss in buttermilk are: (1) the amount of 

dilution of the cream or buttermilk with rinse water in the plant; (2) the 
richness of the cream ; (3) the handling of the cream prior to churning ; (4) 
pasteurizing methods; (5) the condition of the cream before and during 
pasteurizing; (6) the fullness of the churn ; (7 )  the churning temperature 
and the temperature the cream was held prior to churning; (8) season of 
the year, feed of the cows, breed of the cows and period of lactation ; (9) the 
churn may be of minor importance. The four tests used in testing butter- 
milk are : (a) the Mojonnier or ether extract ; (b) the American Association ; 
(c) the Minnesota; (d) the "regular" Babcock. H.P. 
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299. Standardizing the pH of Butter with Carbonate Neutralizers. W. L. 
DUNKLEY AND F. W. WOOD. Canad. Dairy and Ice Cream Jour., 
24: 9. Sept., 1945. 

I t  is recommended that: (1) The neutralizing process be carried out 
accurately and consistently; (2) the reduction in acidity be calculated to 
such a value that the pH of the butter serum will be approximately 7.0; 
(3) the of the butter should be checked from time to time; (4) the p H  
of the butter serum be within the range 6.7 to 7.2 for best flavor and 
keeping quality. H.P. 

300. The Flavor of Butter When Manufactured from Rancid Cream. W. 
L. DUNKLEY AND F. W. WOOD. Canad. Dairy and Ice Cream Jour., 
24: 7. July, 1945. 

The authors believe that it is mainly the capric and lauric acids and not 
butyric, caproic and caprylic acids that are responsible for the bitter taste 
of rancid products. Neutralizing rancid cream for acidity will improve the 

. quality of the butter, but cream should be neutralized to a titratable acidity 
of 0.12 or less. Other foreign flavors tend to become more evident in the 
butter when neutralized to a low acidity. H.P. 

301. The Effect of Rusty Cream Cans Upon the Quality of Butter. F. W: 
HAMILTON. Canad. Dairy and Ice Cream Jour., 24: 6. June, 1945. 

Cream exposed to iron is a factor influencing the development of metallic 
and other off flavors in butter. With an increase of the iron surface ex- 
posed to the cream, the quality of the butter progressively depreciates. A 
slight increase in acidity was found in cream stored in rusty cans. Cream 
stored in cans that are rusty and exposes the iron in the cans is definitely 
deteriorated in proportion to the amount of iron exposed. 

, 
H.P. 

302. Bacteriology in Relation to Reworking and Printing Butter. E. G. 
GOOD. Canad. Dairy and Ice Cream'Jour., 24: 3. March, 1945. 

All equipment used in reworking and printing butter should be thor- 
oughly clean and sterile. Reworking (1) disturbs the structure of butter,; 
(2) allows closer contact between microorganisms and food supply; and 
(3) stimulates or speeds up bacterial growth which may result in defects 
of a bacteriological nature. Reworking causes an enlargement of the water 
droplets in the butter, giving bacteria a better chance to develop. H.P. 

303. Some Factors Affecting the Flavor ~ u a l i t ~  of Butter. A. H. WHITE. 
Canad. Dairy and Ice Cream Jour., 23: 7. July, 1944. 

The desirable characteristics of butter are good flavor, firm body, waxy 
texture, proper incorporation of moisture, even color and salting. The fac- 
tors affecting flavor quality are: (1) cream quality; (2) enzyme action; 
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(3) the effect of bacterial activity ; (4) chemical changes especially oxidation. 
The important factors involved in oxidation changes in the butterfat are 
as follows : (1) excessive acidity in the butter ; (2) metallic contamination 
of heavy metals such as copper and iron; (3) exposure to light; and (4) 
temperature of storage. The surface deterioration of 45 commercial butters 
has been determined. The total bacteria counts by the plate method ranged 
from less than 5,000 to over 2,000,000 per c.c. for both the surface and in- 
terior of the butter samples. In  general, the bacteria counts were higher 
on the surface than in the interior of the same sample. There seemed to be 
close correlation between bacterial numbers and the particular defect 
appearing on the butter surface, or with the original score of the butter. 
The copper content of butters which had developed surface defects ranged 
from .07 to 0.8 p.p.m., while for the butters which had maintained flavor 
during storage the copper contents varied from 0.09 to 0.16 p.p.m. Iron 
may also be an important factor in the development of f a t  oxidation defects. 
Butters that were degraded for surface defects, the pH values ranged from 
5.56 to 7.56, while the pH values of the butters maintaining quality during 
storage were 5.94 to 7.66. The acidity of cream in relation to butter quality 
is becoming increasingly evident. Neutralization of cream is one of the 
most important operations in the creamery. Metallic contamination from 
bare copper equipment and exposure of butter to light are sources of trouble. 

H.P. 

304. Treatment of Liners as Related to Shrinkage of Butter in Fibre 
. Boxes. R. W. BROWN AND T. L. FORSTER. Canad. Dairy and 

Ice Cream Jour., 23: 10. Oct., 1944. 

In  a comparison of dry, 12% brine, and saturated brine treatment of 
liners for fibre butter boxes it was found that 12% brine solution allowed 
the least shrinkage, while dry liners permitted the largest shrinkage. 

H.P. 

305. Testing for Yeasts and Molds in Butter Encourages Sanitation. A. 
G. LEQQATT. Canad. Dairy and Ice Cream Jour., 24: 1. Feb., 1945. 

The presence of yeasts'and molds in butter indicates a need for improve- 
ment in sanitary conditions. Yeasts and molds must enter the butter after 
pasteurization from imperfectly cleaned equipment. H.P. 

306. Overrun and Moisture Control in Canadian Creamery Butter. G. E. 
TURNER AND V. E. GRAHAM. Canad. Dairy and Ice Cream Jour., 
24: 8. Bug., 1945. 

The most important sources of the losses which tend to reduce factory 
overrun are: (1) inaccurate weighing; (2) inaccurate testing; (3)  fat  used 
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in sampling and setting ; (4) incomplete drainage of cans ; (5) leaks in pipe 
lines, valves, churns, etc. ; (6) accidental spilling ; (7) fat  losses in butter- 
milk; (8) remnants of butter left in the churn; (9) butter soiled in packing; 
(10) shrinkage allowance. Churn overrun may be reduced by lack of atten- 
tion to some of the points listed above, especially 5, 6, 7 and 8. To secure 
proper moisture and salt content of the finished butter five requirements 
must be met; (1) a churn that will produce butter of uniform composition 
throughout; (2) the buttermaker must know exactly how much fat  there 
is in each churning; (3) accurate moisture tests; (4) the physical condition 
of the butter must be such that it can be worked to the desired extent with- 
out harm to its texture; (5) an accurate method of determining the amount 
of water to add. The amount of salt added to butter depends upon (1) 
percentage of salt desired; (2) the texture of the butter Only 0.1 percent 
of the salt added is normally lost during the working process. Tables are 
given that (1) estimate the amount of salt to add to butter and (2) estimate 
the water to add to butter. R.P. 

307. Control of Leakiness in Butter Gives More Profitable Returns. G. 
H. WESTER. canad. Dairy and Ice Cream Jonr., 23: 9. Sept., 
1944. 

Control of leakiness in butter is essential for the following reasons: (1) 
economic loss either to the creamery or to the buyer and distributor on 
account of short weight; (2) i t  is necessary to compensate for loss in weight 
of the printed leaky butter by printing overweight units; (2) with dry 
wraps, leaky butter causes an unsightly wrinkled appearance of the parch 
ment ; (4) leakiness favors the growth of molds and bacteria ; (5) restaurant 
operators and housewives object to leaky butter because they think the but- 
ter contains an excessive amount of moisture; (6) when leaky butter is ex- 
posed to air, evaporation of the moisture takes place, leaving white salt 
crystals; (7) the butter has a briny, harsh taste; (8) when leaky butter is 
spread on bread or toast, brine may spurt out to the surprise and irritation 
of the customer. Butter for printing should have a waxy body-not too 
hard and possess a well knit texture. Moisture must be thoroughly incor- 
porated to lower shrinkage in weight. H.P. 

308. New Concept About Butter Revealed by Research. W. R. BLOOR, 
Univ. of Rochester, Rochester, New Pork. Certified Milk, 20, No. 
234: 5. Oct., 1945. 

Feeding studies with rats have shown that the fatty acids of butterfat, 
which have special growth promoting values, are found in the liquid or 
unsaturated fractions. Weight gains similar to those induced by whole 
butterfat were observed where the liquid fatty acids were fed. The fatty 
acids of the volatile group were considerably less effective than the liquid 
acids in promoting growth. The relationship between body growth and 
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the vitamin A content of the liver was also observed. The animals which 
had received the liquid fatty acids grew best and stored about twice as much 
vitamin A in their livers as did the animals which had received the solid 
fatty acids. Those animals which had been fed the volatile acid not only 
made the poorest growth, but also stored the least amount of vitamin A. 
This preliminary research report indicates definitely that the chemical com- 
position of a food fa t  helps to determine the nutritive efficiency of other 
foods. I t  is highly probable, therefore, that some fats are more efficient 
than others in so far .as their influence on utilization of the carotene of a 
mixed diet is concerned. W.S.M. 

309. Estimation of Salt in Butter and New Cheese by a Mercurimetric 
Method. DR. W. S. ARBUCKLE, Texas Agr. Expt. Station, College 
Station. Natl. Butter and Cheese Jour., 37, No. 5 : 41. May, 1946. 

The reagents used are: (a) 0.1711 N mercuric nitrate solution which 
contains 40 ml. of '2 N nitric acid,per liter ; (b) s-Diphenylcarbazone (East- 
man 4459) indicator made with 100 mg. in 100 ml. of neutral ethyl alcohol 
(keep cold and in dark) ; and (c) 0.1 N sodium chloride to standardize the 
mercuric nitrate solution. 

To estimate salt in butter, use the residue of the 10 gm. sample of butter 
remaining after moisture and fa t  determination by the Kohman method. 
Rinse the dry residue into a 250 ml. volumetric flask with three separate 30 
ml. portions of distilled water. Cool rinsings and dilute to 250 ml. Pipet 
25 ml. into 125 ml. Erlenmeyer flask. Add 0.6 ml. of indicator; titrate 
slowly with mercuric nitrate until one drop gives a pale violet. The mls. of 
0.1711 N mercuric nitrate solution equal the percentage of salt. 

To estimate salt in new cheese and cottage cheese, prepare sample by 
grinding it to a homogeneous consistency. Weigh 10 gm. into 400 ml. 
beaker. Add 250 ml. distilled water and heat to 150'-160' F. Mix thor- 
oughly and cool to room temperature. Remove a 25 ml. portion of the clear 
solution, place i t  in a 125 ml. Erlenmeyer flask and titrate as for butter. 
The mls. of 0.1711 N mercuric nitrate used equal the percentage of salt in 
the sample. 

This method is delicate, gives accurate results and has a sharp, perma- 
nent end point as compared to titration with silver nitrate and potassium 
chromate as  indicator. The method is not adaptable to procedures requir- 
ing digestion of the sample. W.V.P. 

BREEDING 

310. Fertility and "Pregnancy Percentage." (Translated title) BEROE, 8. 
NORDISK Jordbrugsforskning, pp. 214-224. 1942. 

A discussion of various bases for computing conception rates; i.e. per 
year, per animalbred, per service, per fertile female, etc. The data were 
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from the herd of the Norwegian Agricultural College. They include 869 
cows mated a total of 6458 times. The cows were born in the years from 
1885 to 1937. Therefore the possibility of some time trends in management 
and other conditions is present. In  the whole period the percentages of 
cows remaining not pregnant after various numbers of services were : 38.3 
after one service; 20.3 after two services; 13.7 after three services; and 10.7 
after four services. Corresponding percentages for cows born in 1931 to 
1937 when the health conditions were better, were 29.4%, 12.176, 7.9%, and 
5.7%. There was little difference between cows and. heifers. It is recom- 
mended that cows be mated four times before they are considered barren, 
unless they also show other symptoms of barrenness. The repeatability of 
conception rates a t  different calvings of the same cow was .22 k .05. This is 
interpreted as measuring the importance of genetic differences between cows 
in causing differences in their conception rates but i t  may have included 
something from time trends in environmental conditions., J.L.L. 

CHEESE 

311. Should Cheese be Priced on a Solids and Butterfat Basis? ARTHUR 
B. EREKSON, Lakeshire-Marty Co., Plymouth, Wis. Natl. Butter 
and Cheese Jour., 37, No. 7: 41. July, 1946. 

Wisconsin cheese manufacturers claim they cannot compete with manu- 
facturers in states where standardization of milk for cheese is permitted. 
Three methods are described for calculating the value of cheese with more 
than the minimum fat content: (1) The value of the extra fat  in a pound 
of high-fat cheese is determined by multiplying the amount of fat  by the 
value of a pound of fat  in cream. From this amount is deducted the value 
of the decreased amount of solids-not-fat in the high-fat cheese. The dif- 
ference represents the extra value of the high-fat cheese and it is added 
to the market price for cheese with legal minimum fat  and maximum mois- 
ture. (2) The amount and value of legal-minimum-fat-cheese in a pound 
of high-fat cheese is calculated. To this amount is added the value of the 
extra fat. (3) The dxerence in price between a pound of cheese solids 
and a pound of fa t  in cream is calculated. The amount of the extra fa t  
multiplied by this difference determines the extra value to be added to the 
market price of cheese with the legal minimum of fa t  and mafimum mois- 
ture. Three tables are given to illustrate methods of calculation and results. 

I n  Wisconsin, where the amounts of extra fa t  in cheese are not as great 
as in some other areas, the gains accruing from pricing cheese on a fat-and- 
solids basis might not be great enough to offset the costs of analyses and 
computations; gains from standardizing would not be appreciable. But 
problems of merchandising might make it very difficult to pass on to the 
consumer the increase in price representing the extra value of high-fat 
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cheese. These facts must be carefully considered before decisions are 
reached. W.V.P. 

312. Should Cheese be Priced on a Solids and Butterfat Basis? W. V. 
PRICE, University of Wisconsin, Madison. Natl. Butter and Cheese 
Jour., 37, No. 7: 40. July, 1946. 

Cheese made from whole milk contains more than the legal minimum 
amount of fat. Such high-fat cheese might be paid for on the basis of its fat  
and solids-not-fat content when standardization of the milk is not permitted 
or is not desirable. The law 'commonly requires that the dry matter of 
Cheddar cheese be half fat  and half solids-not-fat. Any fat  in excess of 
this "5050" dry matter is extra; it should be paid for according to its 
market value in butter or in other competitive outlets. The value of "50- 
50" dry matter is the price per pound of cheese divided by 0.61 (the weight 
of dry matter in a pound of cheese with minimum dry matter content). 
The value of the extra fat  per pound of cheese plus the value of the "50-50" 
solids in a pound of cheese gives the value of the cheese. Tables and a 
scheme of calculations are given to simplify these calculations. 

The consumer, who probably cannot tell the difference between cheeses 
made from whole- or standardized-milk, probably would not pay a premium 
for the extra fat  in whole milk cheese. Manufacturers of process cheese 
need high-fat cheese in order to produce a fbished product with 50% fat in 
the dry matter. It is reasonable for cheese manufacturers to expect a 
greater return for cheese with extra fat if they are not permitted to make 
the most efficient use of the milk fat  by standardization. W.V.P. 

313. The Value of Whey as a Food for Livestock. W. V. PRICE, G. 
BOHSTEDT, AND I. W. RWEL. Canad. Dairy and Ice Cream Jour., 
24: 9. Sept., 1945. 

Whey contains 6 4 %  dry matter that is of high nutritional value. The 
whey proteins are of the highest quality and the most easily digested. The 
milk sugar is a carbohydrate ahd has nlitritive values that other sugars lack. 
The minerals of whey are easily assimilated. The vitamines A, B, B2, C, 
found in whey are important in good nutrition. Whey makes a good feed 
for livestock like pigs and calves. Whey can be used as a substitute for 
mineral acid or molasses in making grass silage. H.P. 

314. Manufacturing Cheddar Cheese From Pasteurized Milk. G. H. 
WILSTER. Canad. Dairy and Ice Cream Jour., 23: 10. Oct., 1944. 

Many states have adopted and other states are considering adopting com- 
pulsary pasteurization of cheese-milk as a health safeguard. The advan- 
tages of pasteurization for cheese are: (1) pathogenic bacteria, if present, 
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are destroyed by pasteurization ; (2) gas-producing bacteria and other unde- 
sirable bacteria are either destroyed or greatly reduced in number ; (3) there 
is easier control of the manufacturing procedure; (4) the cured cheese is 
generally of better flavor; (5) the cheese is uniform from day to day; (6) 
the cheese can be ripened a t  a higher temperature ; (7) the yield is increased ; 
(8) better quality reduces financial loss in storage; (9) more premium grade 
cheese is made scoring 92 to 93. 

The objections to pasteurization are: (1) the cost of manufacture is 
increased 0.2 to 0.3 cents a pound of cheese; (2) pasteurized milk cheese 
ripens slower so it must be held longer; (3) the sharp flavor does not 
develop. H.P. 

315. Considerations Governing Cooking Temperatures for Cheddar 
Cheese. W. H. SPROULE. Canad. Dairy and Ice Cream Jour., 
24: 1. Jan., 1945. 

The cooking temperature of cheddar cheese is governed by: (1) rate a t  
which starter is used; (2) length of milk ripening time; (3) fineness of cut- 
ting; (4) method of applying heat; (5)  length of time curds are in the 
whey; (6) amount of agitation; (7) running acidity; (8) amount of stir- 
ring given the curd; (9)  rate at  which salt is applied; and (10) tempera- 
ture of storage during early ripening. . H.P. 

316. Determination of Extraneous Matter in Cheddar Cheese. E. G. 
HOOD AND W. H. SPROULE. Canad. Dairy and Ice Cream Jour., 
23: 6. June, 1944. 

The reagent used in the test is a 10 per cent solution of sodium citrate, 
filtered, made by adding 10?l grams of citrate to 900 ml. of distilled water. 
The determination is as follows: (1) weigh 227 grams (8 oz.) of cheddar 
cheese curd into a clean Maring Blendor jar and add approximately 500 ml. 
of 10 per cent sodium citrate solution a t  a temperature of 45' C. Disinte- 
grate the mixture until homogenous consistency is obtained (30 sec. or 
more). Transfer contents to a 2 litre whit-e enamel measuring graduate 
used for heating and agitating the sample. Rinse the Blendor jar twice 
with additional 250 ml. and 100 ml. portions of citrate and add to the cheese 
citrate mixture ; (2) place measuring graduate on hot plate, immerse stirrer, 
agitate and Beat to 65' to 70' C. and continue stirring after moisture is up 
to temperature; (3) remove and wash off stirrer with hot distilled water 
catching the rinsing in the measuring graduate; (4) apply suction and 
transfer the mixture to the metal filter funnel; (5) wash out measuring 
graduate with several rinsings of hot distilled water and add to funnel; 
(6) wash down a t e r  funnel when empty; (7) remove disc and heat dry in 
a 37' C. incubator ; (8) mount discs with cellophane covering on individual 
cards and grade clean, fairly clean, dirty or very dirty. H.P. 
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317. The pH of Cheese and Its Relation to Quality. 0. R. IRVINE. Canad. 
Dairy and Ice Cream Jour., 23: 7. July, 1944. 

The expression of acidity in terms of pH is used more and more in the 
cheddar cheese industry. Compact, easily operated instruments have been 
designed that give reliable results anywhere. Its relation to acidity in a 
batch of cheddar from the time the starter isadded until the curd is salted 
shows close correlation. The discussion is presented to acquaint cheese- 
makers with a method which is a t  present finding wide application in food 
research work and it is at  present not advocated that pH determinations be 
used in place of titratable acidity values as a guide in cheesemaking. H.P. 

318. The Occurrence and Survival of Brucella Abortus in Cheddar and 
Limburger Cheese. A. C. DAHLBERG, Cornell University, Ithaca, 
N. Y. Natl. Butter & Cheese Jour., 37, No. 5 : 43. June, 1946. 

See H. L. Gilman, A. C. Dahlberg and J. C. Marquardt. T h e  Occurrence 
alzd Xurvival o f  Brucella Abortus in Cheddar and Limburger Cheese, 
JOURNAL OF DAIRY SCIENCE 29, No. 2 : 71. February, 1946. W.V.P. 

319. Cheese as  the Cause of Epidemics. F. W. FBIAN, Dept. of Bac- 
teriology and Public Health, Michigan State College, East Lansing, 
Michigan. Jour. Milk Technol., 9, No. 3, 129-143. MayJune, 
1946. 

Many cheese borne epidemics of disease have been reported. Eberthella 
typhosa, certain species of the Salmonella group and Brucella meletensis 
'constitute the main group of organisms associated with many of the epi- 
demics. Clostridium botuli?zum has been reported in a few instances. No 
'cases of undulant fever caused by Brucella abortus or septic sore throat 
streptococci have been contracted as the result of eating cheese, although 
the raw milk may contain these organisms prior to the cheese making. 

The survival of pathogenic bacteria in cheese varies over a wide period 
of time. In  view of the experimental evidence, it would. appear that the 60 
day holding period is too short a time. It was suggested that a 90 day hold- 
ing period should be the minimum time required to give the cheese an op- 
portunity to ripen and thus destroy or attenuate the pathogenic bacteria 
that may be present. Pasteurization of the milk for cheese making was 
recommended. It was assumed that pathogenic bacteria in the cheese would 
die off more rapidly if the cheese was ripened a t  60' F. instead of 40" F. 
or lower and thereby shorten the ripening period. 

A combination of pasteurization and a 90 day holding period would be 
desirable and would produce a safe as well as a mature cheese. H.H.W. 
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CHERIISTRY 

320. Chemistry of Butterfat Shows Many Practical Applications. W. J. 
WILEY. Canad. Dairy and Ice Cream Jour., 23: 6. June, 1944. 

Composed of soft and harder fats, butterfat requires special treatment 
according to the percentage of fats contained, and in summer with the 
extra percentage of softer fats', shock chilling of cream after pasteurization 
gives a better quality in texture and flavor to the finished butter. Fast cool- 
ing causes the absorption of the soft fats by the harder ones. Tropical 
spread is made by rapidly cooling molten fat  to a temperature at least 20' F. 
below its softening point and immediately tinned. Formation of the mass 
of tiny crystals is sufficiently delayed to enable it to flow into the tins where 
it sets to a smooth spreadable solid. In order for a spread to be used as a 
substitute for butter: (1) it should look and taste as much like butter as 
possible and should possess the nutritive value of butter ; (2) it should retain 
normal firmness and spreadability at  higher temperatu~es ; (3) it should not 
be subject to rapid flavor deterioration a t  high temperatures. H.P. 

CONCENTRATED AND DRY MILK: BY-PRODUCTS 

321. Antioxidants in the Manufacture and Storage of Dry Whole Mil$. 
S. T. COULTER. Canad. Dairy and Ice Cream Jour., 23: 10. Oct., 
1944. 

The effectiveness of various antioxidants in dry whole milk based on the 
published experimental work are as follows : (1) two per cent oat flour delays 
onset of tallowiness; (2) hydroqninone in amounts equivalent to 0.01% of , 

the weight of the milk solids is effective; (3) wheat germ oil and wheat germ 
oil plus citric acid are effective; (4) ascorbic acid at  the rate of about 0.1% 
of the weight of the milk solids retards oxidation; (5) gum guaiac and 
nordihydroguaiarctic acid are effective but may cause fruity flavor develop- 
ment. H.P. 

322. Fresh Liquid Buttermilk Valuable in Making Good Bread. R. W. 
BROWN. Canad. Dairy and Ice Cream Jour., 23: 7. July, 1944. 

Experimental work in the laboratory and practical tests by bakers show 
that an excellent quality of bread can be made with the use of liquid butter- 
milk instead of the customary milk powders. H.P. 

323. Dried Milk Powder 11. Factors Affecting the Sorption of Carbon 
Dioxide. JESSE A. PEARCE, Natl. Res. Laboratories, Ottawa. 
Canad. Jour. Res., 23, No. 6:  Sec. P: 327. 1945. 

Sorption of carbon dioxide by fresh, spray-dried powder in  a closed 
system at 35' C. and at  approximately 74 cm. of mercury was observed to  
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be greater than 0.4 c.c. per gram after 150 hours while only 0.012 c.c. of 
nitrogen was absorbed per gram after 70 hours. A straight line relation- 
ship between the logarithm of the amount of gas absorbed and the logarithm 
of time was demonstrated. Sorption curves for whole milk powder were 
higher than for skim powders. Great variation was observed in the sorption 
behaviour of powders from different plants and in powders produced a t  
different plants and in powders produced at different times in the same 
plant. Temperature differences within the range of 25" to 40' C. had no 
effect on sorption. Palatability and the gas absorbing properties of a 
powder were shown to be correlated. (From author's abstract.) O.R.I. 

324. Dried Milk Powder 111. The Effect of Light on Keeping Quality. 
JESSE A. PEARCE AND W. A. BRYCE, Natl. Res. Laboratories, Ottawa. 
Canad. Jour. Res., 23, No. 6 : See. F: 334. 1945. 

Exposure of both whole and skim milk to sunlight caused more rapid 
deterioration in quality than occurred in the dark. Ultraviolet with a prin- 
cipal wave-length of 3800B accelerated the deterioration in whole milk 
powder stored at  38' C. but had no significant effect on skim milk powders ; 
the effect of this light was less pronounced than that produced by sunlight. 

.Storage of samples a t  38' C. under different light intensities (produced by 
incandescent lamp) indicated that the difference between ultraviolet and sun- 
light were the result of the difference of total energy of light falling upon 
the sample, rather than the difference of wave-length of the activating light. 
(From author's abstract.) O.R.I. 

325. Dried Milk Powder IV. The Effect of Storage Temperature, Mois- 
ture Content and Plant Source on the Keeping Quality of Milk 
Powders of Different Fat Levels. W. A. BRYCE AND J. A. 
PEARCB, Natl. Res. Laboratories, Ottawa. Canad. Jour. Res., 24, 
No. 1 : Sec. F : 61. 1946. 

Milk powders with fat  contents of 1, 26, 28, and 30 per cent from two 
plants were tempered to moisture contents of 2, 3, and 5 per cent and stored 
for periods up to 16 weeks at  temperatures of from 40' to 140° F. Palat- 
ability deteriorated in the whole milk powders stored at  60' F. or higher, 
although the product from two plants varied somewhat. Palatability of 
skim-milk powders increased greatly during the early part of storage but 
later decreased when held at  higher temperatures. In general a moisture 
content of 3 per cent was preferable for both whole and skim-milk powders. 
(From authors' abstract.) O.R.I. 

326. Dried Milk Powder V. The Photolysis d Riboflavin in Milk Pow- 
der. W. A. BRYCE, Nat. Res. Laboratories, Ottawa, Canada. 
Canad. Jour. Res., 24; No. 2 : Sec. F : 123. 1946. 

Exposure of milk powders to sunlight resulted in a much greater destmc- 
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tion of riboflavin than did exposure to ultraviolet light in the range 3200- 
4200A. ' The rate of photolysis was greater for skim-milk powders than for 
whole milk powders. Increased intensities of visible light accelerated ribo- 
flavin destruction. In  the spectral region of 4200 to 56008 the band caus- 
ing the greatest destruction in liquid skim milk had a principal wave-length 
of 44508, which corresponded to a maximum in the absorption spectrum 
of riboflavin. The rate of photolysis of riboflavin was a function of both 
wave-length and intensity of impinging energy. (From author's abstract.) 

O.R.I. 

327. The Effect of Wheat Germ Oil Antioxidants and Natural Reducing 
Substances on the Stability of Whole Milk Powder. R. A. 
CHAPMAN AND W. D. MCFARLANE, Macdonald College, Quebec. 
Canad. Jour. Res., 24, No. 1 : Sec. F : 47. 1946. 

Storage trials have been conducted on a large number of roller and spray 
dried whole milk powders. Accelerated tests at  65' C. were found to give 
an accurate indication of the relative keeping qualities where the latter were 
assessed by a peroxide test. Wheat germ oil antioxidants were found effec- 
tive in inhibiting deterioration due to copper. Reducing substances that 
develop in milk powders during storage in moist atmosphere or at  elevated. 
temperatures are strong antioxidants and may offset the effect of added anti- 
oxidants. The riboflavin content of several powders with a high concentra- 
tion of reducing groups decreased appreciably during storage. (From . 
author's abstract.) O.R.I. 

328. The Keeping Quality of Dehydrated Mixtures of Egg and Milk. 
JESSE A. PEARCE, Natl. Res. Laboratories, Ottawa. Canad. Jour. 
Res., 24, No. 1 : Sec. F : 70. 1946. 

The storage life of a dehydrated mixture of egg and milk, when assessed 
by both palatability and fluorescence measurements, was shorter than the 
life of milk powder of similar protein, fat  and carbohydrate content. In- 
creased quantities of egg in the mixture decreased the quality of the mixture 
both initially and after 16 weeks storage. Those effects were noticeable at 
all temperatures between 40" and 140" F. but most marked above 80' F. 
After 16 weeks at  80' F., material packed under carbon dioxide usually had 
better palatability than air-packed products. The effect of added sugar 
was most noticeable at  120' and 140° I?. Lactose had a slightly beneficial 
effect; 'sucrose was more effective. (From author's abstract.) O.R.I. 

329. Control of Composition and Quality of Condensed Milk. DR. 0. F. 
HUNZIKER, La Grange, Ill. Natl. Butter and Cheese Jour., 37, No. 
6 : 92. June, 1946. 

Control of composition depends in part on concentration of the batch. 
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This can be best accomplished in practice by using the Baume scale. 
Formulas necessary for general practice are : 

: (1) Specific gravity 
of sweetened condensed = 

100 
% Fat  % SNF + % Sugar % Water 

-I-- + Sp. Gr. Sp. Gr. Sp. Gr. Sp. Gr. 
145 

(2) Degrees Baume a t  60' F. = 145 - - 
Sp. Gr. 

I n  equation (1) Sp. Gr. is the specific gravity of the constituent in that frac- 
% Fat  

tion. Thus :- equals - 
Sp. Gr. 

% Fat The specific gravity of SNF is variable 
0.93 ' 

but approximates 1.608; that of sugar is 1.589; and that of water is taken 
as 1. I n  equation (2) Sp. Gr. stands for specific gravity of the finished 
product. These formulas can be used for either sweetened or unsweetened 
condensed. 

Control of quality requires fresh, clean milk of good flavor, satisfactory 
acidity and methylene blue tests. Stainless steel equipment and vacuum 
pan sanitation are essential. These factors determine the keeping quality 
of frozen or non-frozen unsweetened condensed. Prolonged freazing of con- 
densed milk destabilizes the proteins and the proteins of superheated con- 
densed are the most susceptible. At  0' F., three months of storage does not 
damage plain condensed skim milk but 1 month will affect the superheated 
product. Sweetened condensed commands a good market here and abroad 
and since it is held before use its quality must be carefully controlled. Fore- 
warming all milk to 170' F. for 10 minutes is necessary to prevent rancidity 
and mold buttons. Control of mold buttons depends also upon plant sani- 
tation and storage of the product a t  60' F.  or below. W.V.P. 

DISEASE 

330. Resazurin and Methylene Blue Tests Influenced by Udder Cells. 
S. B. THOMAS AND D. A. B o m .  Canad. Dairy and Ice Cream 
Jour., 23: 7. July, 1944. 

In  order to obtain a "general picture" of the frequency distribution of 
udder cells in market milk, a series of 4,918 bulk herd samples were examined 
regularly, during the course of three years. The results show that the 
majority of samples (45%) had a cellular content varying between 250,000 
and 750,000. Approximately 25% had letq than 250,000 and 8% had a 
count above 19 million. The results show that cellular reducing activity had 
quite a marked effect on the results of the prescribed methylene blue test. 
Eight per cent of the samples having a cellular content of 750,001 to 1,500,- 
000 reduced methylene blue within 53 hours; 25% of the heavily infected 
mastitis and late lactation milk reduced methylene blue within 59 hours ; 
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66% of the very abnormal milk samples (over 3,000,000 cells) were reduced 
within 54 hours. 

No sample of late lactation milk and mastitis milk, of low bacterial con- 
tent and normal in appearance, were reduced below disc 4 on the 10-minute 
resazurin test. A number of samples with high cellular contents were 
reduced to disc 4. Milk heavily infected with mastitis or containing a high 
proportion of end of lactation milk (leucocyte content over 14 million) was 
generally detected by the routine resazurin test; 65% being degraded to 
catgory B and 10% to category C. Twenty-five per cent of these samples 
reduced methylene blue within 5+ hours. H.P. 

331. The Differential Diagnosis of Bovine Brucellosis From the Bac- 
tercidal Action of Blood Plasma. I. FOREST HUDDLESON, EVELYN 
WOOD AND AUDREY CRESSMAN, Michigan State College, East Lan- 
sing, Michigan. Certified Milk, 20, No. 236 : 10. December, 1945. 

In  a comprehensive vitro study of the bactericidai and growth-inhibit- 
ing action of bovine blood plasma for Br. abortus, sufficient differences were 
found in the action of plasma from infected and noninfected cows to dif-. 
ferentiate one from the other regardless of the agglutination titeis. With 
this observation as a basis a growth inhibition test was developed, which is 
described in detail. Thus far, the test has proved to be a highly accurate 
means of identifying both young and adult cows that are infected with Br. 
abortus, and whose agglutination titers range from 1: 25 to 1: 5000. The 
chief advantage of this test is that it can be easily developed into a routine 
laboratory procedure and by its application bring about the retention of 
many cattle that might otherwise be disposed of because of the possibility 
of infecting other animals. W.S.M. 

.' 
332. Recent Developments in the Control of Mastitis. M. G. FINCHER, 

New York State Veterinary College, Ithaca, New York. Milk 
Plant Monthly, 34(12) : 40, 82. 1945. 

In  the control of mastitis two methods are considered, namely, recog- 
nition of infected cows for curing or eliminating them, and practice manage- 
ment which tends to minimize existing infection. While available chemicals 
and antibiotics have proven effective, only by a combination of this control 
procedure with management can best results be obtained. Mastitis control 
based on managed milking and proper housing of cows is preferable to an 
attempt to effect a miraculous cure in cows with badly diseased udders. 

G.M.T. 

FOOD VALUE OF DAIRY PRODUCTS 

333. Butterfat Favors Vitamin-Producing Bacteria in Digestive Tract. 
E. B. HART, University of Wisconsin, Madison, Wisconsin. Cer- 
tified Milk, 21, No. 237: 5. Jan., 1946. 
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Ten different kinds of carbohydrate foods were fed to as many different 
groups of rats. Each of the ten groups was divided-part of them getting 
corn oil as the fatty portion of their ration and the others receiving butter- 
fat. Some rats in each group were fed various levels of vitamin B. I n  
almost all cases the rats getting the butterfat outgained those on corn oil. 
This was especially true of those on the normal vitamin level. Since butter- 
fat  itself contains only a negligible amount of vitamin B, i t  is concluded that 
butterfat in combination with most carbohydrates brings about a condition 
in the digestive tract which encourages growth of those bacteria which help 
produce B growth vitamins. An important possible implication of this 
study is the importance of butterfat in infant feeding. W.S.M. 

MILK 

334. Clarification Lessens Sediment in Homogenized Milk. I. I. PETERS 
AND G. M. TROUT. Canad. Dairy and Ice Cream Jour., 24: 3. 
March, 1945. 

Clean milk clarified and pasteurized before homogenization, removes 
leucocytes and other matter that forms a sediment in the bottled milk. The 
problem of sedimentation is aggravated by every-other-day delivery, longer 
home refrigerator storage and stacking of bottles horizontally during 
storage. Clean low-leucocyte milk may be homogenized, without clarifica- 
tion. Clarification may be done effectively even when the fat  is in a solid 
state. The pasteurization temperature appears to have no significant in- 
fluence on sediment formation. Sedimentation of nonclarified milk is 
enhanced by heat-shocking and agitation. H.P. 

335. Future Operations in the Market Milk Industry. P. H. TRACY, 
Canad. Dairy and Ice Cream Jour., 23: 6. June, 1944. 

The writer gives in detail what we can expect in the future operations 
in the market milk industry. The transition from war to peace will con- 
tinue the demand for fluid milk. Consumer demand will be a t  a high level 
for some time due to depleted supply of many commodities. Efficiency in 
the processing plant will have to be maintained as it will become increas- 
ingly difficult for the inefficient to survive because of the narrow margin of 
profit per unit that will exist. More milk will be sold through stores. Some 
high operating costs are due to : (1) plant arrangement ; (2) obsolete equip- 
ment and methods ; (3) excessive man hours for the amount of milk handled ; 
(4) high fa t  loss ; (5) high glass bottle loss ; ( 6 )  returned milk ; (7) delivery 
expense high ; (8) office expense high; (9)  maintaining too many grades 
of milk and cream; (10) special delivery; (11) not enough attention paid 
to personnel problems. Thirty-one factors for conditions for greater effi- 
ciency are listed. H.P. 
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336. Control of Mold Growth in Composite Milk Samples. J. M. FRAYER. 
Canad. Dairy and Ice Cream Jour., 23: 8. Ang., 1944. 

Mold growth is com&only &st observed on the stopper. I t  may be effec- 
tively controlled by thorough cleaning and scalding the bottles and by soak- 
ing the well-cleaned stoppers overnight in a 50-50 formalin solution between 
each testing period. Rubber stoppers should be used since they withstand 
hard usage and can be sterilized. Adequate sample refrigeration is abso- 
lutely essential (50' F. or less). Covered trays or boxes, perferably of 
metal, easily cleaned, should be provided and thoroughly cleaned and steril- 
ized between testing periods. Sample should be promptly refrigerated, kept 
cool until they are tested and held cool during the specified retest period. 

Mold in composite samples (1) may test too low; and (2) are hard to 
pipette. Mold get into composite sample bottles (1) from the milk, (2) 
from the sampler's hands and clothes; (3) from the sample bottles and 
stoppers; (4) from the sample storage boxes; (5) from the refrigerator 
valls, ceilings and air. H.P. 

337. An Appraisal of Inspection Problems in Sanitation. R. 8. BREED. 
Canad. Dairy and Ice Cream Jonr., 23: 8. Aug., 1944. 

The farm problems are : (1) labor shortages ; (2) dirty stables-; (3) dirty 
cows; (4) poor ventilation and light in cow barns and milk houses; (5) the 
presence and housing of animals other than cows in the co~v barn; (6) dirty 
milking stools; (7) improper milk methods; (8) improper storage of milk- 
ing machine and other utensils; (9) lack of suitable toilet facilities near 
milk house or barn; (10) wash tanks and hot water; (11) unsafe water 
supply; (12) lack of cooling facilities; (13) replacement of damaged or 
defective utensils and other equipment; (14) mastitis; (15) delay in milk 
deliveries; and (16) rewashing of milk cans on the farm. 

The plant problems are: (1) shortage of skilled man-power; (2) in- 
ability to 'get new equipment; (3) inability to get repair parts for old 
equipment; (4) the production of quality milk under present regulations. 

H.P. 

338. Causes of the Variations in the Percentages of Fa t  in Cream. R. W. 
BROWN. Canad. Dairy and Ice Cream Jour., 23: 10. Oct., 1944. 

Some of the causes of variations in the percentage of fa t  in cream are : 
(1) position of the cream and skimmilk screw; (2) the speed and true run- 
ning of the separator ; (3) the temperature of the milk; (4) the amount of 
milk in the separator supply tank; (5) the amount and kind of flush 
(whether water or skimmilk) ; (6) the cleanliness of the separator bowl; 
(7) the feed of the cows ; (8) the period of lactation and (9) the speed a t  
which the separator is turned. H.P. 
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339. The Source of Acidity of Fresh Milk from Jersey Cows. ALLEN D. 
ROBINSON AND HERBERT S. SAMSON, University of Manitoba, Win- 
nipeg, Canada. Canad. Jour. Res., 24, No. 1 : Sec. B : 5. 1946. 

Thirty samples of Jersey milk were analyzed for each of titratable 
acidity, free carbon dioxide, carbonates, citric acid and citrates, casein, 
lactalbumin and lactoglobulin, and inorganic phosphates. Partial correla- 
tion coefficients were calculated for titratable acidity- with each of the other 
variables. The only significant one was ,that between titratable acidity and 
inorganic phosphates and it is concluded that inorganic phosphates are the 
primary cause of the acidity of fresh milk. (From author's abstract.) 

O.R.I. 

340. Etude d'une Reaction Peroxydasique Appropriee pour la Detection 
de L'eau 0xy&nee dans les Laits de consummation. (Study 
of a Peroxidase Reaction Suitable for the Detection of Hydrogen 
Peroxide in Market Milk.) A. EGARD AND R. J. JOURFRET. Le 
Lait, 23, No. 22P226 : 141. 1943. 

The detection of added hydrogen peroxide is very difficult in raw' or 
pasteurized milk except within a short time after it has been added. A test 
based on the development of a blue color with gniacol and gum guiac in ' 

alcohol is described which revealed the presence of hydrogen peroxide up 
until approximately 7. hours for raw milk and over 30 hours for pasteurized 
milk. O.R.I. 

341. La Signification de la Reaction de Storch, de la Vitesse de Montee 
de la Creme, Ainsi que de la Determination des Phosphases 
Pour de Controle de la Pasteurisation du Lait. (The Significance 
of the Storch Reaction and the Speed of Cream Rising Compared 
with the Determination of Phosphatases for the Control of Milk 
Pasteurization.) A. K. VAN BEVER AND J. STRAUB, Amsterdam 
Food Products Inspection Laboratory. Le Lait, 23, No. 224226 : 
97 and No. 227-228. 1943. 

The necessity for evolving accurate means of control for use with pas- 
teurization techniques now in use is pointed out. The work of European 
investigators on the Storch reaction and on cream rising is reviewed. A 
test based on peroxidase activity of improved accuracy is described, but the 
test is rejected since milk flavors are affected before the test is useful and 
also because the addition of raw milk to pasteurized milk is not detectable 
in amounts of less than 10%. An accurate method of determining the rate 
of cream rising is described, and the effect of heat on this phenomenon 
discussed. Curves based on values found in the literature for destruction 
of tnbercle bacilli, denaturation of milk proteins, phosphatase activity and 
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cream agglutinin are treated mathematically and a formula developed show- 
ing limits of safety allowable for continuous methods of pasteurization. The 
authors reject the standards of Kay and insist that phosphatase activity be 
completely destroyed. See Enzymologia 11; 7-8, 1943. O.R.I. 

I 

342. Milk Containers. R. B. STOLTZ, Ohio State University, Columbus, 
Ohio. Milk Plant Monthly, 34(12) : 49, 53. 1945. 

Economy in milk distribution is in part effected by the kind of milk 
container used. Glass bottles average normally about 40 trips. Average 
bottle trippage in Columbus, Ohio is 80. Paper bottles may be more eco- 
nomical when glass bottles make seven trips or less. The cost of containers 
in glass depend upon some following factors: (1) number of trips that a 
bottle makes, (2) cost of bottle exchange, (3) cost of sorting bottles, (4) 
bottle deposit enforcement, and (5) method of handling bottles. Dealers 
in Columbus, Ohio using a universal bottle since 1934 have changed from 
the 229 oz. 56 mm. bottle to the 17% oz. 48 mm. square bottle and have effected 
marked material savings. The inauguration of a three-day a week delivery 
made necessary the conservation of refrigerator space, which was accom- 
plished in part by the use of the square bottle. I t  is recommended that 
every milk distributor ascertain his container costs by ascertaining bottle 
trippage. G.M.T. 

PHYSIOLOGY 
343. Influence of Dietary Factors and Sex on the Toxicity of Carbon 

Tetrachloride in Rats. PAUL GYOROY, JOSEPH SEIFTER, RUDOLPH 
TONARELLI AND HARRY GOLDBLATT, School of Medicine, University 
of Pennsylvania, Wyeth Institute of Applied Biochemistry, Shila- 
delphia, and School of Medicine, Western Reserve University, Cleve- 
land. Jour. Expt. Med., 83, No. 6: 449-462. June, 1946. 

Six groups of rats fed different diets were exposed to the inhalation of 
300 p.p.m. of carbon tetrachldride for 150 days. The rats maintained on a 
low protein diet showed greater susceptibility than animals kept on a high 
protein diet. Methionine can be substituted for protein (casein) in the diet 
satisfactorily. A high fa t  and low carbohydrate intake was noticeable in 
the rats, especially if combined with a low protein diet. 

Intoxication of the rats inhaling carbon tetrachloride showed evidence 
of necrotizing nephrosis and certain hepatic changes such as necrosis and 
cirrhosis. 

Dietary factors (methionine containing protein) as well as low fat intake 
usually prevented renal injury. 

Under comparable dietary conditions, especially with high fa t  intake, 
the male rats were more susceptible to carbon tetrachloride than the female 
animals. H.H.W. 
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MISCELLANEOUS 
344. Thermometers, Their Manufacture and Industrial Usages. E. E. R. 

PENFOLD. Canad. Dairy and Ice Cream Jour., 24: 6. June, 1945. 
Thousands of operations in the dairy industry demand that accurate 

temperatures be maintained and this calls for thermometers that are pre- 
cision manufactured and individually tested before being placed in opera- 
tion. The three thermometers that are recognized as standard and are in 
universal use today are the Fahrenheit, the Centigrade and the Reaumur, 
the &-st two named being most used in dairies and in dairy investigating 
laboratories. All glass for thermometers used in America is made by the 
Corning Glass Works, Corning, N. Y. Glass for thermometers must eu- 
pand or contract quickly. I n  testing thermometers, it is important that 
the medium in which the testing is done is thoroughly agitated. I t  is also 
important to supply vertical agitation to prevent the hot liquid from collect- 
ing a t  the top. Water is the best medium for testing thermometers when- 
ever the temperature permits. Oil may be used from 212" F. to 550°P. 
Sufficient time must be allowed for the thermometer to reach the tempera- 
ture of the liquid. Mercury thermometers are more accurate than red spirit 
thermometers. Recording thermometers are used extensively in the dairy 
field today. H.P. 

345. At Last the Fly Has Met Its Master. JOHN G. MATTHYSSO, Geigy 
Co., Inc., New York City. Certified Milk, 21, No. 237: 3. Jan., 
1946. 

Experiments on the use of DDT were conducted at  the Walker-Gordon 
Certified Milk Farm at Plainsboro, which comprises some 1500 cows in 33 
similar barns. It was found that 21 sprayed barns became relatively fly-free 
a t  once, a reduction of 70 to 80 per cent in the fly population still being 
noted 20 dayS after application. I n  30 days the comparison was outstand- 
ing, averaging from 0.1 to 0.5 flies on 10 cows in sprayed barns to 16 i n  10 
cows in unsprayed barns, a reduction of from 97 to 99 per cent. At  85 
days there was no difference; the spray deposits were no longer effective. 
Another benefit from the fly control program was the absence of a single . case of "pink eye" (a  fly borne disease of cattle) in the milking herd. For 
application of the DDT to walls, ceilings, posts, etc., a power sprayer such 
as an orchard sprayer or power white-washing unit is recommended. A 
three or four nozzle broom type gun with No. 3 discs is preferable. I n  the 
latitude of New Jersey and Pennsylvania and North two sprayings a year 
will give effective control of flies in barns. The first application should be 
made when the flies first appear and the second application between July 15 
and August 1. It is pointed out that DDT is not a substitute for farm 
sanitation and that manure disposal practices should be continued. 

W.S.M. 
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346. Apprenti~eship Training  plied to the Dairy Industry. W. F. 
SINON: Canad. Dairy and Ice Cream Jour., 23: 6. June, 1944. 

Indentured apprenticeship training has been in effect in Wisconsin since 
1911. Skilled trades are learned by young men under an apprenticeship 
agreement. The agreement covers (1) the terms of training (2 years) ; (the 
first four months is a trial during which either party can void the inden- 
ture) (2) the kind of work the apprentice is to perform; (3) at least four 
hours weekly must be spent in school instruction regardless of the trade; 
(4) a wage scale must be specified for the full term of training. The 
author states that this is probably the best way to get qualified trained men 
for certain kinds of skilled trades in the dairy industry. R.P. 

347. Use of New Insecticides in Dairy Plants. E. H. FISHER, University 
of Wisconsin, Madison. Natl. Butter and Cheese Jour., 37, No. 7: 
50. July, 1946. ' 

Sanitation in 'the dairy plant must be habitual and must precede effec- 
tual use of insecticides. DDT is efficient in controlling more insects than 
any other conventional insecticide and remains effective longer after appli- 
cation. It must be applied with precautions for the safety of the user. 
Food products must be protected from insects affected but not promptly 
killed by the DDT. DDT in wettable powder sprays leaves a white residue 
and is useful on porous surfaces because it remains on the surface. Oil-in- 
water emulsions soak in somewhat on porous surfaces but not as much as 
solutions of DDT in deodorized kerosene or similar oil base solutions. DDT 
paints haTe not proven economical. DDT dusts can be placed in cracks. 
For flies DDT is used in 5% solution. Cockroaches can be treated with 
10% DDT dust, 5% DDT spray, sodium fluoride dust, pyrethrum dust, 
Lethane A-70 dust ( lo%),  phosphorus paste, moistened baits with toxicants 
like DDT or sodium fluoride, or by fumigation. Ants can b6 treated with 
DDT dust around the ant hill, by putting carbon bisulfide in the hill, and 
by poisoned foods containing tartar emetic, sodium arsenate, or other poisons. 
Cheese mites can be destroyed by fumigation with cyanide or methyl bro- 

' mide. Detailed instructions and precautions for the application of these 
, insecticides are given. W.V.P. 

348. A New Germicide for the Food Industries. W. E. BOTWRIQHT, Ves- 
tal Laboratories, Inc., St. Louis, Missouri. Jour. Milk Technol., 
9, No. 2 : 101-106. March-April, 1946. 

The problem of controlling bacteria, yeasts and molds in food and bever- 
age industries is yery important in order to prevent spoilage of the product, 
to prevent illness caused by microbial growth in these products and to pre- 
vent the transmission of the diseases by utensils. 

Obviously, the cleansing and sanitizations of ali equipment and utensils 
used in the processing and dispensing of food and beverage products is 



MISCELLANEOUS A159 

highly desirable. There are two procedures generally used in the sanitiza- 
tion of these materials: (1) heat treatment, such as water at  170' F., steam 
or dry heat and (2)  inlnlersion in a chemical germicide. Sanitarians are 
aware of the limitations and disadvantages of these methods. 

Quaternary ammonium germicides are gaining in popularity in the 
dairy and food industries as effective germicides. Investigations show that 
these compounds have many advantages over the compounds now in general 
use. H.H.TTT. 

349. Packaging 111. Effect of Mold Growth and Ageing on the Water- 
Vapor Transmission of Packaging Materials. C. G.  LAVERS 

.AND W. I. ILLMAN, Natl. Res. Laboratories, Ottawa, Canada. 
Canad. Jour. Res., 24, No. 2 : See. P : 117. 1946. 

Packaging materials were dusted with mold spores and stored in a 
cabinet a t  95' F. and 95-10070 relative humidity for periods of one to eight 
weeks. M.S.T. and, M.S.A.T. "Cellophane" were attacked only slightly 
by mold but deterioration of the heat-sealing, moisture-proof lacquer oc- 
curred during storage under conditions suitable for optimum mold growth. 
Molds grew abundantly on M.S.Y.T. Cellophane. Wax-coated materials 
supported abundant mold growth and their water-vapor transmission values 
increased when wax peeled from the surface of the sheet. The transmission 
rate of laminated materials having metal foil as one layer was not greatly 
affected by mold growth or de-lamination of the layers. Abundant mold 
growth developed on most samples of kraft, and on glassine. Very little 
developed on cellulose acetate, plioblm, or vinyl-film. (From author's ab- 
stract.) O.R.I. 

350. The Newer Dairy Cleaners. H. A. TREBLER, Sealtest, Inc., Baltimore, 
Md. Milk Plant Monthly, 34 (2) : 4748. 1945. 

In cleaning dairy equipment the availability of a sufficient, suitable 
water supply is very important. The function of dairy cleaners is simply 
to modify the water, thus improving its natural ability to dissolve protein, 
suspend or emulsify dirt. A good dairy cleaner whether acid, neutral or 
alkaline should (1) help the water dissolve milk proteins, (2) reduce inter- 
facial tension and (3) should make possible free rinsing. Alkaline cl~aners 
obtain good results in  can washing and general cleaning when they maintain 
in the solution (1) a temperature over 110' F., (2) an active alkalinity of 
.02 to .03%, (3) a ~ ~ e t t i n g  agent concentration (h'acconal N R or equivalent) 
of .008% (80 p.p.m.) and (4) a slight surplus of calcium sequestering agent. 
With acid cleaner at  pH of 6.5 to 6.8, calcium and nlagnesium precipitates 
will not be formed. Addition of 5% pyrophosphate results in obtaining 
brighter bottles with minimqm carry over in the bottle washing machine. 
Quadrofos or Calgon and one-half wetting agent, appears to be the best 
cleaner for cleaning milking machines. G.3f.T. 
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SANITATION 
Products and Methods for 
better efficiency in food 
and dairy plant sanitation, 
developed by KLENZADE chemists and 
thoroughly tried in the field, are pacing the 
way today in modern food plants-The new 
scientifically balanced products of KLENZ- 
ADE research are used and eridorsed by 
leaders in the dairy and food industry. 

Specialists in modern cleaning aids for the dairy and food industry 

-Complete laboratory, engineering and chemical supply service. 

Your advertisement is being read in every State and in 25 Foreign Countries. 
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CHEESE RENNET AND COLOR 
ANNATTO BUTTER COLOR 
CERTIFIED BUTTER COLOR 

ICE CREAM COLOR 
LACTIC FERMENT CULTURE 

BULGARIAN CULTURE 

* 
T E S T I N G  S O L U T I O N S  

R E N N E T  T E S T S  

Chr Hansen's  Ldboratory,  lnc. 
Milwaukee 14, Wisconsin 

Now . . . Clean Bottles 
With a Low Bug Count 

If you're washing beakers by the dozen or 
bottles by the thousand, specify and use Oakite 
Bottle-Soak. It's one sure way to remove 
bacteria-nurturing contaminants from dairy 
glassware. 
That's because vigorous cleaning action of 
Oakite Bottle-Soak quickly removes clinging 
milk and milk fat deposits to produce sparkling- 
clean glassware. Its extra germicidal ingredient 
helps keep bug counts low. In addition Oakite 
Bottle-Soak minimizes solution foaming; dis- 
courages lime-scale build-up; retards solution 
rancidity; reduces etching. And it's economical 
too; one ounce gives effective long-lasting gallon 
solution. Proof of these claims yours for the 
asking! 20-page Oakite Booklet gives descrip- 
tive data. Call or write NOW! , 

OAKlTE PRO DUCTS, I NC., Dairy Research Division 
160 Thames Street, New York 6, N. Y. 

T*chnicol krv ice  R y m s e n M i w  1ocd.d in All 
Prhcinal Cities of the United 9d.s and Conad- 

HE'S fast/ 

Just because a guy can run 100 yards in less than 
10 seconds, you compare him to  a flash of light- 
ning. Listen a minute, while we tell you about a 
salt that's fast. . . and why it's important to you. 

In salting butter, salt must dissolve with lightning 
speed. If the butter is on the soft side, butter 
salt must dissolve so quickly that overworking is 
avoided. Otherwise, the butter may became mot- 
tled or marbled, lose its moisture, become leaky. 
Yet, if the salt is not properly dissolved, the butter 
may be gritty. So, remember that Diamond Crystal 
Butter Salt dissolves completely in water a t  65' F. 
at  an average rate of 9.2 seconds. 

On the other hand, there are instances where slow 
solubility of salt is highly important. . . such as in 
salting cheese. Here slow solubility prevents salt 
being lost in whey, producing undersalted cheese. 
To meet all these problems, we have set up defi- 
nite solubility standards for Diamond Crystal 
Salt. 

Need H e l p ?  Write For It! 

If salt solubility enters into your processing, write 
fo our Technical Director. He'll gladly recommend 
the correct grade and grain of Diamond Crystal 
Salt for best results. Diamond Crystal, Dept. H-15, 
St. Clair, Michigan. 

Your advertisement is heing read in every State and in 25 Foreign Countries. 
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ESPECIALLY calibrated to provide permanent field sizes, Spencer 
Bacteria Count Microscopes facilitate milk inspection by the Breed 
and Brew method. 
These instruments range from simple monocular microscopes with 
single oil immersion objective, calibrated for either the 300,000 or 
the 600,000 factor, to complete binocular instruments with triple 
nosepiece and optick calibrated for both factors. All are equipped 
with cross hair disc-a feature which many bacteriologists have 
found helpful. 
For complete information about these and other Spencer instruments 
essential to dairy control, write Dept. J28. 

American Optical 
C O M P A N Y  

Scientific Instrument Division 
Buffalo 15, New York 

Your advertisement is heing read in every State and in 25 Foreign Countties. 
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' F R I G I D R Y '  
TRADE MARK 

B U T T E R M I L K  
C U L T U R E  
7&&* 

out of Making Good Buttermilk 

NOW - Step up your buttermilk sales - by 
producing a better quality product. 

Customers get the "but termi lk"  habit - 
when they can depend on the product always 
having the same tempting aroma and flavor. 

GBI 'Culture insures maximum stability be- 
cause it is 'FRIGIDRY' processed to keep the 
bacteria in a "quiescent" state until needed. 

Uniformity is assured-through proper bal- 
ance of a special blend of acid and aroma- 
forming bacteria. 

Saves time and money. This "potent" cul- 
ture is ready after one generation. Eliminates 
time required for repeated transfers. 

Simple to  use.There are no special procedures 
to learn and there is no special equipment 
to buy. 

Asceptically packed in sealed serum bottles. 
A readily soluble dry powder. Each lot lab- 
oratory-tested. 

Ample supplies available-due to the ex- 
ceptional keeping qualities of this culture, 
allowing large stocks. 

MAKE I T  A "MUST1'-to try GBI 'FRIGIDRY' Buttermilk 
Culture, a t  once. Why delay the day of greater 

volume and proflt in buttermilk sales? 

G E N E R A L  
BIOCHEMICALS,  INC. 

2 0  LABORATORY PARK 
CHAGRIN FALLS, OHIO 

THE CULTURE 
of definitely better 

flavor & aroma-pro- 
ducing qualities. 

The standard wIth 
foremost operators 

agricultural schools '& 

FLAV-0-LAC FLAms 
( s h o w n )  p r o d u c e  a 
q u a r t  of t h e  f inest  
s t a r t e r  o n  a s i n g l e  

produce 40 quarts of starter on a single prop- 
agation. Single bottles $S.3.00. 
Free Coltore Manual of Fermented Milk Prod- 
ucts on request. 
Pioneers in Spectrn-chemical, Chemical and 
FZuoro-photometric Determinations of Vitamin8 
A, BI, Bs, Nirotinic Acid, Pantothenio Acid, Be, 
C & B in Dairy and Food Products. (Vitamin 
D eocluded) inquiries invited. 

% V k w c a e  
RENNET and COLOR 

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

MARSCHALL 
DAIRY LABORATORY, INC. 

MADISON 3, WISCONSIN L A 
Your advertisement is heing read in every State and in 25 Foreinn Clonntric~. . 
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HOLSTEIN-FRIESIANS ARE UNEQUALLED 
FOR MILK PRODUCTION 

. We have told you previouslg of the many great lifetime milk production 
records which have been made to date by Holstein-Friesian cows on official 
test. As further proof of the breecl's great milk-producing ability, we are 
pleased to also point out that 202 Holstein cows on official test in the United 
States have records ranging from 30,000 to 41.943 pounds of milk produced 
in 365 days. 

Included in this number are : 
20 with records ranging from 34,000 to 36,859 pounds of milk 

1 with 37,381 pounds 
1 with 38,607 pounds 
1 with 41,943 pounds 

Holstein-Friesian cows lead in all official classes for milk . 
production b y  registered purebred cows. 

THE HOLSTEIN-FRIESIAN ASSOCIATION OF AMERICA 
Brattleboro, Vermont 

Your advertisement is heing rean in every State end in 2.5 Foreign Countries. 
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8 Years 
of Full Page and Double Page Ad- 
vertising, in great national maga- 
zines like these, stand back of this 
label. 

Ice cream, enriched with dextrose, 
is easier to sell, because 8 out of 
10 people know that dextrose is a 

genuine food-energy sugar. 

CERELOSE is dextrose 1 
CORN PRODUCTS SALES COMPANY 1 
17 BATTERY PLACE NEW YORE 4, N. Y. I 

Your sd~*ertisement is being raad in eve 

Copies of the 20-year Index 
covering Volumes I to XX, 
inclusive are available a t  the 
following prices : 

MEMBERS 

Cloth Bound . . . . . . . . . . . $2.35 

Paper Bound . . . . . . . . . . . 2.00 

NON-MEMBERS 

Cloth Bound . . . . . . . . . . . $5.50 

Paper Bound . . . . . . . . . . . 5.00 

, 

0 
ry State and in 2.1 Foreign Countries. 
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Public Protection 
In  restaurants, diners and soda 

fountains, the dangers of milk contarnina- 
tion are manifold. Bottles are opened and 
recapped without the care used in homes. 
Hoods are often discarded. Bottle mouths 
are repeatedly exposed to hand-borne and 
air-borne bacteria.. 

Under such conditions, Seal-Kap-with its 
over-lapping protective edge-offers maxi- 
mum protection. A quick twist removes 
Seal-Kap from the bottle. No punching 
with fork or finger. N o  need to touch the 
pouring surface. And Seal-ICap snaps back 
on, as often as necessary, to protect against 
impurities. 

AMERICAN SEAL- HAP CORPORATION 
11-05 44TH DRIVE, LONG ISLAND CITY 1, N. Y. 

1 8 Essentials to 

Cleaning 

A new development in cleaning chemistry, 
. D-Luxe gives such remarkable results because 

it combines the 8 essentials to efficient clean- 
ing in one product: 1, free-flowing, non-dust- 
ing; 2, advanced water-softening action; 3, 
powerful wetting action; 4, reserve strength; 
5, emulsifying and dispersing power; 6, fast 
and complete rinsing; 7, easy on hands and 
equipment; 8, economical to use: Free bul- 
letin gives complete details. The Diversey 
Corporation, 53 W. Jackson Blvd., Chicago 
4, Ill. 

Your advertisement is being read in 
I-,,, ;. 

eTery State and in 25 Foreign Countries 
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NOTICE TO CONTRIBUTORS 
Authorship of Original Articles and Reviews.-Space in the Journal is reserved 

for the publication of original research voluntarily submitted by members of the 
association to the JOURNAL and review articles by invitation. In  the case of joint 
authorship the membership ruling applies to one author only. 

Papers that have already appeared in print or that are intended for simulta- 
neous publication elsewhere, will not be accepted. 

Manuscripts.-Manuscripts should be submitted in double spacing on one side 
of suitable 81"xll" paper. The original copy-not the carbon--should be fur- 
nished, packing it flat-not rolled or folded. All illustrative and tabular material 
should accompany the manuscript. The position of each illustration and of each 
table should be clearly indicated in the text. 

I n  the case of manu~c~ipts,  other than review articles prepared by invitation, 
that contain more than 12 printed pages, the author is charged at  the rate of $5.00 
per page for all pages in excess of twelve. This charge is omitted in the case of 
articles of extraordinary merit. 

Manuscripts voluntarily submitted, when approved for publication, will be pub- 
lished in the order of their receipt. Manuscripts should be sent to the Editor, T. S. 
S ~ N )  Plumb Hall, Ohio State University, Columbus, Ohio. 

Drawings.-Drawings, diagrams and charts for illustrations should be prepared 
for reproduction as line drawings or halftone engravings. The original drawings 
should be done in India ink on white or blue-white tracing cloth, tracing paper, or 
Bristol board and neatly lettered in India ink. Legendary material on the drawing 
should be neatly lettered in India ink-not typewritten. 

The original drawings-not photographs of the drawings-should accompany 
the manuscript. Illustrations not in proper finished form will be prepared for pub- 
lication and the author charged for the cost of the work. 

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

Legends.-All illustrative materials, both drawings and photographs, should be 
accompanied by appropriate legends, typewritten on a separate sheet of paper. 

Tabular Material.-Tabular material in the manuscript should be clear, concise 
and accurate. Simple tables are more effective than complicated ones. I f  possible, 
tables should be so organized that they may be set crosswise of the page. In  many 
instances it is possible to materially improve the appearance and usefulness of 
tabular material without sacrificing completeness of information, by condensing 
detailed data and presenting them in a simple table summarized form. 

References.-References should be listed alphabetically as to authors and num- 
bered; and citations in the text should be made by the number in parentheses, corre- 
sponding to the number in the reference list. 

Each reference should contain the following data in the following order: Name 
and initials of author or authors; title of the article referred to; principal words in 
the titles of all articles should be capitalized; name, volume, number, page number 
and year of publication. 

Abbreviations of the titles of publications should conform to the standard set 
by the United States Department of Agriculture given in U. S. Dept. Agr., Mist. 
Pub. 337, April, 1939. 

For uniformity of punctuations the references should conform to the following 
example: (1) JONES, L. W., AND SMITH, J. D. Effect of Feed on Body of Butter. 
Jom DAIRY SCI, 24: 4, 550-570. 194L 

References should be carefully checked for accuracy by the author. 
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CULTURE MEDIA 
for Examination of Milk 

Bacto-Tryptone Glucose Extract Agar 
is recommended for use in determining the total bacterial plate count 
of milk in accordance with the procedures of "Standard Methods for 
the Examination of Dairy Products" of the American Public Health 
Association. 

Upon plates of medium prepared from Bacto-Tryptone Glucose 
Extract Agar colonies of the bacteria occurring in milk are larger 
and more representative than those on media previously used for milk 
counts. 

Bacto-Proteose Tryptone Agar 
is recommended for use in determining the bacterial plate count of 
Certified Milk. The formula for this medium corresponds with that 
suggested in "Methods and Standards of Certified Milk" of the 
American Association of Medical Milk Commissions. 

Bacto-Violet Red Bile Agar 
is widely used for direct plate counts of coliform bacteria. Upon 
plates of this medium accurate counts of these organisms are readily 
obtained. 

Bacto-Brillian t Green Bile 2 % and 
Bacto-Formate Ricinoleate Broth 
are very useful liquid media for detection of coliform bacteria in milk 
Use of these media is approved in "Standard Methods." 

Specify  "DZFCO" 
THE TRADIO NAME OR 'MIE PIONIEHIR8 

In the BPaeareh and Development of Bacto-Peptone and Dehydrated Cultom Medi& 

I N O O B P O B A T E D  
DETROIT 1, MICHIQAB 

--- 

You? advertisement Is being reed in every State and in 2.7 Foreign Oountries. 
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