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METALLIC FLAVOR IN DAIRY PRODUCTS 

E. S. GuTHRIE 

The sale of dairy products depends largely on their flavor. Many 

flavors do not materially affect the sale of dairy goods, but, on the other 

hand, there are several that directly affect their price. Metallic flavor 

belongs to the latter class, and may reduce the price of butter from one to 
two cents a pound. 

Metallic flavor as such was not of great importance until about twelve 

years ago. So far as the writer is able to determine, the first person to 

detect this flavor was B. D. White, who states that in 1901, when he was 

an assistant commissioner on the Dairy and Food Commission of Min- 

nesota, that commission instituted a monthly scoring contest for butter 

in conjunction with the Minnesota Agricultural School. In this contest 

Mr. White criticized the butter, explaining any abnormal flavors or defects 

found. Various flavors were detected, among them a new flavor, which 

was designated as metallic, a curdy flavor, and a feverish, or cowy, flavor. 

It was noticed later, after publication of those criticisms, that other States 

had adopted the same terms in criticizing butter, and the question was 

whether the same flavors were recognized or whether the terms were applied 

to other flavors. Later, however, in monthly scoring contests conducted 

by the National Creamery Buttermakers’ Association in connection with 

the United States Department of Agriculture, in which Mr. White was 

critic, the same terms were used, and in that way they were carried through 

the United States rather thoroughly and the various judges who attended 

the different scorings became familiar with them. 

The character of metallic flavor has been determined through personal 
correspondence with noted authorities on butter in this country, and with 

one expert in Denmark, one of the greatest butter countries in the world. 
These men are as follows: Professor Bernhard Boggild, Royal Veterinary 

and Agricultural College, Copenhagen, Denmark; F. W. Bouska, formerly 

professor of dairy bacteriology at Iowa State College, now with the 

Beatrice Creamery Company, Lincoln, Nebraska; C. E. Croomer, manager 

of the butter department of the Fox River Butter Company., Chicago, 

Illinois; C. W. Fryhofer, formerly federal butter expert on the New York 

City market, now in the Dairy Division of the United States Bureau -of 
Animal Industry; Professor N. W. Hepburn, University of Illinois; J. C. 

Joslin, formerly federal butter expert on the Chicago market; P. H. Kieffer, 

President of the Gude Brothers Kieffer Company, New York City; Pro- 

fessor C. Larsen, South Dakota State College and Experiment: Station; 
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Professor C. E. Lee, University of Wisconsin; Robert McAdam, formerly 

in charge of renovated butter inspection, Dairy Division, United States 

Bureau of Animal Industry; G. L. McKay, formerly professor of dairying 

at Iowa State College, now secretary of the American Association of 

Creamery Butter Manufacturers; Professor M. Mortensen, Iowa State 

College; Professor A. B. Nystrom, State College of Washington; S. E. 

Thompson, in charge of dairy manufacturing investigations, Dairy Division, 

United States Bureau of Animal Industry; B. D. White, formerly in charge 

of dairy manufacturing investigations, Dairy Division, United States | 

Bureau of Animal Industry; Professor J. H. Frandsen, University of 

Nebraska; H. J. Credicott, formerly federal butter inspector on the 

Chicago market. 

According to Fryhofer, Kieffer, Hepburn, McKay, Lee, Thompson, 

and Nystrom, metallic flavor is similar to the flavor of rusty iron. Lee, 

Croomer, Thompson, and Fryhofer state that there is a similarity between 

fishy flavor and metallic flavor. Thompson says: “It is classified as 

fishy, oily, tallowy, etc. I believe, however, that it is safe to say that 

the true metallic flavor is easily recognized by men qualified to judge of 

such things, after they have once become familiar with it.” 

The detection of metallic flavor is difficult. In order to determine 

whether there is any uniformity of judgment as to this flavor, the writer 

took a sample of butter pronounced metallic by the butter judges of the 

Department of Dairy Industry at Cornell University, to the National 

Dairy Show, for the criticism of some of the experts already named. 

It was inspected by McKay, Larsen, Thompson, Kieffer, Joslin, Lee, 

Hepburn, Frandsen, and Credicott. Every one of these men said that 

without doubt the flavor was metallic. In each of the criticisms, more 

than one judge examined and criticized the product. In case only two 

judges were present, and one reported in the affirmative while the other 

decided in the negative, the result was counted as negative. But if there 

were four judges, and two pronounced the flavor metailic while the other 

two reported it not metallic, the sample was counted as metallic, with one 

exception. There was no particular reason for this decision, aside from 

the fact that if two judges found metallic flavor it would seem that it must 

be present in a slight degree. When three or five judges made the exam- 

ination, the majority report was taken. 

GENERAL OBSERVATIONS 

PERIOD OF OCCURRENCE 

Croomer and Larsen claim that metallic flavor in butter is found oftenest 

in early spring and late fall; Kieffer and McAdam say that it is commonest 
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in late fall and winter; Hepburn, McKay, and Fryhofer say that it is 

commonest during the hottest time of the year; and Nystrom observes 

that it is commonest in the fall. Thompson says: ‘ The extent or fre- 

quency with which this trouble occurs, Iam unable to determine. It is 

apparently confined to no particular section or season, but may occur 

anywhere and at any time.” This last opinion — that is, that metallic 

flavor ‘‘may occur anywhere and at any time’’—is supported by Croomer, 

Hepburn, McKay, Larsen, and Fryhofer. 

CAUSES OF METALLIC FLAVOR 

Joslin and McKay think that pasteurization is a factor in the production 

of metallic flavor in butter. Mortensen and Melick (1912)! on the other 

hand, claim that if pasteurization is properly done it prevents the devel- 

opment of the flavor. 

Thompson, Fryhofer, McKay, Joslin, White, and the New York Produce 

Review and American Creamery (1912), state that there seems to be a 

definite relationship between high acidity and metallic flavor. 

White, McAdam, Croomer, and Kieffer think that metallic flavor is due 

directly to metals. 

Brown (1912) states that he has known the first of the two churnings 

from a ripener to come out with a fine flavor, and the next one, some two 

hours later and held at a temperature of 46° F., to come out with a bad 

metallic flavor. He says that when there was any metallic flavor at all 

it was invariably the worse in the latter churning. 

Melick (1912) observed that cream seemed to develop metallic flavor 
near its surface. He attributed this to certain atmospheric conditions, 

since no metallic flavor appeared when the vats were carefully closed. 

Boggild writes: ‘‘ We here in Denmark have for a long time known 
that the same or a similar taste [referring to the metallic flavor] in butter 

can be due to rusty utensils, and in some cases to bacteria, and also that 

the so-called fishy flavor is due to microorganisms.” 

Coinciding with Boggild’s idea that a microorganism is the cause of 

fishy flavor, the New York Produce Review and American Creamery 

(1912) makes the following statement: ‘‘We will not attempt to assign 

causes for all flavors in butter resembling the ‘metallic.’ Doubtless such 

defects may have a bacterial origin as well as an origin actually associated 

with metals with which the more or less acid cream has come in contact.” 

The following extract is from Irish Homestead (1913): 

In some Irish creameries, particularly in those where pasteurization has been 
attempted, regardless of the percentage of fat in the cream, a flavor that somewhat 
resembled ‘‘ fishiness '’ was experienced. Although it did not entirely coincide with 
‘‘ fishiness,’’ the resemblance was close, but it may be more accurately described as 

1 Dates in parenthesis refer to bibliography, page 628. 
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a ‘metallic ’’ flavor, possibly due to some organic cause. This flavor was invariably 
noticed in butter the cream of which contained over 35 per cent of fat, and it was 
particularly noticeable where the fat content in the cream ran over 40 per cent and up 
to 50 per cent, when the cream was pasteurized. In some cases the flavor was even 
noticeable where the whole milk was not heated beyond 130° F., and where the cream 
was not pasteurized. 

It is, of course, evident that whether milk or cream is pasteurized, the cream for 
buttermaking should not contain more than 33 per cent of fat, and the results, par- 
ticularly as regards the keeping qualities of the butter, are much more likely to be 
satisfactory where a thin cream, not containing over 30 per cent of butterfat, is separated 
and then thoroughly pasteurized, well cooled down, ripened at a moderately low tem- 
perature, with a liberal supply of clean, active starter to an acidity of 0.3 to 0.35, but 
in no case exceeding 0.4. 

In the most progressive and highly successful dairying countries of Europe it is 
the general practice all through the year to separate a thin cream —in most cases 
the cream does not contain over 25 per cent of butterfat, while in one large dairying 
country the cream rarely contains over 20 per cent of butterfat, and pasteurization 
is general among all the creameries. coh as) St eee ee: 

PRELIMINARY WORK 

The observations on metallic flavor made in the laboratories at Cornell 

University were as follows: 

I. High acid content seemed essential for the development of the flavor. 

Every instance in which metallic flavor was found in the preliminary 

work was in a product of high acidity, and only twice did the writer hear 

of its being noted in sweet dairy products. In one case a milk company 

reported metallic flavor in sweet milk, but it was of short duration. The 

second case was reported by White, who wrote: “I have always found 

the metallic flavor in condensed milk and believe that this is due entirely 

to the raw copper of condensing pans.’’ The writer has never noticed this 

flavor in condensed milk, nor has he detected it in swiss cheese, another 

dairy product made in a copper container. 

The chemist would say that there is far greater probability of a metal’s 

being absorbed by an acid solution than by a non-acid one. Nevertheless 

it is true that some dairy products of very high acidity have been held in 

containers with exposed surfaces of metals that easily combine with lactic 

acid to form lactates, such as copper and iron, and have not developed 

a metallic flavor that could be detected by expert judges of that flavor. 

The tin of the starter can in the butter laboratory at Cornell is almost 

entirely off. Starter has been cultivated daily in this can for three or four 

years; it has been carefully examined many times for metallic flavor, and 

this has been present in only a few cases. 

It is possible that electrolytic action plays an important part in the 

production of metallic flavor when the source is directly from metal. 

Il. The flavor was most likely to appear during the hottest season. 

It may be that this was noticeable because the degree of acidity of the 

product is likely to be greater when the temperature is high. 

III. A high fat content seemed necessary for the development of the 

flavor, except in the case of buttermilk. 
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These observations, which were made two years before the report of 

Irish Homestead already quoted was published, seemed to indicate 

that metallic flavor developed more rapidly and to a greater extent in cream 
that was rich in butterfat than in cream with a low fat content. The 

flavor was very strong in some samples of soft cream cheese, but was 

never noticed in cottage cheese, which contains practically no butterfat. 

Whenever the flavor was found in whole milk, it was always near the 

surface, in the cream, and it was never observed in skimmed milk. For 

some reason, however, it was often found in buttermilk. With the ex- 

ception of buttermilk, metallic flavor was never found in a dairy product 

that was low in butterfat content. 

IV. The flavor appeared spasmodically. 

Often metallic flavor could not be detected in butter for several weeks, 

and sometimes for many months, after which it suddenly appeared for per- 

haps a few days, or possibly for several weeks. During all this time the 

same utensils were being used on the farms and in the creamery laboratories. 

V. Low temperatures often seemed to make the flavor more apparent. 

The low temperatures in the laboratories may have held in check certain 

organisms that at high temperatures produce sufficiently strong flavors 

to cover the metallic flavor. 

The preliminary observations thus seemed to indicate that there may be 

a cause of metallic flavor other than direct contact of the dairy product 

with metal. In fact, it was quite apparent that there may be a biological 

reason for the development of metallic flavor, for in several instances it 

seemed to increase when the product was not in contact with metal. 

WORK OF OTHER INVESTIGATORS 

Some work has been done of a more scientific nature than that just 

described. The most recent is that of Rogers, Berg, Potteiger, and Davis 

(r913), who report, besides their own work, researches by several other 

investigators. The following abstract of their bulletin appeared in a 

press notice sent out by the United States Department of Agriculture: 

Some metals either cause or greatly accelerate certain bad flavors in butter, although 
most of the experiments along this line have not included storage butters. Recently 
the scientific staff of the Dairy Division of the Bureau of Animal Industry in the United 
States Department of Agriculture has reported that the presence of very small amounts 
of iron in cream causes certain undesirable flavors to increase in intensity during storage. 
These flavors are often designated by butter experts as ‘‘ metallic,” “‘ oily,” or “ fishy.” 
The injurious effect of iron was found by adding iron in known quantities, varying 
from I to 500 parts, to 1,000,000 parts of cream. The butter made from such cream 
was compared with that made from cream where all precautions were taken to avoid 
any undue contact with iron during the whole process of butter-making. The butter 
was stored at 6° to 10° F., and the quality of the butter was scored by experts at different 
times. In every instance when the butter was scored a few days after making, the 
samples to which iron had been added scored lower than the butter made from cream 
which contained no iron. This held true in most cases on the second and third scoring, 
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which occurred at intervals varying from 20 to 187 days. The most noticeable feature 
was the rapid development of bad flavor in the butter containing the iron. When 
both the control and the experimental butter became fishy it was noticed that the 
control butter was the last to become so. There was a marked oily flavor present 
in most samples that subsequently became fishy. Only a small proportion of the iron 
added to the cream was found in the butter, the remainder having been taken up by 
the buttermilk and wash water. 

Butter was also made from cream which had stood in rusty cans, and in every case 
this butter had a peculiar taste and was easily picked out from all other samples. The 
buttermilk also had a decided metallic taste. 

The influence of copper on the flavor of butter was studied in a similar manner, 
and it was found that copper, even in small quantities, seemed to cause more marked 
changes of flavor in butter than did the iron, with a decided tendency toward a fishy 
flavor in storage. Two experiments showed very plainly the harmful effect of using 
poorly tinned pasteurizers, even though the cream came in contact with the copper 
surface for only a few seconds, for, aside from this, all other conditions were exactly 
alike during the complete process of butter manufacture. 

This work shows that if cream is kept in rusty cans or comes in contact with iron 
or copper at any time during the process of butter-making it may take up iron or copper 
from rusty cans, exposed bolt heads. or other metal parts of pasteurizers or churns, 
in sufficient quantities to affect the flavor of storage butter. Though there is nothing 
to show that the nature of the flavor is appreciably changed, it does demonstrate very 
clearly that the rate of development of the undesirable flavor is greatly accelerated 
during storage by very small quantities of either iron or copper. 

Golding and Feilmann (1905) think that microorganisms may be the 

fundamental cause of metallic flavor. However, they attribute the cause 

largely to contact of the product with exposed surfaces of copper. They 

found that milk passed over an untinned copper cooler took up 2.5 parts 

of copper in 10,000,000 parts of sweet milk, and, though the characteristic 

flavor was not at once apparent, it invariably was perceptible in about 

eighteen hours at room temperature. They observed that air aids greatly 

in the solution of copper in milk. Clean copper gauze fixed on the surface 

of some milk in a beaker and left for one week resulted in the solution of 121 

parts of copper in 1,000,000 parts of milk. At the bottom of the beaker 

only 48 parts per million were dissolved. They say: 

The chemistry of the flavour is still only a matter of speculation, but similar flavours 
can be produced by other oxidising agents, such as potassium permanganate, ferric 
chloride and hydrogen peroxide. 

A large number of organisms were isolated from the different samples of milk which 
had developed the characteristic flavour; but none of them developed the flavour in 
milk which had been sterilised by heat. When, however, the influence of the copper 
had been discovered, the experiments were repeated, and the flavor seemed to be de- 
veloped by certain organisms, but was rather masked by the well-known taste of the 
sterilised milk. ; 

* * * * * * * * * * * * * 

The bacteriological investigations of a rather indefinite flavour, which is largely 
masked in heated milk, cannot be very satisfactory, but it seems certain that micro- 
organisms are not without influence in some direct or indirect way. 

In the discussion that followed this paper (read before the Society of 

Chemical Industry), H. Droop Richmond, a well-known English chemist, 

said that he had for some years thought the taste complained of was not 

due to copper, because it was some time before it came out; he believed it 



METALLIC FLAVOR IN Dairy PRoDUCTS 615 

was due rather to microorganisms. The paper, however, showed that both 

were active agents. Mr. Richmond had succeeded in finding a liquefying 

microorganism which he had no doubt was similar to the one just shown 

by the authors. The metallic taste was found chiefly in winter, in milk 

that had been pasteurized; in summer it was not so marked, and neither 

was it so marked in the presence of a large number of lactic organisms. 

Mr. Richmond succeeded in getting rid of the taste by finding where the 

organisms existed. 

There seems to be no doubt, therefore, that metallic flavor is caused by 

the direct absorption of metal by milk or cream. It is apparent also that 

more or less work has been done, the results of which, coinciding with 

- some of the general observations noted in preceding pages, indicate that 

bacteria may cause the flavor. 

NATURE OF MEDIUM HAVING METALLIC FLAVOR IN THE 
GREATEST DEGREE 

The senses of taste and smell are the only means by which metallic 

flavor can be detected, and it is to be expected that the nature of the 

medium will influence these senses. It has already been stated that a high 

proportion of butterfat seems necessary for the production of metallic 

flavor, except in the case of buttermilk. Cream often showed only a 

trace of the flavor, but the flavor of buttermilk from the same cream 

churned in a glass bottle was very metallic. This showed that either 

the serum was more easily tasted than was the cream because of its physical 

nature, or else it was more metallic in flavor. The former is probably 

true, and the latter, according to work done and recorded later in this 

bulletin, is also true. 

A few experiments were made in separating the water and the solids in 

buttermilk by centrifugal force. Buttermilk was put into a glass tube 

and placed in a centrifuge. After separation, the water and the solids 

were carefully examined in order to determine which had the more metallic 

flavor. No difference was noticed. 

The metallic flavor appears to be volatile. In buttermilk that had 

developed the flavor in a glass bottle, the metallic odor was very noticeable 

immediately after the removal of the stopper. Several attempts were 
made to concentrate the flavor. Portions of the metallic buttermilk were 

distilled, and the distillate was then condensed by evaporation, but no 

metallic flavor was apparent. Instead the flavor was flat and oily. 

It is difficult to explain why metallic flavor develops to a greater degree 

in buttermilk than in any other dairy product. As has already been 

stated, a high proportion of butterfat is generally essential for the pro- 

duction of metallic flavor, and ordinarily it does not develop in serum 
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alone, such as skimmed milk; but in buttermilk, which contains only a 

little more fat than does skimmed milk, the flavor becomes very pronounced. 

It was thought that there might be a relation between the acids of the but- 

terfat and the metallic flavor. For example, some of these volatile acids 

might be in buttermilk and not in skimmed milk. Samples of butyric, 

caproic, caprylic, palmitic, stearic, and oleic acids were obtained, also 

propionic acid, which is lower in the fatty acid series, and succinic acid, 

which is a dibasic organic acid and may be found in dairy products. No 

sign of metallic flavor, however, could be detected in any of these acids. 

FACTORS AFFECTING DEVELOPMENT OF METALLIC FLAVOR 

RELATION OF FAT CONTENT TO METALLIC FLAVOR 

Twenty-six samples of skimmed milk were placed in sterilized glass 

bottles and inoculated with buttermilk having metallic flavor. Only 

two of the samples showed any indication of metallic flavor, and in these 

the flavor could hardly be called metallic. 

Forty-three samples of whole milk were treated in like manner. Only 

four developed metallic flavor, and in these the flavor was noticeable 

only in the cream on the surface. 

Sixty-six samples of cream were inoculated with buttermilk having 

metallic flavor, and held in sterilized glass bottles. Seventeen of the sixty- 

six samples developed metallic flavor, a few of these being strongly metallic. 

In addition to the sixty-six samples, five samples of cream were allowed to 

stand at room temperature without inoculation. Four of these developed 

metallic flavor. The five samples were obtained from a source in which 

metallic flavor had previously appeared. 

It has already been stated that metallic flavor has not been observed in 

cottage cheese, but that it is often very strong in soft cream cheese. It 

therefore seems apparent that the presence of fat in fairly large quantities 

is necessary for the flavor to develop. 

RELATION OF ACIDITY TO METALLIC FLAVOR 

Samples of buttermilk were placed in sterilized glass bottles and metallic 

flavor was allowed to develop. Of sixty-nine samples the acidity was 

noted in nineteen, and of these nineteen samples the acidity of six samples 

was taken both before and after the flavor became metallic. The results 

are shown in table 1.2. The acidity of all the nineteen samples after metal- 

lic flavor developed varied from 0.69 to 0.83 per cent. 

In many other samples of which no record was kept, it was possible to 

detect metallic flavor when the buttermilk became highly acid, and not 

until then. 

2 Tables referred to in this bulletin are printed in the appendix, pages 629 to 643. 
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TEMPERATURE IN RELATION TO METALLIC FLAVOR 

It was thought that metallic flavor developed more rapidly at low 

temperatures —as, for example, in the refrigerator — than at room temper- 

ature. A series of experiments was conducted in order to determine this 

question. The results are given in table 2 (page 629). 

The effects of different temperatures on the flavor varied but little. 

It is interesting to note, however, that some of the room-temperature 

samples showed a more pronounced metallic flavor than was found at the 

low temperatures, although probably the average of the low-temperature 

samples had a stronger flavor than the average of the room-temperature 
samples. 

It is probable that other flavors develop at higher temperatures, which 

have a tendency to hide metallic flavor if it is present. However, if the 

product is tasted at the proper time, there is no doubt that metallic flavor 
will be found in no uncertain degree. 

EFFECT OF COOKED FLAVOR IN RELATION TO METALLIC FLAVOR 

As already noted (page 611), there is a difference of opinion regarding 

the effect of pasteurization on development of metallic flavor. In the 

course of this study several attempts were made to produce the flavor 

in pasteurized or sterilized cream, but since the cooked flavor masked 

most of the other flavors it was very difficult to reach any definite conclu- 

sion. One hundred and sixty-three attempts were made to produce metal- 

lic flavor in either sterilized or pasteurized cream, by inoculation with 

metallic-flavored buttermilk. In only two of the samples was the metallic 

flavor distinguished from the cooked flavor. 

METHOD OF OBTAINING A MEDIUM FOR DETECTION OF 
METALLIC FLAVOR 

In order to obtain a medium for detecting metallic flavor in dairy prod- 
ucts, the common method of sterilization of cream by heat was first 

tried. Cream having a butterfat content of about 30 per cent was ster- 

ilized in the steam bath on three consecutive days, but the cooked flavor 

so masked the other flavors that this method could not be used. Lower 

temperatures were then tried. About 20 cubic centimeters of cream 

having a butterfat content of 30 per cent was put into test tubes. The 

wire container, with the tubes, was placed in water, and the temperature 

was raised to 140° F. and maintained at that point for twenty minutes. 

The process was repeated on three consecutive days. One hundred and 

three test tubes of this sterilized cream were then inoculated with metallic- 

flavored buttermilk; only two showed metallic flavor. In many cases 

the judges thought they could detect a slight metallic flavor or one similar 
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to it, but they were not certain, for the cooked flavor was present to a 
considerable degree. | 

Germicides were next considered, but nothing tasteless could be found. 

It was thought that volatile antiseptics might be used, such as ether or 

chloroform. Heat could then be applied to eliminate the antiseptics, 

but the physical properties of the cream were changed, this assuming a 
greasy appearance and an oily taste. 

The only alternative seemed to be raw cream, and therefore milk was 

obtained directly from the cow. At first it was milked into large sterilized 

glass bottles and allowed to stand for twenty-four hours. At the end of 
that time the serum in the bottom of the bottles was drawn off with a 

sterilized pipette. Several trials were run, the cream being divided into 

portions of 50 cubic centimeters and put into smaller sterilized glass 

bottles. Each portion was inoculated with from one-half to one cubic 

centimeter of metallic-flavored buttermilk. Of twenty-three samples 

of this cream, eight developed metallic flavor. 

Two objections to this method of separation became apparent. First, 

the cream was not sufficiently rich in butterfat, for it is not possible to 

obtain cream with a high fat content when the separation is done by any 

of the gravity methods. This high fat content is one of the essential 

conditions for the development of metallic flavor. Secondly, too much 

bacterial growth took place during the creaming process, which made the 

cream an uncertain medium for the study of the organisms that pro- 

duce metallic flavor. 

An attempt was next made to use cream from the market milk labora- 

tory. This cream was standardized to a fat content of 32 per cent, and 

from this standpoint it was ideal. One hundred and seven samples of 

this cream were put into sterilized glass bottles. Each sample consisted 

of about 50 cubic centimeters of cream and was inoculated with from 

one-half to one cubic centimeter of metallic-flavored buttermilk. Thirty- 

nine of the samples showed metallic flavor. Two sets, of six samples 

each, were carefully tasted immediately after inoculation. Not a trace 

of metallic flavor could be detected. As additional evidence that this 

cream was not affected by contact with tin, it should be noted that not a 

check sample showed metallic flavor. 

There was one factor in connection with the cream from the market 

milk laboratory that made it unsatisfactory: it contained a number of 

microorganisms which made interpretation of the results difficult. When 

metallic flavor was found in these samples, the question could well be 

asked, Was the flavor produced by organisms in the metallic-flavored 

buttermilk with which the cream was inoculated, or was there an asso- 

ciative action between the organisms in the buttermilk and those already 

in the cream? 
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In the search for better cream it was learned that the milk from a certain 

cow in the university herd usually showed the low bacteria count of from 

two to three hundred per cubic centimeter. In fact, the analysis of one 

milking showed only six bacteria per cubic centimeter. It was possible 

to hold the cream from this cow for about forty-eight hours at room tem- 

perature without much change. It therefore seemed that the associa- 

tive action of the bacteria in the metallic-flavored buttermilk and in this 

cream would be almost negative. Therefore the remainder of the cream 

medium was obtained by taking milk from this cow, milking into a ster- 

ilized covered pail. The milk was taken immediately to the laboratory 

and separated in a sterilized separator, the cream being caught in ster- 

ilized glass bottles. As soon as the separation was complete, the cream was 

divided into portions of 50 cubic centimeters in sterilized glass bottles, 

and immediately inoculated. 

BACTERIA IN SOME METALLIC-FLAVORED DAIRY PRODUCTS 

The first series of samples to be examined for bacteria consisted of me- 

tallic-flavored butter. Five samples were plated in lactose agar and a brief 

morphological and cultural study was made, with the following results: 

Sample 1. On one plate of the first sample there were twenty brown 

colonies in tetrads, and several milky white colonies. These organisms 

were micrococci. A few small acid colonies and one of Oidium lactis were 

found. 

Sample 2. The second sample contained several spreaders, and one 

milky white colony with a regular edge which was a streptococcus. There 

were two chalky white colonies with very irregular edges and a wrinkled 

surface. These organisms were short, rod-shaped, and with rounded ends, 

and were nonmotile. Several small cream-colored punctiform colonies 

were present, which under the microscope appeared very much like Oidium 

lactis but were much smaller. Seventy-five Ozdium lactis organisms were 

found. 

Sample 3. In the third sample eight cream-colored colonies were found 

which were diplococci. There were two small brown colonies of staphy- 

lococci, and a few milky white colonies of bacteria which were nonmotile, 

short, and rod-shaped, with rounded ends. 

Sample 4. In the fourth sample there were several small punctiform 

cream-colored colonies, three milky white colonies which were micrococci, 

and thirty colonies of Ozdium lactts. 

Sample 5. The one plate of the fifth sample that could be used con- 

tained only seven colonies. All were white and Sune aine and the organ- 

isms were nonmotile, short, and rod-shaped. 

No one organism was present in all the five samples. The organism that 
\ 
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was most abundant was Oidium lactis, but this was found in only three of 

the samples. To determine the effect of Ozdiwm lactis in cream, six samples 

were inoculated with this organism; none of these developed metallic flavor. 

Since it was possible to obtain metallic flavor almost at will in the but- 

termilk of the university laboratory, a study was made of the milk and cream 

delivered at one of the six receiving stations. A sample of each patron’s 

milk or cream was put into a sterilized glass bottle. Room temperatures 

were used for incubation. The results are given in table 3 (page 630). 

It is seen from the table that two samples, one of cream (no. 21) and one 

of whole milk (no. 62), had metallic flavor. The flavor was stronger in 

the cream sample, and this was plated in order to determine whether or 

not the organism Oidium lactis was present — the idea having been suggested 

by Bouska (page 609) that Ozdium lactis might be the cause of metallic 

flavor. A large number of colonies of Ozdium lactis were found. 

The results of a second study of the milk and cream at the same station 

are given in table 4 (page 631). Again sample 21 had metallic flavor, 

but sample 62 showed no trace of it. Another cream sample, however, 

no. 25, was metallic in flavor. 

The impression is somewhat prevalent that cream of a high grade does 

not develop metallic flavor. It should be noted that in both studies 

sample 21 when fresh was judged as good. On the other hand, sample 

62 was only fair in flavor when fresh, and soon turned to bad. Later 

four samples of cream, all of good flavor, were taken on different days from 

the patron who supplied sample 21. All these samples developed metallic 

flavor. It therefore seems that the flavor may develop in either good or 

poor cream. 
In the experiment reported in table 4, an examination was made of 

all the samples for the presence of Ozdium lactis. It is seen in the table 

that twenty of the thirty-two samples contained this organism. It 

should be noted, however, that the two samples which were metallic in 

flavor contained no Ozdium lactis. 

FORMALDEHYDE AND METALLIC FLAVOR 

Formaldehyde is considered a very efficacious disinfectant. It kills 

not only bacteria, but also their enzymes. A study was made of the 

effect of formaldehyde on the development of metallic flavor in buttermilk. 

Samples of buttermilk that was not metallic in flavor were taken fresh 

from the churn and immediately treated with formalin (a solution con- 

taining from 37 to 4o per cent of formaldehyde). The results are shown 

in table 5 (page 632). It is seen from the table that in only a small 

proportion of the samples did metallic flavor not develop. Of: the forty- 

one samples treated, thirty-five were metallic in flavor. 



METALLIC FLAVOR IN Dairy PRopUCcTS 621 

In order to determine the efficiency of the formalin a bacteriological 

examination was made, with rather surprising results. All the samples 

were incubated at room temperature for two days. On some of the 

plates there were many organisms. The results are shown in table 6 

(page 633). These results indicate that formalin does not kill all the 

bacteria in buttermilk; it does, however, undoubtedly retard their growth. 

EFFECT OF ADDING PURE LACTIC ACID TO SOME DAIRY 

PRODUCTS 

Inasmuch as metallic flavor was developed in sterilized glass bottles 

in the presence of formalin, a substance that either kills or checks the growth 

of microorganisms and possibly checks enzymic growth, the question 

arose, What would be the effect of adding pure lactic acid to fresh butter- 

milk that is not metallic in flavor, or to skimmed milk? The reason for 

such a question was that a flavor of metallic nature might be produced 

by the action of the lactic acid and the serum of the buttermilk under 

certain conditions. Several experiments were run with varying quantities 

of pure lactic acid, but there was no trace of metallic flavor. 

RELATION OF ENZYMIC GROWTH. TO METALLIC FLAVOR 

A limited study was made of the relation of enzymic growth to metallic 

flavor. The first problem in this connection was to find a solution that 

would effectually check the growth of the microorganisms and yet permit 

the enzymes to grow, and would not impart to the medium a flavor that 

would make detection of the metallic flavor difficult or impossible. No 

solution was found that left the metallic flavor clear and distinct. One 

compound, however, could be so managed as to make possible the detection 

of metallic flavor in at least a small number of samples. 

Three per cent by measure of toluene was first used in buttermilk. 

Toluene is considered one of the most effective substances to check the 

growth of bacteria and still permit enzymic action, but the flavor is so 

sharp that detection of other flavors is impossible. The toluene could 

not be removed by heat, for its boiling point is 110° C. and if such a tem- 

perature were used the buttermilk would be scorched. Four unsuccessful 

attempts in the use of toluene were made. 

The next agent to be tried was chloroform, which has a boiling point 

of 61.2° C. and can therefore be readily evaporated at a temperature 
that does not affect the flavor of buttermilk. According to Harding 
and Van Slyke (1907); 2.5 per cent of chloroform will check the growth 

of any microorganism in milk and not retard enzymic growth. In the 

experiments with chloroform, 50 cubic centimeters of fresh buttermilk, 



622 BULLETIN 373 

not metallic in flavor, was placed in each of two sterilized glass bottles. 

One of these bottles was held as a check. In the other, 2.5 per cent 

by measure of chloroform was added. The mixture was then thoroughly 
shaken and kept at room temperature. The chloroform had a tendency 
to settle to the bottom; consequently it was necessary to shake the mixture 

several times ina day. At the end of two days about 20 cubic centimeters 

of the chloroformed buttermilk was put into a beaker and placed in water 

over a bunsen burner. The temperature of the water was maintained 

at from 62° to 65° C. until all the chloroform was evaporated. This 

process required about twenty minutes. Fourteen trials were made, 

in two of which a slight metallic flavor seemed to have developed. A 

sweetish flavor, resulting from the chloroform, always remained. In every 

case the check sample became metallic in flavor. 

This study was not satisfactory, largely because of the difficulty in 

distinguishing the flavors after the buttermilk had been treated. Never- 

theless, the indications were that metallic flavor might be produced by 

enzymic action. 

NUMBER OF BACTERIA IN BUTTERMILK BEFORE AND AFTER 
DEVELOPMENT OF METALLIC FLAVOR 

It was thought best, among other things, to determine the number 

of bacteria in the buttermilk before and after development of metallic 

flavor, for there were strong indications that the flavor might be caused 

by bacteria. Lactose agar and lactose gelatin were the media used. 

As has already been stated, high acidity seemed essential in the develop- 

ment of the flavor, and therefore media of different acid content were 

used. The regular lactose agar and lactose gelatin were prepared with 

an acidity of +1.5 (equivalent to 0.135 per cent lactic acid, which is 

a little lower than the acidity of sweet milk), and the other agar and 

gelatin were prepared with from 0.75 to 0.8 per cent of lactic acid 

(which is about the same as the acidity of the buttermilk that showed the 

strongest metallic flavor). 
Much difficulty was experienced in preparing the agar and the gelatin 

with the high acidity of from 0.75 to 0.8 per cent. At first the acid 

was added in the same manner as in making the regular medium, but 

when the agar was sterilized it would not congeal. After several un- 

successful attempts the writer learned from Bouska (page 609) that the 

addition of: tartaric acid before sterilization prevents solidification of the 

agar, but if the acid is added after sterilization it does not have this effect. 

This method was tried with the lactic acid, with satisfactory results. 

The question of sterilization of the lactic acid solution was next consid- 

ered, but on bacterial analysis it was found that the solution was already 
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sterile. The strength of this solution was nine-tenths of normal. When 

one cubic centimeter was placed in ten cubic centimeters of the agar or 

the gelatin, the percentage of lactic acid was from 0.75 to 0.8 per cent, 

depending on the age of the medium and therefore on the amount of evap- 

oration that had taken place — it having been held for a part of the time 
at room temperature. 

A study of table 7 (page 634), showing the number of bacteria in the 

buttermilk before and after metallic flavor developed, shows certain facts. 

First, there is no direct relationship between the number of bacteria and 

the metallic flavor, for in sample 1 only about 5,000,000 bacteria were 

found in the metallic-flavored buttermilk as against over 328,000,000 

_ in sample 13. Secondly, there may be an increase or a decrease in the 

number of bacteria from the fresh to the metallic-flavored stage of the 

buttermilk; six samples show an increase and ten a decrease when grown 

on plain lactose agar, while in the high-acid agar three samples decreased 

in number of bacteria and eight increased. Thirdly, only a small pro- 

portion of the bacteria that grow in the lactose media with an acidity 

of +1.5 will grow on the lactose media with from 0.75 to 0.8 per cent 

of lactic acid. 

It is seen in table 7 that eleven samples of buttermilk were plated on 

both agars at room temperature before and after the buttermilk became 

metallic in flavor. The ratios of the numbers of bacteria in these eleven 

samples in the two agars are: shown in table 8 (page 635). Even though 

these ratios show a greater proportion of bacteria growing on the high- 

acid agar in the metallic-flavored buttermilk than in the fresh buttermilk, 

this does not seem particularly significant, for table 8 shows that there 

was great variation. Further, one would naturally expect to find a greater 

proportion of the bacteria producing metallic flavor growing on the high- 

acid medium, for metallic-flavored buttermilk, as already stated, is always 

high in lactic acid, and this of itself would tend to eliminate other bacteria 
that could not exist in a high-acid medium. 

A QUALITATIVE STUDY OF THE BACTERIA IN FRESH AND IN 

METALLIC-FLAVORED BUTTERMILK 

At the same time that the bacteria in the fresh and the metallic-flavored 

buttermilk were counted, a study was made of their action on litmus 

milk, which was prepared in the following manner: A litmus solution 

with an acidity of +1.5 was added to fresh skimmed milk at the rate of 

r.5 cubic centimeters of litmus solution to 10 cubic centimeters of skimmed 

milk. After being thoroughly mixed, the litmus milk was put into ster- 

ilized test tubes, about 10 cubic centimeters in each tube. It was then 
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sterilized in the steam bath, by the intermittent method, on three con- 

secutive days. The tubes were kept in the bath for thirty minutes each 

day. 
The litmus milk was inoculated from the plates from which the counts 

were obtained as recorded in table 7. The inoculation consisted in trans- 

ferring a part or the whole of an individual colony to a single tube of milk, 

the transfer being made with the end of a platinum needle pounded flat 

and bent in the form of a short hook. The number of tubes inoculated 

from one plate varied from 10 to 146, as seen in tables 9 and 10 (pages 636 

and 637). The tubes were held at room temperature, and records were 

taken on the second, fifth, and fourteenth days after inoculation. The 

classes recorded were acid producing, acid producing with coagulation, 

peptonizers, alkaline, and inert. 

If the group classed as peptonizers had appeared in larger numbers, 

it would have been necessary to hold the tubes longer than two weeks in 

order to give sufficient time for the peptonization process. But because 

of the probability that this group, which was very small, did not cause 

metallic flavor, the final record was taken on the fourteenth day. 

The-results of the study of the organisms transferred from agar of the 

lower acidity are shown in table 9 (page 636). The table shows that on 

the fourteenth day the average percentage of bacteria that produced 

acid and caused coagulation was 72.95. In the inert class there was an 

average percentage of 18.58, and in the group that showed acid produc- 

tion only there was an average percentage of 7.29. 

Very different results appear in table 10 (page 637), which shows the bac- 

terial action when a high-acid medium is used. The group showing 

acid production alone was much larger than for the normal medium, but 

in only one sample was there any coagulation, demonstrating that the 

bacteria which cause coagulation do not grow in a high-acid medium. 

It is noticeable that the percentages of bacteria in all the groups as shown 

in both tables vary considerably. It is possible that in the case of the 

inert group some of the tubes were not inoculated. With the normal 

medium, however (table 9), the percentage of the inert group was small 

with the exception of two samples, leading to the conclusion that the 

number of unsuccessful transfers was small. Granting that all the tubes 

were properly inoculated, it is seen that in the high-acid agar on the 

fourteenth day an average of 56.79 per cent of the bacteria had not grown 

in litmus milk, while in the acid-producing group there was an average 

percentage of 38.93. 

Because of the fact that metallic flavor was found only in dairy products 

of high acid content, it was natural to first study the group of bacteria 

that grew well on the high-acid medium and the group that would produce 
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acid. One set of twenty samples of cream was inoculated. The cream 

was examined when ripe, and the flavor was pronounced bitter. It did not 

resemble metallic flavor in the slightest degree. 

The next bacteria to be studied were those of the group producing acid 

with coagulation. Twenty tubes were taken at random from about 

two hundred containing these bacteria. Samples of cream, each con- 

sisting of 20 cubic centimeters, were inoculated respectively with 4 cubic 

centimeter or less of the milk coagulum from each of the tubes. The 

samples of inoculated cream were held for thirty-six hours at room temper- 

ature, and were then placed in the refrigerator for another thirty-six 

hours before being judged.’ 

In the first trial of this experiment (table 11, page 638), three or more of 

’ the five judges pronounced thirteen of the twenty samples metallic in 

flavor. In the second trial (table 12, page 638), only two of the twenty 

samples were pronounced metallic in flavor by two of the three judges. In 

the third trial (table 13, page 639), three of the twenty samples were pro- 

nounced metallic in flavor by three of the four judges. 

These results were not satisfactory, for there was considerable difference 

of opinion. In many cases there was a flavor which was somewhat similar 

to metallic flavor and yet could not be termed metallic. Some of the sam- 

ples had seemingly passed through the metallic-flavored stage, and other 

flavors had developed which masked the metallic flavor. 

Because of the difficulty in detecting the flavor, another trial was made. 

This time about 150 cubic centimeters of cream was used. All the sam- 

ples were inoculated and ripened in the same manner as in the preceding 

trials. They were then churned by hand in the sample bottle in which the 

cream was ripened. 

Eighteen of these twenty samples (table 14, page 639) were pronounced 

metallic in flavor by three or more of the five judges. The remaining 

two samples seemed to have the flavor to a very slight degree, but it was 

not sufficiently strong to warrant judging the samples as metallic-flavored. 

It should be noted, however, that sample 5 was in the first trial pro- 

nounced metallic in flavor by three of the five judges; and in the case of 

sample 7, in the first and fourth trials one judge pronounced the flavor 

metallic and another considered it doubtful, in the second trial the sam- 

ple was pronounced metallic in flavor by the judge who raised a question 

about it in the first trial, and in the third trial two of the four judges 

placed it with the metallic-flavored samples. It would therefore seem that 

these samples also probably had metallic flavor in a slight degree. 

3 The judges were: H. L. Ayres, extension instructor, and instructor in butter making in the winter 
course, at Cornell University; H. W. Middaugh, superintendent of milk supply, formerly head butter 
maker; W. A. Luce, head butter maker; H. M. Pickerill, instructor in bacteriology, formerly assistant 
in the butter laboratory; and the writer. 
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A year after this work was done, a sample of buttermilk was obtained 

from the creamery laboratory and a study of the bacteria contained in it 

was made in the same manner as were the previous studies. Samples 

of cream were also obtained, in the manner described on page 619. About 

150 cubic centimeters of cream was inoculated from a tube of the bacteria 

producing acid with coagulation. The cream was churned when ripe, 

and the flavor of the resulting buttermilk was studied.4 

The results of the experiment (table 15, page 640) were peculiar and 

uncertain. In the first place, the check sample was pronounced metallic 

in flavor by all the five judges, while four of the sixteen inoculated samples 

showed no trace of metallic flavor. It must be remembered that the check 

sample was not sterile and could not be made sterile without affecting the 

flavor of the cream. Under such conditions it is to be expected that a 

check sample would occasionally show metallic flavor. 

Another experiment was made with thirteen inoculated samples.® In 

this experiment the check sample was not metallic in flavor. Three of 

the inoculated samples (table 16, page 641) were pronounced metallic 

in flavor by four or more of the eight judges. With three exceptions, all 

the other samples were classed as metallic-flavored by at least one of the 

eight judges, and in the case of one of the exceptional samples four of the 

judges raised the question as to whether or not the flavor was metallic. 

MORPHOLOGICAL CHARACTERISTICS 

The bacteria in each culture were carefully studied under the micro- 

scope. They were found to be nonmotile, very short, and rod-shaped, 

appearing singly and in chains of two or more. A few of the chains con- 

tained seven or eight bacteria. They appeared to be the same as the well- 

known bacteria found in milk — the Bacterium lactis acidi group; if there 

was any difference it was in size, these appearing to be a little larger than 

those representative of the group, but the difference was slight. 

CULTURAL CHARACTERISTICS 

In all the tubes of litmus milk coagulation took place, and all samples 

showed growth without liquefaction on gelatin. These are the two cul- 

tural characters that have generally been used to identify members of the 

Bacterium lactis acidi group. 

Further study of cultural characteristics seemed necessary. It has been 

usually considered that certain zymogenic bacteria can be more easily 

recognized by their growth on the various sugars and closely related sub- 

4The judges were the same as in the earlier work, with the addition of Professor N. W. Hepburn, of 
the University of Illinois. | i i 

5 Additional judges in this experiment were G. C. Supplee. assistant in the butter laboratory; and V. R. 
Jones, assistant in the testing laboratory. 
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stances than on any other media. Consequently a study was made of 

the bacteria on lactose, dextrose, saccharose, and raffinose, on the poly- 

saccharide inulin, and on the alcohols mannite and glycerin. The nutrient 

solutions were prepared as by Rogers and Davis (1912), with the following 
proportions: 

Per cent 
ME le Ne e's 2" ye 9 Sua ele ae OP ate oe Seen eae 0.4 
etc art wets eet asi NT OR ee pee es 14(0) 
Tibaste potassitim phosphate. ...icrnwjs. cc a0. adkaoete een 0.5 
Ptr St ACE 6 occ 5 sig Pe at tk od Goa ee 220 

In these experiments the age of the bacteria was not constant at the 

time of inoculation, for according to Rogers and Davis (1912) this is not 

necessary. They say (page 20 of reference cited): ‘‘ In our own work 

‘no systematic investigation was undertaken to determine the constancy 

of the fermentation reactions, but all our observations tend to prove that 

the property of forming acid from carbohydrates and similar substances 

is not easily lost or acquired. One culture showing no evidence of ability 

to ferment saccharose was carried for one hundred generations, or a period 

of about one year, on a saccharose-agar. At the end of this period the 

culture still showed no fermentation of saccharose and the lactose fermen- 

tation remained unchanged.” 

Rogers and Davis consider that acid formation is the most important 

factor to be observed in the study of lactic acid bacteria. In these studies, 

however, the writer observed, along with the acid development, the appear- 

ance of the media and whether or not gas was produced. 

The inverted-inner-tube method was used for the detection of gas. 

The cultures were incubated at room temperature for seven days. The 

acidity of the media was +1.5. The titration was made in duplicate 

with N/20 NaOH solution. The results of two studies of these bacteria 

when grown in the above solutions are given in tables 17 and 18 (pages 642 

and 643). The percentage of samples that showed growth in the two tests 

are summarized in table 19 (page 643). These figures are very much like 

those reported by Rogers and Davis (1912), which they have assigned to 
the class generally known as the Bacterium lactis acidt group. 

Further study should be made in order to determine the strain of the 

Bacterium lactis acidi group to which these organisms belong. A few 

attempts have been made to study the various strains of this group, but 

thus far very little has been accomplished. 

CONCLUSIONS 

Direct absorption of metals may cause metallic flavor in dairy products. 

Bacteria may cause metallic flavor. Buttermilk in sterilized glass 

bottles developed the flavor in many cases. Of 241 samples of cream in 



628 BULLETIN 373 

sterilized glass bottles, metallic flavor was produced in 79 by inoculation 

with metallic-flavored buttermilk; and of 157 samples of cream in ster- 

ilized glass bottles, which were inoculated with individual bacteria, 52 

showed metallic flavor. 

The organism that causes metallic flavor is a member or a strain of the © 

Bacterium lactis acidi group. 

Except in the case of buttermilk, a high fat content of the medium 

is essential for the production of metallic flavor. 

Metallic flavor may develop in cream of either good or poor flavor. 

The indications are that enzymes may be a factor in the production of 

metallic flavor. 

High acidity of the medium is a necessary condition for development 

of metallic flavor. 
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TABLE 1. 

APPENDIX 

ACIDITY OF BUTTERMILK BEFORE AND AFTER DEVELOPMENT OF 
METALLIC FLAVOR 

Acidity before | Acidity after 
metallic metallic 

Sample flavor flavor 
developed developed 
(per cent) (per cent) 

Tho.g o°3.c Ayatoy y Git CNEL ORE ERM One SRC Me errs Snead AO RO 0.67 0.73 
Degoe nin old PERCE Slike ELERe: CI me Uren tn entre ens rca ite Satie ep Ie 0.64 0.74 

st 0-6 3.6 Bie 0 Gs dre BRR Bea area Re ee SO Co ae RSet ad 0.67 0.81 
His gnyel Ao, et Rep Sead Clie i lie) ee ale aah GE Ronee na EAE ey 0.67 0.74 
FREER ee 1a NE thee rele Ge pails s aNay Siete, hgsp Buch eyabiage se ee Ble 0.67 0.75 
hs cia’ cas 6.8 52 CE ORC TERS Cae eee ae 0.67 On72 

TABLE 2. EFFECT OF TEMPERATURE ON DEVELOPMENT OF METALLIC FLAVOR 

Number of | Number of 
sone ie samples 

: ic in 
Experiment ee ae pee Remarks 

low tem- room tem- 
perature perature 

(Se A I 1 | Low-temperature sample more metallic in 
flavor than room-temperature sample 

2 Gas bu See I 1 | Low-temperature sample more metallic in 
flavor than room-temperature sample 

12) Se Bia ce nae t 1 | Low-temperature sample more metallic in 
flavor than room-temperature sample 

IGS bea aces I 1 | Low-temperature sample more metallic in 
flavor than room-temperature sample 

oie We paces eas I 1 | Low-temperature sample more metallic in 
flavor than room-temperature sample 

(C1. aa ae a I 1 | Room-temperature sample more metallic 
in flavor than low-temperature sample 

F/G eicee CIE I 1 | Room-temperature sample more metallic 
in flavor than low-temperature sample 

So:3'd Ciera 0 6 | None of the six were metallic at low- 
temperature 

ORE rey ees ar, 4 3 | Room-temperature sample more metallic 
in flavor than low-temperature sample. 
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TABLE 4. A Srupy or Mirk AND CREAM AT ONE CorRNELL UNIVERSITY 
STATION 

Flavor 

Sample 

When fresh When one day old 

Bic. drow Bia Caine anes ote ae ee Ciator bape od te tReet ae Badd Co RRe sak ee 
Cie or crbsostycine Osa aC Ace eee Goud +. onan Bigiiy 2, aii ees 
Feud ob 0 WOOT teen ee 1 Reh gan Seite ery Ale Badwgs lan ee eee 
Ge oxo’ ie! ete Blau cate hres ea Goods 4775 aan Pair .xrga ae eee 

Ta ee or ae LG (oles eae iLe eeys rieyS Beane or oe de een 
12 eo Goo wad an ERS Lg CR ee Goody. ce) Tae ues weer Bad soaks pe eee 
1B kod aie Bic Ces OR Coen ke eee GOOG: 2 co eae es Baines a4. Ue Gee 
Td cch dctje Seal ae yee AE ee Moe aki} Aaa oe Patt 40 Ako Nearer 
UG) So cebugs coos ae ae eR Coeds Gx, ed ee Ertan Bad cpa} Shee 
DAG Soa o bane tee Ena en ee Gooden tan erase sree Slightly metallic... .. 
DET ved. 46 chk sais ae eee air ey alot eee Slightly metallic..... 
DOF ss 6b Ode chet eRe AEs GAO Seeger QUT Sy ere ee 
2G hrc Big ol BE Ea ee Groodwiic eae Chessy 0.0" ae ees 
GIB)? 5 ra old thea ne Oc eene e Aeee AIT ait osc ha ae Pair rs 30 Soke 
BOI ee. sls pleads Goodks <a eee Bad s:5y this om eee 
FASS € ot gobo be es ee Baga tae ae eee Cheesy.2 485 eee 
CAO a. oaaee CRRA cae cna Badin A ie ae Bad wat ie ae eee 
ID); sity ch Con RCE Ee een Ree IRC Renae eerie cre Pain ans eee 
ADPUMPRE AE NG SINS ss 3 iolee 6 3 Good. os SAR Bai iy ec eee 
ily "eG na CARE Rea ee Fart 495 y.. eee Biaite yet ee tae ae ee 
A CPR a ets A Nos fate Biss. 62 Paiste. 30 Peer eee Goode ei As 5 eee 
APA WPM Se esos bei eo le'al yale Pair... 34 hahaa eee Main acta hcree eee 
TRE ewe erate Speed ty 5 bd. dieser ss Batch) 4 61) Sees oe Pain ge: Seo seer 
S10) ot Woke Gee Ol Pee ice ones ee ae Bait par ye A eee es: Riottentrta aes sree 
7 o> elo ie ees ee ee Goodin. 2a Rain wasrasca eee 
SEES MMs pies Aisroliees oS. Good s.r eee: Rains sauce een 
SSG youn ti ea Pair. 4) Parte: Bad «5705 Aon eee 
7 ot in nip Bsc el ie Reo ae Ratt cn 3. see ee: Pait. secticks eee 
COREE SI Seis cist b a o's os Goode). 4.25 wear Goodie series 
Oli oie wd queto ides hein ty eee Good te ee Goode Sho eeeeer 
OS)6. ob o dig theta G Bee a eee Bain, 25 05S anees Raine) ehh ae aee cere 
(83.5.5 acd a: Soka ene he Caters eee Good! hy + eae Bad). jee ee hae 

Oidium 
lactis 

see seal) | tetas | | ese | ak] eee | S| | | 

| 

* Cream. 
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TABLE 5. Errect OF FORMALDEHYDE ON METALLIC FLAVOR IN BUTTERMILK 

Butter- 
milk . : : Formalin Age 

Experiment Sample oe (drops) | (days) Flavor 

meters) 

acne eee I 100 2 1 | Metallic 
2 100 4 1 | Metallic 

TAO ce orses rare I 100 I 1 | Metallic 
2 100 2 1 | Metallic 
B 100 4 t | Metallic 
4 100 8 1 | Metallic 

GT iste ee tate = I 100 2 Metallic 
2 100 4 Metallic 

LN) a5 oot ea eee I 100 2 2 | Metallic 
2 100 4 2 | Metallic 
3 100 6 2 | Metallic 
4 100 8 2 | Metallic 
5 100 10 2 | Metallic 
6 100 12 2 | Metallic 

Vikpeetites scriicece nee I 100 3 2 | Metallic 
2 TOO 6 2 | Not metallic 
3 100 9 2 | Not metallic 
4 100 12 2 | Not metallic 
5 100 15 2 | Metallic 

V0 ee I 100 5 2 | Metallic 
2 100 10 2 | Metallic 
3 100 15 2 | Metallic 
4 100 20 2 | Too much formalin 
5 100 25 2 | Too much formalin 
6 100 30 2 | Too much formalin 

AYE ENS eer eens eee I 100 2 2 | Metallic 
2 100 4 2 | Metallic 
3 100 6 2 | Metallic 
4 100 8 2 | Metallic 

WDE 3 tag natnc ns eee I 100 I 2 | Metallic 
2 TOO 2 2 | Metallic 
2 100 zg 2 | Metallic 
4 100 4 2 | Metallic 
5 100 5 2 | Metallic 

| 6 100 6 2 | Metallic 

Pay eet aac ae | I 100 I 2 | Metallic 
2 100 2 2 | Metallic 
3 100 3 2 | Metallic 
4 100 4 2 | Metallic 
5 100 5 2 | Metallic 
6 100 6 2 | Metallic 
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TABLE 6. EFFECT OF FORMALDEHYDE ON BACTERIA IN BUTTERMILK 

Experiment Sample 

maMBWN He 

AufWw Nr 

Butter- 
milk 
(cubic 
centi- 
meters) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Formalin 
(drops) 

Bacteria 
per 
loop 

Flavor 

Metallic 
Not metallic 
Not metallic 
Not metallic 
Metallic 

Metallic 
Metallic 
Metallic 
Too much formalin 
Too much formalin 
Too much formalin 
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TABLE 8. Ratios or NUMBERS OF BACTERIA IN THE HiGH-AciD AGAR AND 
IN THE NORMAL AGAR 

Buttermilk not metallic] Buttermilk metallic 
in flavor 

High-acid | Normal 
agar agar 

1 10) 15,358 
i PK) 64,431 
PaO 88,675 
ee CO 03), 532 
Ti) atO) WEQOT S25 
E+ to 51,184 
1 to 568,396 
Tee COmaIe So O86 
I, . tO) = -239))}427) 
Dee SOs 2A 755 
Teton fos O70. 

Thy Ep 55395 

in flavor 

High-acid | Normal 
agar | agar 

jt 5) 9,260 

I to 45,5735 
co II ,024 

I to 7,779 
I to 168,605 
rE | to 2,601 
Ty tor 243,205 
1 to. 29,765 
1 ato) 1,508 

I to 279,787 
te Pao. 46 , 688 

ihe DAKO) 14,922 
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TABLE 11. PropucTION OF METALLIC FLAVOR BY INOCULATION 

Judged by 

Sample 

Ayres Middaugh Pickerill Luce Guthrie 

Tseteteeels Slightly metallic.} Metallic ING 62h A racers Metallics)... base Slightly metallic 
Dic ero uware ING iicge le cise stetea’s Mere NOSE eacebaee INO cpotevets oii Gus No 
Shonen eae ING Setar tee ceric ees a INO. aes Se eee INGwisk ects cones No 
Ane ccs Metallics. 32.52. Meialiie Slightly metallic.} Slightly metallic.| No 
CRAG Gente Metallic........ Metallic INO: Sea ee INGies aes eel Slightly metallic 
(epee tate INGE aire icrertaiai ore Metallic INO Pe yaeiereieetene Slightly metallic.} Slightly metallic 
btn eee INoySha 4 cow o.cde Slightly metallic: INo.:..5......- Doubttul) ser. No 
Od bane sion IN@a KS Gabn os odc Metallicr aie. cr INGa5 socuosoco: Metalite tov a. No 
Onee eusan Metallicc. sete Metallic’... 5... NO: Bika iove tens tate Slightly metallic.| Slightly metallic 

TOM cee ING erative mieiats Metallica ate INOW aise seeen et Metallic =). .-| No 
DIetee svete Strongly metallic Slightly Metallics NO sistetesitd siecle Slightly metallic.| Metallic 
ie Tay epee NOM Hes eaniaecs Metallicyeere. cet INOS tht ecto Slightly metallic.]| Slightly metallic 
Tam ce INO isc iciaereree Metallic. 272. 5. Slightly metallic.) No............ Slightly metallic 
TAR eos Metailicn sry cers es Metallica rerete Slightly metallic.) Strongly metallic] Slightly metallic 
Theres Metallics. 2.20. : Metallicines pier Slightly metallic.| Metallic........ Slightly metallic 
LOM Eee ING tinea iioncies Metallica an ING). Meiefciete cis Slightly metallic.! Slightly metallic 
LA eee cel DoUbtittlen acne Metallica. Donubtiws: -o--.- Slightly metallic.| No 
TSG omc INOMeeon ati Slightly metallic.) No............ Doubtiul sa. oe No 
TOM revrseievec Strongly metallic} Metallic........ Slightly metallic.| Metallic........ Slightly metallic 
20g site ete Slightly metallic.| Doubtful....... Doubtful: 2... Metallic..5 5.0. Slightly metallic 
Check. -...< ING tte tre oes INO ites A eae ete Noreen em ngioss INO et cate Aes No 

TABLE 12. PropucTION OF METALLIC FLAVOR By INOCULATION 

Judged. by 

Sample - 

Ayres Middaugh Pickerill Luce Guthrie 

No report....| No report....] Slightly metallic...) Slightly metallic 
No/report. 2+) NOmeport arc @NOe eee sees No 
Nojreport:<.5)| Noweporte.. ci NOzmooeerne sce No 
No-report:::..).|, Noreport... a Metallics: se. ae No 
No:report. 343{/-Nojreport,... 2. Metallics) = 22a. ne No 
No report....} No report....| Doubtful......... No 
No report....]| No report....| Metallic.......... No 
No report....] No report....] Slightly metallic...] No 
No report....| No report.... Rushey metallic...| Slightly metallic 
No report....| No report.... No 
No report....] No report.... to) 
No report....]/ No report.... Slightly metallic 
No report....| Noreport.... No 

TAs AG shoo sete INO: eisice.e No report....} Noreport.... Slightly metallic...| No 
PS eyes cs eee ING vata ace No report....| No report....| Slightly metallic...| No 
11 ee rea OF Nom ert No report....| No report....] Metallic.......... No 
Te etch oclete eretek INO ic iene No report. ¢ | @No reparte a e|(eNO pee tee en oe No 
MBS Paes nents as alee INGER eee No report....| No report....| Metallic.......... No 
LOM pare ies cee INO Ss here: INoweport 9. .4| PNOmeponba. eellmNOn eee eo ceren ete No 
ZOM rei toe nee INGA eines: Nojreport. 3. )-|| NO reports eae NOner eters cee No, 
Check ene. otis INOLee ie No report, 2%) No reporten aa) NOee eer ee aoe No, 
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TABLE 13. PRODUCTION OF METALLIC FLAVOR BY INOCULATION 

Judged by 

Sample 

Ayres Middaugh Pickerill Luce Guthrie 

Metallic. 22 2.5.2.4: No report....| Metallic.......... No 
Metallics as sevacte-s Noiréeport 1c «./) Metallic: 351-45). No 
Metallics voccacnce No report....| Strongly metallic..| No 
Metalliern to circu: No report: ...| Metallic. ....0...... No 
suenely metallic No report. ...| Strongly metallic..] No 
Metallies..\: cc: ere -ve No report....| Slightly metallic...}| No 
Metallicke. i. s04.5 No report....| Metallic.......... No 
Metallic ae. 5 o505.: No report....| Strongly metallic. .] No 
Metallicvie 8 3); No report....| Slightly metallic...| Slightly metallic 
Mista Gy. oiesreeterec No report....| Metallic Slightly metallic 
Metallie® 7:55.40... No report....| Metallic No 
Strongly metallic. .| No report....| Metallic No 
Metallic. 22s... -- No report. ...| Metallic Slightly metallic 
Metallics .{. 2 2%. No report....]| Slightly metallic...] No 
Metallics. oes cise. No report....] Strongly metallic. .} No 
ING! pacistoscice tere No report MetalliGas ee so aa. No 
Bfevallic a cnatcaienate No report Slightly metallic...] No 

AS EE aR oe oer No report....| Slightly metallic...} No 
Doubtful Hn HH irae No report....| Slightly metallic...| Doubtful 
pdently metallic. No report... ..|° Metallic... .o...... No 

Siac tenas Cech CRC No report.... One re cehialts cae vec INO 

TABLE 14. PRODUCTION ‘OF METALLIC FLAVOR BY INOCULATION 

Judged by 

Sample 

Ayres Middaugh Pickerill Luce Guthrie 

Se aa ee Metallic. i... 2. Metallic: J2 2.55. Metallic... 2.02%: Strongly metallic! Metallic 
2 aa Metallics. oc. Metallies 3.35 at. Doubtiuiee Metallictyrao ta. Metallic 
Oo Peees Metallic........ Metallic.......... Metallicins. 2... Metallicn een we Slightly metallic 
Pa eee Metallics. ac. Metallics: = Si50 Bitters. saccee. Metallie.<. 22.2. Slightly metallic 
Cee ke Doubtful. ...... Metallic........ ING ae tee os Olt are econ No 
Girth ct. Metallic. ....... Metallic........ Bitter metallic. .} Strongly metallic! Metallic 
Fareed ate) a) B E Sich ARS barks Slightly metallic.| No............ Doubtful: 22225. fe) 
eho Sie, Adel EN ol eae ee ene Metallics ..'. 5... Aerie Mei Raustoks Metallics. 3. a5- Very metallic 
Oe pert haces Metallic 8 Be rae Mle tailligs 4 5 arava walNiOiss teoperatat craicnay Strongly metallic} Slightly metallic 

DO yor taysc stk Gini SPE CREE Mietallicns ss 5. Slightiy metallic.} Metallic........ Metallic 
Tat Eee ee Metallic. ........ etalon. ¢ setts | RINObes crt ere arate sc Metallics. ea. Slightly metallic 
TO SOrARe Metallic... 25... Metalcore. ss Doubtful Sooke .-| Strongly metallic} Metallic 
TiC Te Metallicneo sc... Metallics: ..2... Slightly metallic.| Metallic........ Metallic 
TAG eae to Metallics): 2. <: Metallic........ Meals Rea kee Metallics. 35255. Slightly metallic 
TH) Sp ed eet Metallics... Metallics oie tess NINO crane teatenom ts Metallic........ Metallic 
Tie ¢ Ree Mietallicie, oo. Metallic? 3 4.3: enki cone? Metallic........ Metallic 
ARR, 0! bis Meétalliow jc. 2 2 Metallic an... Slightly metallic.! Slightly metallic.] Slightly metallic 
MB avarice sels). Doubthaltes...- Metallich sao... - ee cee aes Metallier iy. 25. Metallic 
OPN r ets uchthyemetaliies: Metallicw: 552. -| INOe a. scseeces Slightly metallic.} Slightly metallic 
BOM eve. Metallies 605) WMetallichss eo. Metallic Stor tate Metallice. os n2% Metallic 
@heck 3). Gig ties oles as ING, Sty enh ae Onecare FOTN cuete Oot No 
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TABLE 15. PRODUCTION OF METALLIC FLAVOR BY INOCULATION 

Judged by 

Sample 

Hepburn Ayres Pickerili Luce Guthrie 

Trey, Shoes Ni ctalic Bathe cro Metallic........ pusatly metallic.} Slightly metallic.}| Slightly metallic 
De Site MON Ofer savers Beeiens tere No red sien 1s | ING ewtw snaps este oocars Now Ss tiato feee Doubtful 
Sie ee Metalixe Beate ea Metallic........ No. high acid.. Strongly metallic} Metallic 
Ape eens Mietallics tsi. 301s Strongly metallic] Strongly metallic Strongly metallic] Strongly metallic 
Sialoeeeer eb Metallics. oee Doubtiuls.c.s5: Metallic, high 

: acidimars. sone Slightly metallic.] Slightly metallic, 
overripe 

Oreacie eae NON Ca. cl aneiaretatets Slightly metallic.| Slightly metallic.| Metallic........ Slightly metatlic 
Press ANA Strongly metallic] Doubtful....... Slightly metallic.} Slightly metallic.| No, overripe 
Saran Mietalliczan. onc ING teense atenneine Shen metallic.| Slightly metallic.} Doubtful 
Oye Anne thei Metallics ste 22)... No, high acid. Metallic... cc Slightly meta!tlic.| Slightly metallic 

[ROAR Sais ey 8 Slightly metallic:| Nos. 3.2.2.0)... Slightly metallic.| Metallic........ Metallic 
BiDecy oto haar Strongly metallic|) Now tue «sce INO eI ee aie Metallicae sca 4: Metallic 
ie FO Be AY NOR hots enes NOG Sette eer Mietallicher.scet Slightly metallic.] Slightly metallic 
ie Seo LU Strongly metallic| Slightly metallic, 

highvacwiee Metallic: 522... Slightly metallic.| Slightly metallic 
TAP Saco INOW an ehceece Figh acide cialis NOmerie serra Doubtiull.-5... No, overripe 
5 ENE Stes aee INO cc treet eee INOsne ee eee re ae hoe CRO oTA INO bee ee No, overripe 

Me hotels INO Roce Sik hae Mors INO x the mieten rile Moe kota LLNO wks ce eco all ANG) |OMeLLIDeS 
Ghevie Bahys Metallic. . o> Metallics= =a =e Motaliie een ae Strongly metallic Metallic 
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SOME CULTURAL CHARACTERISTICS OF TWENTY MICROORGANISMS 
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TABLE 18. 

METALLIC FLavor IN Dairy Propucts 
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PERCENTAGE OF SAMPLES SHOWING GROWTH IN TABLES 17 AND 18 
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