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OBSERVATIONS ON MASTITIS IN AN EXPERIMENTAL HERD" 

E. G. HASTIXGS, B. A. BEACII AXD MILDRED JOHNSON 

There is probably no aspect of dairying that interests so many diverse 
groups as does mastitis of the dairy cow; producers, consumers and manu- 
factnrers of any milk product meet the varied questions i t  presents as to the 
quantity, the quality and the healthfulness of millr and its products. The 
disease has been stndiecl in the usual herd rather than uncler experimental 
conditions. While much can be leariiecl regarding many aspects of the 
trouble by studying it in the field, i t  is probable that other aspects can be 
studied only under experimental conclitions. Few herds have been main- 
tained primarily for such a purpose ; the most ambitious of such experimen- 
tal attempts is that started in 1935 by the Commoiirrealth of Australia, on 
which a preliminary report has appeared (1). 

During the past decade the research work on animal nutrition a t  this 
station offered opportunity for the study of mastitis in three groups of milk- 
ing cows under experimental conditions. Reports 011 two such groups have 
been made (2, 3, 4). The recorcl of the third deviates sufficiently from the 
others to justify a report thereon, which is herein presented. 

There seems to be no question concerning the significance of Strepto-  
coccus agalactiae, in both chronic ancl acute mastitis. The prevalent opinion 
is that, ~v l~ i l e  udcler disturbances due to other agents are noted, these agents 
are of minor significance either because they do not cause material injury, or 
because the!- are not transmissible as is Streptococcus agalactiae. This con- 
clusion map be faulty since almost all studies of mastitis have been of herds 
i11 which Xft-epfococc~rs agalactiae was present, and thus the role of other 
agents made difficult or impossible of detection. The difficnlty in producing 
mastitis by intentional transfer of Streptococcus agalactiac has caused many 
to believe that soine predisposing condition in the udder is essential for its 
establishment therein. Many things point to the validity of this conclusion, 
especially the lllucli higher incidence of the infection in the older than in the 
younger cattle ( B ) ,  an observation not easily explaiilecl by greater oppor- 
tunity for infection due to the longer period. 
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There is still question as to whether herds can be kept free from S. 
agalactiae, especially if additions are made from herds of unknown condi- 
tion, since i t  has been shown that  infection of the udder can occur during 
calfhood, primarily by the feeding of milk containing 8. agalactiae to calves 
and their suckling each other soon after feeding (10). Those who think such 
infection during calfhood is common believe the assembly of a herd which 
would prove to be free from this organism difficult of attainment. Plastridge 
and associates (9) found that not only could a herd free from S. agalactiae 
be established but that infected herds could be freed from S. agalactiae and 
thereafter kept free. Our experience with the first two groups studied con- 
firms the findings of Plastridge. 

I n  order to orient the reader as to the findings with these two groups and 
their relation to those of the third group a brief statement is made as to the 
nature of the herds previously studied and the findings thereon. 

PREVIOUS STUDIES 

The first herd consisted of 44 Holstein-Friesian heifers purchased before 
their first conception. They were placed on a farm on which there had been 
no cattle for 8 months. The stables had been cleaned and disinfected. It 
was thought that  both environment and animals might prove free froin S. 
agalactiae. No additions, other than a sire, were to be made to the herd, and 
there was to be no contact with other cattle. The heifers of this isolated 
herd came to their first lactation period about 1 pear after they were assem- 
bled. Approximately 100 samples of fore milk from each animal were taken 
in the first lactation period and were studied in detail with reference to 
chemical and bacteriological composition. 

The first report (2) presented the detailed records of 31 of the 44 cows 
which seemed most significant. Twelve of the 31 colvs were available for 
study during their second lactation period. Their record and that of one 
animal not discussed in the first report formed the second report (3) .  

The herd proved to be free from S. agalactiae during the two lactation 
periods, but not from chronic mastitis of a low degree of intensity. Approxi- 
mately 25 per cent of the herd showed no evidence of ndcler trouble during 
the first period. The remainder did reveal evidence of abnorlnal conditions 
for intervals of varying length. 

The animals were classified as "normal, " "questionable" and "abnor- 
mal." The questionable and abnormal groups made n p  about 75 per cent 
of the herd in the first period, and a somewhat higher percentage in the 
second. The boundary line between "normal" and "questionable" is of 
course quite indefinite since both extent and duration of change must be con- 
sidered. Therefore in the reports discussion was confined to the "normal" 
and to the "abnorn~al" cases. One of the cows that was normal in the first 
period became abnormal in the second, and two that were questionably nor- 
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ma1 in the first became abnormal in the second. No case of change from 
abnormal to normal was noted. 

The low intensity of the inflammatory process was shown by the absence 
of gross abnormalities in the millr, such as floes and by the absence of loss of 
quarters. Since production of milk is influenced not only by the condition 
of the udder but by the total physiology of the animal, data as to yield are 
difficult of interpretation. An increase in production in the second period 
over the first is normally expected. The 3 cows classed as normal in each 
period produced 21,791 pounds of millr i11 the first period and 28,246 in the 
second, an average increase of 2,151 pottnds. Three cows that were normal 
in the first period and abnormal in the second produced 26,814 and 26,610 
in the first and second periods, a decrease of 68 pounds per cow. Seven cows 
abnormal in each period produced 42,757 pounds of milk in the first period 
and 53,697 in the second, an average increase of 1,590 pounds. The vari- 
ation in this group was from a decrease of 33 pounds to an  increase of 3,099. 

No definite conclusion could be drawn regarding the cause of the distur- 
bances of the udders other than that i t  mas not S. agnlactiae. 

The second group of 18 Holstein-Fresian heifers was assembled previous 
to their first lactation period. The group was not as completely isolated as 
the first since they were kept in the same barn as the University dairy herd, 
but on a separate floor with different attendants. There was no contact with 
other cattle outside the stable. The observations were more detailed than in 
the case of the first group. A greater variety of culture media was used in  
the hope of discovering the causal agent of the chronic mastitis which, in its 
general nature, was similar to that observed in the first group and which 
occurred in  the absence of S. agalactiae. Eleven of the 18 cows were avail- 
able for study during their first three lactation periods. 

TABLE I 

Classification 

Percentage changes in the production of mil76 in succrssiwe lactation periods by cows 
classified as  normal, slightly abnornzal, and very abnormal 

Number First to 1 Second to 
second third 

I 
I I period I period 

Increase (+) or decrease (-) 
in  production from 

The recognition of physiological disturbances in the udder was more 

Normal cows . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slightly abnormal corns . . . . . . . . .  
Very abnormal cows . . . . . . . . . . .  

certain than in the case of the first group. We had come to recognize that 
the most valid reason for judging a particular cow to be abnormal is a vari- 
ation in composition of milk from different quarters, especially when one 

P e r  cent 
+ 16 
+ 4 
- 3 

P e r  cent 
+ 24 
t 12 + 2 
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quarter a t  least is still producing milk of a compositioii similar to that which 
it produced when first i t  came to milk production. Each animal was milked 
on 1 day of each week with a machine so arranged as to keep the product of 
each quarter separate from that  of the other quarters. The data thus ob- 
tained were helpful i n  judging the intensity of the inflammatory process 
since quantity and quality could then be considered, and the composition of 
the entire milk differentiated from that of the fore milk of any quarter. The 
general effect of the disturbances in the udder on milk production in the case 
of the 11 cows is presented in table 1. The data need no discussion. 

THE THIRD HERD 

A third herd was assembled for nutritional studies. I t s  composition was 
as follows : 

13 animals in the first gestation period 
6 " " " second " 

L L  

4 " L' ( 6  third L L  L 6 

1 animal " '' fourth " L L 

The animals were purchased only after a careful physical examination, 
and after samples collected from each quarter, were examined in the labora- 
tory as  to abnormalities in composition and as to the presence of S. 
agalactiae. 

Most of the cows freshened within one month of the beginning of the 
experiment and in  two cases about eight weeks before. Clinical observa- 
tions, which were absent in the cases of the two groups on which reports have 
previously been made, supplied data in the present case to supplement those 
obtained from a study of the milk as to its chlorine and catalase content and 
as to the types of bacteria of the fore milk. The Hotis test and various cul- 
ture media were used to detect streptococci and other possibly significant 
organisms. While the frequency of examination of milk samples was much 
less than in the two previous trials, it is believed that a reasonable picture of 
the condition of the udder of each animal was obtained. 

The samples examined for chlorine and catalase were the first 30 cc. 
drawn from a quarter; those examined by the plate method or by the Hotis 
test were so largely composite samples from all the quarters that the data do 
not enable us to relate any specific organism to the condition of a specific 
quarter as would have been possible had quarter samples been used for all 
bacteriological as well as for chemical examinations. One objective was to 
see if this herd repeated the record of the other two with reference to the 
absence of S. agalactiae and as to the presence of mastitis. The nutrition 
was also f a r  from the usual, since each cow, during a par t  of the period of 
observation, was fed urea to replace a part  of the protein of the usual feed. 
It was thought this might be a factor of some significance as  regards the con- 
dition of the udders, since if those animals receiving urea should show, as  
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repxrtls the collilition of tlie i~tltlcrs, ii sicnificalltly tlifferent recortl t l~a i i  
those on the usual rations, the variations might be ascribed to the urea, and 
thus for111 a n  objection to its practical nse. The record of the herd snpplies 
no evidence of a n  effect of the urea on the ndder, and the record is to be con- 
sidered apart  froin the nntrition of the ani~nals. 

No animal was remored from tlie lierrl during the first two lactation 
periods of the trial. One colv was in j~ i red  in  the sixth month of the third 
period of the trial anti was slangl~tered soon thereafter. Another lost one 
quarter in tlie third period. 

The identificatio~~ of any  isolation of a streptococcus fro111 the bovine 
~l t lder  is nsnally accomplished by determi~iing whether it  conforn~s to certain 
laboratory eriteria. The most signifit.ant criterion is rarely nsed, namely 
is the organism able to invade the udder and to cause inflanlmation therein. 
The isolation of a n  orpanis~n satisfying the nsual eriteria for  S. agalactiac 
fro111 the ndtler clurinp a considerable period i n  the absence of those clinical 
symptoms characteristic of S. ngnlactinc raises the qllestion as to the validity 
of the answer supplied by  the laboratory tests. 

A streptoc~ocrns was fonntl in the mill< of one ~ueniber of the third pronp 
in her first and second lactation periods as a member of the herd. The com- 
position of the fore niilli in  these periods indicated the presence of a n  inflam- 
mation process of low intensity since dnrinp tlie first six nionths of the third 
period the fore milk was normal in composition and siiicc the protlnrtion of 
niilk was not unfavorably infliieneed. The aninla1 had hat1 o ~ i e  lactation 
period before purchase; in her first, period i n  the herd she proihlced 6,534 
po1inds of nlilk in  321 days, 8,998 pounds in 289 (lays in  the second period, 
and 7,001 i n  191 days of the third period in the herd, a record that is not 
inrlirative of deterioration of the udder. 

The fact that the organism (lid 11ot spread to other colrs in  the group indi- 
cated a low invasive power and raises further cluestion concerning the 
validit)- of the laboratory iclentification. 

The authors beliere it  is relatively safe to conc*lnde that this third herd 
like the other two \\-as and remained free fro111 S. ognlactinc tinti1 a very 
invasive strain of streptococcus was, in  sonie manner, brought into the herd. 
This o r ~ a n i s m  conformed to the laboratory tests for S. agnlactiac and  mas 
highly invasire and vir~l lent  s i~ice within 3 iiiontl~s of its first discovery it 
had spread to 6 other cows and in the next fonr months to 6 additional ani- 
mals. I n  addition to the 13 certainly infected, 2 others were possibly in- 
fected. Sere11 of the infected cows \i7cre observed for 8 months in which 
interval 10 quarters out of 28 Irere lost in contrast to the loss of no quarter 
out of 96 in  the first and second lactation periods. 

Since the record of thc herd is much the same as that  of the gronps 
prerionsly studied, i t  seems nnnecessary to discl~ss it from the standpoint of 
nlastitis in general. During the first two lactation periods six of the 24 
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animals seemed \vholly free from ally disturbance in the udder as judged by 
the compositio~i of the milk. Three .of six were in their first and second 
periods of lactation, one in her second and tliird, one in her third and fourth 
and one in her fourtli and fifth. 

I n  order to give the reader an idea of that ~vliicli is considered a normal 
animal, tlie record of Cow 5 is presented. The maximum catalase value 
noted in any saniple of fore milk from a quarter during the first and second 
periods and during 245 days of the tliird \\-as 40 ; the ~ninimum value on the 
same date was 30. The maximum per cent of clilorine in the fore milk was 
0.20; the n~inin~unl on the same date 0.14. The maxi~nu~n catalase value in 
the total milk produced a t  a milking \\.as 12;  the maximu~n chlorine 0.14. 
The curdling properties with rennet were normal as was the ratio of casein 
nitrogen to total nitrogen. Tile milk production \\,as as follo\vs : first period, 
287 days, 5,218 pounds; second period, 295 days, 8,387 po~~i ids ;  third period, 
313 days, 10,253 pounds. 

I n  the case of a cow classed as abnormal, the maximum catalase value of 
fore milk was 750 ; ~n i i l i~nu~n  value at same milking 40 ; maximum per cent 
of chlorine 0.37 ; minimurn of the same ~nillting 0.16. The catalase values of 
three samples of pail milk taken 011 the 26th, 40th and 78th day were 100, 
130 and 140. The curdling was abnormal; the ratio of casein nitrogen to 
total nitrogen normal. The milk production was 7,096 pounds in 287 days, 
7,689 pounds in 305 days and 4,191 pounds in 293 days in the three lactation 
periods, respectively. One quarter was lost in the middle of the third 
period. By such records the cows were judged normal or abnormal for the 
first two periods. 

Sorntality and illilk Production 

The protluction records of sis  nor~nal and six abnor~iial a~~i ina ls  are given 
in table 2. 

The normal group \\-as slightly hanclicapped with reference to the abnor- 
mal by three cows that had had one, two and three lactation periocls, respec- 
tively, before the trial was begun, while the abnormal group contained only 
cows that were in the first period at the beginning of the experiment. The 
normal group was also handicapped by a longer average third lactation 
period ; 275 days for the iior~nal arid 254 for the abnor~nal gro11p. 

Nornlality atld Bacterial Confettt of Illilk. 

From the entire record of each COT\., each of the 24 animals was classed 
as producing normal or abnormal millr ancl thus the herd divided into two 
parts. The record of the bacterial content of the milk of each animal, as 
determined by the standard plate method of the Ameriran Public Health 
Association for milk control, was then reviewed and the data are here 
expressed in terms of frequency of occurrence. 
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The i~tjluencc of  distrrrhnnces i i ~  tltc 1ctJ17rr on irtilk protluclion 1 1 1  sr~crcsaivc 
periods of lnrtatio~i 

1 17il.st period I Srcoi~d period I 'I'l~ird period 

The normal animals present a more farorable picture as regards bacterial 
content of the pail milk than do the abnormal. This observation is in agree- 
ment with that of Murphy ( 5 )  who found rigid standards of biochen~ical 
normality were satisfied only when the content of strict fore niillr in staphylo- 
cocci alone or in combination with IIOII-hrmolytic udder diphtl~eroids did not 
exceed 200 per cc. 

Acrobactcr acl.ogc)tc,s 

An exceptional condition was noted; na~nely, the presence ol' ail organ- 
ism, iclentified as Aerohoctcr ae~ogenes, in the 11dders of certain of the 
animals. A. acrogencs, a normal inhabitant of the b o ~ i n e  digestive tract, is 
a constantly potential inrader of the udder. I n  ~ a r i o ~ ~ s  phases of 't>search 
and control worlr on millr, the authors have esa~nincd the milk of many hnn- 

5 
8 

3 3 
14 
20 
23 

TABLE 3 

Frcq~tcnc?l distribution o f  milk saniplrs on the bnsis of tltc bnrtrrial 
content of eaclt sai~tplc 

287 
238 
252 
252 
252 
266 
- 
1547 

-- 

32.8 
28.5 
31.1 
29.1 
31.0 
32.3 
- 
;<0.8 

28.4 
24.9 
33.2 
25.3 
23.1 
24.7 
- 
26.6 

Abnormal cows 

Bacteria per rr. Sormnl ears I Ahnormal cow8 

313 
2.M 
30; 
234 
280 
PT!) 
- 

1649 

I I'cr crn t Per  cent 
0- 5,000 I 55.1 1 36.7 
3-10,000 17.1 11.6 

10-20,000 1 13.8 18.0 
20-30,000 5.5 10.3 

30,000 + R.!? 23.1 

18.1 
18.2 
29.3 
17.1 
25.6 
22.5 

1 
7 

10 
11 
1 5  
18 

295 
259 
361 
273 
375 
271 

- 
19.9 
25.9 
24.8 
18.8 
19.6 
14.8 
- 
20.6 

328 
307 
287 
245 
273 
252 
- 
1692 

- - -  

21.8 I =  
326 
319 
305 
278 
d l3  
23 7 
- 
1788 

- - -  

18.7 
26.5 
25.2 
27.3 
22.6 
14.4 
- 
22.4 

2.70 
305 
293 
233 
241 
203 
- 

1524 

31.3 
23.4 
14.3 
24.1 
28.9 
20.7 
- 
23.8 
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drecl cows and have not found this organism in such ~ ~ r u ~ i b e r s  or with sucli 
co~lstar~cy as to show it hat1 established itself in the utltler. Some contami- 
nation of milk samples with A. ue~-oyr?ic~s may occur  unless excessive pre- 
cautions are taken; therefore, its intermittent detection is not likely to 
attract the attention of the ailalyst, nor shonlcl it. I n  the present instance, 
its repeated discovery both by the Hotis test ancl by plate cultures leaves no 
doubt of its presence in the udders of sorne of the ani~nals in question. In  
the detection of A. ueroge?ies in the Hotis test, reliance must be placed on the 
amount of gas evolved as free gas or made evident by a gassy cllrd in case of 
accompanying acid prodnction. The infrequenc.y \\.it11 wl~icli aerogenes has 
been reported as an  inhabitant of the udder in spite of its cons t a~~ t  presence 
in the environment of the cow leacls one to suspect that in tlie present in- 
stance the variety involred differs from those commonly found in the stable 
and in milk. However, the study of the strain present in the herd has not 
differentiated it from the common isolations made from milk. The source 
of the organism is unlrno1\11. The only certainty is that is was present in 
the udders of certain of the animals for long periods in detectable numbers. 
I t s  role as a cause of the disturbances noteil \\*ill be discussed in reference to 
certain animals. 

A. aerogenes and other lnembers of the colon group have been found. 
apparently as the causal agent, in cases of acute mastitis. We have fount1 
ILO report of its presence in cases of chronic mastitis, other than the recent 
one of Murphy and Hanson (6) n-ho found 79 cases of infection of the bovine 
udder with coliform bacteria in a three-pear study of the milk anil udders 
of a herd of 120 cows. The infections existed for from 1 clay to 22 months 
and the degree of irritation ranging from negligible to severe acute mastitis. 
Approximately 60 per cent of infecting organisms were identified as Aero- 
bacter aerogenes, 26 per cent as "inter-mediate" types, and the remainder 
as Escherichia coli. Observers seem to agree that such agents are not trans- 
mitted from cow to cow. It is unusual for infection to occur with organislris 
constantly present in the environment of the cow and considered as con- 
stantly potential invaders of the lactating utlder. Thus it is necessary to 
invoke some special condition in the ndder that permits their occasional 
establishment therein. Possibly nonr and then an infrecluentlp occurring 
strain, able to establish itself in tlie udder, may be present in a herd, as 
seems true in the present instance. 

Aerogenes and Prodtlctioil 

The sigilificance of A .  aerogenes in the ndders of certain of the cows has 
been studied by comparing the records of six cows, table 4, that had a record 
of freedom or relative freedom from the organism with the records of 10 
animals that had shov-11 the organism in the milk consistently over long 
lwriods. The Aerobacter probably was of sorne significance in reducing 
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production. The number of quarters of the animals in either group harbor- 
ing the organism is not Itnomn since quarter samples were not taken fre- 
quently enough to be of value. Soine of the animals infected with this 
organism, on the basis of composition of fore milk, \yere classed as normal ; 
others abnormal. Here again the failure to examine quarter samples of fore 
inilk makes it iinpossible to relate in a definite manner the organisin to the 
disturbances noted in the ndders of certain of the animals. 

TABLE 4 

The influence of A. aerogr>wes in tlre rrtldo on milk protlrtetior~ 

First period Second period Third period 

dxg 

A pllysical examination of the udders of the entire group in the last half 
of the third period was made and the results studied with reference to the 
record as regards the presence or absence of A. acrogenes. Of the seven cows 
that had shown the organism consistently over long periods of time, five 
showed definite abnoriilality and two showed no physical evidence of nast - - 
ndder disturbances. Four cows were considered to have been free froin 
aerogenes; two of these sholrecl physical abnormalities and two none. 

The bacteriological examinations made in the latter half of the third lac- 
tation period did not disclose the organism constantly or in sufficient num- 
bers to be of practical significance except in the case of one cow, in the udder 
of which the organism was well established, and apparently was the catlse of 
the mastitis then clinically and chelnically evident. 
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The data do not warrant any dog~natic statement as to the role or roles 
A. aerogenes played in determining the record of the herd. It certainly had 
little influence on production of milk. An udder free from this organism is 
undoubtedly preferable to one in which it is present. It is to be emphasized 
that in the two and one-half lactation periods, all of the 96 quarters coii- 
tinued to function. 

Invasion b y  and Spread of S .  agalactiae 

One of the perplexing questions of chronic mastitis caused by S .  aga- 
lactiae concerns the difficulty of causing the disease by intentional introduc- 
tion of the organism into the milk conducting system of the udder, the path 
which is supposed to be the important one, if not the sole one, in spontaneous 
spread of the trouble. This difficulty has led to the supposition that the 
udder must be prepared by some agent for its invasion by S .  agalactiae. 
A few infection experiments on c o ~ * s  in the groups previously studied, which 
had shown udder disturbances in the absence of any recognized causal agent, 
supplied some support for the theory that such disturbances favor a later 
invasion by S .  agalactiae (7) .  The abnormalities which had been noted in 
the 1st and 2nd lactation periods of the cows as members of the group and 
the presence of aerogenes in the udders of a part of the cows might have 
created a condition favoring the spread of S.  agalactiae i11 the herd. 

About the middle of the third lactation period for most of the cows as 
members of the herd an invasive variety of S .  agalactiae was found in the 
herd. It was earlier stated that a streptococcus had been present in the 
udder of one member of the herd for a t  least two years before a streptococcus 
was found in the milk of any other member of the herd. It seems probable 
that the invasive streptococcus came in with an  animal from another herd 
rather than that the one found earlier had become more invasive than i t  had 
previously been. 

The invasive organism was first found in Cow 10 on the 120th day of her 
third period. I n  the next three months it had spread to six other cows and 
in the next four months to six additional animals. I n  addition to the 13 
certainly invaded, two others were possibly infected. Seven of the infected 
animals were still members of the herd eight months after the streptococcus 
was first found. Ten of the 28 quarters of the seven animals were appar- 
ently lost. 

The effect of the presence of A. aerogenes in the udder relative to its 
subsequent invasion by streptococci has been considered. Of 10 cows that 
had shown aerogenes consistently, six became infected with streptococci and 
four did not. Of seven that were classed as free from aerogenes, four 
remained free from streptococci and three became infected. 

The predisposing effect of the disturbances in the udder revealed by 
abnormalities in the milk relative to subsequent invasion by streptococci was 
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also studied. Seveii of the twelve animals classed as abnormal became in- 
fected ; five did not. Of the 12 normal animals, five became infected ; seven 
did not. The record is slightly in favor of the normal group. The signifi- 
cance of the data may be decreased by two conditions: the invasive nature 
of the streptococcus, and to some let down in sanitary precautions due to 
labor conditions. 

DISCUSSION 

During the past seven years, three herds have been studied as to the 
incidence of S. agnlactiae in the udders of their members, and as to the 
incidence of mastitis as indicated by the composition of samples of fore milk 
of individual quarters. 

The 44 members of the first herd were purchased when one year old, and 
were placed in an environment believed to be free from S. agalactiae and 
kept from contact with other cattle. The second group of 18 animals was 
purchased before their first calving. The degree of isolation was less perfect 
than in the case of the first group. The details of the third group have been 
presented herein. A part of the first group was observed during the second 
lactation period. Most of the second herd were observed during the second 
period and a part during the third. 

The complete freedom of two groups from 8. agalactiae and the probable 
freedom of a third herd for over two lactation periods, leads us to believe 
that the establishment of herds free from this organism is not so impossible 
as some have indicated. Indeed, our experience indicates that one is likely 
to meet with success in such an endeavor if reasonable precautions are taken 
in selection of the cows and in the management of the herd. 

In  the absence of S. agalactiae chronic mastitis occurs. The intensity of 
the process is usually low and rarely is its presence manifested by gross 
changes in the milk, and rarely does it cause permanent loss of quarters. 
The manner of prevention of such disturbances of the function of the udder 
of the cow cannot now be suggested since the knowledge of causes is so 
incomplete. 

A strain of Aerobacter aerogenes was found in the udders of a part of 
the animals of the third group studied. Its significance is uncertain since 
some of the cows infected with i t  produced milk of abnormal composition 
and others milk of normal composition. I t  probably was of some signifi- 
cance in reducing production. 

The third herd was invaded a t  about the middle of the third lactation 
period of the herd by a very invasive and virulent strain of S. agalactiae 
which in 7 months infected 15 cows and apparently caused the loss of 10 
quarters of 7 cows that were observed for a period of 8 months in contrast 
to the loss of none of 96 quarters in the first two years of the herd's history. 
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CONCLUSIONS 

I t  seems possible to assemble groups of cows that will be free from S. 
ayalactiae by purchase of heifers dnring the first gestation period or earlier. 

Trouble due to chronic mastitis in such groups mill be relatively small 
in amount as measured by abnormalities in the quality of millr, in lessened 
production, and in loss of quarters. 

An  adequate approach to chronic mastitis from the point of view of pre- 
vention must await the accumulation of knowledge regarding the signifi- 
cance of all phases of management of dairy cov-s by the study of herds kept 
under controlled conditions. It ca~lnot be gained by observations 011 the 
nsnal farm herd. 
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Certain methotls have been used for making jndgments of the potential 
fertilizing caapacity of semen before it is used for actual breecling. The 
methods include the determination of ( a )  the duration of spermatozoan 
motility at a stantlard low temperatnre (9 ) ;  (b)  the glyolytic power of 
spermatozoa ( 1 ) ;  (c) the oxygen colisumption of sperlnatozoa (14) ; and 
(cl) the resistance of sperlnatozoa to temperature shocli (6) ,  or to a 1.0 per 
cent sodium chloride solution (7). 

Recent work in this laboratory has been directed a t  similar objectives. 
New techniqnes for testing quality of bnll semen have been developed which 
may be employed in field artificial insemination with the sinlplest of 
equipment. 

1. 3IOTILITY DURATION AT HIGI-I TEhIPERATURES 

11 study was ilndertaken to determine the relation between the duration 
of spermatozoan inotility in a nutrient-buffer dilnter a t  a standard low tem- 
perature and the duration of spermatozoan motility from the same selnen 
ejaculations in the slinle diluter a t  higher temperatures. To be most useful 
the high-temperatnre or incnbation test should not require more than an 
hour. 

The desirable range of temperatnre for this purpose mas establishecl by 
an  experiment in which semen, collectecl by means of the artificial vagina, 
from fertile bulls, was diluted a t  the rate of 1 :  4 with yolk-citrate ( l l ) ,  and 
was exalllined for ~notility a t  15, 30, and 45 minutes, when stored a t  2.5' C. 
intervals from 37.5' C. up to 47.5' C. The temperature of the water in the 
bath was controlled by mercury thermoregulators, mercury relays, and 
immersioii heating coils. Ten ejac~rlations of semen were diluted and 
divided into 15 portions of about 1.0 ml. each. Three portions of each 
ejaculation, one for each lnotility 'xamination, mere storecl a t  each of the 
five different temperatl~re\. The motility estimations were made to the near- 
est 10 per cent. making 10 general classes of niotility from 90 to 0. Willett 
and Salisbury (15) have shown this method of estimating motility to give 
highly repeatable results, and unpnblishecl work of the present authors show 
the method to be highly accurate when compared with a more objective 
method of counting the number of motile spermatozoa in a dilute sample. 

The mean results are shown in figure 1. The data indicated that tem- 
peratures between 45.0' C. and 47.5' C. shoultl be employed if the duration 
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of motility was not to extend beyond the period of an hour or so; a time 
interval which appeared to be most nearly suitable for such a duration of 
motility test. 

Specific temperatures for incl~bat ion:  I n  order to more specifically iden- 
tify the optimum temperature for short-time motility duration studies ail 
investigation was set up to compare the duration of motility a t  temperatures 
of 46.5", 47.0°, 47.5", and 48.0" C., for semen samples diluted at  the rate of 
1: 4 with yolk-citrate ancl exanlined a t  15-minnte intervals for one hour. 

INCUBATION TIME ( MINUTES) 

FIG. 1. Influence of incubation temperature on duration of motility. 

Seven different semen collections used in this experiment except for 
the 47.5' C. temperature where 14 collections were studied at  this tempera- 
ture and a t  5' C. storage. I n  addition to the studies on duration of motility 
at  incubation temperatures, 1 ml. portions of these same ejaculations diluted 
a t  the same rate were stored a t  5' C. for 2, 4, 6, 8, and 10 days before they 
were examined for motility. These samples were cooled to the storage tem- 
perature a t  the rate of a 5" C. drop each 10 minutes. This storage tempera- 
ture and this cooling rate have been shown to be nearly optimum for field 
use (15). 

The mean motilities for each interval of storage for the several experi- 
mental temperatures are shown in figure 2. Superimposed over these curves 
is the curve showing the decrease in motility when 7 samples of the same 
semen were stored at  5" C. for 2, 4, 6, 8, and 10 days. 

Correlation coefficients were calculated between the total reduction in 
motility during 10-day storage a t  5O C., and the total reduction in motility 
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at  the four incubation temperatures after several of the iiltervals of storage. 
As the number of observations in this experiment was small only the most 
pertinent correlations are given below: 

Correlations between total reduction in motility during 10-day storage a t  5 O  C. and:  
1. Total reduction in motility when incubated a t  46.5O C. for 1 hour=0.9088** 
2. Total reduction in motility when incubated a t  47.0° C. for 45 minutes = 0.8979** 
3. Total reduction in motility when incubated a t  47.5O C. for 30 minutes = 0.6731X* 

2 4 6 8 10DAYS 
15 30 4 5  60 MINUTES 

.- TIME-.  

FIG. 2. Relation between duration of motility a t  high temperatures for short 
periods and a t  5 O  C. for  2, 4, 6, 8, and 10 days. 

These correlations are mathematically highly significant"*, notwith- 
standing the fact that only seven pairs of observations were used in the 
calculations of the first two coefficients and fourteen for the last. These 
data are not conclusive proof of the quantitative relationships between the 
duration of motility under the two different sets of conditions, but are 
sufficient to indicate that much of the information now obtained from long- 
time storage i11 research laboratories and in artificial breeding circuits might 
be obtained in less time. 

More recently, the writers have placed a flat-sided culture flask on the 
microscope stage to be used as an  incubated microscope slide. Circles of 
petrolatum were made on the flask, the diluted semen to be studied was 
placed within the circle, and a cover-glass was tightly pressed down on the 
circle of petrolatum so as to seal off the semen from the air and to prevent 
drying. Water a t  46.5' C. was siphoned into the flask and out again a t  a 
fairly rapid rate so that the walls of the flask were only slightly lower in 
temperature than the water of the bath. ' By such an  arrangement i t  was 
possible to study five or six different treatments of the same semen under 
standard temperature coiiditions until the spermatozoa were dead under 
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each cover-glass. By such means four different (1ilutt.r~ have recently been 
compared; two of which enabled the spermatozoa to live for more than 10 
clays a t  5' C. with an  average rate of motility of ahont 30 per cent after 
the 10-day period. Sperinatozoa in the other two dilnters ccasecl to live 
somewhere betwee11 2 and 4 days' storage a t  5' C. By the short methotl, 
the spermatozoa in the first two diluters lived for 62 and 65 minutes. while 
for the latter two cliluters motility continued for only 14 to 33 minutes. 

11. T H E  M E T H Y L E N E  BLUE REDUCTION TEST 

Because of its property of losing its deep blue color ~vlie11 reducecl by 
the addition of two atoms of hydrogen, methylene blue has been widely used 
by biologists as a tool in studies of cellular metabolism. Methylene blue as 
a hydrogen acceptor has been most often used to demonstrate the presence 
or absence of enzyme systems in certain biological oxidations involving the, 
so-called, deh5-clrogenases. Methylene blue has been used in Thunberg 
experiments by Lardy and Phillips (5) ,  on two selnen samples for ~vhich 
they have reported data, to demonstrate the presence of suceinic acid dehy- 
drogenase activity of spermatozoa. Also, it  has been used by Klein ancl 
Saroka (4) ,  who reported recently that human semen ~vould reduce metliy- 
lene blue much faster a t  37' C. than at, 20' C. The technique has been sim- 
plified in this laboratory for work in the field to tcst the relative activity of 
bull semen samples. As a resnlt of the study of data from several hundrecl 
ejaclllations of semen i t  appeared to offer possibilities as a test for quality 
of semen, especially if combined with the test reported above. 

Method. Fifty mg. of methylene bli~e was dissolved in 100 ail. of the 
buffer used for making the yolk diluent. The buffer used was 4.76 gm. 
crystalline sodium citrate ( 2  Na,C6H,0, . 1 1  H,O) per 100 in]. water clis- 
tilled over glass. I n  these experiments the semen to be assayed for quality 
was first examined for motility, and the concentration m*as then determinecl 
by the visual determination of opacity rank, recently described by Salisbnry, 
Beck, Elliott and Willett (10). Two-tenths ml. of the semen 11-as then 
diluted with 0.8 ml. of the yolk-eitrate diluent, and placed in a small test 
tube of approximately 10.0 mm. outside diameter and of 3.5 to 4.0 ml. capae- 
ity. One-tenth ml. of the methylene blue solution was measured accurately 
into the 1.0 ml. of diluted semen, and the contents of tube thoroughly mixed. 
The tube was sealed by the addition of a one-half inch layer of mineral oil, 
and then placed in a constant-temperature water bath where the reduction 
proceeded. 

The mineral oil was addecl to clecrease the rate of diffusion of oxygen 
from the air into the upper level of diluted semen. As it does not eom- 
pletely prevent this exchange some allowance for the fact must be made in 
reading the end point of the reduction time. 



ESTIMATING THE QUALITY O F  BULL SEMEN 48'7 

Apparently lnost of the substrates required by spermatozoa to perform 
their proper function in artificial insemination are supplied by the semen 
and the yolk-citrate or the yolk-phosphate (8) diluents. The test has been 
nsed successfully with either diluter. 

Effect of methylene hlzce on spermatozoa. If methylene blue, at  the con- 
centration used, was toxic to spermatozoa its value in a test for quality would 
be questionable. An experiment was designed to determine whether or not 
methylene blue was toxic. Ten different collections of fresh semen were 
diluted 1: 4 with yolk citrate. The diluted material was divided into 1.0 
ml. portions and placed in small culture tubes. To one-half of these tubes 
from each ejaculation was added 0.1 ml. of the methylene blue solution. 
One pair of samples was then placed in each of five different water baths at  
37.5', 40.0°, 42.5", 45.0°, and 47.5' C. for 45 minutes and the motility esti- 

TEMPERATURE C 'C.7 

FIG. 3. Effect of temperature on methylene blue reduction time. 

mates made. An analysis of variance of the data shows a highly significant 
difference in motility at  these temperatures in favor of the diluted semen 
to which methylene blue had been added. 

An equal number of paired samples, one-half of which received 0.1 ml. 
of the methylene blue solution before storage, from the same semen was 
stored at 5' C. after having been cooled to storage temperature at the rate 
of a 5" C. drop each 10 minutes. These samples were examined after 2, 4, 
6,8, and 10 days of storage. No significant difference in livability was indi- 
cated by the results. It is concluded that for either short-time incubation 
or for long-time storage rnethylene blue has no toxic effect on livability of 
bull spermatozoa. 

Co~zditions for  runn ing  the  test. I t  has seemed desirable to make these 
determinations rapidly. Therefore, an investigation was conducted to 
determine the temperature for the optimum speed of methylene blue reduc- 
tion. Eight ejaculations of semen were used and a reduction test run for 
each sample at  37.5', 40.0°, 42.5', 45.0°, and 47.5" C. The results giving 
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the mean for the eight samples expressed as a percentage of the fastest time 
are shown in figure 3. The fastest reduction time resulted from the use of 
a bath held at  45.0" C., though at 47.5' C. the reduction required but little 
longer, and not significantly so. 

I n  the Thunberg technique oxygen and other gases are evacuated from 
the specially designed tubes. I n  the case of the test under discussion there 
is no means of getting rid of the air but its influence could be studied. I n  
one case the tests were run as described, but for other samples of the same 
ejaculations bubbles of air were forced through the diluted semen for 2 
minutes. Eight ejaculations of semen were used in this comparison. No 
difference in reduction time of the two series could be demonstrated statis- 
tically; the mean for those samples receiving no treatment was 8:38 minutes, 
and for those receiving air the mean was 8.45 minutes. Furthermore, the 

I P  1:4 I:6 I'~I:IODILVTION WTE 
33. 20. 14.3 11.191 % SEMEN 

FIG. 4. Effect of dilution rate on methylene blue reduction time. 

two series of observations could be considered as almost exact duplicates. 
I t  is believed that the thorough shaking required to mix the methylene blue 
solution into the diluted semen thoroughly saturated the contents of the test 
tube with air. While the entrapped oxygen was undoubtedly a factor in 
prolonging the reduction time it apparently was constant for all samples. 

Though it was earlier stated that a standard dilution rate of 1: 4 was 
used in the test, this rate has been adopted primarily as a matter of con- 
venience. However, the rate of dilution did have an important effect on 
the time required to reduce 0.1 ml. of the standard methylene blue solntion, 
as is seen in figure 4. Ten different semen ejaculations were used in this 
study. One ml. portions of diluted semen from each collection at  each diln- 
tion rate were used for the test. 

I t  is obvious that some standard rate of dilution is necessary if different 
samples of semen are to be compared, for the rate of dilution had an impor- 
tant influence on the reduction time. Apparently, this effect was not due 
to the reduction in the number of spermatozoa present only, but to other 
factors as well, for the increase in reduction time was not in direct relation 
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to the decrease in spermatozoan numbers. The reduction time becomes 
progressively longer with each rate of dilution above 1: 6. I11 this connec- - - 

tion, Winchester and McKenzie (16) have reported that increasing the dilu- 
tion rate of boar spermatozoa leads to an increase in oxygen uptake per unit 
number of spermatozoa. 

I t  would appear that if a different rate of dilution than recommended 
here were to be used, appropriate changes in the concentration of the 
methvlene blue solution should be made. 

Efect of spermatozoan concentration and motility on methylene blue 
reduction time. I n  cooperation with the New York Artificial Breeders' 
Cooperative a study of a total of 383 collections of semen from 30 different 
bulls has recently been completed. The methylene blue test was run at  
47.5" C. on the fresh semen diluted a t  the rate of 1 : 4 with yolk- itr rate.^ 
Spermatozoan concentration and motility were estimated by the methods 
previously described. 

These data were studied by the multiple regression methods outlined by 
Snedecor (13). 'The analysis showed that a large portion of the variation 
in the observed methylene blue reduction time was associated with variations 
in concentration and motility of the spermatozoa. The pertinent statistics 
are given below : 

X I  x* 
Methylene blue reduction time Y concentration motility 
Correlation of Y with X's - 0.6532"" - 0.6577** 
Standard regression of Y on X's - 0.4460 - 0.4543 

rx,,, = 0.4561** R2 = 0.5901 R =  0.7682'* 

** Significant a t  the 1 per cent level of probability (highly significant). 

When the means for the individual bulls were used for the analysis a 
highly significant correlation between concentration and motility of 0.8829 
was revealed, indicating that the bulls varied in their ability to produce 
semen, and that motility tended to be poor for the spermatozoa of those bulls 
producing semen of low concentration. In  this same analysis highly signifi- 
cant correlations of -0.8169 and -0.8252 were obtained between mean 
methylene blue reduction time and mean concentration and mean motility 
respectively. These coefficients would indicate that a large proportion of 
the difference between the mean methylene blue reduction times was asso- 
ciated both with concentration and motility, with about equal weight given 
to variations in each. 

However, for any one particular bull the data indicated that variations 
in concentration of semen samples were not necessarily associated with simi- 
lar variations in motility of the spermatozoa. 

The results of the analysis were interesting, for they indicated that fresh 
semen containing no spermatozoa or fresh semen containing unlimited num- 

2 The writers are indebted to Maurice Johnson, technician a t  the Cooperative's Syra- 
cuse, New York, laboratory for much of the data. 
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bers of dead spermatozoa would not be able to reduce methylene blue under 
the conditions of this test. Such mas the case, for in a series of experiments 
centrifuged plasma of fresh semen diluted with the yollr-citrate diluent 
would not reduce the methylene blne, nor mould semen samples of high 
concentration, the spermatozoa of which had been rendered immotile by the 
addition of small quantities of toluene, ether, chloroform, or distilled water. 

Effect of ascorbic acid co?icentration on methylene blue redtiction time. 
Since the discovery by Phillips et al. (9) that sperlnatozoaii production of 
certain poor-breeding bulls mas stimnlatecl by subcutaneous injections of 
ascorbic acid, this laboratory has been interested in tlie function of the vita- 
min in spermatozoan physiology. Experiments were undertaken to cleter- 
mine the relationship between the inherent level of ascorbic acid in fresh 
semen samples on methylene blue reduction time under the conditions of 
the test. 

First of all, the effect of removal of the ascorbic acid by ascorbic acid 
oxidase was studied. Crude preparations of the enzyme mere prepared 
from cucumbers after the inethocl described by Sharp, Hand and Gnthrie 
(12). All preparations were active when tested before use. To 0.2 ml. of 
semen diluted with yolk-citrate a t  the rate of 1: 4 was added 0.1 ml. of the 
enzyme preparation. After shaking, the mixture was allowed to stand for 
10 minutes a t  room temperature, then methylene blne reduction tests were 
run on these samples as well as control samples of normal semen. Fonrteen 
semen ejaculations were run in this fashion. The mean reduction time for 
the untreated samples was 11.3 minutes, and for the treated samples the 
lnean mas 12.1 minutes. The difference was highly significant. 

For a series of eight ejaculations tested in the sanie manner, but to which 
air had been bubbled through both samples before the test, the results were 
similar and the clifference highly significant. The mean time was 8.5 min- 
utes for the untreated, and 9.7 minutes for the treated samples. A series 
of nine other ejaculations of obviously poor quality, where the mean reduc- 
tion time was abont 20 minutes, failed to show a significant clifference in 
reduction time between treated and untreated samples. These clata, show- 
ing that destruction of the ascorbic acid in semen samples of good quality 
slowed reduction time, mere suggestive that the level of ascorbic acid in 
semen might play some part in the methylene blue reduction test. How- 
ever, it  was interesting to note that no significant difference in motility was 
found between the semen to which ascorbic acid oxiclase had been added and 
the untreated semen after incubation for 45 minl~tes a t  47.5' C. in these 
experiments. At  the time the authors had not seen the necessity for deter- 
mining the ascorbic acid content of each semen ejaculation and interpreta- 
tion of the quantitative aspects of the data was impossible. 

Fortunately, the methplene blue reduction t e ~ t  had been used in con- 
nection with another experinlent in this laboratory where the ascorbic acid 
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content of fresh semen samples was also obtained. The ascorbic acid cleter- 
minations were made on 0.1 ml. samples by standard titration procedure 
just before the methylene blue tests were carried out. Data were obtained 
on 73 semen ejaculations froin 15 different bulls in this experiment. The 
lnean data are given in table 1. 

TABLE 1 

Sum?na??j o f  information on semen samples for  tuhiclh data on ascorbic acid 
content tuere available* 

Mean Mean 
methylene 

bull blue reduc- 
co~ltent tion time 

thousands 
1405 
1300 
1160 
1200 
1300 
1177 
1382 
1020 

800 
1185 
1468 
1038 
1342 

930 
553 

per cent 
70.0 
75.0 
70.0 
82.5 
71.6 
71.4 
78.3 
80.0 
60.0 
69.6 
74.0 
45.0 
70.0 
61.8 
31.6 

?ng./lOO ml .  
5.23 
7.22 
7.55 
6.14 
5.33 
5.18 
6.73 

10.34 
4.68 
7.62 
7.57 
4.37 
5.66 
5.46 

. 3.76 

minutes 
3.50 
3.50 
5.25 
5.25 
4.25 
5.68 
3.46 
4.00 
8.50 
5.96 
3.55 

20.68 
4.71 

13.77 
40.92 

" The writers are indebted to In-ine Elliott for these data. 

The data were studied by multiple regression and point out several inter- 
esting facts which had not lieretofore been apparent. Between concentra- 
tion of spermatozoa per mmj. and inotility there was a highly significant 
positive correlation of 0.6720, higher than was obtained with the larger 
sample of 383 ejaculates, but between concentration and ascorbic acid con- 
tent the correlation was 0.1752; so small that it was below the level of sig- 
nificance a t  even the 5 per cent level of probability. However, between 
ascorbic acid content and motility the correlation coefficient was 0.4973 and 
highly significant. Davis and Cole (2)  have markedly influenced the inotil- 
i ty of the spermatozoa of one stallion by alternately adding and removing 
ascorbic acid from his diet. These facts would seem to point to the con- 
clusion that the ascorbic acid content of fresh semen is intimately concerned 
with the motility of the spermatozoa. However, the failure of Lardy and 
Phillips (5) to prolong motility by addition of ascorbic acid and the results 
reported here on the continuance of motility a t  incubation temperatures in 
the absence of reduced ascorbic acid suggests that the two are not connected 
in a cause and effect manner. 
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The statistics calculated from the data are presented below: - 
L a  

Methylene blue reduction XI XZ ascorbic 
time 9 concelttration nlotilit?l acid 

content 
Correlation of Y with X's - 0.71311* - 0.74601* - 0.3818** 
Standard regression of Y od X 's - 0.4127 - 0.4209 - 0.1002 

** Significant at the 1 per cent level of probability. 

I t  is seen that a large portion of the variation in methylene blue reduc- 
tion time was due to the concentration of the spermatozoa and to the motil- 
ity of the spermatozoa in the samples. However, the ascorbic acid content 
of the semen apparently had a part to play in methylene blue reduction. 
Later it was found that the yolk-citrate diluter alone plus ascorbic acid 
would reduce methylene blue under the conditions of this test, providing 
the ascorbic acid was added in sufficient quantities. The amounts required 
were from ten to twenty times the quantities found in bull semen. Lardy 
and Phillips (5) have shown that addition of ascorbic acid to semen leads 
to an increase in oxygen uptake in amounts readily explained by the oxida- 
tion of ascorbic acid to dehydroascorbic acid. 

The effects of the kinds and the numbers of bacteria on the reduction 
test for fresh semen and for semen stored at  5' C. for ten days has been 
studied3 simultaneously with the experiments reported here. These data 
will be published later. Preliminary examination of the data indicates that 
the kinds and numbers of bacteria found in semen have little effect on the 
reduction test of fresh semen providing the usual precautions are taken to 
collect a clean sample of semen (3). For stored semen the test should be 
applied with caution. 

CONCLUSIONS 

The decrease in motility of the spermatozoa in bull semen samples, 
diluted with yolk-citrate and stored 10 days at 5' C. after having been 
brought to storage temperature in steps of a 5' C. drop each 10 minutes, 
was positively and significantly correlated with the decrease in motility for 
similar samples stored in water baths for one hour at 46.5' C., for 45 min- 
utes a t  47.0' C., and for 30 minutes at 47.5' C. The correlation coefficients 
were 0.9088, 0.8979, and 0.6731, respectively. Such an incubation test was 
suggested for use in determining relative livability of the spermatozoa in 
semen samples under the same and different handling techniques. 

A test for quality of semen in which the rate at  which semen diluted with 

3 By I. C. Gunsalus and J. J. R. Campbell, Laboratory of Bacteriology, Cornell 
University. 
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yolk-citrate diluent will reduce a dilute solution of methylene blue was 
suggested for use, especially by operators of artificial breeding circuits. 
The quantitative relationships between this test and several factors affecting 
i t  were presented. Under standard conditions the test was shown to be 
largely dependent upon the concentration of spermatozoa, the motility of 
the spermatozoa, and the concentration of ascorbic acid in the semen. 

The two tests may be combined for each semen sample. Thus informa- 
tion may be rapidly obtained on initial motility, duration of motility, and 
relative metabolic rate as influenced mainly by spermatozoan concentration 
and motility, and ascorbic acid content of the semen. All of these factors 
now appear to be important as indications of the potential fertilizing capac- 
ity of semen. 

REFERENCES 

(1) COMSTOCK, R. E. A Study of the Mammalian Sperm Cell. I. Variations in  the 
Glycolytic Power of Spermatozoa and their Relation to Motility and I t s  Dura- 
tion. Jour. Expt. Zool., 81: 147-164. 1939. 

(2) DAVIS, G. K., AND COLE, C. L. Vitamin C and Sterility in Horses. Jour. Anim. 
Sci., 1: 63. 1942. 

(3)  GUNSALUS, I. C., SALISBURY, G. W., AND WILLETT, E. L. The Bacteriology of Bull 
Semen. JOUR. DAIRY SCI., 24: 911-919. 1941. 

(4) KLEIN, MILTON D., AND SAROKA, MAX. Studies on Viability of Human spermatozoa. 
Preliminary report. Amer. Jour. Obst. and Gynec., 42: 497-499. 1941. 

(5) LARDY, H. A., AND PHILLIPS, PAUL H. The Effect of Certain Inhibitors and Acti- 
vators on Sperm Metabolism. Jour. Biol. Chem., 138: 195-202. 1941. 

(6)  LASLEY, JOHN F., EASLEY, G. T., AND BOGART, RALPH. Some Factors Influencing 
the Resistance of Bull Sperm to Unfavorable Environmental Conditions. Ab- 
stract of paper presented a t  the 34th annual meetings of the Amer. Soe. Anim. 
Prod. Jour. Anim. Sci., 1: 79. 1942. 

(7) MILOVANOV, V. K. Sperm Dosage i n  Artificial Insemination of Livestock. Prob- 
lemy Zhivotnovodstra, 3: 11-33. 1937. Citation from Anim. Breed. Absts., 
5: 468. 1937. 

(8 )  PHILLIPS, PAUL H., AND LARDY, H. A. A Yolk-Buffer Pabulum for the Preserva- 
tion of Bull Semen. JOUR. DAIRY SCI., 23: 399404. 1940. 

(9) PHILLIPS, PAUL H., LARDY, H. A,, HEIZER, E. E., AND RUPEL, I. W. Sperm Stimu- 
lation i n  the Bull through the Subcutaneous Administration of Ascorbic Acid. 
Joua. DAIRY SCI., 23: 873-878. 1940. 

(10) SALISBURY, G. w., BECK, G. H., ELLIOTT, IRVINE, AND WILLETT, E. L. Rapid 
Methods for Estimating the Number of Spermatozoa in  Bull Semen. JOUR. 
DAIRY SCI., 26 : 69-78. 1943. 

(11) SALISBURY, G. W., FULLER, H. K., ~ N D  WILLETP, E. L. Preservation of Bovine 
Spermatozoa in  Yolk-citrate Diluent and Field Results from i ts  Use. JOUR. 
DAIRY SCI., 24: 905-910. 1940. 

(12) SHARP, PAUL F., HAND, DAVID B., AND GUTHRIE, E .  8. Quantitative Determination 
of Dissolved Oxygen. Ascorbic Acid Oxidase Method. Indus. and Engin. Chem., 
13: 593-597. 1941. 

(13) SNEDECOR, G. W. Statistical Methods. 3rd Edition. Collegiate Press, Inc., Ames, 
Iowa. 1940. 



494 G .  H. BECK AND G .  W. SALISBURY 

(14) WALTON, A., -4ND EDWARDS, J. Criteria of Fertility in  the Bull. I. The Exhaus- 
tion Test. Amer. Soe. Anim. Prod. Proe., 254-259. 1938. 

(15) WILLETT, E. L., AND SALISBURY, G. W. The Effect of Various Diluters, Cooling 
Rate, Temperature of Storage, and Some Other Factors on the Livability of 
Spermatozoa in Stored Samples of Bull Semen. Cornell Univ. Agr. Expt. Sta. 
Memoir 249. 1942. 

(16) WINCHESTER, C. F., AND MCICENZIE, F. F. I~ifl~lenee of Cell Concentration on 
Respiration Rate of Sperm. Soc. Expt. Biol. and Med. Proc., 48: 648-653. 1941. 



INFLUENCE OF SEVERAL FACTORS UPON THE AMOUNT AND 
STABILITY OF CAROTENOIDS IN FROZEN CREAM AND 

ITS RELATIONSHIP TO THE METAL-INDUCED 
OXIDIZED FLAVOR" 

G. M. TROUT, L. A. MOORE,l AND M. V. SCHEID 
Department of Dairy Husbandry, 

Michigan Agricultural Experiment Station, 
East Lansing, Michigan 

Since Anderson (1) suggested that carotene is the constituent of milk 
most likely responsible for the inhibition of the development of the oxidized 
flavor in milk, many investigations have been undertaken to determine the 
factors affecting its presence in milk and its possible association with stabil- 
ity of flavor. The studies in many cases involved only the factors affecting 
the carotene values of the feeds to which the cows were given access. 

On the other hand, the researches of Whitnah, Martin and Beck (13), 
Tucker, Garrett and Bender (12), Garrett, Tucker and Button (7), Garrett, 
Hartman and Arnold (a), and Brown, VanLandingham and Weakley (4) 
concerned in large part with flavor, demonstrated the relationship which 
existed bet-ween the carotene content of milk and its stability toward the 
development of the copper-induced oxidized flavor. Later Brown, Van- 
Landingham and Weakley (5) (6) concluded that the amount of carotene 
in the fat may not be the substance responsible for the reduced susceptibility 
of milk to oxidized flavor development but suggested that substances asso- 
ciated with it probably had a greater effect than the carotene itself. 

That carotene is quite stable in frozen milk products was shown by Olson 
and co-workers (10) who concluded that milk could be stored for consider- 
able periods without affecting the carotene or vitamin A content. 

Inasmuch as carotene was found to be a stable anti-oxidant in milk even 
in the frozen state, it seemed desirable to ascertain its stability and anti- 
oxidizing effects in frozen high-testing cream during a prolonged period of 
storage. Consequently, carotenoid determinations were made on monthly 
samples of high-test cream throughout the year, the cream being treated in 
many ways to ascertain the effects upon oxidized flavor development. The 
data reported herein were obtained from a study of such factors as season 
of the year, pasteurization exposure, homogenization, copper contamination, 
additions of sugar and type of container as well as frozen storage at 0" to 
- 10' F. for six and twelve months. 

Received for publication November 12, 1942. 
*Journal Article No. 610 n.s. hfich. Agr. Expt. Station. 
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EXPERIMENTAL 

The cream used in this study was secured from the separation, at  100" 
F., of fresh, raw mixed milk either from the College Creamery or from a 
local dairy. The fat  content ranged from 45 to 60 per cent and averaged 
51.75 per cent throughout the twelve-month period. 

The cream, divided into three lots, was pasteurized as follows: Lot 1 
was heated to 150" F. and held for 30 minutes; Lot I1 was heated to 165" 
F. for 15 minutes; and Lot I11 was heated to 185" F. for 5 minutes. I n  
handling and processing the cream, precautions were taken against copper 
contamination throughout, the pasteurization being accomplished in a 25- 
gallon, stainless-steel vat. 

Each lot was then subdivided into three portions which were homog- 
enized at  0, 1500, and 3000 pounds pressure respectively, after which the 
cream frequently stirred, was cooled to 50' F. in ice water. 

Each portion thus pasteurized and homogenized was again subdivided 
into four parts, one serving as a control; a second to which was added 1 
ppm. copper in the form of anhydrous copper sulfate; a third to which was 
added ten per cent sugar; and a fourth having had both sugar and copper 
a t  the rates specified above. 

Immediately following cooling and treatment, approximately one-pint 
samples were put into each of three different types of containers, namely, 
a glass, mayonnaise-type jar with a water-proof, inner-lining screw cover; 
a pint, paper Sealright carton; and third, a No. 2 "C"-enamel tin can. 
Separate sets were put up for examination at six and at  twelve months' 
storage. When a lot was packaged, the packages were taken at  once to a 
- 10" F. room for freezing, where they remained until date of examination. 
In  all, approximately 30 gallons of cream were required for each monthly 
series during the twelve-month period of the study. 

Since Baldwin (2), Trelogan and Combs ( l l ) ,  and Baldwin and Doan 
(3) showed that cream containing above 25 to 30 per cent fat  froze homo- 
geneously and that it might be reliably sampled in the frozen state, samples 
for the carotenoid determinations were weighed while the cream was in a 
completely frozen condition. The procedure followed in making the carote- 
noid analysis of cream was a modification of the method developed by Moore 
(9) for the determination of blood plasma carotene. 

RESULTS 

Seasonal variation in  carotenoids of cream. Carotenoid determinations 
were made on samples of cream secured near the middle of each month 
throughout the year. The data show that the cream varied widely in its 
carotenoid content throughout the year, reaching and maintaining a high 
level from June to October, inclusive, and its lowest level from January to 
April, inclusive (figs. 1, 3, 4 and 6). These periods roughly correspond to 
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those of green and dry feeding. Although determinations were not made 
on the fresh March and April samples, the data on the frozen samples for 
those months indicate that the carotenoid level was a t  its lowest in April 
when the cows were yet on dry feed. Cows were being turned to pasture 
approximately the first week in May during the year in which these studies. 
were made. Fall rains made excellent pasturage which undoubtedly ac- 
counts for the high carotenoid value in October cream. 

The influence of the pasteurization exposure on the carotenoids of cream. 
The samples of cream secured monthly throughout the year intended for 
frozen storage were pasteurized a t  exposures of 150" F. for 30 minutes, 165" 
F. for 15  minutes, and 185" F. for 5 minutes. Analyses were made on these 
creams to determine what effect the pasteurization exposure had on the 
carotenoid content. 

The data, presented in figure 1, show that the pasteurization exposures 
had no significant effect upon the carotenoid content of the cream. The 
carotenoids of cream pasteurized a t  the higher temperature apparently were 
as stable as those in cream pasteurized a t  the lower exposure. 

MONTH 
FIG. 1. The carotenoid content of 6-month-old cream as influenced by pasteurization. 

The influence of homogenization on the carotenoids of cream. Inasmuch 
as homogenization was known to retard the development of copper-induced 
oxidized flavor in milk, and that carotene had been shown to have a-similar 
effect, studies were made to determine the effect of homogenization upon the 
stability of carotenoids of frozen cream even when one part per million 
copper was added to the cream prior to storage. 
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The data presented in figure 2 show that homogei~izatioi~ had no signifi- 
cant effect upon the stability of carotenoids in cream, the amount present 
being approximately constant regardless of the pressures of homopenization. 
The presence of one ppm. copper in the homogenized creanl appeared to 
exert no influence on the stability of the carotenoids. 

Stabili ty of carotenoids in frozen cream. Carotenoid determinations 
made on monthly samples of cream throughout the year when fresh and after 
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influence of ho~nogenization on tlie stability of carotenoids 

six and after twelve months of frozen storage show that the length of stor- 
age, under conditions of the experiment, had no detrimental influence on 
the carotenoid content of cream (fig. 3).  

Tlte inflzience of copper o n  the stability of carotenoids in frozen creant. 
As carotene has been shown to have a stabilizing effect on the flavor of milk 
against copper-induced oxidation, analyses were made of the cream samples 
to determine what effect the presence of copper might have on the carotenoid 
content of the cream when stored in the frozen state. 

The data, presented in figure 4, show little difference between the carote- 
noid contents of the control and of the copper-contaminated cream samples. 
I n  view of the close relationship which existed between the carotenoid values 
of the control and copper-contaminated samples, it  should be pointed out 
that oxidized flavors always developed in the copper-contaminated samples, 
whereas the control lots were largely without flavor criticisms. 
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FIG. 3. The carotcnoid content of n~onthly samples of cream as affected by period 

of frozen storage. 

The inpztcllcc of flte f y p e  of contc~incr on the carotenoirl s t n h i l i f ~  
of frozen cream. The type of the container whether paper. till or glass, had 

MONTH 
FIG. 4. T l ~ e  carotcnoid content of n~onthlr samples of cream as influenced by addi- 

tion of one part. per million of CO~PCI . .  (Cream pasteurization a t  150° F. for 30 min. 
and stored 6 months.) 
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no sigl~ificaiit influence on the carotenoid values of cream, upon frozen stor- 
age (fig. 5) .  While close study of the data revealed some slight variance in 
the carotenoid content between the creams stored in the various containers, 
these differences may be attributed largely to experimental errors. No defi- 
nite trends were fouiid which favored any one type of container over another 
so far HS carotenoid values were co~lcel.ned. 

M A M A. 
MON TH 

FIG. 5. The carotenoid content of cream stored 19 montlis in paper, tin and glass. 

The influence of sucrose on the carotenoid stability of cream. Carote- 
noid analyses were made on frozen stored cream containing 10 per cent of 
sucrose added prior to freezing with and without the addition of one ppm. 
of copper. 

No significant effects resulting from the addition of sucrose were noted. 
Specific data for one month's sample of cream carried throughout the experi- 
ment showed no definite trend as a result of the addition of sucrose alone or 
of the addition of sucrose and copper to the cream (Table 1) .  

The influence of the carotenoid content on the flavor of frozen cream. 
No correlation was found to exist between the intensity of oxidized flavor 
and the carotenoid content of the cream (figs. 6 and 7). While there 
appeared to be no significant differences between the carotenoid levels of 
cream with and without copper, there were marked differences in the flavors 
of the creams with and \i~itIiont added copper. Apparently the carotenoids 
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in cream are not preselit, even during the summer nioliths when the cows 
are on green feed, in sufficient quantities to stabilize the fat ty ronstituents 
of high-fat rrealll against copper-induced oxiclatio~i. 

MONTH 
FIG. 6. The relationsliip between tlie carotenoid content of cream and the intensity 

of oxidized flavor. Cream was pasteurized a t  lGJO F. for 15 minutes ancl stored for 6 
niontlis :it UO to - 10° F. (Carotenoids exl)rt~ssrcl :IS carotene.) 

MONTH 
FIG. i. T l ~ e  rclntionsl~ip bet~vcen the carotc~ioid content of creani stored for  G 

montlls a t  0° to - 10° F. and tlie inttxnsity of tllc oxidized flavor. The erraln was pas- 
tenrized a t  150° F. for  30 inini~tes, after wl1ic11 1 ppm. of copper was added. 
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DISCUSSION 

While the carotenoid content of butterfat in cream produced a t  differ- 
ent seasons of the year varied widely from a low in the late winter months 
to a high in the early summer months, the amount present apparently 
exerted little influence on the storability of cream in the frozen state so far  
as inhibition of the development of the copper-induced oxidized flavor is 
concerned. June cream high in carotenoids, to which one ppm. of copper 
in the form of copper sulphate was added, developed the oxidized flavor 
upon storage as readily as late winter cream, similarly treated, which was 
quite low in carotenoids. Apparently, therefore, shonld conditions warrant, 
winter cream might be stored frozen a t  O0 to -10' F. for six months or 
longer as well as June  cream. 

Since manufacturing processes, such as pasteurization, homogenization, 
and freezing were found to have no appreciable destabilizing influence on 
the carotenoicls of butterfat, cream might be safely stored for reasonable 
periods of time with the assurance that the carotenoid content would be 
maintained. 

SUMMARY 

The carotenoid values of high-fat cream, determined monthly throughout 
the year, varied from a low during the winter months when the cows were 
on dry  feed to a high during the summer months when the cows had access 
to green feeds. 

Pasteurization, homogenization, addition of sucrose, addition of one 
ppm. copper, type of container, freezing, and storage for twelve months a t  
O0 to - 10' F. had no appreciable effect upon the carotenoid content of high- 
fat  cream. 

The relatively high levels of carotenoids present in cream during the 
summer months did not stabilize the cream against the development of 
copper-induced oxidized flavor when one ppm. of copper was added after 
pasteurization. 
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RELATIONSHIP OF CONSUMPTION OF PEPPERGRASS BY COWS 
, TOTHEFLAVORANDINDOLCONTENT OFBUTTER 

R. V. HUSSONG ANn SIDNEY QUAM 
Research Laboratories, Sugar Creek Creamery Company, Danville, Illinois 

A rather characteristic flavor defect of butter is designated by many 
butter judges as peppergrass flavor and often is considered to be due to 
consumption of peppergrass (Lepidium virginicum) by the cows producing 
the cream. The defect varies greatly in intensity; it may be pronounced or 
it may be so slight that its identity is difficult to determine. 

Butter with peppergrass flavor is produced principally in certain areas 
during a definite part of the year. It has been encountered especially in 
sections of North Dakota, South Dakota, Nebraska and some of the nearby 
states; it may begin late in April or early in May and continue until late 
June or early July. The defect is much more serious in certain years than in 
others; lack of rainfall, particularly over a period of more than a year, 
seems to result in many weeds (including peppergrass) developing in pas- 
tures and in considerable butter having peppergrass flavor. During certain 
of the recent drouth years peppergrass flavor in butter sometimes was such 
a serious defect that the butter was almost unsalable, and creameries in the 
affected sections suffered heavy losses. In some areas a t  the peak of the 
peppergrass season it was almost impossible to find milk that did not have 
the defect to some degree. 

Although peppergrass flavor commonly is associated with butter from 
certain states, there is evidence that it occasionally is present to some degree 
in butter from other sections. For the most part this butter is not recognized 
as having peppergrass flavor, and the defect is described as weed or feed 
flavor. Since peppergrass is widely distributed throughout the United 
States, the defect would be expected in butter produced in various sections. 

LITERATURE REVIEW 

Although the relationship of consumption of peppergrass by the cows 
to a specific defect of butter is accepted by many butter judges, others be- 
lieve that the peppergrass flavor of butter is due entirely or in part to 
plants other than peppergrass. Frenchweed (Tlzlaspi arvense) has been 
considered especially in this connection. 

Feeding trials carried out by Olson (5) involved a plot seeded to pepper- 
grass ; an alfalfa pasture containing some Frenchweed; force feeding of 
peppergrass, Frenchweed and onions ; stall feeding of peppergrass ; and 
stall feeding of mixtures of peppergrass and Frenchweed and of alfalfa and 
Frenchweed. Cows were allowed their freedom on the plot seeded to pepper- 
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grass which also contained other weeds, including Frenchweed; the cows 
preferred to feed on the peppergrass. Frenchweed in the alfalfa pasture 
was not eaten until all of the alfalfa had been consumed, or about 3 weeks 
after the cows were turned in the pasture. Cows were fed 40 pounds of 
peppergrass daily for 4 days and Olson reported slight to pronounced weed 
flavors in the milk, which were considered to be the most pronounced of any 
of the trials. When peppergrass was force-fed only 9 per cent of the milk 
samples were reported to have a weed flavor. Results of force feeding 
Frenchweed were not reported. Milk from tests in which Frenchweed was 
mixed with peppergrass and alfalfa had a weed flavor after the first trial, 
and the intensity increased with successive feedings. Olson concluded that 
the objectionable flavor attributed to peppergrass was due to small quanti- 
ties of some other weed, such as Frenchweed, and not to peppergrass. 

Frenchweed arid peppergrass were used in feeding trials by Domins (2) ; 
the cows were fed by drenching about one hour before milking. Downs 
reported that when fed in this manner peppergrass did not produce any off 
flavor in the milk, while Frenchweed produced a slight garlic flavor. He 
noted that cows will not eat Frenchweed if anything else is available. 

The end products of digestion of Frenchweed and blue glass by bacteria 
and enzymes were studied by Ingle (4) .  He reported that when French- 
weed to which only water had been added was allowed to stand a t  100' F. 
for 12 hours, the aqueous portion had an indol content of 26.6 pg. per gram 
of dry weed. Another sample of Frenchweed, partially spoiled in transit, 
was held under the same conditions and the indol content after the holding 
was 38.2 pg. per gram of dry weed ; when the holding time was lengthened 
to 18 hours the indol content had risen to 70.5 pg. per gram of dry weed. 
With blue grass held for 18 hours in water, the indol content was 11.5 pg. 
per gram of dry grass. When the Frenchweed and blue grass were mixed 
with water and toluene or chloroform and enzymes added (types not re- 
ported), only traces of indol were found. Presumably the toluene or 
chloroform used to inhibit bacterial growth inhibited the enzymes or the 
enzymes would not change the indol forming compounds to indol. Ingle 
concluded that, on the basis of his tests, Frenchweed was potentially able 
to break down into much greater amounts of indol than blue grass and might 
easily furnish enough indol to cause its appearance in the milk. 

Eckles, Combs and Derby (3) stated that butter defects reported to 
them and apparently due to Frenchweed were confined to the vvinter months 
when dry feed was used but that statements in the literature indicated the 
difficulty was most frequently experienced during the grazing season. These 
investigators found that each of eight cows had an extreme dislike for 
Frenchweed, even when the cows were not getting any other preen forage. 
They found that when 300 grams of the green plant mas fed to the cows 3 
hours before milking no off flavor could be detected in the milk but that 
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mllen (i10 granls ~ v a s  fed tlir flavor \ \as  reatlily detec.tetl. 1Ylte11 b'~-enc*l~- 
~veetl sect1 \I-as fed to c.o\vs, a ni i i~inl i~m of 12.5 grams per (lay was Ilecdessary 
to pro(1uc.e all oft flavor in the lnilk. The description of the flilvor protl~~cecl 
by these seeds \vas t l ~ i ~ t  it resemblrtl tlie flavor of oil of m l ~ s t i l ~ t l  ant1 oil of 
garlic. 

GENERAL EVIDENCE OF RELATIOSSI I IP  01.' PEI'I'ER(:HASS 

TO TIIE DEFECT 

111 secations s ~ ~ p p l y i ~ ~ g  h ~ ~ t t e r  haring peppergrass flavor. thc. tlefect is 
(:onspic1io11s in the niilk or cdream fro111 certain farms;  i l l  these p1.otluc.t~ tlie 
flavor is essentially the saiile as  it is in b11tter. Often tlie farlners tta.nllot 
use the 111ilk 'the?- protlllce b e c a ~ ~ s e  of the inter~sity ant1 objrc.tio~~able c1ia1.- 
acter of t,he off flavor ant1 obtain nlillr from ii ~~eighbor .  Many of these 
farliiers definitely believe that the off flavor in the n~i lk  0c~c111.s \vlien pepper- 
grass has made a heavy growth i l l  the pastures a ~ r d  t l ~ i ~ t  it is due to con- 
s~unption of the peppergrass by the cons. Ol,er;ttors of s~na l l  butter p la~ l t s  
1v11o know c*ontlitio~ls on the farms supplying then1 ~ v i t l ~  caream also c*o~nnlo~~ly 
col~sicler that  the c11il.racteristic defect tliey entwunter a t  c ~ r t i l i ~ i  sc~asol~s is 
due to the 'onsumption of peppergrass by tlie caows. 

Many people familiar ~vitll c.ontlitions in tlie areas s i ~ p p l y i ~ ~ g  pepprrgrass 
butter believe that cows will not eat French~veeil as  long as  there is a l ~ y t l ~ i n g  
else available. E v i d e ~ ~ c e  to suppol-t this itlea is the fact that nlany of the 
pastures have a b ~ u i d a l ~ t  growth of Frenc-hrveed, b ~ ~ t  there is little il~tlicatiori 
that any  of it has been toi~c.hetl by the atlinials. I t  is generally recognized 
that  co\+,s reatlily eat ~ ~ p ~ e r g r i ~ s s ,  often appiire~ltly p r e f e r r i ~ ~ g  it t o  var iol~s 
other plants growing i l l  the pastnres. 

ORSERVATIONS IN A PEPPERGRASS AREA 

111 a season whrn pep~)ergra\s flavor in butter was v c ~ y  caolnrnoll in a 
c.ertaili area, observatious were nlade on the grazing habits of the cows ant1 
on tlie pasture r o n d i t i o ~ ~ s  in that area. Nearly all milk, creillll and butter 
produced there had a pronoluiieecl peppergrass flavor nliich in many in- 
stances \+,as so objec.tionabIe that farniers conltl not use the dairy products 
],roclucecl oli their o\vn farms. During this time iii~lch of the food prepared 
with milk, caream or butter hat1 a peppergrass flavor. Coffee to ~vhicll the 
off-flavored c rea~n  had bee11 atltled slio~ved a c.onhpicno11s flavol- t1efec.t. 

A t  a farm produving milk with il  p rono~~nced  peppergriiss flavor a careful 
search of the pasture failed to rel,eal the presenc8e of any  Frrnchweed, but 
it  contained an abulldancc of peppergrass. Since there were n o  normal 
pasture grasyes. the cows hat1 only peppergrass i ~ n d  other ~ ~ e e t l s  for forage, 
and tliey ate the peppergrass reatlily. 

The six cox-\ i11 a herd p r o d u r i ~ ~ g  tarcaln having a c~ol~spicuonq pepper- 
grass flavor \+,ere follo~ved by three persolls fro111 the tinie they were turned 
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on pasture in the inoriiiilg until they were returned to tlie barn a t  evening. 
There was some Freiicli~reed in the low areas of the pasture, but none of it 
mas eaten, and none of the plants showed any evidence of having been 
grazed. On various occasions a cow turned away from a Frenchweed plant 
that slie approached in her grazing. The cows spent most of tlie day on 
some low hills along one side of the pasture and ate steadily of the pepper- 
grass that grew abundantly there. On their way to the barn a t  evening 
they crossed some low ground having a rank growth of various weeds in- 
cluding Frenchweed; here they ate only the heads of volunteer oat plants. 

I n  the area a t  the time, a farmer was distributing milk that was generally 
recognized as the one supply that was free of peppergrass flavor. The cows 
were using a rye pasture and an exaininatioii of the pasture failed to reveal 
either peppergrass or I~reiichr~~eetl. One of tlie cows in this herd was kept 
in the barn and offered Frenchweed ; she refnsed to eat i t  although no other 
feed was given her during 24 I~ours. 

The general unpalatability of Frenchweecl \\-as eniphasized when the 
plants were offered hogs being kept in a dry lot. Althonglit they ~vould eat 
all other ~veeds offered, they refused Frencliweecl. 

ISDOL CONTENTS OF PEPPERGRASS BUTTER 

The odor of peppergrass butter suggests, in a general way, the odor of 
a dilute solution of inclol or skatol. Experimental butter made from good- 
flavored cream treated with a sniall amount of one of these compounds had 
a flavor somewhat resembling tlie flavor of peppergrass butter. Many bntter 
judges make a sharp distinction between this flavor in butter and the flavor 
they attribute to Frenchweecl, the latter flavor being more "musty." 

Following the disclosure by Clarke et al. (1) that butter made from de- 
composed cream showed high values for indol, a study was made of the indol 
content of various lots of commercial butter, including peppergrass butter. 
The method of deterinination used was tlle extraction procedure described 
by Clarke et al. ( I ) ,  and the results are expressed as inicrograins (pg.) of 
indol per 50 ml. of inilk fat. 

Table 1 presentb results of indol deteriniiiatioiis on cominercial butter 
Iiaving proiiouncetl peppergrass flavor and. for comparison, results on good 
quality butter definitely free of peppergrass flavor. The samples of pepper- 
grass butter liacl indol contents ranging froin 45 to 1100 pg. per 50 ml. of 
milk fat. These resnlts cover the general range of values obtained on pepper- 
grass butter. Most of the samples having the off flavor had indol contents 
ranging from 40 to 100 11g. per 50 1111. of milk fat. When the flavor was less 
pronounced, lio~vever, the values frequently were considerably lower. The 
good quality butter was produced in plants not in peppergrass areas; the 
indol contents were far below those OF peppergrass butter and are in agree- 
ment wit11 the lo~vest values reported by Clarke et  a[. (1) for normal butter. 
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Cans of commercial cream froill peppergrass areas, all of which had a 
pronounced peppcrgrass flavor, were chnrned individually and indol deter- 
minations made on the resulting lots of bntter. The following valnes were 
obtained: 404, 204, 1070. 1000, 1100, 500, 300, 1020 and 640 ug. indol per 
50 1111. fat.  

TABLE 1 

Indol contents of btrtter Itnving prononnccd peppergrnsa llnvor and of good 
qualit?/ blittrr frec of the defect 

n i ~ t t e r  with pronounced pepper- I Good quality butter free of pepper- 
grass flavor grass flavor 

Sample No.' Indol Indol 
pg./50 ml. f a t  S a m ~ l e  No-t wg-/50 ,,,I. fat  

* Samples from various butter plants in peppergrass areas. 
t Samples from widely distributed butter plnnts not in poppergrass areas. 

During a season when peppergrass cream was very common jn a certain 
area, analyses were made on first and secoiicl grade butter from a plant in 
that area; the data are given in table 2. The values are much higher on the 
second grade butter than on the first grade butter. Probably much of the 
cream used in the second grade product was pnt there only because of the 
peppergrass flavor and was otherwise satisfactory. 

TABLE 3 
IndolY contents of j i ~ s t  nnd sceoltd grndc buttrr fronl n plnnt in n peppcrgro.ss nren 

drtring the peppergross scnson 
-- - -  - 

Grade of butter Indol 
pg./50 ml. f a t  

1 
1 
1 
2 
a 
2 
2 
a 
2 
2 

4 
5 

10 
1070 
1100 
1000 

500 
300 

1020 
640 

.- - 
All samples of second grade hutter had peppergrass flavor. 
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lT.Tl~e~~ the observations \\.ere being ~ n a d e  ill the I)eppel*griiss area, s~na l l  
c l i~~r l l ings  of b ~ ~ t t e r  were pr'eparetl in glass c~1111rtls i u ~ d  s i i t~~ples  talien to 
the li~boratory for indol tl(sternii~~ations. Son~e  of the data are  given in 
table 3. Hip11 intlol vall~es regularly were obtilinecl oli butter fro111 creani 
11avi11g a prono~u~c.etl pepl)rlbgrass flavor, while the butter f ~ ~ o l n  (:ream t~ilving 
110 pel)pergriiss flavol- liatl low val~les;  t11e lattev c*alile froni the Iiertl fetl 011 

rye pasture. In  gel~eral,  ils the intensity of the abnor~nal flavor inc:~-easecl, 
the illtlol values increasetl. 

During the investigatiol~ ail irttenipt was l ~ ~ a t l e  to tleterl~~iiie t l l ~  lowest 
indol co~l te~ l t s  which ;ic.co~npanietl the off flavor in butter. From the results 
obtainecl it appeared that the f l i t~or  conltl first be detc.ctetl by exp~rienced 
j~tdpes at  ;LII il~tlol level of about 20 up. per. 50 1111. of f i ~ t .  The effecdt of indol 
on the flavor tlepe~ltletl to sollie c'stc~nt on ~ v l ~ e t l ~ t ~  the b11tter was salted since 
stilt t e ~ ~ t l s  to twin% 011t Y ~ I Y ~ O ~ I S  flavors in butter. 

INDOL CONTENTS 01.' VARIOUS TYI'ES OF BUTTER 

Samples of' butter were uollectetl o ~ ~ t s i t l e  peppergrass areas in ;ill a t t e n ~ p t  
to obtain infol.niation on the ilitlol (:ontents of various types of this prodt~ct .  
R e s ~ ~ l t s  of solur of the analyses art. ]>resentetl i l l  table 4. Silniples 1 to 5 are  
from the sanle p l a l ~ t ,  wit11 samples 1 and 2 being from onion flavoretl creain. 
While one of the samples of b ~ i t t e r  from o1rio11 flavoretl creani was l~iglier in 
indol t11a11 111igllt be expected, this pr-obablj- was V : I I I S P ~  by factors o t l~er  
than the onion flavor. Samples (j to 11 illustrate t l ~ c  (1iffel.enc.e that nlay 
exist bet~veen the intlol c o l ~ t e l ~ t s  of butter f ' r o ~ ~ ~  gootl fli~voretl c.rtJanl (sa~nples  
6, '7 ant1 8 )  ilncl butter fro111 fail. flavol.rtl vreani (sitl~iples 9, 10 and 11). 
Siiice the b ~ ~ t t e r  cilllle fro111 a11 area w11el.e pc>pl,el-grass 11;1d ]lot bee11 a 
probI(1111, it is ~)~wt)nhle that the 11igli ilitlol vi~lues we~.e cansetl by some other 
facto~.,  s ~ ~ c l l  as  ilction of orpa~iisnis in the creani. Sa~nples  12 to 20 a r r  rep- 
resentative of sour creanl butter fro111 it  umber of sections 1141ere pepper- 
grass flavor 11ns not been a probleni. Sarnple 21 sl~ows the higli indol contcSnt, 
of butter ni;~tle fro111 experiniental erean1 heltl 11ritil i t  \\.its badly tlec.om- 
~ ~ o s e t l .  A c t ~ ~ i ~ l l y  the vrealli v o ~ ~ l d  not be c.hnrnet1. i~ncl t l ~ r  t'i~t for the indol 

- .  

Indol 
, ~ g . / 5 0  ml. f a t  

.~ . ~ .  . . - 
1GG 

2 
4 

200 
404 
113 
l i 3  

- - 

- - -~ -- - 

Cre:un~ used 

~ -- 

- 

- - - ~- 

F1:lror 
.- - . 

I ' r o ~ ~ o u ~ ~ e e d  Ilcqq)ergr:css 
S o  ~~eppc~rgr:~nstltlsvor 
SO ]JClJl1erg."':lM flfln\wr 
P r o ~ ~ o u ~ ~ e r d  l~( ' ] ) l~ergr:~ss  
P r o ~ i o u ~ ~ c c e l  Ilc'j)l1ergl.:lxs 
J ' r o ~ ~ o u ~ ~ e ~ t ~ c l  pcb1)pergr:~~s 
Pronol l~~cc~d ]~e,ppergr:~ss 

. - - - 
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determination was recovered by heating the cream; the acidity of the cream 
also shows the extensive changes that had gone on in it. 

TABLE 4 

Indol co?ltent.s of brctter made outside peppergrads areas 

DISCUSSION 

Sample No. 

Evidence collected (luring the observations in an area in which much 
peppergrass butter was being produced indicated that cows found pepper- 
grass palatable aiicl preferred it to other weecls growing in the pastures. 
Since there were no normal pasture grasses, peppergrass often provided the 
main feecl for animals on pasture. Cows grazing on a pasture with an abun- 
dance of peppergrass, but which was free of Frenchweecl, produced milk 
with a distinct peppergrass flavor. 

Frenchweecl has been suggested as responsible for the off flavor in clairy 
products that is con~moiily described as peppergrass flavor. However, ob- 
servations in the peppergrass area and observations reported by various 
investigators indicate that cows commonl~ refuse to eat Frenchweed. It 
appears that cows may eat it when other feed is lacking, but this condition 
apparently is not frequently encountered. The fact that the peppergrass 
flavor is present in milk when there is much peppergrass on which the cows 
are feeding, as well as Frenchweed which they are not eating, points to the 
former as the probable cause of the flavor defect. The common belief among 
farmers in peppergrass areas that peppergrass is responsible for the flavor 
defect is  based on extensive observations, often over periods of many years. 

Cream used 

Flavor 1 Acidity 

Illd0l 
yg./50 ml. fat 
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Green Frenchweed has a musty odor while crnshed seeds have a strong 
onion or garlic flavor. References to the off flavor producecl by Frenchweed 
(2, 3) describe it as an onion or garlic flavor. Eckles, Combs and Derby (3), 
noted that the complaints reaching them, and apparently due to Frenchweed, 
were concerned with off flavors encountered dnring the ~noiiths that the con-s 
were on dry feed. F rench~~eed  seeds can easily get into the feecl of cows 
from dried F r e n c h ~ ~ e e d  plants in the hay or from mill feed. 

It is interesting to note that some experienced judges make a distinction 
between peppergrass flavor and Frenchweecl flavor. Apparently the former 
closely resembles the flavor of indo1 or slratol while the latter suggests the 
flavor of onions or garlic. I t  is not uncoinnlon to find butter, made in the 
winter in areas where Frenchweed is prevalent, with a flavor snggestive of 
onions or garlic. 

Assuming that peppergrass is responsible for the peppergrass flavor of 
milk and other dairy products, there probably is no other feed flavor of 
milk so different from the flavor of the feed involved. Peppergrass itself 
has a hot peppery taste and has no suggestion of the indol-like flavor present 
in the off-flavored milk. Feed flavors caused by such materials as onions, 
alfalfa and silage all reseinble the flarors of the causative feeds. 

Although feeding trials with peppergrass have not been particularly 
successful in proclncing peppergrass flavor in milk, various factors may par- 
tially explain this. A considerable feeding periocl may be necessary before 
the defect appears in the milk ancl this would be expected since the flavor 
produced in the milk is so different from that of the plant; perhaps indol 
formation must be built u p  to the point where the natural elimination proc- 
esses can no longer remove it and some of it is eliminated in the milk. Since 
the reported feeding trials have run for relatively short periods this point 
may not have been reached. Again it may be that the plant procluces the 
objectionable flavor in milk only when it is in certain stages or has grown 
under certain soil or climatic coiiditions. Certainly peppergrass is present 
in pastures before the defect becomes serious in the milk, and it is also 
present after the flavor disappears, although it is largely dried. 

Peppergrass flavor is one of the abnormal flavors of milk n-hich can be 
measured chemicall?-. I n  a general way the intensity of the flavor can be 
correlated with the indol content of milk fat. 

Since butter with peppergrass flavor has a high indol content, i t  is evi- 
dent that a high indol value on butter does not necessarily indicate that 
the butter was macle from cream in which there had been extensive micro- 
biological changes. 

CONCLUSIONS 

1. I n  an  area in which peppergrass butter was being produced the fol- 
lowing observations were made : 
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(a) Essentially the same objectionable flavor that was evident in the 
butter was present in much of the milk and cream. 

(b) The defect was conspicuous in cream produced by cows grazing in 
a pasture in which peppergrass was prevalent but which was free of French- 
weed. 

(c) I n  a pasture used by cows producing peppergrass cream, the ani- 
mals ate peppergrass but not Frenchweed. The cows throughout the area 
ate peppergrass readily. 

(d) A cow held in a barn refused to eat Frenchweed even when other 
feed was withheld for 24 hours. Hogs in a dry lot ate many different weeds 
that were offered them but refused Frenchweed. 

2. The peppergrass flavor resembled the flavor of a dilute solution of 
indol or skatol. 

3. Butter with peppergrass flavor regularly had an indol content higher 
than that of normal butter. 

4. The intensity of peppergrass flavor in butter was related to the indol 
content of the fat. 

5. The indol content of fat  from peppergrass butter ran as high as 
1100 pg. per 50 ml. of fat. I t  appeared that a peppergrass flavor could be 
detected by experienced judges when the indol content was as low as 20 yg. 
per 50 ml. of fat. 

6.  The indol content of butter may be very high when the butter is made 
from decomposed cream. 
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SOME Ii'ACTORS AFFECTING THE STABILITY 014' CERTAIN 
MILK PROPERTIES. VII. T H E  EFFECTS O F  METALS 

AND O F  ASCORBIC ACIDS OK T H E  OXIDA- 
TION-REDUCTION POTENTIAL* 

Oxidation-reductioii systeins and potentials ill milk !lave received the 
attention of a considerable number of investigators. Lack of space does not 
perlnit a comprehensive review of the subject. The follo~villp systems, how- 
ever, have been reported as occurrillg in milk: glutathione (thio1)-gluta- 
thioize disnlficle, cysteiize-cystine, levoascorbic acid-dehpdroascorbic acicl, 
riboflarill-reicec riboflavin. The oxjrgen-hydrogen peroxide and hydro- 
gen peroxicle-l~yclroxyl systenls probably should be iilcludecl. 

Receiitljr, considerable attenti011 has beell devoted to a study of oxidation- 
rednctio~i potrntials in connectioil with the processing and handling of dairy 
proclucts. The widespread study of oxiclatioii and reduction reactions in- 
rolved ill the destruction of vitamins and ill the clerelopmeilt of nildesirable 
flavors lii~tlonbtedly has been responsible for this attention. 

Gebharclt and Soinnier (1)  found the oxidation-reductioi~ potential to 
be related to the rate of solutioil of copper froin nzetal surfaces. The pres- 
ence of ilissolved copper vaused an illcrease in the potential. Thurston (6)  
reported that stannous chloride, stannic: c*hloricle, and alnrninum chloride 
cansed a decrease in the oxidatioiz-retlurtioil potentials of milk, whereas iron 
po~vder and ferrons, ferric, and cnpric salts causecl increases. The increase 
due to the ferrons salt was only temporary. Swansoil and Sominer ( 5 )  
showed that there rvas a rapid increase in oxidation-reduction potential 
siiortly after the addition of copper but that the aclditiorl of ferrous ioiis 
c.aused a decrease. Ferric ions causeel the potential to increase slowly clur- 
iilg storage of the milk. When copper was adcleil, the potential did not 
increase until virtually all of the retlrrced ascorbic acicl mas oxidizecl. These 
inr~estipators also aclded crystallii~e ascorbic acids to inilk and observed a 
decrease in t11e oxidatioa-reclactio~i potential. 

Resnlts have been published by several investigators which indicate an 
inverse relationship betweell the magnitude of the oxidation-reduction 
potential and the keeping qnalitj- of lnilk p rod~~c t s .  111 1932, Morris and 
Sommer (4)  obtained results which sliomed that the keeping quality of 
cream was poorest in samples having the highest potentials. Tracy, Ramsey, 
ancl Rnehe (7 )  conclutled that oxiciation-reductioil potentials are related to 
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fa t  oxidation in dairy products. Webb and Hileman (8) asserted that, "the 
development of oxidized flavors in milk by the addition of copper is due to 
or accompanied by an increase of the oxidation-reduction potential of the 
milk to a point sufficiently high to bring about a change in some milk con- 
stituent," and concluded that the measurement of oxidation-reduction po- 
tentials affords a means of detecting the source of copper contamination. 
Greenbank's (2, 3) results and interpretations indicated that there is a 
direct relationship between the potential and the tendency of a milk to 
develop oxidized flavors. He showed a variation in the poising action 
of milks toward oxidation-reduction; milks that readily developed the 
flavor increased in potential upon the addition of a small amount of copper. 
This investigator has proposed the measurement of the increase in oxidation- 
reduction potential after the addition of a standard amount of copper as a 
means of predicting the susceptibility of milk to the development of oxidized 
flavor. Swanson and Sommer (5)  concluded from their studies, however, 
that the oxidation-reduction potential of the medium did not seem to inhibit 
or accelerate the development of oxidized flavor. 

I t  appears from the various reports in the literature that the oxidation- 
reduction potential of milk is characterized chiefly by its complexity. The 
potential at  any given time is actually a measure of a number of interacting 
forces. Under certain conditions one system may predominate over the 
others. For instance, when bacteria are allowed to grow and multiply 
freely, dissolved oxygen is greatly reduced and consequently the potential 
is lowered. On the other hand, when the growth of bacteria are inhibited 
and soluble copper is present, there is an increase of the positive value of the 
potential. 

The significance of oxidation-reduction potential changes in milk is not 
clearly understood. I n  seems reasonable, however, that the destruction of 
ascorbic acid and perhaps of riboflavin and the development of oxidized 
flavor in milk may be, in some way, related to actual changes in potential or 
to the poise or stability of this potential. 

EXPERIMENTAL METIIOD 

The apparatus used in the studies reported here consisted of a number 
of bright platinum electrodes, a saturated calomel half cell (reference elec- 
trode), a Leeds and Northrup Type K potentiometer, a Leeds and Northrup 
thermionic vacuum tube amplifier, and a Leeds and Northrup Type R2500 
reflecting galvanometer. The platinum electrodes were used in pairs, and 
duplicate measurements were obtained by switching from one member of the 
pair to the other. The accuracy of all electrodes was determined by check- 
ing the potential of a standard buffer solution containing freshly added 
hydroquinone the potentials of which had previously been determined with 
a glass electrode. 
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Accurate measurements of the potential were obtained by using elec- 
trodes that had been cleaned thoroughly by boiling in  1: 1 nitric acid and 
rinsing with water, dilute ammonia, and again with water, by "ageing7' the 
platinum electrodes in a control milk saniple for several hours, and by hold- 
ing the reference electrode, when not in use, a t  the same temperature em- 
ployed in  making the measurements. The potassium chloride solution used 
for replenishing the supply in the calomel half cell also was kept a t  this 
temperature. 

The potential measurements were made a t  the same temperature as that 
used for storage of the samples, which was approximately 4.5' C. The 
electrodes were shifted from sample to sample while a series of determina- 
tions was being made. The electrodes were not rinsed with water whbn 
they were transferred. This procedure was satisfactory, provided the elec- 
trodes were allowed to reach equilibrium before the voltage reading mas 
taken. If the different millrs exerted nearly the same voltage on the elec- 
trodes, the time required to reach equilibrium was usually less than five 
minntes. I f ,  however, there was wide variation in the potentials of the 
milks, additional time was required. 

EFFECT OF DISSOLVED METALS ON T H E  OXIDATION-REDUCTION 

POTENTIAL OF MILK 

Soluble copper (copper sulfate solution) was added to six samples of 
milk from different individual cows (two Holsteins, one Jersey, one Ayr- 
shire, one Brown Swiss, one Guernsey) so as to give copper concentrations 
of 0, and moles per liter of milk. Periodic determinations 
of the oxidation-reduction potential were made during 48 hours while the 
samples were being held in storage. The effect of the different concentra- 
tions of copper upon the magnitude and trend of the potential of the milk 
samples is shown by the plotted curves in figure 1. Use of average values 
for the six samples in plotting the curves seemed justified, since the vari- 
ations between samples were slight. Had curves for each sample been 
plotted they would have agreed closely with the average curves shown in 
figure 1. It is conceivable, however, that another set of samples mould have 
given curves of slightly different characteristics. 

The potential of the control samples, which contained no added copper, 
dropped slightly during the 48 hours, the decrease being most rapid during 
the first eight hours. The potential of the samples containing lo-= moles 
(0.064 ppm.) of copper decreased slightly during the first eight hours and 
then increased a t  the end of 48 hours of storage to an EH of about 0.011 volt 
above the initial potential. The potentials of the samples containing 
(0.64 ppm.) and (6.4 ppm.) moles of copper began to increase im- 
mediately upon the addition of copper, reached maxima, and maintained 
these levels during the remainder of the storage period. The maximum 
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potential and the speed with ~ ~ h i c l l  it TT-as reached were depelidelzt upoil the 
concentratioll of added copper. These results are in good agreement with 
those reported by S~vanson ai~cl Sommer ( 5 ) .  with the exception that their 
maximum levels were some~vliat Iiigher than tlie ones reported here. This 
iuight be attributed to a clifferelice ill  the poising action of the milks used. 

A - C O N T R O L  

s- i o . ' ~ o ~ ~ s  CU/LITER 

r 3 3  - 

.I I - 

, , , , , , , , . , , , ,  
0 8 18 2 4  32 40 1 8  

:!ME I N  H O U R S  

FIG. 1. F:ffcct of co~icclltrntioll of copper on the oxidation-reductio~~ potential of 
milk. 

The initial EII vall~e, althol~gh in good agreement with those reported by 
S ~ ~ ~ a n s o i i  and Sommer ( 5 ) ,  is mucli higher than those observed by Green- 
bank (2, 3) .  

Ferrous iron (freslily prepared ferrous sulfate solutioa) was added a t  
the rate of 0, 10-"0.56 ppm.). 4 x lV"2.24 ppin.), and (5.6 ppin.) 
iiloles per liter to some of the same samples of iilillr i~sed  in the copper experi- 
ments. The average E H  ~ralnes were plotted against time as sho~vn in 

TlUL I U  HOURS 

FIG. 2. Effcrt of co~~ecntrntion of ferrous iron on tlle oxidation-rcductio~~ potential 
of milk. 

figure 2. I t  is evident from these graphs that the ferrous iron in the con- 
ceiltrations used here hat1 only a slight effect 011 the oxidatioiz-reductiol~ 
potential, namely, to keep the potential at a level slightly above the colltrol 
sample. All samples had a lower EH value at the end of the 48-hour storage 
period than the initial potential. 
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These results are not in agreement with those reported by Sx-ansoa and 
Soilliner (5),  v-hich showed that the addition of ferrous iron greatly reduced 
the potential. They worked with higher concentrations of irolz than those 
used in this experiment, with the exception that their lowest concelitration 
mas approximately equivalent to the highest corlcelltration used here. For  
some unexplaii~ed reason, they obtained the greatest decrease in potential 
with the lowest concentration of iron, whereas the second highest of the four 
concentrations used gave the least decrease. The resnlts reported here seen1 
to agree with those g i ~ e n  by Thurston (6) .  

Data, not presented in this paper, sho~i~ed that niclrel sulfate and ferric, 
vanadium, aluniinnni, manganese, chromium, and stannous chlorides, when 
added in concelitrations of 4 x lo-', and moles per liter of millr, did 
not significant1.v alter the oxidation-reductioi potential from that of the 

FIG. 3. Effect of evacuation on the oxidation-red~~etiol~ potential of milk. 
I 

control sample. The results on ferric iron do not agree with those of either 
Thnrston (6)  or Sn.anson and Sonimer (5) .  The resnlts on stannous and 
aluminum chlorides are not in agreement ~ i ~ i t h  Thurstoil's (6)  resnlts. 

Most of the oxygen was removed froin a sa~nple of pasteurized milk by 
evacuation for 30 minutes with a high vaclulni punlp. After addition of 
copper a t  the rate of 5 x lo-' inoles per liter to some of this n~illr and to an 
nnevacnated control portion, the samples were stored in such a inaiiner that 
only yery small amounts of oxygen could be absorbed by the milk. Periodic 
nleasureniel1ts of the oxidation-rechiction potential were made, the results of 
which are shown in figure 3. 

The results show that the removal of oxyyen caused a decided decrease 
i11 the potential of the sample containing no copper alld definitely limited 
the rise in potential of the sample containing copper. I t  seenis likely that, 
had all the oxygen been removed, the increase in potential of the evacuated 
samples dnrinp storage would have beell nil or considerably less than that 
obtained. I t  appears that this inilk TVBS poorly poised, since there was a 
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slight gradual rise in the potential of the unevacuated control sample and 
the maximum potential reached in the unevacuated sample containing 
copper was definitely greater than those obtained in the first experiment 
reported in this paper. 

Hydrogen gas was slowly bubbled through a sample of pasteurized milk 
for 15 minutes. Copper, a t  the rate of 2 x 10-j moles per liter, was added 
to a portion of the hydrogen-treated milk and to a portion of similar milk 
that had not been treated with hydrogen. The samples were stored in 
glass milk bottles plugged with paper caps. Periodic measurenlents of the 
oxidation-reduction potential mere made, the results of which are shown 
graphically in figure 4. 

- 20 
A - C O M T R O L  + N O  CY 

C-*"oIOCEN-TREATLD + NO CU 

CU/LITER 

0 24 18  7 2  '16 ( 2 0  

T l U L  I N  H O U R S  

FIG. 4. Effect of bubbling hydrogen tllrough milk on the  oxidation-reduction 
potential. 

The hydrogen caused a great decrease in the potential. Pa r t  of this 
decrease probably was due to the partial sweeping out of oxygen. The 
increase of the potential of the hydrogen-treated samples during storage 
probably was due to escape of hydrogen through the plug cap until a condi- 
tion of equilibrium mas reached. 

INFLUENCE O F  SYNTHETIC ASCORBIC ACIDS ON TIlE OXIDATION- 
REDUCTION POTENTIAL OF MILK 

Synthetic crystalline levo-ascorbic acid was added to sub-samples of 
pasteurized milk a t  the rate of 0, 25, 50, 75 and 100 mgs. per liter. Each 
sub-sample was divided into two parts;  par t  1 received no copper and part 
2 received moles (0.64 ppm.) of copper per liter. The oxidation-reduc- 
tion potentials of all samples mere determined periodically during 72 hours 
storage. The change in potential with time is s h o ~ ~ n  in figure 5. 
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The experinlent n-as repeated, with the exception that the concentra- 
tion of copper was 6 x 10-j moles (3.84 ppm.) per liter and the storage period 
xas  only 48 hours. The r e s ~ ~ l t s  are shown in figure 6. 

The addition of synthetic ascorbic acid caused a large decrease in  
oxidation-reduction potential, which is in agreement with the observation of 

I I 

T l U r  I N  "O"115 
*a 

FIG. 5. Effect of the concentmtion of added crystalline levo-ascorbic acid and of 
copper (10-j moles per liter) on the oxidation-reduction potential of milk. 

Swanson and Sominer (5).  The drop in potential increased with a n  
increase in the amount of ascorbic acid added. TXThen both copper and 
ascorbic acid were added the initial fall in potential, due to the added 
ascorbic acid, was followed by a rise. In  these experiments, the rate of 

FIG. 6. Effect of the concentration of added crystalline levo-ascorbic acid and of 
copper (6 x moles per liter) on the oxidation-reduction potential of milk. 

increase in potential and its e ~ e n t u a l  magnitude were dependent upon the 
concentration of both the added copper ions and the added synthetic 
ascorbic acid. I n  no case did the potential of the samples containing both 
added copper and ascorbic acid reach as low a level as in the corresponding 
samples to which only ascorbic acid had been added. This is in direct 
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disagreement with the results of S~vansoii and Sommer ( 5 ) ,  who found that 
the potentials were lower in samples containing both added copper and 
synthetic ascorbic acid than in the corresponding samples coiitaining no 
copper. Swaason and Sommer's results, however, showed no decided 
increase in the samples containing added ascorbic acid to which copper was 
added, such as were obtained in the experiments reported here. 

These experiniei~ts were repeated using synthetic dextro-isoascorbic 
acid instead of levo-ascorbic acid. The results were so nearly alike that 
i t  seems unnecessary to present thein in detail. Since Swansoil and Som- 
mer's (5) results showed that destro-isoascorbic acicl caused a greater 
decrease in potential than an eqnivalent amouilt of lero-ascrobic acid, how- 
ever, the graphs in figure 7 are presented to show that insignificant differ- 
ences were obtained with the two ascorbic acids in our experiniei~ts. 

FIG. 7. Cornparisoil of the effects of added levo-ascorbic aeid and destro-isoascorbic 
aeid on the oxidation-reduction potential of milk. 

SIJMMARY 

The effect of soluble metals, oxygen. hydrogen, and ascorbir acids 
on the oxidatioa-reductio potential of milk has been studied. 

The addition of copper (copper sulfate solution) to milk caused an in- 
crease in the oxidation-recluctio potential, the speed of increase and the 
magnitude reached depending upon the concentration of copper. With 
the higher concentration of copper the niaximnm potential was reached 
in a relatively short time, ancl this level was maintained throughout the 
storage period. 

Milks to which ferrous iron was adcled had lo~ver poteiltials a t  the eiicl 
of 48 hours than a t  the beginaing, but the ferrous iron maintained a poten- 
tial slightly above that of the control sample. This observation is not in 
agreeinelit with reports of other investigators. 

Nickel sulfate and ferric, vanacliun~, aluminum, manganese, chromitun, 
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and stali~zolls chlorides, wlieli aclded in concentrations of 10-5 4 x lo-', and 
I t 4  moles per liter of milk, dicl not alter significantly the potential from that  
of the control sample. 

Partial removal of dissolved oxygen by evacuatiori lowered the potential 
of milk to which 110 copper was added and clefillitely limited tlie increase 
in potential of rnilli to which copper was added. 

Bubbling l~yclrogen gas through millr greatly lowered the potential. 
011 storage, however, the poterltial iricreasecl to an EH of abont 0, a t  which 
point equilibrinm was apparently established. Adclition of copper to the 
hydrogen-treated milk did not signifioantly affect the potential. 

The addition of synthetic crystalline ascorbic acids greatly clecreasecl 
the potential, the amoullt of decrease depending upori the conceiitratioii 
added. Addition of both soluble copper and synthetic ascorbic acicls to the 
millrs caused a subsequent rise in potential, the magnitude and rate of in- 
crease depending upon both the coiicel~tratio~i of acicl and the collcentratioll 
of copper added. The milks colltaininp the greater concentration of 
ascorbic showecl a lesser rise ia  potential 11poll the addition of a given amomlt 
of copper. Very little difference was observed between the influence of leva- 
ascaorbic acid or of dextro-isoascorbic acid oli the potelitial either in the 
presenc2e or the absei~ce of added soluble copper. 
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Lafayette, Indiana 

INTRODUCTION 

It has been shown repeatedly that copper induces the development of 
oxidized flavor in milk. Likewise, it  has been demonstrated that  copper 
contamination results in the destruction of ascorbic acid. Many data have 
been compiled to substantiate these findings (2). 

Faulty or worn tinned copper equipment may cause the milk to be 
contaminated with copper. The role that such contamination plays dur- 
ing the processing and during the time until i t  reaches the consumers' 
refrigerator has not been fully understood. Literature records few data 
on the actual amount of copper and its relation to the ascorbic acid 
content of milk. Apparently, the lack of a suitable method for the accurate 
determination of minute amounts of copper has been a factor. Obviously, 
data on these factors should afford a better understanding of this catalytic 
action on the oxidized flayor defect in milk. 

REVIEW O F  LITERATURE 

Swanson arid Sommer (7) found that contamination of inillr with 2 
ppm. of copper caused the destruction of vitamin C in 5 to 14.5 hours. Fo r  
the same milk not contaminated with copper the average loss of vitamin C 
during the holding time of 26 hours was 22.3 per cent. 

Henderson and Roadhouse (5) found that  when 0.1 ppm. cupric ion 
n-as added to millc from individual cows, 30 per cent of the ascorbic acid 
was oxidized in the pasteurized sample and 45 per cent was destroyed after 
one day storage. 

Garrett (4) has shown that when 0.1 mole of copper sulphate was 
added per million parts of milk all of the ascorbic acid had been destroyed 
a t  the end of 24 hours while in the same milk without the addition of the 
copper salt only 30.9 per cent of the ascorbic acid was oxidized. 

Sharp, Trout and Guthrie (6)  found that  the addition of 0.13 nig./l 
(0.13 ppm.) copper resulted in a reduction of the ascorbic acid of cold 
milk to 1.7 mg. per liter in three days. 
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EXPERIMENTAL PROCEDVRE 

The method used for  the deter~ninat iol~ of copper in milk was a ~nodi-  
fication of the authors'  procaedure recommellded for  bntter (3) .  I11 deter- 
mining the c60pper content in  milk. the 11:-c1rol~-zed sample nras filtered while 
hot through a wetter1 quick-acting filter paper and  then 117ashecl with hot 
glass-clistillecl water until  there was no yellow color in the resiclue containing 
the butterfat. I n  the wet ashing digestion, after a greater portion of the 
organic matter  as decomposed, 0.5 - 0.5 nil, of 72 per cent perchlorie acid 
was adcled c.autionsly. The digestioli was vontinuetl lultil ~~~~~~less ant1 a 
greater portion of the snlfuric acid was clistilletl off. Care was exervisecl 
to prevent complete dryness of the sample. The final volume should be 
about 5 ml., sincae this arnonnt of sulphnric acid results in  ti more soluble 
calcium salt. The remainder of the proc+etlure for  the determination of 
copper in the milk ~ v a s  the saine as  revommentled for  butter (3) .  

The I3essey and Icing (1) titration method was used for  the ascorbic 
acid tletermiiiation. 1"resll solution of 6 per vent metaphosphoric~ acid 
~ v a s  used for flocculating the protein in the nlillr. The 2-6 clichloro- 
be~~zenone  indophenol (pllrified) ~ v a s  standardized against hIerc.k's "Ce- 
bione" (ascorbic acid). The "Cebione" v a s  comparetl with iodine, and  
the latter stantlardized against sodiruli thiosnlphate an11 this in  t u r n  against 
a standard solution of copper. The resulting dye value was determined 
for  each set of titrations which i n r o l ~ e t l  both the pasteurized and the storage 
millr samples. 

ESPEHILIEXTAL 

The purpose of these experiments was to determine the rate of destrnc- 
tion of ascorbic acid ant1 the ilmonnt of copper : first, in  individual herd milk 
anil iilixetl herd l ~ i i l l ~  a t  varions stapes of processing and their effect on the 
oxidized flavor; seconcl. in millr from indiridual cows throughout their lacta- 
tion period, ancl third, in mill< pasteiirizecl in varions metal containers. 

E r p e ~ i n l e i l f  1.  The illilk for this experiment \\-:IS sccnrecl from a locd  
market-milk plant and the liniversity dairy hertl. The equipment in the 
milk plant was of modern design and consisted largely of stainless steel. 
Fi t t ings s~ lch  as  ralre.; and  threaded c*onnections were of bronze and nickel 
alloy respect i~ely.  Most of the minor iastallations were of tinnecl copper, 
and some of these sho~vetl scratches and worn surfaces resulting in  a small 
amou~i t  of copper being exposed. 

Samples of lilillr for each of the a ~ ~ a l y s e s  were taken from the mixing vat, 
f rom the preheater, and from the bottler. These a re  designated as  raw, 
prelieatecl, ancl pasteurizeil milk. All samples 1vrr.e scored immediately fo r  
oxidized fl:lvor and again a t  the end of a. 24-hour storage periotl. 

i f  2. The milk from two co~vs of eavh of the following breeds, 
I-Iolstein, Jersey ant1 Guernsey from the T'aiversity Hercl were used. The 
co~vs all freshened between December 20 ancl dannary 31. Xlilk samples 
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froin each cow were obtained by hand milking into glass containers ant1 were 
delirered to the laboratory for the inlinediate deterniination of ascorbic acid 
and copper. Samples were also held in a refrigerator at 40' I?. for 24 hours, 
whell the ascorbic acid was again determineti: Samples mere talren every 
15 clays throughout the lactation period. 

E.rperinte.rzt 3. The samples of the plant milk and herd niillr were pas- 
teurized in varions metal coiitai~lers. For this purpose rrietal tubes, 14 
inches in diameter and 5-6 inches long, cdonsisti~ig of the following metals 
were used: (1)  Stai~lless steel plus an alloy fitting, (2)  tinned caopper, (3)  
copper and (4) staiilless steel. The stainless steel tube plus a11 alloy fitt,ing 
consisted of a staililess steel tube to which was soldered a threaded union 
ferrule made of copper-liickel alloy and fitted with a cap of the same alloy. 
The tinned copper tube was batlly TI-or11 anti consiclerably scratched oil the 
interior. The copper tube showed rery little coat,i~ig of tin on the inside. 
The staiilless steel tube which had been used in a 111ilB plant seemecl in fair 
conclition, free from tarnish or scratches. For  the control a glass cylinder 
was usecl.' A constant temperature water bath, electrically colltrolletl and 
ins~~latet l  with transit, was used for .the past,enrization. To each of the 
~ a r i o u s  containers, holding about 150 inl. of milk, a slo~v rotating motor sup- 
port i i~g a glass rod was fitted for stirring the milk saniple while undergoing 
pastenrization. The temperature used was 142' 1" for- 30 minutes. 

At the encl of the pasteurization periocl each saruple TI-as immediately 
removed and the contents ponred in duplicate glass bottles, cooled and placed 
in  a refrigerator a t  a temperature of 40' F. Copper and ascorbic acid were 
determined in the sainples ininiediat,ely after pasteurization ancl the latter 
n-as again determined at the end of 24 honrs. All the samples were tasted 
for oxidized flavor. 

EXPERIMENTAL RESULTS 

The results of Experiment 1 a.re summarized in table 1. The experinieat 
was colldueted over a period of one year i11 order that seasonal conditions 
for both milks coulcl be observed. These results were averaged with respect 
to positive ancl negative oxidized flavor score. The i~ id i~i t lna l  herd inilk 
ileveloped an oxidized flavor in 15 of the 21 samples while 10 of the 23 
samples of the mixed herd mill< shelved this defect. The oxitlized flavor 
defect developed in most cases in the pasteurizetl san~ples held ill storage for 
24 honrs. 

All the raw milk samples contained from 0.21 -0.24 ppni. of copper. 
This would seeill to inclicate that the amonnt of copper in raw inillt was 
fairly constant. However, in considering the ascorbic acid averages, it is 
obvious that the many causes for its oxidation slap result in considerable 
variatioii in ascorbic acid c ~ ~ n t e n t  before such niillt reaches the plant. The 
effect of processing, especially when inilk is pasteurized, shon-ecl definitely 
that the a m o u ~ ~ t  of copper has bee11 iiicreasecl in the inilk samples. Sainples 
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which developed an  oxidized flavor had an increase of copper practically 
equal to that of the original copper content of the raw milk. 

The data showing the per cent loss of ascorbic acid due to pasteurization 
revealed that there was a greater loss of ascorbic acid in the samples showing 
oxidized flavor. The total loss of ascorbic acid in the samples mas also 
greater in the milk that developed the oxidized flavor than in those samples 
~ i t h  no oxidized flavor. With conditions greatly reduced for oxidation due 

TABLE 1 

The influence of copper on ascorbic acid i n  nrilb a t  onriorts processii~g stages and tlre 
drztelopment of oxidized flavor 

Indiri(lua1 herd milk 

S o  oxidized flavor' 1 With oxidized flavort 

Sample 

Ra \v ..................... 
Preheated ........... 
Pasteurized ......... 
Per  cent loss ........ 
Total loss ............. I 
I 

Copper 

( Ascorbic acid per 1. I I Ascor1,ic acid per I. 

/ Fresh 1 24 Ln.  1 Copper 
Fresh I After 

24 hrs. 
storage 

Mixed l ~ e r d  lllilk 

I S o  oxidized flavor: ( With oxidized flaror$ 

Raw . . . . . . . . . . . . . . . . .  0.21 18.9 13.7 
Preheated ............ 0.27 15.9 10.5 
Pasteurized . 1 0.33 13.5 1 8.0 
Per  cent loss ..... 1 ...... 28.6 29.1 
TOM loss . . .  1 . 1 . .  I 5 i . i  

* Average of 6 samples. 
t Average of 15 samples. 
t liverage of 13 samples. 
$ Average of 10 samples. 

largely to a lowering of temperature, the rarious increases of copper do not 
materially affect the total loss of ascorbic acid in the 24 hour storage period. 

The analyses of copper ancl ascorbic acid in table 2 represent averages 
for each three months of the lactation period. Since metallic contact had 
been excluded, i t  was evident that the copper contents were indicative of 
the amount normally contained in the milk. The results showed that there 
n-as a higher copper content in the milk of all COTS a t  the beginning of the 
lactation period. For  the remainder of the lactation period the amount of 
copper secreted gradually decreased. The average for all cows showed very 
little variation in the amount of copper containecl in the milk. 
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The average ascorbic acid, while showing considerable variation, never- 
theless tended toward lower values a t  beginning of the lactation period. For  
the three breeds the milk from the Holstein cows showed lower ascorbic acid 
for all three periods of lactation, although the number of observations are 
too few to determine whether this is a trne breed difference. I n  general, 
the averages for the 24-hour storage represented a fair  approximation of the 
ascorbic acid contained in milk as it is received a t  the plant. 

TABLE 2 

The relation of copper and ascorbic acid in milk from individual cows during the 
lactation period 

Average ..... ............ 0.29 

Cow 
No. 

Ascorbic acid per 1. in milk when fresh and 
after 24 hrs. storage at  different 

stages of lactation 

When fresh 1 After 24 hrs. storage 

mos. 

Breed 

-- 

Average per cent loss of ascorbic acid due to storage ....... .... . . . .  .. / 14.7 1 13.9 1 15.1 

Copper in milk at  
different stages 

of lactation 

The results of pasteurizing the herd milk and plant milk in contact with 
various metals are shown in table 3. From the results, i t  was evident that 
the various metal containers were the primary cause for the variation in 
copper, ascorbic acid and oxidizecl flavor in the milk. As expected, the 
copper container proved to be the greatest source of copper contamination 
for both samples and resulted in almost complete destruction of the ascorbic 
acid. This was also accompanied with a positive oxidized flavor in the milk 
a t  the end of pasteurization. The stainless steel with alloy fitting was 
similar in its effect on the milk, but with considerably less dissolved copper. 
Despite this decrease in copper content, the ascorbic acid was almost com- 
pletely oxidized, and the milk had a positive oxidized flavor. The results 
for the tinned copper container were nearly the same as those obtained in 
Experiment 1. It is interesting to note, however, that  the oxidation of 
ascorbic acid proceeded a t  a fairly uniform rate in both the pasteurized and 
storage samples. The results for the glass container were highly significant, 
in that, with no additional copper except that normally found in milk, the 
oxidation of the ascorbic acid was greatly retarded. This fact was evident 
in both the pasteurized and the storage samples. Here the total loss of 
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ascorbic acicl was comparatively small, and corresponded favorably with the 
results for the raw milk samples when held in storage. The results obtained 
from pasteurizing milk in stainless steel metal compared favorably with that 
pasteurized in glass. 

DISCUSSION 

The contamination of milk with copper from the processing equipment 
had an adverse effect on its quality. The clissolving action of copper was 
founcl to increase with each succeeding stage of the processing. I n  the ex- 

TABLE 3 

The pasteurization of milk in  contact with mriolts tiietals and their effect on the copper, 
ascorbic acid and oxidized flavor in milk 

Milk 
pasteurized 
in contact 

with 

Milk used from one herd t 

Copper 

af ter  
past. 

81.4 

93.3 
95.0 
33.0 
30.7 
28.0 

Tinned copper 
Stainless s t ee l  

with alloy 
fitting ............. 

Copper .................. 
Stainless s t ee l  
Glass .................... 
None ............... 

Intensity of 
oxidized flavor 
present after 

storage" 

24 llrs. 

Loss of ascorbic arid in the milk 

- 1 -  
- I + +  + Sft 

! 1 f 

PPm. 
0.54 

1.60 
4.00 

. 0.26 
0.22 
Raw 

Milk used froni milk plant: 

After pasteuri- 
zation 

Mg. I Per cent 
per 1. loss 

12.7 36.7 3.6 44.7 

6.6 
2.1 

15.6 
15.9 
....... 

After 24 hours 
storage 

Slg. Per cent 
prr  1. loss 

1.3 
0.8 

13.5 
13.9 
14.2 

67.3 
89.0 
22.3 
21.0 
........ 

* No oxidized flavor -; Slight oxidized flavor +; Oxidized flaror +t; Strong oxidized 
flavor +I+. 

t Raw herd milk contained 20.1 mg. per 1. of ascorbie acid. 
: Raw milk from milk plant contained 18.6 mg. per 1. of ascorbic acid. 

periment shown in table 1, the average amount of copper in the pasteurized 
samples varied from 0.33 ppm. for the mill< not oxidized to 0.49 ppm. for the 
milk that developed an oxidized flavor. This variation in copper content 
mas reflected in the increased clestruction of ascorbic acid and mas also ac- 
companied with an oxidized flayor in the lnilli. This is in agreement with 
Sharp, Trout ancl Guthrie (6), since they found that the addition of 0.13 
mg./l. (0.13 ppm.) of copper to the normal amount contained in milk pro- 
duced an oxidized flavor. 

Tinned copper 
Stainless s t ee l  

with alloy 
fitting .......... 

Copper . . . . . . .  
Stainless s teel  
Glass ................. 
Sone  ..................... 

Per  Cent 
total 
low 

26.0 
6.0 

10.7 
9.7 

28.0 

- 

Sft 
Sft - 
- 
- 

0.62 

0.98 
3.00 
0.28 
0.25 
Raw 

11.1 

10.5 
1.6 

13.9 
14.2 
........ 

- 

- 
ti- 

40.3 

43.5 
91.0 
25.2 
233. 
...... 

3.9 

2.3 
0.5 

12.2 
12.6 
13.5 

38.7 

44.5 
5.0 a:: , "4; I - - 

2'7.4 27.4 1 - 

79.0 

88.0 
96.0 
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The raw milk from individual cows vas  highest in the copper for the first 
three months of the lactation period. For the remainder of the lactation 
period there was a gradual decrease. The ascorbic acid content of the fresh 
milk from the individual cows studied varied from 18.8 mgs. to 27.9 mgs. 
per liter. There was an averaged loss of 14.6 per cent of the ascorbic acid 
for the storage period of 24 hours. The milk from the Holstein cows was 
the lowest in ascorbic acid, while the milk from the Jersey and Guernsey 
cows was found to be higher although with greater variation. Similar find- 
ings have been reported by Swanson and Somnier (7) .  

Dissolved copper in milk resulting from pasteurization in various metal 
containers was the highest for the copper container. This resulted in almost 
complete destruction of the ascorbic acid together with an intense oxidized 
flavor of the milk. 

The milk pasteurized in stainless steel with the alloy fitting showed that 
the milk contained considerable dissolved copper and there was a high loss 
of ascorbic acid. The oxidized flavor clereloped at the end of the storage 
period. These results are in agreement with the findings of Henderson and 
Roadhouse (5) .  

When the milk was pasteurized in a tinned copper container, the copper 
and ascorbic acid values in  the milk were substantially the same as those 
obtained in Experiment 1. However, oxidized flavor for both samples 
remained negative. 

The stainless steel and the glass (control) containers used for pasteuriz- 
ing the two milks yielded results that mere in close agreement. The copper 
content of the milk was about the same as obtained from individual cows. 
Similarly the loss of ascorbic acid in the mill< resulting from pasteurization 
as well as that for the storage period was uniformly low. The milk pas- 
teurized in these containers showed no oxidized flavor defect. The total 
loss of ascorbic acid for both samples of pasteurized milk averaged 33.7 
per cent for the stainless steel container and 31.5 per cent for the glass. 
For the holding period of the raw samples a loss of 27.7 per cent was ob- 
tained. I t  is evident from these trials that in the absence of copper con- 
tamination, pasteurization and storage of the milk caused little more destruc- 
tion of the ascorbic acid than did the holdiilg period of the raw samples. 

SUMNARY AND CONCLUSIONS 

The copper and ascorbic acid content of milk and their relation to the 
development of oxidized flavor in the milk were studied. 

The increased temperature during the processing of the milk caused the 
greatest copper contamination. 

The development of oxidized flavor in market milk was found to vary 
greatly everi though the same equipment was used for the processing. 

The amounts of copper and ascorbic acid in the milk from individual 



532 W. F. EPPLE AND B. E. HORRALL 

cows varied inversely throughout the lactation period. The copper content 
was the highest a t  the beginning of the lactation period while the ascorbic 
acid was a t  a maxinium a t  the end. The gradual decrease of the ascorbic 
acid in the milk did not affect the loss resulting from the 24-hour storage 
period. 

The pasteurization of milk in the presence of different metals resulted 
in various degrees of copper contamination, oxidation of ascorbic acid and 
the development of oxidized flavor. The milk pasteurized in  the copper 
tube had the highest copper content, lowest ascorbic acid and developed an  
oxidized flavor shortly after pasteurization. The milk pasteurized in the 
stainless steel tube with alloy fitting had the next highest copper content and 
almost as much reduction of ascorbic acid. The milk pasteurized in  the 
tinned copper container had less copper contamination with no development 
of oxidized flavor and the ascorbic acid oxidized a t  a slower rate than either 
the milk pasteurized in the copper or stainless steel with the alloy fitting. 

The loss of ascorbic acid due to pasteurizing the milk in stainless steel 
and glass was only slightly more than the same milk held for 24 hours with- 
out pasteurization. 

These studies indicate that stainless steel or glass equipment used for 
the processing of milk will result in low copper and a relatirely high ascorbic 
acidcontent of the milk. 
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A STUDY O F  THE GENUS MICROBACTERIUM 

M. L. SPECK1 

Department of Bacteriology, Uniuersity of Maryland College Park, Maryland 

Orla-Jensen (6) described seven strains of rod-shaped bacteria, occur- 
ring chiefly in dairy products, which manifested sufficient peculiar proper- 
ties in common to be placed in a separate genus to which he gave the name 
Microbacterium. Since that time but little information has been added 
regarding these organisms, and their relationships to other more well-de- 
fined groups have remained questionable. I n  Bergey's Manual (2) this 
genus was placed in the family Bacteriaceae, a "heterogeneous collection 
of genera whose relationships to each other and to other groups are not 
clear. " 

The cultures of Orla-Jensen (6) were small rods, weak acid-formers in 
milk ; they reduced nitrates to nitrites, and usually split hydrogen peroxide. 
H e  believed they constituted a genus entirely separate from the other lactic 
acid rod forms 1171iich were discussed; i.e., Thernzobacterium, Streptobac- 
ter ium,  and Betabacterizcm. Three species, viz., Mbm. lacticzcm, Mbm.  
flavzcm, and Mbm. nzesentericrbm, were definitely recognized and less defi- 
nitely a fourth, Mbnz. liquefaciens. 

Robertson (7) described several thermoduric cultures from pasteurized 
milk and concluded that they were probably identical with Microbacteriztnz 
lactis, (probably Mbnb. lactic?rnz of Orla-Jensen), although some of their 
properties mere different from those described by Orla-Jensen for this 
species. These organisms were the most heat resistant of a number of non- 
spore-forming species isolated by him from pasteurized millr. He was not 
convinced that Lactobacillus thermophilrrs described by Ayers and Johnson 
(1) was not actually Microbacterium lncticzim. 

Wittern (9)  considered the genus Microbacterium and the tetracocci as  
marking the boundary of the lactic acid bacteria on one side as do the coli- 
aerogenes group on the other. Wittern was able to isolate the three species 
originally described by Orla-Jensen, but as was true with Robertson's cul- 
tures, the properties of her organisms did not conform entirely with the 
properties described by Orla-Jensen. Wittern was particularly concerned 
with Mbnz. nzesentericzim which s h o ~ e d  numerous similarities to the Ac-  
t inomycetes and the genus Mycobacteriz~m. After a detailed comparison 
of the properties of these various groups, she concluded that Mbm. mes- 
elztericunz showed decidedly more similarities to the genus Mycobacterium 
than to the lactic acid bacteria and should more rightfully be considered a 
member of that genus. 
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Jensen (5) believed that the morphology of the microbacteria war- 
ranted their being considered as corynebacteria and mycobacteria. He 
designated Mbm. lacticliii~, as Corynebacterizcm lacticzcnz, Mbnz. flavzlm as 
Mycobacterium flavunz, and M b n ~ .  liqzlefaciens as Corynebacterizcnz liqlie- 
faciens. Jensen pointed out that physiological properties of Mbm.  lactz- 
czcm and M b m .  flavzcnz are considerably different from those of the true 
corynebacteria and mycobacteria, but  believed that the morphological simi- 
larities of these groups should receive precedence in classification studies. 

The present study is an effort to define more clearly the genus Micro- 
bacterium, and to study the relationships of these orgaiiisins to other mell- 
defined groups. 

EXPERIMENTAL AND RESULTS 

Isolation and Sofcrces of  Czcltzcres S t z~d ied  

Many of the organisms n-ere first encountered as contributing materially 
to high thermodnric plate counts of milk. Subsequent studies showed 
that these organisms m-ere coninioii on milking equipment. Milk stone con- 
tained large numbers of orgaiiisins belonging to the genus Microbacterzum, 
and this material may be considered the immediate source of those which 
appeared in milk in particularly large numbers. The Microbacterizim cul- 
tures used in this study were isolated from the following sources: millr 
pasteurized in the laboratory at 161' F. for 16 seconds, 1 sample, 9 cultures; 
milk pasteurized in the laboratory at  145' F. for 30 minutes, 1 sample, 3 
cultures; milk pasteurized in a dairy plant at  161' F. for 16 seconds, 1 
sample, 4 cultures; raw milk as delivered by farmers to the dairy, 8 sam- 
ples, 8 cultures; dairy farm strainer. 1 sample, 1 culture ; milking machines, 
3 samples, 14 cultures; milk stone on a milk pail, 1 sample, 8 cnltures; 
cheddar cheese, 3 samples, 25 cultures. 

Isolations from equipment mere made by rinsing the particular piece 
with sterile skimmillr. A sample of the rinsing was pasteurized at  161' F. 
for 16 seconds and plated on tryptone-glucose-meat-extract-skinlmilk agar. 
Raw milk arriving at  the dairy was pasteurized aiid plated as were the 
rinsings of the equipment. The pasteurized samples lT7ere also plated and 
incubated in the same manner. Milk stone was removed from pails by a 
cotton swab moistened with sterile skimmillr. The swab was pressed out in 
5 ml. of sterile skimmilk aiid the millr was then heated at  161' I?. for 2 
minutes. Plates were poured with tryptone-glucose-meat-extract-slrimmilk 
agar and incubated a t  30' C. for 3 clays. 

Isolations from cheese samples were made by triturating 1 g. of ripe 
cheddar cheese and 0.1 g. of soclium citrate in about 2 ml. of sterile water. 
Finally 8 ml. more water were added and mixed with the dissolved cheese. 
This solution was then heated a t  161' F. for 2 minutes and plated with 
tryptone-glucose-meat-extract-skimmilk agar and incubated a t  30' C. for 
3 days. 
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In  the majority of the samples it was found that 3 days at  30" C. should 
be allowed for the development of Microbacterium colonies. The colonies 
may not be visible or they may be easily overlooked after only 2 days' incu- 
bation, specially at 37" C. For this reason the microbacteria may be over- 
looked when samples are incubated for this time and temperature in routine 
milk plate counts. 

In  the present investigation 48 cultures representing all of the sources 
listed previously were studied. I11 addition, two cultures, Nos. 8180 and 
8181, which were received from the American Type Culture Collection, 
Washington, D. C., were studied. These cultures were believed to repre- 
sent two original cultures of Orla-Jensea. 

After a culture was purified it was carried in litmus milk, or on agar 
slants of the following compositioi~: Bacto proteose-peptone 0.5 g.; beef 
extract 0.30 g.; glucose 0.1 g.; K,HPO, 0.4 g.; KHZPOI 0.125 g.; distilled 
H,O 100 ml. ; agar 1.5 g. ; final pH approximately 7.0. A clear broth which 
supported good growth of the microbacteria could be obtained by omitting 
the agar from the formula of the foregoing agar medium. 

Morpl1ology 

The morphology of the microbacteria has been described extensively by 
Orla-Jensen (6), Wittern, and Jensen, but several further observations 
have been made in the present investigation. The appearance of Microbac- 
ter ium organisms in milk when stained by the Newman-Lambert stain may 
often be misleading as to their actual morphology. In  such preparatio-ns 
the irregular staining of the cells and their frequent grouping often make 
them appear as small cocci in groups. But when grown on agar slants 
and stained by the Gram method the cells usually stained evenly and mere 
gram positive with the exception of one culture, the cells having charac- 
teristic angular and palisade arrangements. Occasionally some cells would 
show a darker polar staining giving the appearance of short-chained strep- 
tococci. When grown on tryptone-glucose-skimmilk-meat agar for 3 days 
at 30" C. and stained by the Gram stain, the individual cells measured 
0.4-0.5 x 0.6-1.0 p, the average being about 0.4 x 0.8 p. 

None of the cultures was found to form spores and all were non-motile. 
The colonies on standard tryptone-glucose-skimmilk-meat-extract agar 

were very small and smooth, the surface colonies round, and the sub-surface 
ones lens-shaped. After 7 days' incubation at  30" C. on this medium, the 
colonies averaged about 0.7 mm. in diameter, although individually they 
varied from 0.2 mm. to 1.0 mm. Frequently the colonies would be hardly 
more than visible after 3 days at 30" C. on this medium. 

Oxygen, Relationships 

Orla-Jensen (6) observed that the microbacteria were aerobes and were 
able to split hydrogen peroxide. Wittern (9) found that all cultures of 
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the genus Microbacterium which she tested were able to grow in broth when 
the atmosphere was reduced to 14-15 mm. mercury pressure. In  a study 
of the rod-shaped lactic acid bacteria, Hansen (4) found that Mbm.  lacti- 
c u m  and Mbm. flavum utilized oxygen much more rapidly in the presence of 
glucose or lactate than did organisms of the Thermobacterium, Strepto-  
bacterium, and Betabacter ium genera. The strong inhibiting effect of 
hydrocyanic acid on the Microbacterizrm cultures indicated that they dif- 
fered from other lactic acid rods not only by having catalase but in their 
hemin content. 

A11 of the microbacteria in this study were characteristic aerobes as they 
grew well on agar slants and produced catalase. The ability of the or- 
ganisms to grow in anaerobic conditions was determined by inoculating the 
cultures into tubes of the proteose-peptone-broth medium which had been 
heated in the steamer for 20 minutes just prior to inoculation to aid in 
eliminating dissolved oxygen from the broth. The cultures were then in- 
cubated in a vacuum oven and the temperature held at  32' C. Air was 
evacuated from the oven and replaced with GOz. Evacuation and replace- 
ment with CO, was repeated several times and finally the oven was filled 
with COZ and the cultures were incubated for 5 days. The cultures grew 
under these conditions, although the growth was not so abundant as under 
aerobic conditions, which indicated that the microbacteria are facultatively 
anaerobic. 

Acid Produced in Milk 

Although many of the microbacteria were relatively weak acid formers 
in milk, a number of the cultlires formed sufficient acid in 7 days at 30' C. 
to produce a typical acid curd in the milk. I t  remained to learn to what 
extent lactic acid was responsible for the acidity, since it was only assumed 
previously that it was lactic acid, as based on Orla-Jensen's observation 
that d-lactic acid n-as usually formed. 

Eighteen representative cultures were used to study the amount of lactic 
acid produced in millr. The cultures were inoculated from a 3 day litmus 
milk culture into 75 ml. of sterile skimmilk and incubated at 30' C. usually 
for 7 days. The initial acidity and total acidity were determined by titrat- 
ing a 9 g. sample with N/10 NaOH using 3 drops of 1 per cent phenol- 
phthalein (in 50 per cent alcohol) as indicator. The lactic acid was deter- 
mined by the method of Troy and Sharp (8) in which a 25 p. sample was 
used for assays in this investigation. This method is particularly adapted 
for determining lactic acid in milk. The procedure consists of the pre- 
cipitation of interfering substances by copper hydroxide at 45' C., direct 
oxidation of the filtrate with potassium permangallate after acidifying 
with a sulfuric acid-manganese sulfate mixture, distillation of the acetalde- 
hyde into snlfite solution, and titration of the bound sulfite with iodine. 
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The results of these analyses showed that the acid formed by most of 
the cultures was predominantly lactic acid (Table 1). Culture 34281, 

TABLE 1 

Acid production of Microbacterium cultures i n  sbimmilk 

I n c u b a t e d  12daysa t30°C.  
t Incubated 14 days at 30° C. 

Total 
acidity Developed Lactic ~ ~ ~ ~ ~ $ ~ d  Condition 1 after 1 c i t y  1 acid 1 of milk 
growth 

which showed very weak acid production and produced but little lactic 
acid, possessed other properties which were different from most of the cul- 
tures studied and will be discussed later. The percentage of the acid as 
lactic acid, produced by these cultures in milk, is similar to that found by 
Troy and Sharp (8) to be produced by Lactobacillus bzclgaricus and Leu- 
conostoc paracitrovorzts when grown in milk. I t  would seem that the micro- 
bacteria should be considered as lactic acid bacteria as regards the kind of 
acid produced. 

Thermal  Resistance 

Orla-Jensen (6)  and Wittern (9)  used the unusually high termal re- 
sistance of the microbacteria in isolating these organisms from various 
products. Robertson (7) has also noted this property in the Microbac- 
ter ium cultures which he isolated from pasteurized milk. I n  the present 
study the organisms were first encountered as contributing to high counts 
of pasteurized milk, and it became obvious that the high heat-resistance 
was one of the most outstanding characteristics of the microbacteria. I t  
seemed desirable to determine the thermal resistance of a number of these 
cultures and ascertain whether they could be eliminated from a product by 
any reasonable heat treatment. 

7 8-1 * 
F6 
Sl* 
H3* 
S7 
30M1 
S4 
F 3  
M I  
S3 
88  
Dl-1 
HI 
8180 
CClO 
M2 
Dl-3 t 
342Slt  

per cent 
82.2 
74.3 
93.4 
92.2 
83.1 
74.5 
87.3 

102.5 
70.7 
78.4 
81.1 
58.7 
71.1 
98.3 
86.7 
80.8 
72.3 
39.8 

Curdled 
do 

Slight curd 
do 
do 
do 
do 

Not curdled 
Curdled 
Slight curd 
Curdled 
Not curdled 
Curdled 
Not curdled 
Slight curd 
Curdled 
Slight curd 
Not curdled 

per cent 
0.64 
0.56 
0.48 
0.42 
0.50 
0.51 
0.46 
0.31 
0.56 
0.47 
0.48 
0.28 
0.48 
0.31 
0.45 
0.51 
0.40 
0.24 

per cent 
0.43 
0.35 
0.27 
0.21 
0.30 
0.31 
0.26 
0.11 
0.36 
0.27 
0.30 
0.10 
0.30 
0.12 
0.26 
0.32 
0.22 
0.06 

per cent 
0.33 
0.26 
0.25 
0.19 
0.27 
0.23 
0.23 
0.113 
0.25 
0.21 
0.24 
0.058 
0.21 
0.118 
0.225 
0.259 
0.159 
0.0239 
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Ten representative cnltures were selected and grown in sterile litmus 
milk for 4 days a t  30" C. Tubes containing 5 ml. of sterile litmus milk 
a t  room temperature were inoculated with one drop of the Cday cultnre 
immediately before being subjected to each heat treatment. The tubes were 
then immersed in a water-bath with the water level about 2-3 inches above 
that of the milk. The tnbes were shaken continnously during the time 
required to reach temperature, and less frequently during the holding 
period. One and one-half minutes were required to reach 62.5" C. ancl 
approximately 2 minutes to reach 71.6" C. and 85" C. ; the holding period 
was begun only after the tubes reached the proper temperature. After 
heating the tubes were coolecl quickly to about 30" C. and incubated a t  30" 
C. to determine the viability of the cnltures. 

All of the cultures withstood 62.5' C. for 30 minutes and all but one 
(34231) survived 71.6" C. for 10 and 30 minutes. These results indicate 
that the microbacteria would survive in milk pasteurized by the usual 
holder-process or by the high-temperature-short-hold process, as was found 
to be true during the earlier part of this investigation, when a number of 
the cultures were first isolated. All bnt culture 34281 ~vithstood 85' C. 
for 23 minutes, and seven survived heating to 85' C. for 10 minutes, while 
none survived 85" C. for 30 minutes. I n  a separate experiment, two of 
the cultures remained viable in slrimmilk for approsiinately 12 hours a t  
62.5" C., although no multiplicatioi~ occnrreil during this time. Like the 
true lactic acid bacteria, the microbacteria have been fonncl to be non- 
pathogenic (Wittern (9) ) and their occurrence in milk and dairy products 
should be no public health menace. 

Production of  COz 

The microbacteria do not produce sufficient gas when grown in carbo- 
hydrate media to be detected by visual inspection. Since i t  is recognized 
that the amount of carbon dioxide procluction is of considerable value in 
characterizing the propionic acid bacteria and certain of the lactobacilli, i t  
seemed desirable to measure the CO, produced by the microbacteria. 

The amount of CO, produced by 15 typical Microbacteriztnt cnltures 
was determined in improvised Eldredge tubes. Into one tube was placed 
20 ml. of broth containing: glucose, 1 per cent; yeast extract, 1 per cent; 
proteose-peptone (Difco), 0.5 per cent; IC,HPO,, 0.4 per cent; KH,PO,, 
0 .1  per cent; the pH was adjusted to 7.0. To the other tube was added 
25 ml. N/10 Ba(OH),  to absorb the CO, produced. I n  another series of 
tubes skimmilk was substituted for the glucose broth. 

The tnbes were incubated a t  30" C. for 7 days in a slanting position to 
give a maximum absorption surface to the Ba(OH),. The amount of 
Ba(OH),  converted into BaCO, by the C02 produced was determined by 
titrating the residual Ba (OH), 11-it11 S 10 HC1 (Table 2). 
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The microbacteria produced relatively small amounts of C02  from both 
the milk and glucose broth, although the volume produced from the glucose 
broth was slightly larger than that from the milk. Owing to the small 
amount of CO, produced, further studies on the relationship of sugar fer- 
mented and CO, prodnced were considerecl unnecessary. The fact that  the 
cultures were grown under a limited oxygen supply probably accounted in 
some measure for the limited CO, production, although the growth in all 
the cultures was abundant. For  comparative purposes, however, i t  can 
be concluded that the microbacteria, with a limited oxygen supply, produce 
markedly less CO, than do the propionic acicl bacteria. 

TABLE 2 

Carbon-rlioxide prodztction by  Mic~obacter ium cultures 

Culture 

- - 
78-1 
F6  
30M1 
Cal  
$6 
S8 
Dl-3 
M 2  
5 3  
Cbl  

Gm. CO, per 20 ml. medium 

Skimmilk 1 Glucose broth 

Geitcral Biochen~ic'ul Cknrcrcteristics 

L i tnz~ t s  nzilk. All of the cultures producecl an acid reaction in litmus 
milk, although several cultures were decicleclly weaker acid producers than 
were the majority. Eighteen cultnres prodnced sufficient acid in 7 days 
a t  30" C. to curdle the millr, a typical acid curd being produced. A number 
of the cultures were found to curdle the milk after prolonged laboratory 
cultivation in milk, whereas this property was lacking when the culture 
was freshly isolated. Litmus milk was a very satisfactory medium for 
carrying the cultures, as they usually remained viable for several months 
in this medium when stored in the refrigerator. 

Act ion  o n  gelatin. The organisms were grown in the proteose-peptone 
medium to which mas added 4 per cent Bacto-Gelatin. None of the cultures 
liquefied the gelatine after incubation at 30' C. for about 14 days. 

Cataluse productio~z. The cultures were grown in the proteose-peptone 
medium for 7 days a t  30' C. After thiq period 3 ml. of 1 per cent H,O, 
was added to each tube. All of the cultures prodaced catalase, usually a 
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considerable amount. Catalase was formed in much larger amounts in 
this medium than in sterile skimmilk. 

Nitrate reduction. There are conflicting reports describing the ability 
of the microbacteria to reduce nitrate. Orla-Jensen (6 ) ,  Jensen (5), and 
Bergey's Manual (2) describe the organisms as able to rehuce nitrate to 
nitrite, while Robertson (7) found that his cultures usually failed to reduce 
nitrates. I n  the present investigation the cultures were grown in broth 
containing 0.5 per cent Bacto-proteose-peptone, 0.3 per cent meat extract, 
and 0.1 per cent KNOj (pH adjusted to 7.0-7.2) for 10-14 days at 30' C. 
Forty-four of the cultures failed to reduce nitrate, while five were able to 
reduce it, indicating that, in general, the microbacteria are unable to re- 
duce nitrate. 

Starch hydrolysis. The organisms were streaked onto starch agar 
plates, the medium containing 0.5 per cent Bacto-proteose-peptone, 0.3 per 
cent meat extract, 0.2 per cent soluble starch, and 1.5 per cent agar (pH 
adjusted to 7.0-7.2). After 10-14 days at 30' C., 48 of the cultures had 
hydrolyzed the starch, while one culture failed to attack it. This culture, 
34281, also possessed other peculiar characteristics which will be men- 
tioned later. These results are in accord with those of Dull (3),  who iso- 
lated, from the intestines of adult persons, cultures of Mbnz. lactis which 
produced diastase. 

Fermentation of sugars. The sugars which have been described by 
others as valuable for distinguishing between species of microbacteria were 
used in this work (i.e., glucose, maltose, and raffinose). The media used 
contained 0.5 per cent proteose-peptone, 0.3 per cent meat extract, brom 
thymol blue, and the pH adjusted to 7.0-7.2. This was tubed and sterilized, 
and then sufficient 10 per cent sterile sugar solution (sterilized by filtration 
through a Seitz filter) was added to give approximately 1 per cent concen- 
tration of the sugar. Prior to inoculation, the tubes mere incubated for 24 
hours to ascertain their sterility. All of the cultures produced acid from 
glucose and maltose; all failed to ferment raffinose except culture 34251. 

With the exception of its ability to ferment raffinose, culture 34281 pos- 
sessed the properties of Mbm. flavtcm. The key to the species of the genus 
Microbacteriz~m in Bergey's Manual (Bergey et al. (2) ) designates the 
failnre of Mbm.  flavzcm to ferment maltose as an important identifying 
characteristic of this species. In  the present investigation the Mbm. flavzcm 
cultures was found to ferment maltose. Likewise, Wittern (9)  found 13 
out of 21 cultures of Mbm. flavzcm fermented maltose. These data indicate 
that the inability to ferment maltose is not a constant characterisic of Mbm. 
f l a v ~ ~ m  and should not be used as an identifying characteristic of this species. 

DISCUSSION 

The microbacteria form a well-defined group of bacteria. They have 
some properties in common with the genus Propionibacterilrl~z, but differ 
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mainly in that they produce chiefly lactic acid, are more aerobic, and pro- 
duce relatively little carbon-dioxide from carbohydrates in an atmosphere 
containing a limited oxygen supply. This is the genus to which the micro- 
bacteria show the closest relationship, both morphologically and physiolog- 
ically. Differing chiefly from the lactobacilli by producing catalase, the 
microbacteria possess some similarities to this group, such as producing 
chiefly lactic acid in milk, being non-proteolytic, gram positive, and non- 
motile, and usually failing to reduce nitrates to nitrites. Members of the 
genus Microbacterium are found in human and animal feces, milk, dairy 
products, and dairy farm equipment, along with the true lactic acid bac- 
teria. Morphologically, the microbacteria show similarities to organisms of 
the genus Corynebacter i t~m,  particularly the "diphtheroids," but differ 
greatly from them physiologically. To place the microbacteria in the gen- 
era Corynebacter i t~m and Mycobacterium, on the basis of morphology as 
proposed by Jensen (5), would undoubtedly prove confusing. The char- 
acteristics shown by the microbacteria in the present investigation seem to 
support the view that the genus Microbacterizbm shows close relationships 
to the genera Propionibacterium and Lactobacillus, and should be placed 
close to these genera in a system of classification. 

The genus Microbacterium seems to contain two well-defined species; 
viz., Mbm. lncticzinz and Mbnz. jlavunz. Mbm. lacticum forms much more 
acid in milk, chiefly lactic acid, does not ferment raffinose, hydrolyzes 
starch, usually does not reduce nitrate to nitrite, and forms no distinct pig- 
ment on agar. Mbnz. flavunz (culture 34231 in this study) is somewhat 
larger in size (approximately 0.5 x 1 - 2 p), forms relatively small amounts 
of acid in milk, of which lactic acid forms a smaller part, fails to hydrolyze 
starch, reduces nitrate to nitrite, forms a yellow pigment on agar, and is 
less heat resistant than Mbm. lacticunz. Although Orla-Jensen (6) in- 
cluded in the genus Mbm.  mesentericum, Wittern ( 9 )  demonstrated that 
this organism by its morphology, its ability to use petroleum as a carbon 
source, and by other differences from the microbacteria, should be allocated 
more properly to the genus Mycobacterilc~~z. No culture of this organism 
was encountered in the present investigation. 

The distinct differences between Lactobacillus thermophilus and any 
members of the genus Microbacterium should be emphasized. Robertson 
(7) suggested that this organism was possibly the same species as Mbm. lac- 
t icum.  L. thermophilus,  however, does not form catalase, is a true ther- 
mophile in that it grows best from 55' C. to 63' C., has a lower thermal 
death time (i.e., killed immediately when heated to 82.2' C.) and is dis- 
tinctly different morphologically (cells measure 0.5-1.0 x 2.5-6 Cl) from 
Mbm.  lacticum. From the data available it would appear that L. ther- 
mophilus is, as proposed by Ayers and Johnson (I), a true lactobacillus, 
and that its properties separate it entirely from the genus IClicrobacterium. 
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One of the outstanding characteristics of the .Microbacterium cultures is 
their high heat resistance. The organisms ev deiitly have their origin 
primarily in the intestines aiid feces of animals I see Orla-Jensen (6) ,  Dull 
(3) ,  and Wittern (9) ) and gain eiitraiice into milk by means of dairy 
equipment. Their ability to withstand high temperature enables them to 
remain on dairy farm equipment between mi1kin;s if the equipment is not 
thoroughly cleaned with water above 200" P., )r if i t  is not chemically 
sterilized. In  this manner they can contribute riaterially to high thermo- 
duric plate counts. Once the organisms have gained entrance into the 
milk, the usual pasteurization temperatures for market milk and cooking 
temperatures for cheeses permit them to survive in these products. 

CONCLUSIONS 

Organisms belonging to the genus Microbactel ir111z may be characterized 
as short, gram positive, non-motile, non-sporulating, diptheroid-like rods 
which form catalase, produce predominantly lactic acid in milk, fail to 
liquefy gelatine, usually fail to prodnce nitrite f -om nitrate, and are very 
thermoduric. 

Two well-defined species, Microbacteviz~m lact 'czrnz and Microbacterizcm 
flavum are recognized in this genus. 

The microbacteria gain entrance into milk cliiefly by means of dairy 
farm milking equipment. The high heat resistance of these organisms en- 
ables them to occur in pasteurized niillr aiid milk ~roducts.  The metabolism 
of the microbacteria suggests that their role in th?se products is very simi- 
lar to that of the true lactic acid bacteria. Owing to their presence in dairy 
products in smaller numbers, their activity prc'bably represents only a 
small part of the microbiological activity occurri~ig in these products. 
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DRY MATTER DETERMINATION I N  GREEN PLANT MATERIAL 
AND I N  SILAGE1 

A. E. PEREINS 
Ohio Agrici~ltztral Experintent Station, Wooster, OAio 

Losses of 10 to 20 per cent or more of the dry  matter of the ensiled crop, 
exclusive of visible spoilage a t  the top or elsewhere, have commonly been 
reported by investigators of silage problems. Losses of such magnitude 
have been difficult to explain on the basis of known chemical changes occur- 
ring in the ensiled material. They have also been difficult to harmonize with 
the observed efficiency of silage as a feed for livestock. 

A certain amount of loss is encountered in any method of handling or 
storing crops, and the rarious methods of crop storage may be considered 
as more or less in competition as to which can show the smallest loss. It is, 
therefore, important that a method of crop storage which is as  convenient 
and satisfactory in most respects as silage-making should not be charged 
with large losses due to hidden errors and faulty methods of analysis. 

LITERATURE AND DISCUSSION 

Good reviews of the earlier literature regarding ensiling losses are given 
in other readily available publications and need not be repeated here. Shaw 
e t  al. (10) review more particularly the early American work, while Watson 
and Ferguson (12) give a fuller review of the British and European work. 
Newlander e t  al. (6) include a good review of modern work. Two refer- 
ences (5 and 13) are included because they seem typical of the earlier work 
a t  American experiment stations. 

Various conditions tend to complicate such silage studies. Farm silos 
or experimental silos of comparable size are rarely emptied a t  one time. 
Removal of the silage goes on over a feeding period of several months ; hence 
i t  is seldom practical to make direct comparisons of the weights of crop and 
silage. Representative sampling is also complicated by the slow removal 
and by the rather extensive movement of soluble nutrients within the silo 
(7, 8, 10, 16). Many studies, particularly those of British or European 
origin, are complicated by considerable losses of liquids or juice from the 
silos (10,12,15) due to the ensiling of excessively wet or immature crops or 
failure to provide roofs for the silos. 

When a direct coniparison of weights is attempted by totaling the weights 
of silage as removed for feeding, the total weight so obtained is always much 
less than the weight of the crop ensiled. A considerable but unknown pro- 

Received f o r  publication November 25, 1942. 
1 Some of this material mas presented in different form before the Division of Agri- 

cultural and Food Chemistry of the American Chemical Society a t  Buffalo, N. Y., Sept. 
10, 1942. 

545 



546 A. E. PERKINS 

portion of this apparent loss of weight is doubtless due to the continuous 
exposure of a moist surface of silage to evaporation during the entire feed- 
ing period. This explanation is supported by work a t  the Missouri Agri- 
cultural Experiment Station on small silos (4, 9)  from which the entire 
contents have been removed and weighed a t  one time and the complication 
of top spoilage also avoided. A portion of these resnlts is shown in table 1. 
The weight losses are considerably smaller than those commonly reported. 

TABLE 1 

Loss of dry matter in the silo 
(Ragsdale and Turner*) 

Crop 1 of Dry matter loss, average 1 per cent 

Normal corn ................................................. 
Shock corn plus water ........................ 

................................................ Oats and peas 
Grass crops 
Legume cro 

* Missouri Agricultural Experiment Station Research Bulletin 65. 

Unpublished small-scale silage experiments a t  the Ohio Agricultural 
Experiment Station have also shown weight losses which are impressively 
small in comparison with those which are commonly reported. Some of 
these are shown in table 2. Most attempts to study the loss of d ry  matter 
as distinct from the total loss of weight have likewise indicated losses much 
greater than could be explained on the basis of changes lrnown to occur in 

Percentage fermentation loss (including some evaporation) of various 
crops in silo pressps 

Crop 
Percentage loss 1 " " : ; : ' ~ P , ' R " " " ~  

ensiled crops. The method of dry matter determination almost universally 
followed in such studies has been to dry  weighed portions of the silage to 
constant weight a t  about the boiling temperature of water. The dried resi- 
due has been considered as the dry  matter and the weight lost on drying as 
water. It has long been known that silage contains volatile materials other 
than water, but this fact does not seem to have been taken into account fnlly 
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in most silage studies, though some ~vorkers hare introducecl rarions correc- 
tions designed to overcome this difficult;- (8, 11, 13, 14).  

A considerable illcrease in the apparent water content of lnany experi- 
mental silages over that of the corresponding crop was frequently observed 
in previous worlr. The determinations Tvere made by the oven-drying 
method, and often no acldition of water from outside sources was possible. 
The writer was led by the frequent recurrence of such results to question the 
reliability of the customary method of xvater- and dry-matter deterininations 
as applied to silage. 

EZLPERIMENTAL 

Accordingly the usual method of water determination in ~vhich the loss 
of weight on drying is considered to be water was compared with a newer 
but also officially approved method in which the water is recorered as  such 
and measured volumetrically (1, 2, 3) .  This is accomplished by the distilla- 
tion of weighed samples of the material with an  excess of a volatile solvent 
such as toluene B.P. 110. Xylene has also been silnilarly used (3) .  The 
water of the sample is vaporized and the vapors carried to the reflux con- 
denser in mixture ~v i th  the toluene rapors. On condensation the liquid 
phases of these materials separate promptly and completely. Water being 
heavier is collected in an appropriate trap while the toluene antomatically 
returns to the distillation flask. In this work the form of trap introduced 
by Dean and Stark (3) was employed. At first the volume of water was read 
directly i11 the traps. Later i t  was transferred to a graduated tube of small 
bore to secure greater precision of reading. Methods of this type are usually 
somewhat lacking in precision as conipared with gravimetric methods. The 
results however are a t  least not confused by considering as water other vola- 
tile materials which may be driven off during the drying or distillation. 
Added water is 100 per cent recovered by this method. 

The two methods were compared on several green crops ~vliich are fre- 
quently used in silage making; also on a series of silages made from the 
same or similar crops. The materials to be compared were finely chopped 
in the Hobart food chopper whereby a fine state of subdivision was obtained 
eren on \vet materials without any separation or loss of liquid. Triplicate 
10-gram samples were weighed into previously dried and weighed porcelain 
dishes. These samples were then dried in an electrically heated oven main- 
tained a t  100' C. for several hours to approximately constant weight. Three 
other 10-gram samples were transferred to 200-ml. Erlenmeyer flasks and 
covered with about 100-ml. of toluene. They mere then ready for distilla- 
tion as previously described. Boiling was continued on a hot plate for some 
time after all the water appeared to have been removed from the sample. 
The results of this worlr are shown in tables 3 and 4. 
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DISCUSSION 

On the green silage crops (table 3),  results by the two methods were 
identical within the limits of precision attainable by these methods. This 
finding tends to sliom the correctness and reliability of both methods for 

TABLE 3 
R a t e r  deternainations by  oven-drying arid b y  toluene distillation 

Green plant material 

fresh green plant material which does not contain large amounts of volatile 
substances other than water. Not all green plant materials are of this type, 
however. I n  table 5 are compared results obtained by both these methods 
on several green materials which because of their strong odor were judged 

TABLE 4 

Water  determination i n  silage by  oven-drying and b y  toluene distillation 

Per cent of water Dry matter 

Oven- 
drying 

( 1 )  

Green eorn ........................ 80.8 
Alfalfa .............................. 74.9 
Timothy ........................... 64.7 

i5.0 
......................... Bluegrass 65.3 

72.0 
............ Orehard grass 76.8 

76.5 

to possess a high content of volatile matter. The results, while variable show 
marked differences between results by the two methods in some cases. In  
the case of silage, as shown in table 4, the apparent amount of water was 
always greater by the method of oven-drying than by the toluene distillation 
procedure. 

( 1 )  

19.2 
25.1 
35.3 
25.0 
34.8 
28.0 
23.2 
23.5 

Distillation with 
toluene 

( 2 )  

81  81  ...... 
75 75 75 
65 65 64 
75 75 75 
65 65 ...... 
72 72 ...... 
76 i 6  ...... 
76 77 ...... 

Kind of silage 

i t  " +corn ( 1 )  ............ 
' 1  " + l '  ( 2 )  .................... 

Alfalfa, dry, fine cut ......................... 
Alfalfa, wet, " " ....................... 
Timothy ( 1 )  

" ( 2 )  
" ( 3 )  

( 2 )  

19.0 
25.0 
35.0 
25.0 
35.0 
28.0 
24.0 
23.5 

Water as determined by 

Loss o f  weight on 
oren-drying 

Per cent 
71.8 
71.1 
72.9 
73.6 
72.2 
71.1 
56.7 
72.7 - - 11.7 
78.3 
77.2 

Direct measurement 
after distillation 

Per cent 
69.7 
70.0 
71.0 
71.8 
70.0 
70.0 
56.0 
70.0 
76.0 
75.7 
75.0 
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The explanation is, of course, that the volatile materials other than water 
which are formed in the process of silage-making are driven off along with the 
water in the drying process and are thus included with the water in calcu- 
lating the results by this method. I n  the toluene distillation process, on the 
other hand, the water is recovered as such and its amount volumetrically 
determined. The other volatile materials in this case are included with the 
dry matter if the same method of calculation, that of subtracting water per- 
centage from 100, is followed. It may be suggested at  this point that the 
simultaneous application of these two methods of dry matter determination 
will practically amount to a determination of the amount of volatile prod- 
ucts produced in the silage under study. 

TABLE 5 

W a t e r  determination indirectly b y  dryin,g and b y  direct measurement 
a f t e r  distillation 

Since some of the volatile materials in question are known to contribute 
to the feeding value of the silage and others of them may be reasonably 
assumed to do so, it seems logical that they belong with the dry matter rather 
than with the water. On this basis, there can be little doubt that the toluene 
distillation method is more reliable than oven drying for making water and 
dry matter determinatipns on materials such as silage. The amount of dif- 
ference in dry matter between these two methods of determination, or the 
amount of volatile matter other than water occurring in the silage, is not the 
same for all the kinds of silage studied; but ranges from 0.7 per cent to 
2.7 per cent on the wet or fresh basis. If the observed differences are figured 
as percentages of the dry matter itself rather than of the wet silage, these 
figures become much more impressive ; they then range from about 3 per cent 
to a maximum of more than 10 per cent of the total dry matter of the silage. 

There is nothing to indicate that these values represent the extremes that 
would be found in studying larger numbers of silages. The fact that wide 
variations in this respect exist among the silages studied would indicate that 
different amounts of volatile matter are found in silage, depending on the 
crop ensiled and the conditions under which the silage is made. Numerous 
suggestions of this kind may be found in the literature but sufficient exact 
information is lacking, however, to justify much in the way of detailed 
statements regarding the influence of specific factors in controlling silage 
quality. 

Material (leaves of the 
following plants) 

. . . . . . . . . . . . . . . . . . . . . . . 

Per  cent water by 

Indirect method, 
oven-drying 

63.82 
59.41 
58.15 
78.63 
80.17 

Direct measurement 
after distillation 

62.8 
59.2 
56.5 
76.0 
77.5 
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It has been suggested that  some of the volatile fat ty acids of the silage 
~vould probably be present in the water distilled from the sample by the 
toluene procedure and that they u~oulcl increase the volume of this distillate 
to a noteworthy extent. This possibility was checked as follows: 

Ten-ml. portions of the distillate fro111 a series of six silage samples were 
titrated with 0.2 N NaOH solution to the end point of phenolphthalein. 
Titrations of 7.5, 6.8, 6.7, 5.5, 5.0, and 4.3 ml. were obtained. Assuming that  
the volatile acid is principally acetic the 6-8 n ~ l .  of distillate recovered 
in the usual determination reported in the study woulcl contain a t  most, 
0.8 x 0.012 x 7.5 g. = .072 g. of acid or about the same number of inl. This 
amount is less than the smallest division on the apparatus, bnt should be 
detectable. 

The distillates from duplicate samples treated with an excess of mag- 
nesium oxide before distillation were alkaline to phenolphthalein and of per- 
ceptably smaller volume to about the extent of the calculated volume of acid. 

Instead of explaining the difference in results between the t ~ ~ o  methods 
under discussion, however, correction of the volume of distillate for the 
amount of acid i t  contains, only serves to intensify the difference in results 
between distillation with toluene and oren drying as shown earlier in this 
work. 

SUMMARY 

Oven-drying has been the method of water determination generally em- 
ployed in silage studies. The large losses of dry  matter usually reported 
in such studies have often been partly unexplainable though the issue has 
been confused by juice and evaporation losses and sampling difficulties. 

The presence of different volatile materials in silage has long been known, 
but has failed to gain appropriate recognition in the methods of analysis 
commonly employed. The present study coinpares the usual indirect method 
of water determination by oven drying with a direct method in which the 
water is recovered and determined volumetrically. On the usual green 
silage crops, results by the two methods are in  good agreement ; but on silage 
the results are often widely divergent. This is explainable on the grounds 
that in drying the volatile matter other than water of the silage is included 
with the x-ater ; while in the direct or distillation method this nonaqueons 
volatile matter is included with the d ry  matter where it seemingly belongs. 

Simultaneous application of both these methods to silage analysis should 
give a reliable measure of the volatile products in the silage. These are 
doubtless affected both as to character and amount by the kind of crop and 
the conditions under which the silage is made, and probably have a definite 
relationship to the quality of the silage. Details in this line, however, are 
a t  present unknown. 

General use of the drying method of n-ater determination has resulted in 
overestimating the dry  matter losses of silage-making and in underesti- 
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mating the f e e d i n g  value of s i lage  as determined by analysis. W i d e s p r e a d  

a p p l i c a t i o n  of a d i r e c t  method ,  such as the one described,  to silage s t u d i e s  

may call f o r  a r e v i e w  of existing figures r e g a r d i n g  t h e  average composition 
and c o m p a r a t i v e  f e e d i n g  value of silage. 
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ASCORBIC ACID STIMULATION I N  T H E  BLOOD PLASMA O F  
DAIRY CATTLE PRODUCED BY T H E  INGESTION 

O F  CHLOROBUTANOL* 
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Experiment Station, East Lansing 

Some of the experimental work reported in this paper was initiated 
originally for the purpose of determining the variations that could be pro- 
duced in the blood plasma ascorbic acid level of dairy cattle by feeding 
certain organic compounds. Recent investigations, however, have shown 
that the level of ascorbic acid in the blood plasma is closely associated with 
fertility in dairy cattle. The results obtained by Phillips et al. (11, 12) 
with ascorbic acidotherapy on sterile bulls and "hard to settle" cows indi- 
cate that more knowledge of the factors affecting the ascorbic acid metabo- 
lism of dairy cattle is of major importance. The results presented in  this 
paper are of additional interest in this connection because of the lack of 
information in the literature on the stimulation of ascorbic acid synthesis 
produced by the feecling of chlorobutanol to dairy animals. 

Considerable work has been described in the literature concerning vari- - 
ous factors affecting the metabolism and excretion of ascorbic acid in differ- 
ent subjects. Sutton, Kaeser and Hansard (20) observed that bulls which 
had low blood ascorbic acid values and poor breeding performance were 
usually fed poor qnality roughage and that cows which were fed excellent 
roughage had a higher average level of ascorbic acid in the plasma than cows 
receiving poor quality roughage. Phillips, Lundquist and Boyer (13) 
showed that low plasma ascorbic acid values could be increased by the addi- 
tion of vitamin A to the ration of calves. E rb  and Andrews (5) reported 
that the injection of l iOOO to 2,250 rat  units of gonadotropin into dairy bulls 
produced a 42 to 67 per cent decrease in the plasma ascorbic acid level within 
24 hours. Cows which had received an  equivalent amount of the hormone 
showed decreases of only 20 to 50 per cent during the same time. The injec- 
tion of 20 units of insulin into normal dogs caused a decrease in the vitamin 
C content of the blood plasma and in the urinary excretion of this vitamin 
which lasted for several hours (14). 

Svirbely (21) concluded that the ra t  is able to synthesize vitamin C irre- 
spective of the con~position of the diet although adequate amounts of the 
vitamin B factors are essential to obtain normal vitamin C values in certain 
tissues. Sure and coworkers (19) reported that deficiencies of vitamins A, 
B, and riboflavin caused a decrease in the ascorbic acid values of certain rat  
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tissues. Sutton et  al. (20) found that a limited vitamin A intake produced 
a significant decrease in the level of plasma ascorbic acid in the rat. Rudra 
(16, 17) postulated that mannose, glucose and galactose acted as precursors 
for vitamin C but that manganese was a determining factor in the synthesis 
of this vitamin. Drake and coworkers (3)  found that the administration of 
500 mg. of sodium diphenyl hydantoinate (Dilantin sodium) per kilo of 
body weight increased the urinary excretion of ascorbic acid and decreased 
the concentration of ascorbic acid in the liver, brain, muscle, adrenal glands 
and blood of rats. They (4) reported also that the daily administration of 
13 mg. of dilantin sodium per kilo of body weight to guinea pigs produced 
a rapid and progressive decrease in the plasma ascorbic acid level whereas 
the control animals maintained their normal level. Both groups received 
an  ascorbic acid-free diet but they received 5 mg. of ascorbic acid, subcu- 
taneously, daily. The investigations of Merritt and Foster (9) showed no 
appreciable difference between the vitamin C content of the blood plasma 
of human beings who had taken dilantin sodium for two years for the treat- 
ment of epilepsy and those who had never received medication. 

Longenecker .and associates (6, 7)  found that terpene-like cyclic ketones 
and other organic compounds produced a marked increase in the ascorbic 
acid excretion of rats. Ritz et al. (15) reported that the liver and blood 
plasma of rats receiving carvone had consistently higher ascorbic acid values 
than control rats whereas rats receiving sodium salicylate or acetylsalicylic 
acid lost ascorbic acid from the brain and liver soon after the administration 
of the drugs. The urinary output of ascorbic acid increased in both experi- 
mental groups. Vacuum-distillable fractions fro111 the unsaponifiable matter 
of halibut liver oil, oat, grass-leaf and alfalfa-leaf oils mere shown bj- 
Musulin and coworkers (10) to cause high urinary excretions of vitamin C 
in the rat. Similar results were obtained by Sutton et  al. (20) from the 
feeding of chloretone to rats. They reported also, that chloretone-fed rats 
with the gonads, pituitary and adrenal glands removes were still capable of 
synthesizing vitamin C. 

Preliminary reports of our studies have been presented on the effects 
produced by the ingestion of chlorobutanol on the breeding efficiency of bulls 
and on the level of ascorbic acid in the blood plasma of dairy cattle (1, 18).  
The data presented in this paper deal specifically with the changes produced 
in the concentration of plasma ascorbic acid by feeding various amounts of 
chlorobutanol to calves, heifers, cows and bulls. 

EXPERIMENTAL 

A total of 4 calves from 3 to 9 weeks of age, and 7 he'ifers, 11 cows and 
7 bulls of all ages were fed various amounts of chlorobutanol. The adminis- 
tration of chlorobutanol to the mature animals varied from a single 40-gram 
dose given in a gelatin capsnle to a 5-gram dose, daily, fed with the grain. 
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Two animals received the chlorobutanol each day for 60 days and 3 animals 
received three doses per week for 105 days. Three of the calves received the 
chlorobutanol by capsule and the fourth one received it in the milk. 

No attempt was made to feed a special ration but almost all of the ani- 
mals received an alfalfa hay ration with various supplements. The calves 
received a standard calf ration in amounts adequate for maintenance and 
growth. 

Blood samples were collected several times each week prior to, during 
and follo~ving the chlorobutanol feeding period and analyzed for ascorbic 
acicl according to a procedure previously outlined (2). 

Dillseed oil which contained 50 to 60 per cent d-carvone TTas also fed by 
capsule in amounts u p  to 20 ml. per day to two 400-po~uid heifers. 

RESULTS 

Results with dairy cows. The experimental data showing the variations 
in the concentration of ascorbic acid in the plasma of dairy cows receiving 
various amounts of chlorobutanol are presented in table 1. The largest sin- 
gle dose of chlorobutanol given to any animal was a 40-gram dose given to 
cow 269. TITO hours after the administration of this dose she became drowsy 
and was unable to walk without falling down. The anesthetic effect con- 
tinued for 48 hours. During that time she went off feed and decreased in 
milk production. The level of ascorbic acid in the blood plasma began to 
increase on the day following the massive close of chlorobntanol and reached 
its peak value of 0.87 mg. per 100 ml., on the seventh day. By this time the 
cow had apparently returned to normal in every respect except for the high 
level of ascorbic acid in the blood. Seven days later the level of ascorbic 
acid also returned to normal. 

Two colr-s, D5 and A19, were each given 20 grams of chlorobutanol in 
gelatin capsules daily for a Bday period. On the fourth day D5 went off 
feed, decreased in milk production and had some difficulty in walking. The 
amount of ascorbic acid nearly doubled in the blood plasma after she had 
received the second dose but the peal; was not reached until 12 days after 
the administration of the first dose. Twenty days after the last dose of 
chlorobutanol was given the plasma ascorbic acid returned to normal. A19 
(non-lactating) seemed drowsy after receiving the fourth and fifth doses of 
chlorobntanol but she dicl not go off feed. The amount of ascorbic acid 
reached a peak value of 1.03 mg. per 100 nil. of plasma on the day following 
the first 20-gram dose and continued high above the pre-feeding level for 
more than four weeks. 

Four cows (66, A21, A29 and 264) received daily doses of chlorobutanol 
a t  the 10-gram level for 5 to 10 days. A mild anesthetic effect was produced 
in only two of the cows. Cow 66, a small Jersey, decreased in feed intake 
and in milk production during the 6-day experimental period. After an 
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hour or two following each dose of chlorobutanol she appeared drowsy and 
wobbly on her feet. The plasma ascorbic acid level did not increase during 
the feeding period but the concentration was doubled on the ninth day after 
the initial dose. The chlorobutanol did not produce an anesthetic effect on 
cows A21 and A29 but i t  doubled the amount of ascorbic acid in the plasma 
over the pre-feeding level. Cow 264 did not show an increase in the level of 
ascorbic acid in the plasma after receiving seven 10-gram doses of chloro- 
butanol. The concentration of ascorbic acid in her blood plasma decreased 
during the feeding period and for two weeks following. She exhibited the 
anesthetic effects of the chlorobutanol however. 

TABLE 1 

The effect of feeding chlorobutanol to dairy cows on the ascorbic acid 
content of the blood plasma 

Weeks of feeding 

Five milking cows (76, 267, 285, 289 and 264) were fed 5-gram doses of 
chlorobutanol for periods of 10 to 18 days. None of the cows showed any of 
the untoward effects obtained from feeding the larger doses and all of the 
cows showed marked increases in plasma ascorbic acid similar to those ob- 
tained by feeding 10-gram doses. The only difference noted was that three 
of the five cows required a longer period of time to manifest maximum 
ascorbic acid levels. It is of interest to note that cow 264 reached her peak 
value of 1.10 mg. per 100 ml. only eight days after the second feeding trial 
began. 

Results wit72 dairy  heifers. The results obtained from feeding chloro- 
butanol to heifers are shown in table 2. These data indicate that three con- 
secutive 5-gram doses of chlorobutanol will increase the concentration of 
ascorbic acid in the blood plasma significantly for a short time but the high 

Weeks after feeding 
Cow Daily Days 1 Peak 1 Dt~8  
NO. 1 dose fed 1 valuet reach 

peak 

269 
D5 

A19 
66 

A21 
A29 
264 

76 
264$ 
267 
285 
289 

* Average value obtained for  the 10 day period prior to the experimental period. 
t Highest single value obtained. 
t Started 11 days after the last 10 gram dose. 
$ Fed 1 5  grams on the last day of the experiment. 
7 Fed 10 grams daily for last 3 days. 

1 
3 
5 
6 

10 
5 
7 

10 
1 5  
1 5  
16Q 
187 

gm. 
40 
20 
20 
10 
10 
10 
10 
5 
5 
5 
5 
5 

mg. per 100 ml. 
0.42 
0.38 
0.20 
0.42 
0.47 
0.38 
0.54 
0.36 
0.36 
0.44 
0.35 
0.33 

mg. pev 100 ml. 
0.87 
0.92 
1.03 
0.86 
0.96 
0.73 
0.56 
0.80 
1.10 
0.81 
0.72 
0.77 

0.65 
0.91 
0.59 
0.69 
0.49 
0.53 
0.33 
0.43 
0.42 
0.69 
0.51 
0.61 

0.65 
0.67 
0.39 
0.93 
0.60 
0.43 
0.73 
0.53 
0.64 
0.52 
0.46 

7 
12 
1 
9 
5 
8 
1 
7 
8 

15 
17 
22 

0.46 
0.42 
0.47 
0.37 
0 43 
0.39 
0.39 
0.42 
0.39 
0.38 
0.39 
0.49 

0.80 

0.61 
0.88 
0.62 
0.61 
0.53 

0.64 
0.60 

0.40 
0.16 
0.34 
0.39 
0.50 
0.51 

0.35 
0.53 
0.36 
0.33 
0.31 

0.43 

0.42 

0.39 
0.41 

0.51 

0.43 
0.28 
0.21 
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level \vill not be sustained (A33, A34). The two heifers ((2424 and A32) 
which received five grams of chlorobntanol per day for 60 clays exhibited a 
marked increase in plasma ascorbic acid during the first week of feeding. 
Their peak values were obtained on the sixteenth day and continued at a 
high level for the entire feecling period. The plasma levels were still above 
the pre-feeding level for four weeks after the experimental period. I t  should 
be pointed out that heifers A34 and A37 practically maintainecl the same 
plasma ascorbic acid levels while receiving three 5-gram doses of chloro- 
butanol per week as they did when receiving 5-gram doses per day. 

TABLE 2 

The effect of feeding ehlorob~ctanol to dairy heifers on the ascorbic arid 
content of the blood plas?nn 

Animal No. ............................................ 
Daily dose, gm. ................................... 
D a ~ s  fed  

value 10 days prior ........... 
value 1st week ...................... 

( '  2nd " ........................ 
r r  3rd " ....................... 
" 4th " ................... 
" 5th ................... 
" 6th " ........................ 
" it11 " ........................ 
" 8th " ....................... 
" 9th " ...................... 

- 

~yg. per 100 n~l. 
0.25 0.30 0.29 0.42 
0.49 0.70 0.70 0.44 
0.52 0.71 0.87 0.51 
0.50 0.74 1.01 0.61 
0.61 . 0.68 0.84 0.53 
0.66 0.62 O.i3 0.96 
0.48 0.71 0 . 7  0.i7 
0.53 0.71 O.GG 0.84 
0.G5 0.63 0.69 0.52 

0.79 0.67 0.42 ....... 

~ . -  

Peakva lue  ............................................ 1 0.92 1 0.72 I 0.76 1 0.80 1 1.02 1 0.96 1 0.83 

c r  r r  11th " 
" " 1st " after  
( 1  ( 1  Bnd 1 1  H 

( 1  ( I  Srd r r  1 1  

< <  ' 6  4th ( 1  6 1  

~ . - -  

. ................... Days to reach peak 1 4 1 4 ( 31 1 16 I 16 1 33 35 

* Had received one 5-gram dose 15 days prior to this experiment. 
t Fed daily for  first 5 days, then 3 times per week fo r  balance of experiment. 
t Had reccived chlorobutanol 5 months previous but none since tha t  time. 
$ Fed daily for  6 weeks, then 3 times per week for  balance of the experiment. 

0.30 
0.48 
0.50 
0.46 

The feeding of 20 ml. of dillseed oil per day for 16 days did not produce 
any appreciable change in the level of ascorbic acid in the blood plasma of 
two 400-pound heifers. The data are not presented. 

Reslclts with dairy calves. Table 3 shows the effect of chlorobntanol on the 
concentration of ascorbic acid in the blood plasma of calves. The ascorbic 
acid increased in the plasma of two calves (C460 and C495) similar to that 
shown b?- the cows and heifers. The peak values for the other t~vo  calves 
((2506 and CB08) were elevated significantly and they maintained a consis- 
tently higher level during the experimental period than the average normal 
value reported for calves (2) .  The difference i11 response obtained for the 
calves may have been due to the difference in concentration of ascorbic acid 

0.53 
0.44 
0.44 
0.40 

0.63 
0.51 
0.55 
0.43 

0.59 
0.58 
0.34 
0.40 

0.60 
0.53 
0.74 
0 63 

0.59 
0.45 
0.23 
0.46 
0 39 

0.68 
0.49 
0.39 
0.61 
0 54 
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in the plasma prior to the experimental period. ' The ascorbic acid values 
of calves C506 and C508 were much higher during the pre-feeding periocl 
than for calves C460 and C495. 

Results with btills. The results obtainecl from feeding chlorobutanol to 
bulls are shown in table 4. Six out of seven bulls responded favorably to the 
ingestion of chlorobutanol. I t  was observed in most cases that the bulls dicl 
not respond as rapidly as the cows and heifers responded to chlorobutanol 

TABLE 3 

The effect of feeding chlo~ob~rtanol to calres on t l lc  ascorbic acid content 
of t h e  blood plasnta 

Calf No.* .................................... 

Av. value 10 days prior ...... 
" " 1st week .................... 

" 2nd " .................. 
3rd " ................. 

" l 1  4th " ................... 
'l l1 5th " ............... 
1 1  1 1  6th 16 ............... 
r c  r r  7th H 

1 1  1 1  st., l l  

1 1  r r  9th " 
1  1 1  10th I <  

1 1  11 11th " 
( 1  1 1  12th L '  

13th " ................ 
" 1st " after ...... 
1 1  1 1  gild 1 1  I L  ...... 
1 1  1 1  Srd 1 1  1 1  ...... 
1 1  1 1  4th " l l  .... 

Peak value 
Days to re 
Total intake, gm. .............. 

* Age of calves at beginning of experiment: 9 weeks, 4 weeks, 3 weeks and 4 weeks, 
respectively. 

t Intake of chlorobutanol per week. 
t Milligrams of aseorbic acid per 100 ml. 
$ Calf went off feed and scoured. 

and that very large doses were required to produce a significant increase in 
plasma ascorbic acid. The peak values obtained were consistently lower 
than those obtainecl for co~vs and heifers but the percentage increases were 
significant. Two of the bulls, Patty and Wells, received 330 and 300 grams 
of chlorobutanol respectively before significant changes in plasma ascorbic 
acid were observed. During the sixth week these bulls each received three 
30-gram closes which produced definite anesthetic effects after the third dose. 
The chlorobutaiiol was discontinued and both animals returned to normal 
within fonr days. After one week the feeding of chlorobutanol was resumed 
a t  a lower level and the plasma ascorbic acid reached a peak. The higher 
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levels were then maintained as long as chlorobutanol was fed. The Short- 
horn bull clid not respond significantly to the ingestion of chlorobutanol 
during the two experimental periods a t  the level fed. This may have beell 
due to the failure to feed a snfficient amount of chlorobutonal. 

DISCUSSION 

From the nature of the results reported in this paper i t  is evident that 
the feeding of chlorobutanol will increase the plasma ascorbic acid level in 
calves, heifers, cows and bulls although the physiological significance of this 
phenomenon is not clear. The length of time required to increase the plasma 
ascorbic acid level and the length of time required to reach a maximum value 
seemed to be determined not only by the size of the dose but also by the 
individual response of the animal to the ingestion of chlorobutanol. The 
latter factor appeared to be the more iinportant one. 

Doses of 10 grams or more of chlorobutanol produced a mild anesthetic 
effect in some of the mature animals. This was accompanied by a marked 
reduction in feed intake and in milk production. The larger dosages (10 
grams or more) served to shorten the length of time necessary to produce a 
marked increase in the plasma ascorbic acid level and reduced the length of 
time required to reach a peak value. The feeding of 5 grams of chlorobn- 
tan01 per day to heifers and cows was sufficient to produce maximum changes 
in plasma ascorbic acid without any untoward effects. The feeding of 5 
grams of chlorobutanol per day for extended periods of time did not produce 
any observable harmful effects. Doses several times this size were fed with- 
out any permanent deleterious effects so it is not likely that the proper feed- 
ing of chlorobutanol will involve any danger. The only advantage obtained 
in feeding more than 5 grams per day would be to increase the concentration 
of ascorbic acid inore rapidly. The results obtained with heifers that haye 
reached breeding age indicate that 15 grams per meek are sufficient to main- 
tain the plasma ascorbic acid a t  a high lerel. 

The extreme sex difference and individual response to the amount of 
chlorobutanol required to stimulate ascorbic acid synthesis are particularly 
evident in the case of the bulls. It would appear from the results obtained 
that bulls require much more chlorobutanol than cows to produce a compara- 
ble change in ascorbic acid synthesis. I t  is evident that the amount of chloro- 
butanol required to stimulate ascorbic acid synthesis is not proportional to 
body weight. 

Due to the fact that only a few calres n-ere used in this work, the results 
obtained are somewhat variable. Age may be an important factor in the 
interpretation of the results. Lundquist and Phillips (8) observed that the 
plasma ascorbic acid diminished in calves from birth to the third week of 
life and then gradually returns to a normal level of approximately 0.30 mg. 
per 100 ml. Certain of the changes noted in our calves may have been due 
to normal changes a t  this particular age period but all of the calves which 
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received chlorobutanol maintained an ascorbic acid level higher than the 
average values reported in the literature (2 ,8) .  I t  should also be noted that 
the ascorbic acid level of two of the calves was reduced inarkedly after the 
feeding of chlorobutanol was discontinued. 

SUMMARY 

1. Four calves, 7 heifers, 11 cows and 7 bulls were fed various amounts 
of chlorobutanol for as long as 105 days as a suppleinent to a standard alfalfa 
hay ration. 

2. The ingestion of chlorobutanol served to elevate ascorbic acid in the 
blood plasma of all of the animals. 

3. Doses of 10 grams or more of chlorobutanol produced mild anesthetic 
effects in the animals but the maximum concentration of ascorbic acid in the 
blood plasma was obtained within a few days. 

4. No deleterious effects were observed when 5-gram doses were adminis- 
tered for long periods of time. 

5. A sex difference was noted in the amount of chlorobutanol requirrcl to 
proc111ce a significant increase in plasma ascorbic acid. 
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ABSTRACTS OF LITERATURE 

213. Beta Hemolytic Streptococci Isolated from Public Room Floors. 
WILLIAM G. WALTER AND G. J. HUCKER, N. P. State Agr. Expt. Sta., 
Genera. Jour. Infect. Dis., 7'1, No. 3:  237-240. Nov.-Dec., 1942. 

One hundred thirteen sweepings collectecl from 37 roolns in 6 schools, a 
dormitory, a theater, ancl a hotel, were exaininecl for beta hemolytic strep- 
tococci. Isolation of the streptococci was acconlplished by successive en- 
richment ill potassiun~ tellurite broth and blood broth and finally by platilig 
on blood agar. T~venty-two of the 37 rooms yielded bctil hemolytic strepto- 
cocci in a t  least one examination. Isolations were accomplished more 
readily during the period from Febrnary to May thall during the suinnler 
~nonths. Sevrnteeil representative c n l t ~ ~ r e s  were stutlied physiologically 
and serologically. On the basis of this stuily, 7 of the 17 cultures were 
classified as Lancefield's group A, 2 as group B, and one as group C. The 
remaining 7 c ~ ~ l t n r e s  not falling into these three groups were classecl by their 
physiological reactions alone as belonging to Laneefield's group G. Thirty- 
nine other cultnres not tested serologicall:- were grouped on the basis of 
their physiologiral reactions as f o l l o ~ ~ s :  24 group A, 3 group B, and 12 
group G. The public health significa~ice of these findings is discussetl 
briefly. J.F.C. 

214. A Study of the Bacteriostatic Activity of Fluoro and Bromo De- 
Derivatives of Some Organic Acids. GEORGE P. HAGER AND 

TIIOMAS C. GRUBB, Univ. &Id., Sehool of Phar., Baltimore. Joilr. 
Infect. Dis., 71, No. 3 : 228-231. Nor.-Dec., 1942. 

"A study \vas made of the colnparative bacteriostatic activity of the 
o-, nl- ancl p-fluoro substitution derivatives of benaoic, phenylacetic, cinnaniic 
and manclelic acids. The parabromo analog of the ahore acids was also 
included for comparative purposes. 

"The bacteriostatic tests were coaducted by inoculating Staph?jlococc~rs 
nitrcz~s or Ebcrfl tcl ln f ~ p l z o s n  into various dilutions of the acids in n~ltriellt 
broth adjusted to p H  5.0. Bacteriostasis was indicated by the l~ighest 
dilutions which inhibited growth after inclibatioll a t  37' C. for one week. 

"The oil-water distribution coefficient of each acid was determined ant1 
ail attempt inade to correlate these coefficients with t h i  relative bacterio- 
static activity of the various acids. 

"The inclusion of fluorine in thc aromatic nuclens calised a slight increase 
in bacteriostatic activity, being inost evident in the para or meta isomers. 

ASIT 
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Nuclear bromine in the para-positio~i proclucecl a much greater increase in 
actirity, especially against Staph. aureus." Author's suiiimarp. J.F.C. 

215. The Significance of the Incubation Temperature of Recovery Cul- 
tures in Determining Spore Resistance to Heat. 0. B. WILLIAMS 
AND J. hf. REED, Res. Lab.. Satl.  Cailners Assoc., Tlrasliington, D. C. 
Jour. Infect. Dis., 71, So. 3: 225-227. Xor.-Dec., 1942. 

Spore suspensions of Clostridil~nz botz~linzcm, types A and B, and of an 
uniclentified putrefactive anaerobe were heated a t  lethal temperatures and 
samples for plating to determine percentage of survival were removed a t  
varying intervals of time during the heating. Plates were made in replicate 
and plates from each sampling were incubatecl a t  37, 31, 27, and 24" C. 
Greater thermal death times, based 011 99.99% clestruction, were apparent 
for spores of all 3 strains when the plates for recovery culture were incubated 
a t  24 or 27" C .  than when incubated at 31 or 37' C. J.F.C. 

216. Hyodesoxycholic Acid Media for the Estimation and Enumeration 
of Coliform Bacteria in Milk and Water. EINAR LEIFSON, Univ. 
S. D. Jour. Bact., 4:;. No. 1: 45. Jan., 1943. 

Of the bile acid lneclia cleveloped for the purpose of detecting and 
eiluinerating coliform bacteria i11 milk and water none is perfect of those 
heretofore published since the growth of a considerable proportion of the 
coliform bacteria is inhibited. Both liquid and agar media are described, 
having the provisional formula: peptone 1%. lactose 1C/c, sodium hpo- 
clesoxycholate O.lC/c, pH 6.7 to 6.9. To the agar merlinm is added 1/50,000 
neutral red. Colonies of coliforin bacteria in the agar medium are very 
similar to those in desouycholate agar. I11 the liquid lnediuln the colifornl 
bacteria produce gas rapidly and abunclantly. D.P.G. 

217. The Accelerating Effect of Sublethal Heat upon the Germination of 
Aerobic Mesophilic Spores. F. R. EVANS AND H. R. CURRAN, Bur. 
Dairy Indus. U.S.D.A. Jour. Bact., 45, No. 1: 47. Jan., 1943. 

With each of six species of aerobic, lnesophilic bacteria preincubation 
heating of the spores bet\ileen 6.5' and 95" C .  increased the number of spores 
which became heat-labile during the subsequent incubation period. Greatest 
stimulation was usually greater when spores were heated and incubated in 
extract broth or evaporated milk than when prelieatecl in distilled water 
ancl subcultured in extract broth. D.P.G. 

218. The Lactic Acid Fermentation of Streptococci. PAUL A. SMITH AND 

J. M. SHERMAS, Cornell Fniv. Jour. Bact., 43, No. 6 :  725-731. 
June, 1912. 
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I n  a total of 286 tests made with 151 cultures representing the better 
known groups ancl varieties of streptococci, washed cells were suspended in 
a phosphate-buffered glucose solution. The average per cent lactic acid 
from glticose fermented for each group IT-as: P-ogenic streptococci, 81.8 to 
89.7; viridans streptococci, 90.2 to 93.6; lactic streptococci, 93.7 and 96.6; 
enterococci (group D) ,  90.8 to 96.6. 

"The slightly lower average efficienry of the pyogenic streptococci is of 
possible significance. " D.P.G. 

219. Industrial Importance of Bacteriophage. ELIZABETH McCoy, Univ. 
Wis. Jour. Bact., 45, No. I :  75. Jan,, 1943. 

A discussion of the nature ancl importance of outbreaks of bacteriophage 
in industrial fereinentations inclnding lactic starters and butyl alcohol 
fermentations. Controls proposed inclucle sterilization of equipment with 
rigorous exclusion of new phage, use of nlixecl cultures and increased size 
of inoculum, and use of speciall- prepared phage-resistant strains. 

D.P.G. 

220. Growth of Thermophiles in Pasteurizing Equipment. M. L. ISAACS 
AND A. GORDON. Yeshiva Col., Sen- York. S .  Y. Jour. Bact., 45, 
No. 1 : 51-52. Jan., 1943. 

Studies on growth of thermophiles in 4 city inilk plants indicated a 
doubling in number of organisms for every one-and-a-half hours of (con- 
tinuous) equipment use. Obserrations inclicated that the organisms 
multiplied and were held for as much as 3 honrs in certain parts of the 
equipment before they were released into the milk. D.P.G. 

221. The  Maintenance of Viability in Lactobacillus bulgaricus Cultures 
by  Growth in Association with Certain Yeasts. V. E. GRAHAM, 
Unir. Saslratchewan. Jonr. Bact., 4ri, No. 1 :  51. Jan., 1943. 

It was found that some film foriniiig yeasts that preserved the riability 
of Lactobacillus bslgariclrs in milk 1ver.e unable to utilize lactic acid as a 
carbon source in 1% cconcentration. Some yeasts that did not protect the 
viability of L. bltlgariclrs were active utilizers of lactic acid. I t  was con- 
cluded that the lactic acicl utilization protective theory was in itself inade- 
quate to explain the protective action of the yeasts. D.P.G. 

222. Fermentation of Some Simple Carbohydrates b y  Members of the 
Pseudomonas Genus. LEOS STEIS. R. H. WEAVER AND M. 
SCFIERAGO, r i l i r .  Icy. Jour. Bact. 14, No. 3 : 387. Sept., 1942. 

The ordinary ineat extract sugar broth mediun~ cannot be relied upon 
to show acid production by members of this genus. Any acid production 
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a t  all will be show11 by a iliiniiiiuin buffered synthetic inedinni. Many 
strains of Psez~domonas rnay utilize sugars without production of evident 
acid. The best routine method for determination of carbohydrate utilization 
by this genus is use of a synthetic medium, withont indicator, containing 
the carboliydrate as the only source of energy aiid of carbon, and with 
growth as evidence of utilization of the sugar. Glucose was utilized by all 
of the 24 strains of Psez~donzonas studied, maltose by the majority and 
sucrose and lactose were utilized by some. D.P.G. 

223. The Problem of Thermoduric Bacteria in Short-Time High-Tem- 
perature Pasteurization. V. P. O'DANIEL, Ewing Von-Allmen 
Dairy Co., Louisville, Icy. Jour. Bact., 44, No. 3: 387. Sept., 
1942. 

After the saiiitary coliditioiis on the farms of 48 shippers (out of 350) 
had been improved, the average pasteurization efficiellcp increased from 
89.1% destruction (before cleaning up) to 98.5% (after cleaning up).  

D.P.G. 

224. Dissociation of Bacillus albolactis. F. S .  ORCUTT, Va. Polytechnic 
Inst. Jour. Bact. 44, No. 1: 147. Jnly, 1942. 

Buci l l~is  albolactis dissociates into smooth and rongli forms which are 
identical niorphologically and physiologically. Both forms appear normally 
in dairy products in Virginia and could be mistaken for two distinct 
species. D.P.G. 

225. The Effect of Pasteurization on the Nutritive Requirements of Milk 
Bacteria. J .  B. HERSHEY, Health Div. Lab., St. Louis, Mo. Jonr. 
Bact., 43, No. 1 : 117. Jail., 1942. 

Coulits on raw mill< froin varied sources using both the old standard 
lnedium (beef extract peptoile agar) and the new standard medium 
(tryptoii-glucose berf extract skim milk agar) showed the same ratio in 
numbers of bacteria before aiid after heating in test tubes a t  the equivalent 
of usual pasteurization treatment. Cultures of various non-spore forming 
organisms isolated from milk, counted in the same inaiiner before and 
after heatiilg, either gave tbe same counts 011 both rnedia or failed entirely 
to grow on the old standard inecliulii. Escherichia-coli was not influenced 
by the type of medi~tm employed follo~ving pasteurization when these two 
media and the dilution inetliocl with tryptone glucose beef extract broth 
were used. The author concluded that when milk was laboratory pasteur- 
ized, no change in nntritive requirements of milk organisms before and 
after pasteurization could be detected by use of the new standard medium 
as colnpared wit11 the old. D.P.G. 
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226. Influence of Growth at Low Temperature on Heat Resistance of 
Lactobacillus bulgaricus. J. G. Voss AND W. C. FRAZIER, Univ. 
lfTis. Jour. Bact., 44, No. 2 :  255-256. Aug., 1942. 

Lactobacillirs b?rlguric?ts (strain Ga) was carried in sterile reconstitnted 
skim milk a t  37.2" and 24.3' C., respectively, and transfers made a t  12 
and 84 hour intervals, respectively, in order to obtain cultures of equivalent 
maturity. The 24.3' C. culture was more active a t  both 37.2' C. and 47' C. 
after heat-shocking a t  63' F. for 30 minutes, in spite of the fact that the 
37.2" C. culture cells showed a greater percentage survival of the heat- 
shocking. This is explained by the fact that the 24.3' cells showecl a greater 
fermentation rate a t  37.2' after heat-shocking than did the 37.2" cells. The 
data are considered of possible significance in preparation of starters for 
Swiss cheese manufacture. D.P.G. 

227. The Effect of Incubation Temperature upon Certain Organisms 
Cultured in Cream. ELIZABETH D. ROBINTON AND ELIZABETH F. 
GENUNG, Smith Col., Northampton, Mass. Jonr. Bact., 43, No. 6 :  
778. June, 1943. 

The rate of clevelopment of Strel~tococczrs lactis and Aerobacfar aerogenes 
~vas  far  greater in sterilized cream than in sterilized skim milk. It was 
suggested that possibly the protein-lipid membrane around each fa t  globule 
offers a greater surface area for available food materials for bacterial 
growth. Plates incubated a t  20' C. showecl higher counts than plates incu- 
bated a t  37' C. D.P.G. 

228. Observations on Bacteriological Condition of Creamery Water Sup- 
plies. H. F. LONG AND R. T. CORLEY, Iowa State Col. Jour. Bact., 
41', No. 2 : 255. dug., 1942. 

The water supldies of 70 creameries r e r e  examined by special media for 
Eschericlfia-Acrobucter species, Pselrdomo~zas pzitrefaciens, and total, pro- 
teolytic, and lipo1)-tic connts. Approximately half the supplies were un- 
satisfactory. Containination was traced to various sources including plant 
\veils, city water supplies, storage tanks and pipinp. D.P.G. 

229. The Heat Resistance of Mixed Cultures of Streptococcus thermo- 
philus and Certain Caseolytic Bacteria. H. J. PEPPLER, Kansas 
State Col. Jour. Bact., d4, No. 3 :  389. Sept., 1942. 

The activity and heat resistance of Streptococctis th~m~opki l t i s  was in- 
creased  hen i t  was grown in association v i th  caseolytic bacteria including 
Sfreptococctis liqziefaciens, Pse7tdonzonas aerligi?losn, and Protei~s ammoniae. 
Milk media enriched vith commercial peptones provided heat resistance for 
pure cultures of Sfr. tharmophilzis equivalent to that for mixtures of Str. 



thermophikrs and caseolytic bacteria. Siinila' stimulation and enhanced 
heat resistance was provideci by enrichment of skim milk ~vi th  heat lzilled 
whey cultures of caseolytic bacteria. Heat resistance of S f r .  f l~ernlophil l ts  
was not enhanced by addition of calcium panthothenate, 1-ascorbic acid. ribo- 
flavin, thiamin, and niacin, addecl separately or in combination. 

All caseolytic bacteria except P .  aer~cgi~zosa  and Acltrontobacter lipo- 
l y t i c z ~ m  survived 60 minutes at 55' and 58" C. These two were killed in 
milk in 25 minutes a t  55' C. and in 10 minutes at 58' C. D.P.G. 

230. A Comparison of Media for the Detection of Coli-Aerogenes Organ- 
isms in Raw Milk. C. E.  SKISNER AND R. M. MARVIN, Univ. Mina. 
Jonr. Bact., 44, No. 2 :  255. Aug.? 1942. Abs. Proc. Local 
Branches. 

No significant difference in repression of growth of coli-ael.ogenes organ- 
isms \#,as evident with 270 brilliant green bile broth and stanclarcl formate 
ricinoleate broth. False positives occurred in a very considerable number 
of tubes of the formate ricinoleate broth but only in an insignificant number 
of cases in the brilliant green bile broth. The false positives were due 
largely to members of the genus Profrlrs.  JIeinbers of Pl.ote1ts ancl Salnlo- 
qlella are Bnolvn to produce gas from formate. The authors thus consicler 
undesirable the inclusion of formates in lactose media for detection of coli- 
aerogenes bacteria. D.P.G. 

231. A Study of Certain Factors Which Influence the Apparent Heat 
Resistance of Bacteria. F. E. XELSON, ICansas Agr. Expt. Sta. 
Jour. Bact., 84, No. 3 :  389. Sept., 1942. Abs. Proc. Local 
Branches. 

The effect on growth of variations in plating media and temperature and 
time of incubation of plates was determined for heat-treated bacteria of 
the follo~ving species : Psez~donzo~las  aer~cginosa,  Escherichin coli, Staphylo- 
COCCII .F  atirefrs, Bacillus sztbtilis, Strrptococclrs d?rrnns, Sfrepfococcits  liqtte- 
fncirns,  and Sfreptococclts  zynzoge~lrs.  The factors stnclied had no signifi- 
cant effect on counts of unheated control cnltnres. For  heated bacteria, 
beef-infusion agar was superior to three other media ancl for soine laFtic 
streptococci the new stanilarcl milk agar ~vas  superior to ordinary nutrient 
agar. Incubation at 32' C. nsuallp resulted in higher counts than 21°, 2g0, 
37" or 42" C. Counts after 96 honrs, particularly at the low temperatures, 
11-ere higher than after 48 hours of incubation. The heated bacteria were 
inore sensitive to the p H  of the plating medium than vere the unheated 
bacteria. Considerable increases in plate count of heated bacteria were 
obtained on addition of small amounts of thioglycollic acid or cysteine to 
the medium. D.P.G. 
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232. The Occurrence and Characterization of the Genus Microbacterium. 
M. L. SPECK, U i i i ~ .  &Id. Jour. Bact., 45, No. 1 :  50-51. Jan., 
1943. 

I n  an effort to define more clearly the genus Microbacteriz~nz, cultures 
belonging to this genus were isolated from pastenrized and raw milk, Checl- 
clar cheese, dairy farm equipment, and milk stone. 

Cultures of the genus Microbacterizim were isolated from pasteurized ancl 
raw milk, Cheddar cheese, dairy farm equipment, and milk stone. Because 
of their relationship to the genera Propionibacteriu?n and Lactobacillus, i t  
was suggested that the genus illicrobacterium be placed closer to these in a 
system of classification. Lactobacilltis thermophilus was reported to be a 
true lactobacillus and entirely distinct from the microbacteria. Because of 
their high thermal resistance the microbacteria are found in pasteurized milk 
and milk prodncts. Their metabolism is similar to that of the true lactic 
acid bacteria. They enter milk primarily from farm milking equipment. 

D.P.G. 

233. Agar-Agar Manufacture. E. J .  FERGUSON WOOD. Food Mfr., 18, 
No. 3 : 85-86. March, 1943. 

Japan was the chief producer of agar-agar before the war. Australia is 
now producing her own and stndies on different types of seeweed have been 
made there. 

Drying is discussed and also several methods and procedures. Natnral 
bleaching by sun gives a desirable prodnct but increases cost of production; 
because it must be turned every two clays and spread thinly it requires space 
and time. 

The manufacturing process is discussed in detail and six steps are given. 
Yields and the product are listed. J.C.M. 

234. Significance and Control of B. Coli in Dairy Products. LEWIS 
SHERE, Diversey Corp., Chicago, Ill. Milk Dealer, 32, No. 5 : 33-34. 
Feb., 1943. 

Data are presented showing the two principal groups of the colon-aero- 
genes types together with their principal origin. The importance of pas- 
teurization as a control measure is stressed but the question of survival of 
heat-resistant strains is raised in relationship to complete reliance on stand- 
ard tests as a measure of determination of healthfulness of dairy products. 
The author then summarizes the essential control measures necessary in the 
milk and ice cream plant to insure freedoni from contamination from bac- 
teria of the B. coli group in dairy products. C.S.T. 
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235. "Strong," "Rancid," "Bitter," or "Goaty" Flavors in Milk. W. M. 
ROBERTS, Col. Agr., Univ. Tenn. Report No. 68. Jan.  1, 1943. 

A common flavor defect occurring in winter milk and most frequently 
in the milk from cows in the last stages of lactation is variously described 
as "strong," "rancid," "bitter," or "goaty." 

This flavor defect is rarely encountered in milk from cows on pasture or 
from those which have recently freshened. 

To prevent the development of this flavor in milk i t  is well to dry off 
cows near the end of their lactation period. 

If a cow is not due to freshen for several months, and her milk goes 
rancid, the off flavor can be prevented by mixing the milk while still warn1 
and fresh with milk of normal flavor a t  the rate of one part of milk that 
will go rancid with five parts of milk which does not. 

Another solution to preventing such milk going rancid is to heat the 
milk while fresh to 143" F. for 30 minutes and then cooling i t  to below 60" F. 

The same treatments for milk can be applied to churning cream to pre- 
vent "rancid" or "strong" flavored butter. 

"Rancid" milk or cream is also very difficult to churn. L.H.B. 

236. A New Method of Studying the Effect of Bacteria on Butter Flavor. 
M. C. JAMIESON, Dept. Anim. Path. and Bact., Univ. Manitoba, 
Winnipeg, Canada. Food Res., 8, No. 1 : 62. Jan.-Feb., 1943. 

A simplified, less costly and considerably more convenient method of 
establishing relationship between bacterial contaminations and flavor spoil- 
age of butter is presented. The method can be used to study the suitability 
of water supplies for creamery use and for noting the effect of equipment 
organisms of butter quality. 

Specially prepared, clean flavored, low count butter is melted and poured 
into suitable vials which are refrigerated until required. Inoculations of 
pure cultures, combinations of cultures, suspected water or preparations 
from equipment are made by means of pipettes. Then the vials are warnled 
until the butter medium acquires a mixable consistency. The vials are next 
vigorously agitated in a mechanical shaker for 20 minutes followed by cool- 
ing and solidification. Finally the vials are incubated at  the desired tem- 
perature for the time required, usually six to eight days at  18' C. (64.4' F . )  
after which examinations are made. F.J.D. 

CHEESE 

237. The Bacteria in Brick Cheese During Ripening. E. M. FOSTER, J. C. 
CAREY AND W. C. FRAZIER, Unir. Wis. Jour. Bact., 43, No. 1: 45. 
Jan., 1942. 
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Bricli cheese was niaile from ril\j- a ~ i t l  pasteurized illilk by the conven- 
tional a n d    la shed-cnrcl methods nsing Sfg,cptococrzrs lnctis and Efrep fo -  
cncc7Ls thernzophil7is as starters, alone and 111 colnbinatioiz. I n  Illore than 
1000 cnltures from 18  lots of cheese, B t ~ c p .  lnctis predoininated. It became 
predominant also i n  (raw iiiilk) cheese inacle with Rtrep. thern?>ph illis alone. 
~'i'tr. thcrnzophilvs was seldom detectable ill appreciable numbers af ter  2 or 3 
 reeks even i n  cheese where i t  was used as  the starter.  LncfoBac~ilJi devel- 
oped iiz raw milk cheese but were nsually- absent i n  pasteixrized millr cheese. 
Of those isolated Lnctohnc~illits c c ~ ~ c ?  predoiiiiliatetl bnt LortoOncill~rs 6rcvis 
and Lactobac~l l~rs  lncf is  were found i11 several samples. Btrcpfococcjrs 
fa~cnl is ,  ~ ~ f l ' ~ ~ ? ~ 0 ( ' 0 ~ ~ 1 1 ~  boz1i.s an(1 S f r ~ p t o c o c c t ~ ~  liqzrcfacicns also ~ v e r e  iso- 
lated, the first two pwrticlilarly i n  pasteurized mill<; however, there was no 
regularity iiz the orllrreucc of these organisn~s. D.P.G. 

238. The Bacteria Involved in the Ripening of Brick Cheese. E. M. 
FOSTER, Univ. Tesas. J o l ~ r .  Bact., 43, No. 1 :  123. Jan . ,  1942. 

Abs. I'roc. Local Branches. D.P.G. 

239. Cheese Defects and Cheese Diseases. IT-. DORNER, Swiss Dairy Res. 
Tnst., Liebefeld-Bern, Switzerla~~cl.  Jo~u . .  Ract., 43, No. 1 :  46-47. 
Jan. ,  1942. 

A distinction is inatle bc>tween cheese defects and cheese diseases. A 
cheese defect is dne to faul ty operatioil dnring ~ i ~ a n n f a c t i ~ r e  and a cheese 
diseasv is dne to a specific agent, nsua l l -  a species of bacteria. These bac- 
teria map be divided into two groups: (1) Obligate agents of disease snch 
as Clostridt~cm t?jrohutvzctint van J3eyan111 a i ~ d  Pet te  and  Boctrrilrm p l ~ ~ t c o -  
lyticzcnl. These cause the disease eve11 n.1.1c11 pi-esent iiz s~na l l  iiumbers. 
(2) I'otential agents of disease s11ch as  C l o s f i ~ i d ~ i r n ~  sporog~nrs ,  the cause of 
"white stinker " i n  Swiss cheese. Snch organisms mi~lt ipl j -  only if condi- 
tions such as too little acidity are  provided. I n  snch a cheese they would 
be favored but in  a normal cheese they wonl(1 reillail1 inactive. D.P  G. 

240. Microorganisms Associated with Gassy Swiss Cheese. IIARRY H. 
MTEISER, Ohio State TJnir. Jonr .  Bact., $3, No. 1 : 46. Jan. ,  1942. 

Bacteriological exan~ina t io i~  of gassy or split r ind Swiss cheese showed 
anaerobic bacteria and  lactose fermentin? yeasts. They \\.ere classified as  
Clostridiunz perf?ingcns and To1.7rla crcntoris. These o r g a ~ i i s n ~ s  were absent 
i n  normal cheese. 

B d h  types were present ill  extremely gassy cheese hut  T. o.rnzovis was 
not isolated from mildly defective cheese. TJilsallitary practices oiz the fa rm 
resulted i11 coiltailliilatioll of fresh iliillr with these organisms. D.P.G. 
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241. Food Analysis. Part  11. D. W. GROVER, Food Mfr., 18, No. 3 : 87-89. 
March, 1943. 

~eterminat ion of volatile fatty acids has been proven to be a useful indi- 
cation of spoilage. This is discussed. Sugars, starches, gnms and titration 
of reducing sugars and their results are listed. Fermentation products are 
given and discussed. Flavours, oils, and preservatives, trace elements, 
arsenic tests and war gases are all discussed in detail. All these are listings 
of the progress made in each line discussed during 1942. Eeferences are 
listed. J.C.31. 

242. Dairy Chemistry. S. J. ROWLAND. Food Mfr., 18, NO. 3 :  75-78. 
March, 1943. 

This article is a detailed review of fundamental studies and technolog- 
ical investigations in dairy chemistry. The influence of inastitis on milk 
composition is discnssed. Jlilk products, cheese, skim inillr and their com- 
position are discussed in detail. Pure salt and its uses in the dairy industry 
are listed. 

The defects of milk and its proclncts are explained and also the use of 
cereal flours as antioxidants. The analysis of milk, determination of lactose- 
butterfat values and quality of skiin milk are listed. Each subject is dis- 
cussed in detail and contributions in each field by cheinists given. A page 
of references is listed. J.C.M. 

DISEASE 

243. Intrammary Injection of Homogenized Oil-Sulfanilamide in the 
Treatment of Bovine Mastitis. J .  C. KAKAVAS, Univ. Del., 
Newark, Delaware. Jour. Bact., 44, No. 2:  262-263. Aug., 1942. 

A preparation of homogenized oil-snlfanilamide was made by mixing one 
pound of sulfanilamide with 900 ml. of light liquid petrolatum in a mechan- 
ical mixer and then homogenizing. 

The recommended dosages are: For streptococcic mastitis, 40 ml. of the 
homogenized mixture daily for 4 days with additional treatment if the in- 
fection persists. For staphylococcic mastitis, 80 ml. daily for 4 days with 
additional treatment if necessary. 

The preparation when used as described resulted in no ill effects. Of 103 
cows, 100 infected with Streptococcus agalactiae and 3 with Streptococcus 
uberis, cures were effected in 92 aniinals for 89.3%, and partial or no im- 
provement in 11 c o ~ ~ s  for 10.7%. Of the 265 qnarters treated. 251 or 94.770 
were cnred and 14 or 5.37; were not cured. D.P.G. 
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244. Rheological Properties of Bovine Cervical Mucus. G. W. SCOTT 
BLAIR, 11. T. COWIE, AND S. J .  FOLLEY, Uiiiv. Reading, England. 
Siner. Jonr. Physiol., 101, No. 3 :  llP-12P. Xov., 1942. 

Earlier work had shown that the riscous and elastic properties of bovine 
cervical secretions vary regularly during the estrous cycle. Plasticity pre- 
dominates in pregnancy and elasticity in the non-pregnant, and especially 
estrous, condition. 

Accuracy of diagnosis obtained ~ ~ i t h  pregnant cows (80 in all) is com- 
parable with that obtainable b ~ .  rectal palpation. The present test is purely 
empirical; improvement in theoretical Imol~ledge of the rheological condi- 
tions involved should lead to increased accuracy. D.E. 

245. Mechanism of Action of Certain Sulfonamide Compounds. ALBERT 
DORFMAN AND STEWART A. KOSER, Vniv. Chicago. Jour. Infect. 
Dis., 71, No. 3 : 241-252. Nor.-Dec., 1942. 

I11 respiration experiments by the Warburg method the oxygen uptake 
by washed cells of dysentery bacilli in a nledinm slightly deficient in nico- 
tinamide was markedly inhibited bg sulfathiazole. Similar results reported 
in an earlier paper had been obtained with the structurally similar sulfa- 
pyridine. Sulfanilamide did not inhibit nicotinamide stimulated respira- 
tion. Acetylation of the amino group of sulfapyridine did not lessen its 
inhibiting property, indicating that the inhibition was associated with the 
pyridine ring ant1 not with the sulfanilainicle part of the molecule. P-amino- 
benzoic acid did not reverse the inhibition of nicotinainide stimulated respi- 
ration by sulfapyridine and sulfathiazole. Quantitative evidence is pre- 
sented to indicate that these drugs compete directly with nicotinamide and 
related compounds in the respiratory processes. Snlfapyridine, sulfathiazole, 
and sulfanilamide all inhibit the p r o ~ ~ ~ t h  of dysentery bacilli, but sulfanil- 
amide is less effective than the other two. This inhibition of growth can be 
reversed by p-aminobenzoic acid used in amounts proportional to the concen- 
tration of the drngs. The authors sugge5t that compounds of the sulfa- 
pyridine and sulfathiazole type interfere with certain essential reactions in 
addition to those inhibited by sulfanilamide. J.F.C. 

246. Asphyxiated Bacteria as a Vaccine in Tuberculosis. TRUMAN 
SQUIRE POTTER, Uiiiv. Chicago. Jonr. Infect. Dis., 71, No. 3 :  232- 
236. Nov.-Dec., 1942. 

Avian tubercle bacilli grown on glycerine agar for one month were de- 
prived of osygen and incubated for 2 additional inonths under moist con- 
ditions a t  38' C. These cultures when injecteil in massive doses into 
pigeons failed to procluce any lesions of tuberculosis. The cultures were 
then employed in an attempt to immunize rabbits. after which the treated 
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illiinials a~lcl susceptible coiltrols were injected wit11 l i v i ~ ~ g  cultures of avian 
tubercle bacilli. The treatetl rabbits were not cotnplrtely pl-otected from 
the infection, but tltey were nlarlirdly more resistant than were the control 
animals. J.F.C. 

247. The Death of Tubercle Bacilli Subjected to Oxygen Deprivation in 
the Presence of Moisture and of Warmth. Tltuilra~ SQUIRE POT- 
TER, Uni\-. Cllicago. .Tour. Infect. Dis., 71, No. 3 :  220-224. Sov.- 
Dec., 1942. 

I n  oile cxperiincilt 6 cult111.e~ of bovine tubercle bitcilli were g~.o\vii on 
g1-cerine agar for 1 111olit11 il~ltl tlten sealed in :.lass tubes that 11ad been 
freed of' oxygen by evacuation, ~varhing wit11 hydrogen gas, ant1 chemical 
reduction with Ileateci palladiltln spoiig~. The anaerobic tube contained 
water to provide inoist conclitio~ls. F o r ~ r  control cultrlres were held aero- 
bically untler like condition.; of inoisture and te1nl)eratnl.e. Aftrr  2 inonths 
of ailditioiial incubation the cultures 1vel.c. exami~tecl by subculture i111d by 
guinea pig ilioculation. All cultures llelcl ailaerobically failed to grow in 
subculture ancl to ind~tce ally lesions of tt~bereulosis i l l  puit~ea pigs. A11 
cultures helcl aerobically gave l~ositive results. 

I n  a second experinlent the grolvth of huinaa tubercle bacilli was re- 
moved froill the metlium upoil \vhicEi it was gron711 ancl sealed i11 anaerobic 
tubes in the manner described above. Esaminations of cnltures were made 
after 20, 25, 30, 36, ancl 42 days. A control clllturc. ~ \ ~ i l s  positive after 42 
days. All of 5 anaerobic cultures exainineil after 20 clays and 1 of 2 ex- 
amined after 25 tlays were positive. The remaining 14 c u l t ~ ~ r e s  11eltl 
anaerobically 25 to 42 tlays \rere negativr in snb(.ultl~re and gninea pig 
inoculation. J.F.C. 

248. Physiological Studies of Brucella. I. Quantitative Accessory 
Growth Factor Requirement of Certain Strains of Brucella. N. 
R. ITCCULLOUGI~ AXD LEO A. DICK, Univ. Texas, Allstin. Jour. 
Infect. Dis., 71, No. 3 : 193-197. Nov.-Dec., 1942. 

Accessory growth factor requirenlents were studied for one strail1 each 
of Brircella s~ris, Rr. abortus, and Rr. nzolitensis, all laboratory strains that 
grew aerobically. The basal nlecliuni ~vas  the synthetic inrdilrm described 
by Koser et al. (cf. JOUR. DAIRY SCI., 25, No. 1 : A6, 1942). Hr. sitis and 
Br. n~clitensis req~lired tliian~in and 11icotillic acid for growth. The addition 
of calcium pantothenate aiclecl in the initiation of growth of Rr. suis. Br. 
abort~~s required tl~iamin and biotin. In the ~nedil~ln 11secl in these esperi- 
ments the quantities of the accessory pro~vth factoi-s recommended for 
maxinl~un growth of B~*ucella organisms are thiamin 0.2 pg. per inl., nico- 
tinic acid 0.2 pg. per. nll., calviunl pantothenate 0.04 pg. per 1111.. ancl biotin 



DISEASE A109 

0.001 pg. per inl. No difference was founcl when the accessory growth 
factors were sterilized in the inedi~ulin and when they were sterilized sepa- 
rately by filtration t ~ n d  added to the sterilized meclium. J.F.C. 

249. Physiological Studies of Brucella. 11. Accessory Growth Factor 
Requirement of Recently Isolated Strains of Brucella abortus. 
x. B. ~\~CCULLOUGII AND LEO A. DICK, Univ. Texas, Austin. Jour. 
Infect. Dis.? 71, No. 3 :  198-200. Nov.-Dec., 1942. 

Conti~luiiig thrir earlier studies and enlploying the saine synthetic 
medium, the authors studied the growth factor requirements of 41 recently 
isolatecl strains of Brlrcella abortzis. Strains requiring increased C02 
atmosphere failed to grow on the synthetic medium even when thiamin, 
nicotinic acid, calciunl pantothenate, and biotin were supplied in various 
concentrations. After acclinlatization to aerobic conditioils, 30 of the 41 
strains grew when all 4 accessory factors were present. Twenty-three strains 
had an absolute requirement of only thiamin ancl biotin. Both nicotinic 
acid and calcium pantothenate enlianceil the growth of some but not of all 
of these 23 strains. J.F.C. 

250. The Necessity for the Standardization of Tuberculins for Cattle- 
Testing. JANET R. MCCARTER AND E.  G. HASTIKGS, Univ. TVis. 
Jour. Bact., 45, No. 1: 69. Jan., 1943. 

More careful st;~nclardization of tuberculins of cattle would obviate some 
of the 11011-specific tuberculin reactions in cattle. Stnclies on humans indi- 
catecl that the differences observed i11 the skin activities of tuberculin 
proteins of vary in^ ai1tigenicitic.s seems to be pnrely quantitative; the 
nnn~ber and size of reaptions to a non-antigenic P.P.D. can be increased by 
increasing the dose. D.P.G. 

251. Streptococcus agalactiae Agglutinins in Bovine Blood Serum and 
Whey. W. N. PLASTRIDGE AND LORNA CUNNINGIIAM, Storrs Agr. 
Expt. Sta., Storrs, Conn. Jour. Bact., 4.7, No. 6 :  779. June, 1942. 

The macroscopic slicle test was employed to test bovine blood seruin 
and whey for presence of Streptococc?rs agaloctitre agglutinins. Titers of 
1 to 3 or higher were considered indicative of infection. Examination of 
whey indicated insnfficiently high titers to consider it successful for this 
form of diagnosis. 

When applied to bloocl serum the test detected about 80% of the infected 
cows. Antigens of the 11 types of Streptococctrs agalactiae are consiclerecl 
necessary in examination of cow's blood for agglutinins of this organism. 

D.P.G. 



252. History of Brucellosis. ARTHUR PARKER HITCHENS, Dept. Pub. 
Health and Preventive Med., Uiiir. Pa. Ned. Ann. Dist. Columbia, 
12, No. 2 : 55-59. 1943. 

A lecture. R.E.L.B. 
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253. Experiments on Milk Anemia in Rats with Special Consideration 
of Sheep Milk Anemia. HUBERT VOLLMER AND GERDA-LIESE 
MELDE, Institut fu r  Pharmakologie und experimentelle Therapie 
der Universitat Breslau. Kliii. lIrochschr., 20, No. 1 : 17-19. 1941. 

Rats were fed sheep, cow or goat milk exclusively for a long period. All 
3 types of milk caused a hypochromic anemia. The anemia produced by 
goat or sheep milk was inhibited (hemoglobin in the sheep milk experi- 
ments), transitorily improved (erythrocytes in the sheep (milk experiments) 
or extensively removed (goat milk experiments) if the diet of the milch 
sheep or milch goats was supplemented with carrots. When the rats with 
the sheep milk anemia were placed on a mixed diet, the recovery from the 
anemia could be hastened by supplementary feeding of carrot juice. The 
course of the sheep milk anemia was esseiltially more favorable than that 
of the goat milk anemia. The better general condition of the rats fed sheep 
milk is believed to be due to the higher content of f a t  and protein in sheep 
milk. R.E.L.B. 

254. Influence of Cooking Utensils on Destruction of Vitamin C (Zeit- 
schrift fiir Vitaminforschung, Berne, No. 1-2, 1942.) Arch. Fed., 
59, No. 586. Sept., 1942. 

"Fleisch determined by titration the loss of vitamin C i11 milk, potatoes, 
kohlrabi, cauliflower and apricots caused by cooking in different types of 
kitchen utensils. A noticeable influence is already exerted by the length 
of time required until the boiling point is reached. The longer the time, 
the greater the destruction of vitamin C. Since pyrex has a poor heat con- 
duction capacity, its destruction of vitaniiil C is greater than is the case in  
aluminum utensils. The destruction of oxydases by the cooking process does 
not prevent or reduce the destruction of vitamiii C after the cooking process. 
This was ascertained over a period of 24 hours. When milk is heated in 
utensils of various materials for the same length of time, vitamin C destruc- 
tion is least in pyrex; then follow aluminuni, well tinned copper utensils, 
enamel ware, enameled cast steel and badly tinned copper. However if 
the utensils of various materials are heated with the same degree of doneness, 
poorly tinned copper, pyrex, enameled cast steel, double boiler and par- 
ticularly the fireless cooker all destroy more vitamiii C than does aluminum. 
This applied to all the aforementioned foods.'' (Jour. A.M.A.) H.P. 
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255. Antirachitic Action of Irradiated Milk (ICinderarztliehe Praxis, 
Leipsig, April, 1940). Arch. Ped., 58, No. 10: 679. Oct., 1941. 

"Sheer states that the antirachitic effects of irradiated milk have been 
partly forgotten and that confused ideas exist regarding irradiated milk. 
JIang are of the opinion that irradiated milk has prophylactic but no thera- 
peutic action. The author demonstrates the great antirachitic power of 
irradiated milk on the basis of new investigations. He reviews twelve cases 
of rickets occurring in different seasons of the year. Roentgenograms of 
five cases show that even severe forms of rickets are cured within a few 
weeks. The cure is not as rapid as when large doses of irradiated ergosterol 
are given. Feeding with irradiated inilk has the therapeutic effect of the 
daily administration of about 6,000 international units. The children re- 
ceirecl the quantity of milk that corresponded to their age and their state of 
nutrition. They were given no other antirachitic treatment. That irra- 
diated milk exerts no harmful effect has been proved by observations on 
500 children. This milk is unchanged in odor and taste. Although the 
therapeutic action of irradiated milk has been demonstrated, its chief value 
is in the prophylaxis of rickets, because it can be proved for every child 
and the expense involved is small." (Journal A.M.A.) H.P. 

256. A Simple Basis for the Evaluation of Fluid Milk of Different Fat 
Contents. D. R. CARPENTER, Salem, Va. A Mimeographed Re- 
port of Roanoke Milk Board. 

The plan is based on the fact that both the fa t  and non-fat content of 
milk have value, and that the ratio of the value of the fat  to the value of 
the skimmilk in equal amounts by weight, is constant a t  any given time in 
any given area, and that it varies only slightly even over long periods. 

The values are based in terins of 4% milk and are applicable a t  the 
moment when the ownership passes from the producer to the distributor. 

Conversion tables of value factors for different percentages of butterfat 
from 0% to 100% are given. 

Examples for using same are given. 
To show the validity of this method of valuation a "table of costs" is 

given showing the distributor's costs f.0.b. a t  his receiving platform for 
skim, 2% milk, 2070 cream, 3570, and of butterfat, when 4% is purchased 
a t  prices varying froin $1.60 to $4.40 per 100 pounds, and the producers 
are paid according to the "value-factors" given in the conversion table 
inentioiled above. 

The advantages cited for this system of evaluation are:  (1) It evaluates 
the entire content of whole milk; the fat and the non-fat, or skim. (2) I t  is 
equitable for all producers whether they are producing milk of high or low 



fa t  tests. (3) It is equitable for all distributors in a given area regardless 
of the quantity of certain milk products soltl, because it tends to make the 
percentage of profit to the distributor uiiiform on all products handlecl. 
(4) I t  reiiloves the need for a price differential to, cover ~nillr of different 
contcnts of fat. (5)  I t  relnoves the ilecessity for having more than two 
classes of Grade A milk in a clistributiiig plant. (6)  I t  affords a scientific 
basis for the making of retail price schedules. (7)  I t  is usefnl to producers, 
dairy 11ercl improvement associations, ancl others, in judging the efficiency 
of clairy co\n proilucing niilk of different fat contents. (8) I t  is so simple 
in its operation that every producer and erery distributor can tulclerstand it. 

The second part of the report deals with evaluating fat and solids-not-fat. 
I t  takes into consicleration that skim in the lia~lds of the distributor is 
blended skin1 having an average concentration of solids-not-fat x~hicli would 
correspond to milk of the average fat  test for the plant. So methods for 
evaluating solids-not-fat for both clistributor and producer are given to- 
gether with examples for their use. 

For reference and comparison a "conversioii table" of value factors 
having a clistributor's differential of 0.017 is given together with a "table 
of costs" showing the cost of fat, skim, 2% milk, 20% cream and 357% creaiii 
when 100 lbs. of 4% milk costs range from $1.60 to $4.40. L.H.B. 

257. Bacteriological and Practical Aspects of Paper Containers for Milk. 
11. J. PRUCIIA AND P.  H. TRACY, Univ. Ill. Agr. Expt. Sta., Bul. 495. 
1943. 

Three types of paper milk containers, Pure-Pak, Canco, and Sealright 
were stndied. The study included the sanitary, physical and practical 
aspects of these containers. 

Paper for use in making containers call be obtained almost free of bac- 
teria; of 170 samples of paperboard studied, almost 60% had counts of less 
than 100 bacteria per gram and the average was 120. It was also found that 
paper undergoes self purification when stored in rooms where i t  dries. 

A bacteriological examination made of 2.607 finished quart containers 
sho~vecl about 33% of them to be sterile, while only about 1% pave a count 
of more than one organism per milliliter of capacity. The highest count 
found was 5,300 for the container. The test for coliforrn bacteria was nega- 
tive on all containers tested. 

Pure-Pak containers were found not to be contaminated to any extent 
during the processes of finishing their fabrication a t  the milk plant. 

The bactericidal action of paraffining was tested by contaminating con- 
tainers and then examining them for bacteria after paraffining. Even when 
containers mere heavily contaminated, only an occasional container showed 
the presence of the inoculating organism after paraffining. 
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In  one test of 1200 coiitainers handled i11 the usual manner except that 
the operators' hands were heavily corltamillated by clipping them into a 
bacterial suspension, and the containers being paraffined for about 24 seconds 
a t  temperatures of 170°, 180" and 190' F., all containers wrrc foluld to be 
free from the contaminating organism except one. Apparently the paraffin 
imprisons the bacteria and lreeps them from getting into the millr. 

The telnperatnre of the paraffin regulates the amount that ~vil l  adhere 
to the contailter ; the higher the temperature of application the less retained. 

That bacteria do not penetrate the walls or seams of paper containers 
was proyell by submerging filled containers in a bacterial suspension for as 
long as 48 ltollrs without any of the bacteria of the suspension being found 
in the millr. 

The aino~uit of moisture absorbed by the container when filled with inillr 
~ a r i e s  ~ ~ i t h  the time and temperature of storage. Heavy paper containers 
absorbed inore moisture than light ones. 

The tempc~ratltre of milk changes inore slowly in paper bottles thau in 
glass. 

Paper bottles stood as much as 80 po~uzds pressure before they leaked.. 
Paper containers offer some protection to the ascorbic acid conteiit of 

milk and to the development of "burnt" or " suiishine" flavor when exposed 
to sunlight ; the changes talring place less rapidly than when exposed in glass 
bottles. 

Opinioiis of 300 customers concerning the relative nierits of Pure-Palr 
and glass bottles are given as are those for 136 customers concerning the 
relative merits of Canco and glass bottles. The opinions are in faror of 
the paper bottle over the glass. 

" In  the opinion of the consumers, as well as by actual plant tests, 1iiilB 
containers made from paper are practical. After four years of using glass 
and paper bottles a t  intervals, 95% of the consumers vho returned qnestioa- 
naires stated that they preferred the paper bottle." LE1.B. 

258. The Bacterial Flora of Virginia Milk and Its Relationship to Stand- 
ards in this State. F. S. ORCUTT, Va. Polytechnic Inst. Jour. 
Bact., 44, No. 1: 145. Jnly, 1942. 

Abs. Proc. ~ o c a l  Branches. D.P.G. 

259. Comparison of Methods for the Detection of Coliform Bacteria in 
Milk. L. A. SANDHOLZER, A. WALKER AND M. STRONG, U. S. Pub. 
Health Service, Norfolk, Va. Jour. Bact., 41, No. 1: 147. July, 
1942. 

Abs. Proc. Local Branches. D.P.G. 



260. The Effect of Flash Pasteurization and Subsequent Treatment on 
the Phosphatase Value of Cream. W. H. BROWN AND P. R. 
ELLIKER, Purdne Unir. Jour. Bact., 43, No. 1 :  118. Jan., 1942. 

Comparable results on phosphatase valne of cream were obtained with 
the laboratory tests of Scharer and with Seare's modification of the Ilay 
ancl Graham method when vat or holder pasteurized cream was examined. 
However, when the flash systems of pasteurizing were used. considerable 
rariatioil in phosphatase valne of the cream occurred. I n  man>- cases the 
value changed froin negative to positive follo~viag storage of the cream a t  a 
low temperature. Phosphatase valne for salted and the respective unsalted 
cream were similar when the Scharer method was used, but with the modified 
Kay and Graham method adclition of SaCl and subsequent storage resulted 
in a change from negative to positive. This difference was more apparent 
in samples stored at higher temperatures. D.P.G. 

261. Irradiation of Skimmed Milk (Zeitschrift fu r  ICinderheilkunde, Ber- 
lin, Aug. 9, 1940). Arch. Ped., 58, No. 9 :  577. Sept., 1941. 

"Sheer poiilts out that a considerable portion of the total cholesterol con- 
tent of milk is combined with the proteins. particlilarly lactalbumin. He 
deduces that the antirachitic po\ver of irradiated milk is not limited to its 
fa t  content. Thus it seems of interest to deternline whether skimmed milk 
can be rendered antirachitic by irradiation. From comparative experiments 
11-ith irradiated whole milk ancl irradiated skimmed milk, he learned that 
irradiated skiinnled milk has an antirachitic action 11-hich ~ i ~ i l l  cure a severe 
florid rickets, although time required for such cure is somewhat longer than 
with the use of irradiated rvhole milk." (Jour. A.3I.A.) H.P. 

262. Effective Public Relations in a Local Market. T. KLINE HAMILTON, 
Diamond Milk Prodacts, Columbus, Ohio. Internal. Assoc. Milk 
Dealers Assoc. Bnl.. 35, No. 4 :  51-61. Jan., 1943. 

A proper balance between producer prices, consumer prices, employee 
rates and dealers margin makes for good public relations. The relations 
among these groups, viz., ~vithin the industry, also are vital to good pnblic 
relations. Laying plans with the current trend, which is a greater partici- 
patioil by rarious groups in the determination of milk business policy, is 
wise. It is clear that we must tell and retell the story of milk to the public. 
Keep all groups fully informed of cha~iges in policy so as to build public 
confidence and prevent public relations problems froin developing. 

E.F.G. 

263. Wartime Sugar Replacement Problems. J. F. ERB, Ohio State 
Univ.. Columbus, Ohio. Internatl. Assoc. Milk Dealers Assoc. Bul., 
35, No. 3 :  3947. Jan., 1943. 
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I t  is suggested that the balance between sugar and chocolate is more im- 
portant than the actual percentage of the individual constituents. That 
1.5% of a certain cocoa with 6% sugar gave about the same final flavor as 
.75% cocoa and 4.75% sugar. The high solids content of ice cream tends to 
mask flavors so that nearly three times as much sugar and cocoa are needed 
as in chocolate milk to give the same intensity of flavor. Consumer prefer- 
ence tests by the author indicate chocolate milk cannot be reduced below 5% 
sugar and still be sweet enough. In  substituting other sweeteners for sucrose 
50% replacement is the safe nlasimuin if unfavorable results are to be 
avoided. 

The following table shows the percentage of each sweetener to use in 
replacement to get the same degree of sweetness in the chocolate milk. 

Equivalent values of various sweeteners in chocolate milk drink 

Dextrose is the only sweetener giving good results in 100% replacement. 
I ts cost exceeds sucrose so that i t  likely would not be used when sucrose is 
plentiful. E.F.G. 

264. Transportation. J. B. EASTMAN, Director of Defense Transportation, 
Washington, D. C. Intenlatl. Assoc. Milk Dealers' Assoc. Bul., 35, 
No. 2: 27-35. Dee., 1942. 

Percentage to 
use with f 

sucrose replaced Sweetener 

Pooled or cooperative deliveries can produce maximum conservation. 
Collective action taken for the sole purpose of conserving motor vehicles 
does not constitute a violation of the laws. Where uniform conditions of 
delivery hove not been set up in a particular market then attention should 
be given to that at  once. I t  is suggested that county transportation plans 
be worked out through producers, motor vehicle operators, processors and 
other groups. When such a plan is submitted to O.D.T. it mill be submitted 
to the Department of Justice to examine for possible anti-trust violations. 
If approval is given to the plan a local administrator will be appointed and 
all details with respect to its operatioil will be handled locally. 

Sucrose .................................... 
Dextrose ............................. 
Standard corn syrup 
Corn syrup solids ...... 
High conversion corn 

s ~ u p  - ............................. 
Malt syrup ........................ 
Honey .................................. 

No. of lbs. 
of sweetener 
equal to 1 

Percentage to 
use with Ji 

sucrose replaced 

9 other 

1.0 
1.4 
2.6 
2.2 

2.2 
1.3 
1.2 

5.0 
3.8 
3.8 
3.8 

3.8 
3.8 
3.8 

0.0 
1.7 
3.1 
2.6 

2.6 
1.5 
1.5 

5.0 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 

0.0 
3.5 
6.5 
5.5 

5.5 
3.2 
3.0 



To clet11 rapidly with more serious shortage conditions, General Order No. 
21 with its Certificates of Necessity has been pu t  into effect. This specifies 
to each operator maximnm mileage and n ~ i n i n i u ~ n  load. The object is to  
reduce mileage and a t  the sanie tinie niaint;~in essential services. E.F.G. 

265. Address of President at the 35th Annual Convention. A. G. MAR- 
CUS. Internal. Assoc. Milk Dealers, Chicago, Tll. Assoc. Bul.. 35, 
No. 1: 3-21. Dec., 1042. 

A report is  given of the many ways in  whicll the association has been 
actirely cooperating with the federal agencies snch as O.D.T.. O.P.,I., etc., 
cluring the past year in furtherinp the war effort concnrre~ltly with the 
proseciltioil of the norinal activities of the association. Attention is called 
to tlie fact that nlilk is being recognized a\  the leading food in war food 
economy by the fecleri~l government and as such its production and dis- 
tribution is a matter of great concern. JIembers of the association have 
been kept informed of developments tonching tlie inc1nst1-y thronph the 
medinm of the News letter. 

Progress is reported on the re~isecl Laboratory 1\Ian11al. and  the new 
Plan t  Manna1 now being prepared. 

More lino~vleclge of tlie very serions witlespreatl tleficiency of calci~lm i n  
the diet of the American people ant1 the serious results therefrom. snggest 
tha t  the food ralne of milk should be emphasized from this angle. The cal- 
ciiun deficiency in from 50 to 70% of tlie population is srrions. This clefi- 
ciency resnlts in  nervous disorders since calcin~n is the dominant nerve 
center controller. Emphasis upon the large calcinm content of milk ~vould 
be of especial r a l i ~ e  a t  a t i ~ n e  of inore restricted diets dnc to T a r  ronclitioas. 

I n  pronlotinp tlie use of milk by those ~ v h o  (lo not now use it  in sufficient 
rlnantities fo r  health it  sl~onld be kept in  mind that  as  revealed by a recent 
Chicago survey that  froni 43 to 4 7 9  of the people definitely do not like milk. 
JIanj- others were found ~ h o  (lo not unilerstand tlie i~ilportance of Inilk to  
health and  iiieiital well being. To reacEi the above groiips is a nlatter for  
serious consideration. E.F.G. 

266. Your Days May be Numbered in the Milk Business by the Service 
Left in Your Present Trucks and Tires. A. E. FRIEDGEN. Milk 
Dealer, 32, No. 5 : 26-27, 6 4 6 6 .  Feb., 1943. 

The conserration of truclrs. tires and  gasoline is essential to presel-vation 
of business life in  the ~ n i l k  intlnstry. \17aste in any  or all par ts  of tlelirery 
equipment means possible c~~rtai l i i lcnt  of jobs, anrl of continuation in busi- 
ness aside from monetar~-  losses since many parts are  irreplaceable. Direc- 
tions for  maintaining operating efficiency in every phase of truck operation 
are  listed and delivei-y Do's and Don't's listed together 117th niileape ant1 
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gasoline, savings as effected by various speeds and methods of truck opera- 
tion are given which, if observed, ]nay help a milk plant "lire to see our 
victory" and to continue its business of inilk delivery to consumers. 

C.S.T. 

267. Machinery Maintenance in War Time. E. H. FORSTER, Cherry- 
Burrell Corp. Milk Dealer, 33, No. 4 : 22-23, 56-57. Jan., 1943. 

"lfachinery maintenance is actually a battle against time" and ineans 
daily care and a planned prograni for both large and small plants. Basic 
requirements for all plants are (1) definite assignnient of responsibility for 
maintenance of each piece of equipment for daily peak efficiency; (2) regu- 
lar and thorough inspection under a follow-up filing system for each ma- 
chine; (3)  organization of all data by plant superintendent in orcler to re- 
place all parts and to train new operators when either are ileeded; (4) list 
all local repair facilities in case of einergeney brealrdowii for  special parts, 
particularly electrical equipment and (5) enlist the aid of trained dairy 
lnachinery specialists from the dairy machinery inannfactnrers. C.S.T. 

268. Improper Layout and Installation of Piping Invites Trouble. C. 
T. BAKER, Atlanta, Ga. Milk Dealer, 5'2, No. 3 :  74. Dec., 1942. 

The importance of proper plant layout in pipe installation is stressed 
together with relationship of pipe size to pump size, the directness of lines, 
parallel and series flow, suction and discharge lines and location of ~ralves. 
Concrete examples of economies eeected through changes in pipe layout and 
installations whereby loses in power, capacity and revenue in plant opera- 
tion are cited. C.S.T. 

269. Selling Now to Insure Business Tomorrow. C. W. ESI~OND, G. P. 
Gnndlach and Co., Cincinnati, Ohio. Milk Dealer, 32, No. 3 :  80. 
Dec., 1942. 

Instances of a number of continued advertisements by large concerns 
with no merchandise to sell are cited. Demand for milk inay well exceed 
the supply but the need for keeping a milk concern's name, prestige and 
integrity before the public is stressed if that concern is to survive. C.S.T. 

270. New Swedish Yeast. ANON. Food Mfr., 18, No. 3 :  84. March, 
1943. 

A nev7 substitute for extract of meat ~vil l  appear on the lnarlret soon. 
It is a yeast produced from sulphite lye. Trials carried on over six months 
have been entirely successful. ,4 general description of the process is given. 

J.C.M. 
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271. Evaporative Drying Systems. FRANK H. SLADE. Food Mfr., 113, 
No. 3:  70-74. March, 1943. 

Drying of perishable foodstuffs is discussed. The theory of drying is 
also explained. Temperature, humidity and air motion for different foods 
are listed and tables are given. Methods of drying and the driers are dis- 
cussed and explained by the use of illustrations and tables. The general 
design for drying is given. The article is too detailed to abstract completely. 
Principles given apply to dairy foods. J.c.A~. 

272. packaging for Army Rations. ANON. Food Mfr., 18, No. 3 :  90-91. 
March, 1943. 

Captain Melson Q.M.C. presents the ideas in this article. The problems 
of packaging are discussed concerning Army rations which must withstand 
temperatures from 20' below zero to 130' above or higher. Rains, high 
humidity, etc., all add to the problems. The food supply is very important 
and even a small percentage of spoilage may be a hazard. 

Capt. Melson wants a fibre shipping case as strong and resistant to water 
and humidity as wood. Several ideas on this need are listed, along with 
some on protection from vapor. Cellophane and other films are discussed. 

A search for the protection of flour, cereals, etc. from insects is in prop- 
ress. Dried products also present a problem. They need protection from 
infestation. 

Watertight and water resistant papers are of interest a t  the moment; 
also fibre bodied cans. It is also desirable to employ shipping cases which 
are proof against rats. Much information and suggestions are given in this 
article by Capt. Melson that should constitute a useful guide for those con- 
cerned with the technical side of packaging research. J.c.~I. 

273. Food Research of Tomorrow. ANON. Food Mfr., 18, No. 3 :  83-84. 
March, 1943. 

This article is an abstract of another article. Nutrition is the topic and 
its relation to health. Supply, sanitation and palatability are the aims of 
the researchers. Each change in research must be measared by nutrition. 
Studies will concern themselves with practical problems. Four agencies of 
research are listed and each one has a special job to do. Each one is cs- 

plained in detail. J.C.M. 
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A JERSEY REVIEW 
(The ABC Book) 

94 q w  /m & A4Lw2y! 

This sixty-four page illustrated booklet takes up the 

feeding, management and breeding of Jersey cattle. History 

on the breed and explanations of the various Jersey proj- 

ects are all a part of the subject matter. Illustrations in- 

clude several of the high record Excellent cows of the 

breed. 

This booklet may serve as an excellent teaching 

medium for classes on breeds. 

There is no charge for the "Jersey Review" to anyone 

on a College Staff, a County Agricultural Agent, or an 

Extension Worker. 

Use the handy order blank below for your copy. 

----------- 
Mail to: The American Jersey Cattle Club 

1 The American , 324 West 23rd Street 
New York, New York 

Jersey Cattle Club I Please send a copy of the "Jersey Review" to: 

324 West 23rd Street 1 
NAME 

New York, New York 1 
I ADDRESS 

Your advertisement is being reed in every State and in 25 Foreign Countries 
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Just Published 
new third edition 

of a well known, widely used text 

Eckles, Combs and Macy's 

MILK AND 
MILK PRODUCTS 

By C. H. ECKLES 
Late Chief, Division of Dairy Husbandry 

WILLES B. COMBS 
Professor of Dairy Husbandry 

and HAROLD MACY 
Professor of Dairy Bacteriology 

UNIVERSITY O F  MINNESOTA 

McGraul-Hill Publications ilz the 
Agrict~ltzcral Sciences 

397 pages, 6 x 9, illustrated. $3.50 

T HIS standard text, which deals with 
both scientific data and practical meth- 

ods in the preparation of milk and milk 
products for the market, has now been 
thoroughly revised to cover advances in the 
subject made during the past seven years. 

At the same time, the anthors have pre- 
served the original plan and purpose of the 
preceding edition-to give a comprehensive 
treatment of present-day knowledge of the 
chemistry and bacteriology of milk, of com- 
mon dairy processes, of the manufact~lre of 
dairy products, of dairy testing, and of 
dairy calculations. 

New material includes : cliscussion of vita- 
mins found in milk and dairy proclucts, the 
latest developments in pasteurization, new 
tests which hare come into use since the 
pnblication of the seconcl edition, etc. 

Send f o r  a  c o p y  on approval 

McGRAW-HILL BOOK COMPANY, Ine. 
330 West 42nd Street New York, N, Y, 

THE CULTURE 

of definitely better 
flavor & aroma-pro- 

ducing qualities. 

The standard with 
foremost operators, 

agricultural schools & 

BPECIAL FLAV- 

Cheese Rennet and Color 
Annatto Butter Color 
Certified Butter Color 

Ice Cream Color 
Lactic Ferment Culture 

Bulgarian Culture 
-*- 

Cheese Bandages, Circles 
Press Cloths 

Odorless Dairy Fly Spray 
Testing Solutions 

Your advertisement is being read in every State and in 25 Foreign Coontriea 
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heavy duty and economical machine, since 1909. Homogenizers and 
Pumps are still available with proper priority ratings, as well as repair and 
replacement parts. Both machines are strictly sanitary and are approved 
by all leading health boards. The Homogenizers are built in sizes from 
75 eallons to 2000 eallons ner hour. and the Hieh Preqsure Pnmnz are 

spray-drying milk or eggs." 

30c is fully 
escriptiv- 

THE MANTON-GAULIN MFG. CO., INC. 
write for it. 7 C H A R L T O N  STREET EVERETT, MASS. ,  U.S.A. 

Your advertisement is being read in every State and in 25 Foreign Countries 
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CONCERNING THE USE OF 

(Corn Syrup Solids) 

RO-DEX was originally con- 
ceived and developed specifically 

for use in ice cream, sherbets, and 
water ices. The widespread adop- Fro-dex freezes more easily and 
tion of this product asUthe preferred therefore more quickly, the ice 
sweetening agent" by leading ice crystals are smaller, resulting in an 
cream manufacturers throughout ice cream of smoother body and 
the country has well demonstrated texture. Extensive tests have been 
that Fro-dex in combination with carried out comparing ice creams 
sucrose produces superior results. made with combinations of Fro-dex 

D E F I N I ~ I ~ ~ :  ~ ~ ~ - d ~ ~  (corn syrup and sucrose with ice creams made 

solids) is  compose^ of dextrose, with other sweetening agents; in 

maltose, and edible dextrins (pro- every instance the ice creams con- 

sugars). taining Fro-dex and sucrose main- 
tained the smooth body and texture 

EASIER FREEZING: As Fro-dex has over a longer period of time. 
a higher molecular weight than 
other sweetening INCREASED SOLIDS: Because the 
ice cream mix containing Fro-dex ice cream manufacturer can adjust 
has a higher freezing-point, mak- his mix with a of 
ing the mix easier to freeze. sweetening agents, the total solids 
SMOOTHER BODY A N D  TEXTURE: of his product can be increased 
Because ice cream mix containing safely, economically with Fro-dex. 

AMERICAN MAIZE- PRODUCTS COMPANY 
100 EAST 4 2 N D  STREET, NEW Y O R K  I 

Tow mdvertisement is being read in every State and in 25 Foreign Countries 
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FACTS- he Unadulterated Truth 
Breeders get facts in the Perfor~nance Register of The American Gllernsey 

Cattle Club. 

Here is the way a record appears: 
HILLTOP BUTTERFAT COUNT 34:41:16 

* * *  Western Glow Farms, Inc., Bow, Wash. 
. . . . . . . . . . . .  

43:14 Western Glow Butterfat Bonny 
* * *  41 GGG 610 10,971.1 575.0 

Here is the information you get: 
Females with their performance are listed under their sires; therefore we know 
Bonnie's sire is Hilltop Butterfat Count 34:41:16. His key indicates that  he was 
born in 1934 (34) ; he first appeared in Volume I (41) of the Performance Register, 
and that  he has 16 sons and daughters in the Performance Register. 
* * *  Indicates that Western Glow Farms, Inc. (third owners of this sire) owned 

Bonny while she was tested to make this record. 
41 Indicates that Bonny started this record in 1941. 
GGG Indicates Bonny's age when started on test and class in which tested. 

G G G B o n n y  was a junior two-year-old, milked twice daily for 305 days and 
carried a calf a t  least 175 of the days on test. 

610 Is the total number of times Bonny was milked while making this record. 
10,971.1 pounds of milk produced. 
575.0 pounds of butter fat  produced. 

More than 93,000 production records made by Gueraseys are listed in this manner in the 
Performance Register. 

Rreeders can now llave all the facts. 

The American Guernsey Cattle Club 
Peterborough, New Hampshire 

DIET 
AND 

HEALTH 
The National Dairy Council is the educational and sales promotional organi- 

zation of the dairy industry. The Council operates nationally through its cen- * tral o&e in Chicago and locally through i ts  more than thirty unit Councils in aU 
parts of the United States. 

The National Dairy Council program reaches every member of the family 
through the chief opinion-f orming groups in all professional and educational 
Belds. Such key groups as physicians, dentists, teachers, nurses, nutritionists, 
writers and public health workers are kept informed constantly of the dietary 
importance of all dairy products. 

111 North Canal Street, Chicago, Ill. 

Your advertisement is being read in every State and in 25 Foreign Countries 
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All Back Copies 
Are Now Available 

The Board of Directors has recently had nine back 
numbers reproduced 

Vol . I ....... $5.00 Vol . XI11 ..... $5.00 

. . . . . . .  V0l . 11 5.00 V0l . XIV ..... 5.00 

V0l . 111 ....... 5.00 V0l . xv ..... 5.00 

. Vol . IV ....... 5.00 Vol XVI ..... 5.00 

. Vol . V ....... 5.00 VoI XVII ..... 6.00 

. Vol . VI ....... 5.00 Vol XVIII . . . . .  6.00 

. Vol . VII ....... 5.00 Vol XIX ..... 6.00 

Vol . VIII ....... 5.00 Vol . XX ..... 6.00 

Vol . IX ....... 5.00 Vol . XXI . . . . .  6.00 

. Vol . X ....... 5.00 Vol XXII ..... 6.00 

Vol . XI ....... 5.00 Vol . XXIII . . . . .  6.00 

. . . . . . .  Vol . XI1 5.00 Vol . XXIV . . . . .  6.00 

Individual numbers $1.00 each 

These may be procured by ordering them from the 
Sec'y-Treas., c/o Ohio State University. Columbus. 
Ohio . Make all checks payable to the 

AMERICAN 
DAIRY SCIENCE ASSOCIATION 
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"Tortoise Salt" vs 

"Hare Salt" 
ONE OF OUR most difficult problems in selling 
Diamond Crystal Salt is the apathy of food 
technologists and salt buyers toward salt. Too 
often they say, "Oh, well, salt is salt." 

Take solubility: In  salting butter, salt must dis- 
solve with lightning speed. If the butter fat is 
on the soft s ide lack ing  in body-at certain 
seasons, butter salt must dissolve so quickly 
that over-working is avoided. Otherwise, the 
butter may become mottled or marbled-and 
may lose its moisture, become leaky. Yet, if the 
salt is not properly dissolved, the butter may 
be gritty. On the other hand, in salting cheese, 
slow solubility of salt is highly important. 
Otherwise, salt is lost in whey, producing under- 
salted cheese. 

To  meet these problems, we have set up definite 
solubility standards for Diamond Crystal Salt. 
Our Diamond Crystal Butter Salt, for example, 
dissolves completely in  water a t  65' F. in less 
than 9.8 seconds-average rate, 9.2 seconds. 
Quality-minded food processors can depend on 
Diamond Crystal products, made to meet strict 
quality-control standards for solubility rate. 

NEED HELP? HERE IT IS! 

If salt solubility enters into your processing, 
our Technical Director will gladly recommend 
the correct grade and grain of Diamond Crystal 
Salt to  give you best results in your plant. Write 
Diamond Crystal, Dept. H-6, St. Clair, Mich. 

America's idle industrial 

equipment must get back in 

service. If it has not reached 

you already, send for infor- 

mat ion on DISA's Used 

Equipment  Canvass and  

Clearing House-a national 

service maintained, without 

charge, a t  government re- 

quest. 

DAIRY INDUSTRIES 
SUPPLY ASSOCIATION, INC. 

Albee Bldg., Washington 5, D. C. 

Your advertisement is being read in every State and in 25 Foreign Countries 
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NOTICE TO CONTRIBUTORS 
Authorship of Original Articles and Reviezos.-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. 

In the case of manuscripts, 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. 
SUTTON, 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 Anished 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. If 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 sacrficing 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 initals of author or authors; title of the article referred to; principal words in 
the titles of all articles should be capitalized; name, trolume, 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., Misc. 
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. 
JOUR. DAIRY SCI., 24: 4, 550-570. 1941. 

References should be carefully checked for accuracy by the author. 

Your advertisement is being read in every State and in 25 Foreign Countries 
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Sometimes, better formulas 
are written with an eraser! 
Most great products a re  the result of ceaseless expe- 
riment, improvement and change. Yet, how often is 
all chance of improvement brushed aside with the 
casual remark-"We don't like to change our for- 
mula"? Too frequently, the same old formula has  
been used so long that even the idea of changing 
it is seldom considered. But "the same old formula" 
isn't always the best formula. Vanilla, for example. 
is such a n  important ingredient and plays such a 
big part in the ultimate popularity and sale of any 
product that nothing less than the best can ever be 
good enough. Yet, how long is it since you've even 
questioned the vanilla you are  now using? 

If you a r e  not one of the many ice cream manufac- 
turers already using Veritivan, why don't you try it 
and see how much rich, delicious goodness it will 
add to your own ice cream? We think you'lt agree 
with so many others that Veritivan is truly the best 
of all fine flavors. 

FOOD MATERIALS 
C O R P O R A T I O N  

Manufacturing Flavor Chemists 

2521 WEST 48TH STREET a CHICAGO 

Branch Offices in all Principal Cities 

I Please send 1 lb. Free Sample of Veritivar. 
I I ' Company 
i 

I 
I 

I city 
I 

State-- 
L - , - - - - - - - - - J 

I R E N N E T ~ ~ ~  COLOR 

* The high strength, purity and uniform- 
ity of Marschall Rennet and Color assure 
you the best possible job throughout your 
entire cheesemaking operations. 
For superior results every day, specify 
Marschal17s, "America's Favorite Brand. " 
MARSCHALL DAIRY LABORATORY 

INCORPORATED 

MADISON, WISCONSIN 

Your rtdverti~ement is being read in  every State and  in 25 Foreign Covrntries 



MULTI-FLO HI-PRESSURE 

This pump utilizes the basic design that 
contributed so materially to the outstanding 
performance of the CP Multi-Flo Homoge- 
nizer . . . but pumps at pressures higher than 
needed for homogenization. 

It has many uses in both food and indus- 
trial fields. Usera of milk and egg spray 
dryers are Anding i t  unexcelled for furnish- 
ing the steady high pressure necessary for 
the atomizer nozzle. Other very successful 
applications include supplying pressure for 
liigh velocity high pressure heaters and cool- 
ers of all kinds, for circulating oil solutions 

in order to maintain emulsions, and for sup- 
plying positive and dependable pressure on 
hydraulic control systems. 

The design of the CP Multi-Flo Pump 
offers a new high in standards of emdency, 
sanitation and durability. It ontperforms 
and outlasts rotary pumps because it does 
not depend on close mechanical clearances 
for maintaining its volumetric efficiency. 

See your nearest CP Branch for details on 
sizes, range of operating pressures, and co- 
operation of CP Engineers in solving pump- 
ing and processing problems. 

THE CREAMERY PACKAGE MFG. COMPANY 
General OfRce: 1243 W. Washington Blvd., Ohicago, 111. 

Sales Ofices in 18 Principal Cities 

Your sdvertlsemsnt Is belng read in every State and in 23 Foreign Conntrla 



LACTOBACILLUS ACIDOPHILUS 

Isolation and Cultivation 

Bacto-Trypsin Digest Agar is an excellent culture medium for 
propagation of Lactobacilkts acidophiltcs. The medium is 
prepared according to the formula of Cheplin. It is widely 
used for estimating the degree of intestinal implantation of L. 
acidophilus and is well suited for isolation of acidophilus strains 
and for carrying stock cultures. 

Bacto-Tomato Juice Agar is prepared according to the formula of Kulp 
and White. The ability of this medium to support luxuriant 
and characteristic growth of L. acidophil?ts makes i t  particularly 
well adapted for use in establishing the number of viable 
organisms in acidophilus prodncts. This medium is also used 
extensively in determining the degree of implantation of the 
organism. 

Bacto-Skim Milk when prepared for use is an  excellent medium for 
propagation of stock cultures of Lactobacilli. A 10 per cent 
solution of this product is equivalent to a high grade skiin milk. 

Bacto-Peptonized Milk contains degradation prodncts of the  proteins, 
albumins and globulins of milk. I t  supports rapid and luxuriant 
growth of the Lactobacilli. 

Specify "DIFCO" 
THBl TRADE NAME OF THE PIONEERS 

In the Renearch and Development of Bacto-Peptone and Dehydrated Culture Media 

I N C O R P O R A T E D  

DETMIT, MICHIGAN 

- 
Your sdvertisement i s  being read in every State and in 25 Foreign Countries 
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