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Organisms (147) were isolated from a variety of commercial

cheeses. They were selected on three media; KF streptococcal

medium, MRS plus 9% sodium chloride, and Lactobacillus selection

medium. Their ability to decarboxylate the three amino acids,

tyrosine, histidine, and tryptophan, was measured using a Gilson

Differential Respirometer. Experiments were run at 30°C, using

0.1 ml of a 0.2 M substrate, and 1.0 ml of cells, which had been

washed and resuspended in sodium acetate buffer pH 5.5. Experiments

lasted one hour and were terminated by the addition of 0.2 ml of 6 N

HC1. The most active tyrosine decarboxylating organism was a

Streptococcus faecium isolate from Blue cheese; it produced 19.55

nMoles CO
2
per min per mg of cells, or 160.9 mg of tyramine formed

per hr per gm of cells. The most active histidine decarboxylating

organism was a Lactobacillus salivarius isolate from Swiss cheese;

it produced 2.11 nMoles CO
2

per min per mg of cells, or 14.1 mg of

histamine formed per hr per gm of cells. The most active tryptophan



decarboxylating organism was a Lactobacillus casei isolate from

Cheddar cheese; it produced 8.24 nMoles CO2 per min per mg of cells,

or 79.2 mg of tryptamine formed per hr per gm of cells.

As a more rapid and accurate technique, decarboxylation of

14
COOH amino acids was carried out using identical conditions to

those used for the Gilson Respirometer. Commercial cheeses (20)

were tested, in the form of cheese slurries (25 gm of cheese + 75

ml pH 5.5 sodium acetate buffer), using all three substrates. From

a comparison with experiments using additional cold substrate,

speculations about amino acid pool sizes in the cheeses were made.

Since pyridoxal -5'- phosphate increased the level of decarboxy-

lation, in one instance by 26-fold for histidine, the levels of

total Vitamin B6 were assayed in the eighteen commercial cheeses,

using Saccharomyces uvarum as the assay organism. Highest levels

were found in the surface-ripened cheeses, such as an imported

Camembert, which contained 215 ug per 100 gm of cheese.

A new variety of Swiss cheese (Slim) produced, during one hour,

0.088 pg of CO
2
per gm of cheese from 0.000576 mg of

14
C00H trypto-

phan. The same experiment run for 77 hr showed production of 0.47

ug of CO2 per gm of cheese by 25 hr., a consumption of 54% of

the substrate.

The activity of 5 strains of propionibacteria used

commercially, together with 3 strains isolated from imported

Swiss cheeses, was measured using both the Gilson and Radiometric



techniques. All experiments were performed with and without the

addition of excess pyridoxa1-5'-phosphate. Highest levels of

CO
2

from tyrosine were produced by a commercially-used strain

(US); it produced 28.8 nMoles CO2 per min per mg of cells. Highest

levels of CO
2

from histidine were produced by a strain isolated

from Emmentaler Swiss which produced 10.2 nMoles per min per mg of

cells. A Propionibacterium isolated from an Austrian Swiss cheese

produced 2.3 nMoles per min per mg of cells from a tryptophan sub-

strate. The radiometric technique proved more accurate, particular-

ly with lower levels of carbon dioxide evolution.

With the introduction of an active commercial Propioni-

bacterium culture into Jarlsberg and Swiss cheese slurries, the

level of CO
2 production was altered, except in the case of

histidine in Jarlsberg cheese. There was a suppression of tyro-

sine decarboxylation levels in Jarlsberg, but an elevation in

Swiss cheese.

The development of a gas chromatographic technique for

estimating levels of tyramine, histamine and tryptamine in cheese

was studied. Major difficulties were encountered with the loss

of histamine in extraction, and the apparent development of

two different derivatives of tyramine.
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FACTORS INFLUENCING THE PRODUCTION OF TYRAMINE,
HISTAMINE AND TRYPTAMINE IN CHEESE

INTRODUCTION

Amines are organic compounds derived from ammonia with one or

more of the hydrogen atoms replaced by an alkyl radical. They are

well known for objectionable odors and difficulties associated with

their isolation and identification (Staruszkiewicz, Jr., 1977;

Taylor et al., 1978). One class of amines is becoming especially

well known owing to a number of its members being carcinogenic;

these are the nitrosamines. Nonvolatile amines also are receiving

considerable research attention (Rice et al., 1976) because they

are known to be toxic to man and animals when consumed in relatively

low amounts (milligram quantities). Trace amounts of these

compounds occur in many foods and are of little consequence to

normal individuals when these foods are eaten (Lovenburg, 1973).

However, fermented or slightly spoiled foods may cause intoxication

since the amines can, under these circumstances, reach milligram

levels. Such amines are called biogenic amines, and in this study

three were of particular interest, i.e., histamine, tyramine and

tryptamine, because they are known to occur in cheese and other

foods (Maga, 1978), sometimes at levels which may be toxic. In

1967 Gouda cheese, found to contain 85 mg of histamine per 100 gm

of cheese, was implicated (Douglas et al., 1967), and workers

at the Netherlands Institute for Dairy Research discovered that
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salt tolerant lactobacilli contaminating the rennet used in cheese-

making likely were responsible (Stadhouders and Veringa, 1967).

Two outbreaks occurred in the United States in 1976, as a result

of Swiss cheese consumption, in the states of Washington and

California. In this case the cheese contained an excess of 100 mg

of histamine per 100 gm cheese; samples of Cheddar, Colby, Provalone,

Gouda, Mozzarella, Camembert and Roquefort cheese collected in the

Washington D. C. area and analyzed following that outbreak were

found to contain an average of only 4 mg of histamine per 100 gm.

Subsequently, in late 1978, the FDA announced (Anonymous, 1978)

that a nationwide retail survey of domestic and imported Swiss,

Gruyere and Emmentaler cheeses, for histamine, was underway. It

has been pointed out that certain of the diamines, such as

putrescine, cadaverine and spermine, enhance the toxic level of

histamine, by facilitating passage of the monoamine through the

intestinal barrier (Parrot and Nicot, 1965). Hence the level of

diamines in cheese is also being studied by FDA scientists

(Staruszkiewicz, personal communication).

Amines, when they occur, are produced in cheese from naturally

present amino acids by certain bacterial enzymes. These amino acids

are liberated in the cheese during curing, by natural milk enzymes,

by rennet and/or rennet substitutes, and by bacteria. Once

liberated they may be converted to toxic amines if certain bacteria

or bacterial enzymes are present, and if the right conditions are



inherent in the cheese for their production. Variable factors

which have to be taken into account are; availability of sub-

strate; presence of suitable co-factor; the existence of a proper

environment in the cheese as influenced by pH, temperature, and

salt and water availability; the existence of potentiating com-

pounds such as diamines; and amine catabolism (Ienistea, 1971 and

1973). Under normal circumstances amine levels in cheese apparently

do not reach toxic concentrations. But outbreaks have emphasized

that more is needed to be known about factors influencing levels of

amines in cheese. Also, rapid accurate means of detecting the

amines in cheese are necessary, as a means of following their

development under varying conditions.

This study involved isolation of some of the possible causa-

tive organisms from cheeses, and together with some commercial

starter cultures, assessing their activities in decarboxylating the

three amino acids, tyrosine, histidine and tryptophan. Optimum

conditions were adherred to, and the influence of added excess

cofactor was particularly noticed. It is good to know the

potential of each organism, but in the natural environment of

the cheese there are a number of influential factors, which are

sometimes difficult to simulate in a laboratory experiment. One

of these is the proportions of different organisms that may be

present, both starter organisms and contaminants, from post-

pasteurization handling processes. The assessment of the activity
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of cheese slurries is one means of looking at the potential of a

cheese to produce toxic amines, and this was one of the undertakings

of this study. Then to see if the potential of an organism in-

creases in the "natural" environment, a commercial strain of

Propionibacterium was studied.

Two methods of detecting CO2 evolution were assessed; the

Gilson Respirometer method and a radiometric technique. Difficul-

ties have been experienced previously in the use of gas chromato-

graphy as a means of amine detection (Sen, 1969) and the problems

can become multiplied when amines of quite different structures

are to be analyzed simultaneously. Combinations of extraction and

derivatisation methods were evaluated.
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REVIEW OF LITERATURE

Tyramine was first extracted from cheese by Van Slyke and

Hart (1903), and two other workers, Dale and Dixon (1909) looked

at its biogenic properties. Given orally the amine was found to

cause hypertension in both man and animals. In 1911, Findlay re-

ported that an intramuscular injection of 20-80 mg of tyramine

caused a rise in blood pressure within 10 min. Also as early as

1910 Yoshimura had isolated and described histamine from a drink

called "Tamari shoyu" made from soya beans.

Metchnikoff (1903) gave the name "ptomaines" to substances

thought to be absorbed across the intestinal wall from the gut,

and thought to cause such symptoms as headaches and rise in blood

pressure. Dixon (1913) and Saundy (1913) stated that cheese, yeast

and herrings were possible foods containing these toxic substances.

Somerville (1913) considered that amines in the gut, from food-

stuffs, would normally be oxidized and therefore be nontoxic, but

if oxidation were inhibited, then build up could occur.

Hare (1928) first described "tyramine oxidase", but the

deaminating oxidase was later renamed monoamine oxidase. The

presence of this enzyme in the gut and liver of man and animals was

thought by Blaschko (1952) to be present in order to detoxify any

amines that might have developed in foods.
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Monoamine oxidase inhibitors (MAOI) were originally used for

the treatment of tuberculosis patients. Quite a number of these

patients experienced hypertension during treatment (Ogilvie, 1955).

When these drugs were later used in the treatment of endogenous

depression, hypertension effects were again noticed, with the use of

nialamide and also with tranylcypromine. By 1963 forty such cases

had been reported (Songco, 1961; McClure, 1962; Dorrell, 1963). The

fact that patients, while still continuing on treatment, recovered

from the symptoms, lead to the realization that intermittent

symptoms were associated with the intake of certain foods.

Davies (1959) associated alcohol with these symptoms whilst Lurie

and Selzer (1961) did not specify a particular foodstuff, but

associated the intake of large meals with the symptoms in two

patients. Blackwell (1963) gave the first report of cheese caus-

ing these effects.

During this time it was thought that a lot of cases were over-

looked, which on occasions had lead to haemorrhaging in the brain,

and even death; milder complaints were headaches and anxiety. By

1964 Sadusk claimed that the FDA had been informed of 38 cases of

intracerebral bleeding and 21 deaths. Most severe cases were

seen with the use of tranylcypromine, which also accounted for

82% of the cases (Marks, 1965). Gradually the syndrome became

recognized and warnings about certain types of dietary measures,



when monoamine oxidase inhibitors were prescribed, were followed

fairly closely.

A variety of foods were identified as capable of precipitat-

.ing hypertensive crises while on MAOI. The major one was cheese

(Blackwell, 1963) causing 80% of the cases, and later tyramine was

identified as the amine of concern (Asatoor et al., 1963), levels

of up to 2 mg per gm of cheese being observed. Clinical observations

in man .and animals confirmed the association (Blackwell and Marley,

1964; Natoff, 1964; Horowitz et al., 1964; Blackwell and Marley,

1966).

Other foods implicated were: yeast extracts, found to contain

tyramine and histamine (Blackwell, Marley and Mabbit, 1965) the

former being considered as a cause of hypertension while the

latter might cause headaches.

"Dopa" (dihydoxyphenylalanine) in the skins of broad beans

was thought to be converted by decarboxylation to dopamine which

was shown to partly be the cause of hypertension in rats (Blackwell

and Marley, 1966).. Tyramine was found in alcoholic beverages

(Horowitz et al., 1964) and thought in some cases, particularly

wines, to be sufficient to cause hypertension.

Pickled herring was another food thought to be a pre-

cipitant (Nuessle, Norman and Miller, 1965); on analysis, it was

found to contain 3 mg tyramine per gram.
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Vanillin in chocolate was thought to be a problem (Krikler

and Lewis, 1965); however, later (Anonymous, 1974) it was realized

that a 2 oz. bar of chocolate might contain at least 3 mg of

phenylethylamine and that this could easily be the precipitant,

since it releases norepinephrine from tissue stores as does tyra-

mine (Franzen, 1969).

Bethune et al. (1964) thought that the high levels of amino

acids in milk and cream might be converted to the critical amines,

by decarboxylating bacteria in the gut, but accumulation was

thought to be a problem only should the individual possess low

levels of intestinal monoamine oxidase.

Histamine was found in fillets of anchovies and herrings

(Peeters, 1963) and in dried fish (Van Veen and Latuasan, 1950).

Tryptamine has been reported in tomatoes (West, 1959), in

other fruits and vegetables (Lovenburg, 1973) and also in cheese

(Silverman and Kosikowski, 1956, and Voigt et al., 1974).

Lovenburg (1973) reported on the amine levels in fruits,

vegetables, cheeses, meats, fish, alcohols, sauerkraut and soy

sauce. From the results, he concluded that the foods with levels

that could be a danger were: cheeses, some sausages, yeast

extract, salted dried fish, pickled herring and various meat

samples.
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Tyramine and histamine were found in sauerkraut (Mayer, 1972,

1973) and their presence was related to the appearance of the

organism Pediococcus cerevisiae.

Emerging as the two biogenic amines of most concern were

tyramine and histamine. Histamine is now known to be one of the

main compounds responsible for causing scombroid poisoning from

fish (Ienistea, 1973) and has on several occasions been a problem

in canned tuna fish, (CDC, 1973) levels of up to 500 mg per 100 gm

being reported. It has been noticed to be present most frequently

in aged and fermented foods, and although it is most frequently

found in fish, it has also been reported on a number of occasions

in cheeses. It has been found in Romadour, Olomouo (Olmutzer),

Gruyere and Brynza (Dolezalek, 1956) as well as Trappist, Tilsit

and Roquefort (Swiatek and Kisza, 1959; Uuspaa and Torsti, 1951).

More recently an interesting case of intoxication occurred from the

consumption of a 2 year old Gouda cheese, estimated to contain

85 mg per 100 gm cheese (Douglas, 1967). In 1976 two outbreaks, one

in Seattle, Washington, and the other in California, were thought

to be caused by high levels of histamine that had developed in

Swiss cheese. Amounts were quoted as being in excess of 100 mg

histamine per 100 gm cheese.

An excellent study of the tyramine, histamine and tryptamine

contents of 156 cheese samples was undertaken by Voigt et al.

(1974). They found tyramine to be present in all the cheeses except



10

for cottage cheese. Highest amounts were found in Cheddar and Swiss

varieties; one sample of medium sharp Cheddar contained 0.7 mg per

gm, while a Swiss sample was shown to contain 1.8 mg per gm.

Histamine concentrations varied from nondetectable levels to 2.3

mg per gm in a domestic Blue cheese, and 2.6 mg per gm in a Sap

Sago sample. Tryptamine was in very low amounts or was completely

absent: the highest amount observed was in a Blue cheese which con-

tained 1.1 mg per gm cheese.

At the time when monoamine oxidase inhibitor drugs were being

used extensively, any of the above amine-containing foods would have

been a possible danger, however since the use of these drugs has

now been phased out considerably, main concerns are with foods that

tend to develop high amounts of the amines, and studies are con-

cerned with the organisms and conditions under which these high

levels might develop. This is of course the area where control can

be enforced. However toxic levels will be variable with different

individuals (Blackwell et al., 1967). Some subjects will be more

susceptible to the ingestion of histamine (allergy, asthma, or

peptic ulcers), whereas with all amines, the efficiency of cata-

bolic processes will greatly influence the level absorbed through

the gut wall. Histamine can be catabolized by several routes, but

is generally oxidatively deaminated by diamine oxidase (Schayer,

1956). This is also the main route for tyramine which is con-

verted by a monoamine oxidase to the non-toxic p-hydroxypheny-
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lacetic acid (Sen, 1969; Rice et al., 1976); and for tryptamine,

which is converted to indoleacetaldehyde (Franzen et al., 1969).

As well as oxidase being produced by the gut and liver of man and

animals, some organisms also produce monoamine oxidases. However

the levels are not considered high enough to be able to reduce the

amount of amine in the gut very considerably (Voigt, 1978). Not

only are different levels of the three amines needed to cause ill-

ness, as will be seen later on, but the clinical effects caused by

overdoses are different. One group is termed psychoactive, since

they act on neural transmitters in the brain, while the second

group is termed vasoactive since their effect is indirectly or

directly on the vascular system (Lovenburg, 1973). The vasoactive

group can be further subdivided into 1) Pressor amines and 2) De-

pressor amines. The pressor amines are vasoconstrictors and cause

a rise in blood pressure, whilst the depressor amines are capillary

dilators and cause a fall in blood pressure. Examples of pressor

amines are: tyramine, phenylethylamine, tryptamine, dopamine and

norepinephrine; whilst histamine is the major depressor amine.

Symptoms that occur as a result of these two types of effects

are different:

1) Pressor amines cause: hypertension
severe headache
fever



12

2) Depressor amines cause: hypotension
stomach pain
flushing
pulse quickening
severe headache
nausea
vomiting
thirst
urticaria (CDC, 1973)

Levels of tyramine and histamine that have been recorded in the

literature as levels that could be problematical are as follows:

Tyramine 20-80 mg (Asatoor, 1963; Findlay,

1911)

BUT 6 mg if on MAOI (Rice et al., 1976)

(Horowitz, et al., 1964)

25 mg (Blackwell and Mabbitt,

1965)

Histamine 204-464 g/100 gm (Ferencik et al., 1961)

70-1000 mg (Henry, 1960)

500 mg (Anonymous, 1967)

From 5 mg in "susceptible" subjects, to

over 100 mg/100 gm in normal subjects (Ienistea,

1973)

Tryptamine, although it is known to carry out the same pharmaco-

logical reactions as tyramine has never been reported as the cause

of intoxication from foods (Rice et al., 1976).

A large number and variety of organisms have been examined

for their ability to produce decarboxylase enzymes. Some workers
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have concentrated on the type of organisms that might originate in

food, and others have looked at intestinal organisms that could be

a problem. Eggerth (1939) took strains of bacteria of intestinal

origin and found 40 of them capable of decarboxylating histidine.

Escherichia coli was found by two workers to possess tyrosine

decarboxylase activity (Hanke and Koessler, 1924; Gale, 1940).

Gale (1940, 1946) gave a great deal of attention to the

streptococci. It was known that the Group D streptococci produced

tyrosine decarboxylase, and on looking at 7 strains of S. faecalis

he found 6 of them to be active in this respect. Later he assayed

800 streptococci and found 500 capable of synthesizing tyrosine de-

carboxylase; interestingly one strain was a Streptococcus lactis.

Previously Koessler et al. (1928) had found 5 streptococci with

activity, one of which had also been an S. lactis strain isolated

from milk.

The possibility of lactobacilli strains producing these enzymes

was examined by Lagerborg and Clapper (1952) when they tested 33

strains, of which one was capable of decarboxylating histidine,

and 2 of decarboxylating tyrosine. Of the latter two strains, one

was found to be related to Lactobacillus casei, and one to Lacto-

bacillus arabinosus.

Rodwell (1953) tested 34 strains of lactobacillus for decarbo-

xylase activity. Four were found to have histidine decarboxylase

activity and only one showed a very slight tyrosine decarboxylase
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activity. A wide variety of strains were studied by Mossel (1968).

The following organisms were found to produce tyrosine decarbo-

xylase: Betabacterium spp., Clostridium perfringens, Enterobacter

aerogenes, Escherichia coli, Proteus morganii, Proteus reptilivora,

Ristella, Salmonella and Shigella spp. He stated that all these

strains, apart from Ristella might be commonly found in foods and

were therefore potential hazards.

Three workers looking for histidine decarboxylating activity

found positive results in strains of Escherichia, Salmonella,

Clostridium, Bacillus and Lactobacillus (Ienistea, 1971; Koessler,

1928; Ough, 1971). Since it appeared that most frequently high

amine levels were reached in either aged, fermented or spoiled

foods, organisms found in these environments seemed to be most

critical. Dierick et al. (1974) looked at the decarboxylation of

tyrosine to tyramine in sausages. Organisms that were thought

might be of importance were the pediococci, lactobacilli, strepto-

cocci and micrococci (Diebel et al., 1961). Although when Rice and

Koehler (1976) examined starter cultures of Pediococcus and Lacto-

bacillus they found no activity of either, for tyrosine or histidine

decarboxylase.

Yeast extract, which is. produced by plasmolysis and autolysis

of the yeast ce]ls (Blackwell et al., 1969), was known to cause

hypertensive crises, and the levels of tyramine and histamine
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detected in the extract were thought to be the product of either

the yeast enzymes, or from the enzymes of contaminating bacteria.

Mayer et al. (1974) associated the production of histamine in

sauerkraut with the organism Pediococcus cereviseae.

Incriminating bacteria found in fish, and reported to be

histamine producers, were strains of Proteus morganii, Achromo-

bacter histaminium, and Escherichia freundii (Ienistea, 1971).

Also reported as having been isolated out of tuna fish were Hafnia

strains, Proteus morganii and hemolytic Escherichia coli

(Ferencik, 1970). Another study made by Havelka (1969) showed

that 71% of all Enterobacteriaceae isolated from imported marine

fish were capable of producing histamine.

Work on enzyme activity in dairy organisms has not been quite

so extensive. Blackwell and Mabbit (1965) stated that in the pro-

duction of Cheddar cheese, the only bacteria known to have tyrosine

decarboxylase activity were coliforms and members of Streptococcus

Group D (S. faecalis, S. faecium, S. durans). Coliforms were con-

cluded not to be of great importance since they would generally be

killed either in the pasteurization or by the acid produced from

starter bacteria; however if raw milk cheese was made with poor

quality milk and using poor handling conditions, then there was

possibility of a problem (Blackwell and Mabbit, 1965). Group D

streptococci were more resistant to manufacturing conditions and
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were thought to be capable of competing with the starter strains,

and subsequently producing tyramine in the cheese.

Following the incident of intoxication from Gouda cheese

in the Netherlands, studies by Stadhouders and Veringa (1967)

revealed that excessive amine production in this cheese was due

to the presence of unusual lactobacilli resembling L. casei and

L. plantarum, except that they could grow in media containing 9%

salt; they were not dependent on carbohydrate but could grow on

casein amino acids. The lactobacilli were not thermoduric, were

present in the factory environment, and were found in crude rennet.

Following a developing idea that lactobacilli exhibited

strong decarboxylating action on histidine (Guirard and Snell, 1954;

Rodwell, 1953) Schormuller and Hutch (1957) looked for this activity

in cheese undergoing lactic fermentation, during ripening, and found

none. Umezu (1970) reported tyrosine decarboxylase activity in a

strain of Leuconostoc mesenteroides var Sake. This organism does

not produce the necessary aroma compounds and therefore is not used

by the dairy industry.

The number of dairy type lactobacilli reported to produce

histidine decarboxylase has been very small. However, Horokova

et al. (1971) discovered a Lactobacillus acidophilus related

strain that possessed this enzyme, and is the only one of its

type to be found. Extensive studies of dairy related organisms were
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made by Voigt and Eitenmiller (1977, 1978). On the first occasion

20 streptococci were tested; one S. lactis and one S. faecalis var

liquefaciens were thought to be possible tyrosine decarboxylase

producers, while none of these strains produced any histidine

decarboxylase. Two strains of Leuconostoc cremoris and Micro-

coccus luteus produced tyrosine decarboxylase. Histidine

decarboxylase was only produced by strains of E. coli and Cl.

perfringens. None of the commercial starter strains that they

tested was able to produce the decarboxylase enzymes.

Other organisms of concern as possible amine producers in

cheese are firstly the psychrotrophs, which are known to reach high

numbers in farm and factory held bulk raw milk (Cousin, 1977) and

whose enzymes may be able to survive pasteurization. Secondly, the

fact that Clostridium perfringens has been reported as an amine

producer raises the question about other Clostridia species which

might occur in cheeses. Silage associated Clostridia such as

Clostridium tyrobutyricum occur in milk and cheese (Halligan, 1976),

and so this is a possibility that has to be considered.

Consideration also had to be given to the fact that amine

levels may also depend on the presence of organisms that can break

these compounds down into non-toxic forms, resulting possibly in

the establishment of an equilibrium between amine production and

destruction (Ienistea, 1971). Organisms possessing such monoamine

or diamine oxidases have been described. Some Gram negative
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species that act on histamine have been recorded, in particular

Pseudomonas aeruginosa (Werle, 1940; Knut, 1950), E. coli and Clos-

tridium fesseri (Ahlmark, 1944). Various bacteria such as Serratia

marcescens, Proteus vulgaris and Sarcinia flava have been shown to

destroy the histamine formed by Ach. histaminium or Proteus morganii

(Katae and Kawaguchi, 1957). However the activity was not demonstra-

ble in Salmonella strains tested by Knut (1950). Thirty two dairy

related organisms were looked at in this respect by Voigt and

Eitenmiller (1978). Five strains showed monoamine oxidase activity

while only four showed diamine oxidase activity. Levels of activity

were low, and quite frequently the same organisms produced highly

active decarboxylases; it was therefore concluded that the presence

of these oxidases had little effect on the levels of amine in a

cheese. However it was suggested that a precautionary measure would

be to use dairy starters with oxidase capability.

Methods originally used for the detection of decarboxylase

activity employed the Warburg manometric technique (Gale, 1940;

Rodwell, 1953; Lagerborg and Clapper, 1952).

Kobayashi (1963) emphasized that measurement of carbon

dioxide formed by a decarboxylase must be the most accurate means

of measuring activity, since measurement of amine produced is

always subject to the possibility of amine destruction, either

chemically or by the presence of amine oxidase. He was looking for

histidine decarboxylase activity, and he refined a technique
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previously suggested by Schayer (1956) which used a radioactively

labelled substrate. Experiments were still carried out in the

Warburg apparatus; a uniformly labelled histidine substrate was

used, and the CO
2
was collected on a hyamine hydroxide soaked

filter paper. Counting efficiency was in the order of 50%. It

was claimed that the radioactive method was much more sensitive,

particularly for picking up low levels of activity, such as might

be encountered in tissues like rat lung, skin or intestines

(Kobayashi, 1963).

Levine and Watts (1966) were also estimating histidine

decarboxylase activity, and were again isolating it from tissues.

They claimed that previous methods using non-radioactive sub-

strates were too insensitive, unless highly purified and active

preparations of the enzyme were used. Their method included use

of
14
C-histidine labelled in the carboxyl carbon, and hyamine

hydroxide as a trapping agent. Screw cap polythene vials (25 ml)

were used, with a small roll of filter paper, soaked with absorbant,

suspended from the cap on a straightened wire paper clip. The

method was claimed to be simple and efficient.

Voigt and Eitenmiller (1977, 1978) were measuring the

activities of dairy organisms, and they used both an isotopic

assay, adapted from the method of Levine and Watts (1966), and a

manometric method. The latter method made use of a Gilson

Respirometer. Their reason for using two methods was because
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previous researchers had criticized the radiometric technique as a

method of detecting low levels of activity (Hakanson, 1966;

Maudsley et al., 1967). The main reason for this being that it

picked up non-specific levels of CO2, from spontaneous decarboxyla-

tion.

Methods for detection of amines in milk and cheese have been

much more varied. Asatoor (1963) used thin layer and reversed

phase chromatography. The former method involved extraction into

chloroform, and the solvent phase, comprising butanol/acetic acid/

water in proportions of 12:3:5. For reversed phase chromatography,

dinitrophenyl amines were prepared using monochlorobenzene as the

extracting fluid. In some cases the results were amplified and

confirmed by thin-layer chromatography.

Fluorometric analysis was the method of choice for other

workers (deKoning, 1969; Sen, 1969). Since histidine can interfere

with the results by this method, the former workers removed it first

by high voltage electrophoresis on thin layers of silica gel; this

step can also be accomplished with a strongly basic anion exchange

resin. The amines are then condensed with 0-phthalaldehyde to

yield a fluorophor. Both tyramine and histamine were detected by

this method. The fluorometric technique used by Sen was only for

the purpose of detecting tyramine. An extract was made with ethyl

acetate from an alkaline homogenate of food, transferred to an

acid phase by extracting the ethyl acetate layer with 0.2N HC1,

and measured fluorometrically, after conversion to a'fluorophor by
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reacting with a nitroso-S-napthol. Satisfactory results were

claimed to be attained when an Aminco Bowman Spectrophotofluoro-

meter, having separate scanning monochromator gratings for activa-

tion and fluorescent wave lengths, was being used. Thin layer

chromatography coupled with fluorometric analysis was performed by

Voigt et al. (1974). They were used for detecting the tyramine,

histamine and tryptamine contents of cheeses. Amines were ex-

tracted by the methods of Lovenburg and Engelman (1971) and of

Blackwell and Mabbit (1965); no differences were noticed between

the two. The solvent system used for thin layer chromatography

consisted of C H 3 Cl:CH3
OH:NH

4
OH (12:7:1) and was chosen because of

its ability to separate the three amines clearly. The amine spots

were developed with 0.2% NBC-C1 (7-chloro-4 nitribenzofurazan)-

methanol solution.

There are many reports in the literature of methods of

determination of biogenic amines by gas liquid chromatography

(Cancalon et al., 1972; Brooks and Horning, 1964; Karoum et al.,

1972; Irvine et al., 1969; Kaplan et al., 1974). Different

methods of derivatisation have been used; trifluoroacetyl (TPA),

trimethylsilyl (TMS), dinitrophenyl (DNP), and perfluoropropionyl;

each type has a limited value in the assay of a mixture of biological

amines. Similarly the use of different supports and liquid phases

has been reported (Irvine and Saxby, 1969; Golovnya et al., 1969).

There are no specific examples of a method for the inclusion of
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tyramine, histamine and tryptamine. Sen (1969) used a method for

the analysis of tyramine in foods; it was stated as being a more

sensitive and specific method than the fluorometric one used, and

permitted detection of 0.1 to 0.2 nanograms of tyramine. It was

pointed out that although Clarke et al. (1967) had previously

reported the technique as being extremely sensitive for tyramine,

the derivatives which were made with TFA were not stable for a long

time, and should be analyzed on the same day as preparation. The

derivatives were also easily hydrolyzed by water, or traces of acids

or bases, and so rigid anhydrous conditions had to be maintained.
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The MRS medium of deMan, Rogosa and Sharpe (1960) supplemented

with 9% NaCl was used for the isolation of salt tolerant organisms

from cheese. KF Streptococcal medium (Kenner et al., 1961; 1960)

was used for the isolation of streptococcal strains. These organisms

will reduce triphenyltetrazolium chloride to varying degrees, pro-

ducing either red or pink colonies. Strains of Streptococcus

mitis, Streptococcus salivarius, and Streptococcus faecalis and its

varieties will grow on this medium, as well as strains of Pediococcus,

Lactobacillus or Aerococcus (which will produce light pink colonies).

No growth of Streptococcus cremoris, Streptococcus lactis, Strepto-

coccus pyogenes or Streptococcus uberis will occur, and other lactic

acid bacteria are partially or completely inhibited.

LBS agar (Rogosa et al., 1951) was used for the isolation of

lactobacilli strains. Incubation of plates was at 30°C in an

atmosphere containing added CO2.

Sodium lactate agar (Malik et al., 1968) was used for the iso-

lation of propionibacteria. Initially, 10-fold dilutions were pre-

pared in agar deeps; however purification was quite frequently per-

formed from plates with an overlay containing 0.3% agar. Growth

of isolated single colonies was carried out in sodium lactate broth.
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Throughout the studies, MRS broth supplemented with 100 mg per

liter of each of the amino acids, tyrosine, histidine and tryptophan,

was used for growth of strains. Presence of the amino acids is de-

sirable since at least one of the decarboxylases is known to be

inducible (Rice et al., 1976).

Sorbistat (0.1%) was added to media used for the isolation of

organisms from Blue cheese; without this, overgrowth of fungal

colonies occurred.

Isolation Procedure

Using sterile procedures, one gram of the cheese was ground in

a mortar with 0.2 gm of sodium citrate. While grinding the cheese,

9.5 ml of sterile distilled water (previously warmed to 50°C) was

added. When a smooth paste was formed, 1-ml and 0.1-m1 amounts

were pipetted into sterile plates and pour plates of the selective

media were prepared. On occasion these dilutions were too low, so

further dilutions were made in 0.1% peptone water.

MRS, LBS and sodium lactate plates were all incubated in an

atmosphere with added CO
2'

while KF plates were incubated aer-

obically. All incubations were at 30°C. The period of incubation

varied, but was generally from 24-48 hr. Sodium lactate plates

needed up to 5 days. Two of each colony type were transferred, us-

ing a straight wire, to the appropriate culture medium (until cul-

tures were pure they were kept on or in the medium from which they
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had been isolated). Colonies were purified, colony appearance

and microscopic description being noted, and were then stored in MRS

(supplemented) agar stabs at 4°C.

Cheeses analyzed were a variety of locally-purchased commercial

samples. Both domestic and imported varieties were examined. In

cases where cheeses were of the surface-ripened type, portions of

this area were included in the sample to be tested.

Identification of Oraanisms Isolated from Cheeses

Organisms that proved to be most active in ,decarboxylating

the amino acid substrates were selected for identification (10).

They consisted of a mixture of cocci and rods. Four reference

organisms served as controls, Lactobacillus plantarum and Strepto-

coccus faecalis, Streptococcus lactis and Pediococcus cereviseae

(Oregon State University culture collection).

A large number of tests were done, based on recommendations

made by Sharpe et al. (1964) for identification of lactic acid

bacteria. The Minitek Differentiation System (BBL) was used.

Tests included fermentation of lactose, trehalose, sorbitol,

glycerol (anaerobic), mannitol, arabinose, melibiose, maltose,

galactose, sucrose, xylose, raffinose. Other tests performed

in this system were: indole and nitrate reductase tests, 0.4%

tellurite tolerance, starch hydrolysis, esculin hydrolysis and the
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AMC test (acetyl methyl carbinol production). Cells prepared for

the Minitek tests were grown in MRS broth for 24 hr and then

washed twice before resuspending in MRS identification broth (MRS

broth without glucose and meat extract).

For all the other tests recommended, media and methods of

performing the tests were taken from two sources: Cowan and Steel

(1965) and Jayne-Williams (1976).

Preparation of Cheese Slurries

Twenty five grams of cheese were-ground with 75 ml of sodium

acetate buffer at pH 5.5 in a Waring blender. Care was taken not

to overheat the sample, and quite frequently a smoother preparation

was obtained if the container and sample were cooled prior to blend-

ing. It was necessary to pipette slurries using a 10 ml pipette

with a wide tip.

Preparation of Cells for Use in Testing Decarboxylase Activity

Prior to experiments, organisms were removed from agar stabs

into MRS broth supplemented with amino acids, and subcultured in

this medium at least twice (0.1 ml to 10 ml). If there was any

doubt concerning the purity of the culture, it was streaked

on agar plates of the appropriate selective medium, and repurified.
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MRS supplemented broth (100 ml) was inoculated with 0.1 ml of

an actively growing culture. This was incubated at 30°C for 24 hr

(some slow growing cultures were incubated for 36-48 hrs). Cells

were washed three times in 0.1% peptone water. Suspensions were

centrifuged at 9000 rpm for 15 min. On the second occasion the

cells were resuspended in 15 ml distilled water and 5 ml was removed

to a pre-weighed beaker for a dry weight determination. Peptone

water was added to the remaining 10 ml and the washing was continued.

Cells were resuspended in 10 ml of sodium acetate buffer (pH 5.5)

on the final occasion. Preparations were kept refrigerated until

used.

Gilson Differential Respirometer Technique

Cells or cheese slurries were prepared as described above

for use with this technique.

Four flasks were set up for each experiment:

SUBSTRATE

FLASK 1) FLASK 3)

0.1 ml 0.2 M substrate 0.2 ml 6 N HC1

0.2 ml 6 N HC1

1.2 ml 0.2 M Na acetate buffer
pH 5.5 1.0 ml concentrated

organisms

NO SUBSTRATE

1.3 ml 0.2 M Na acetate
buffer pH 5.5

1.0 ml concentrated organisms



SUBSTRATE NO SUBSTRATE

FLASK 2) FLASK 4)
0.1 ml 0.2 M substrate 0.2 ml 6 N HC1

0.2 ml 6 N HC1

1.2 ml 0.2 M Na acetate
buffer pH 5.5

1.0 ml concentrated
organisms 1.0 ml 10% KOH

1.0 ml 10% KOH
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1.3 ml 0.2 M Na acetate
buffer pH 5.5

1.0 ml concentrated
organisms

On occasions when 0.1 ml pyridoxal -5- phosphate (3.7 x 10
-2

M

or 3.7 x 10
-5

M) was added, adjustments were made to the amount

of buffer, in order to maintain a total volume of 2.5 ml.

Experiments were run for 1 hr at 30°C. Flasks were equilibrated to

this temperature for 10 min before the system was closed to the

atmosphere. Substrate was tipped in from the side arm, and at the

end of 1 hr HC1 was tipped'in from the other side arm. The experi-

ment was continued until no more gas was given off. Readings were

taken every 10 mins during the course of the experiment. Final

amounts of CO
2
were expressed either as nanomoles or pl of

CO
2

per hr per mg cells or mg of cheese.

Radiometric Technique

The method was adapted from one used for measuring minerali-

zation in lake sediments (Harrison et al., 1971), and conditions
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were kept as close as possible to those used in the Gilson Respiro-

meter technique so that comparisons could be made.

14
COOH substrate was added to three of four 50-m1 capacity

serum bottles (Figure 1); 0.03 ml was used, containing approximately

0.15 ucurie. If unlabelled substrate was to be added, 0.1 ml of

a 0.2 M solution was then added. This was followed, in the case

of experiments using cells, by the addition of sodium acetate buffer

(pH 5.5) in an amount that would make the total volume up to 2.5

ml; then the 1 ml of concentrated cell suspension was added. For

slurries, the volume was made up to 2.5 ml following addition

of substrate. In every case the fourth serum bottle of the series

was a control, and contained 2.5 ml of distilled water plus 0.2 ml

of 6 N HC1. Each bottle was capped, immediately after addition of

either cells or slurry, with a serum cap pierced with a small rod

cup assembly (Kontes Glass Co., Vineland, N. J.; K-882320). The

cup, which was suspended above the liquids, contained an accordian

folded filter paper (Whatman no. I, 2.5 by 5 cm). Decarboxylation

proceeded for 1 hr at 30°C on a rotary shaker, and then 0.2 ml of

6 N HC1 was injected through the serum cap in order to kill the

organisms, and to release all dissolved
14

CO2. At the same time

0.15 ml of S-phenylethylamine was added to the filter paper through

the cap, Shaking was continued for a further 2 hr, after which

time the bottles were opened and the filter papers removed into

scintillation vials containing 10 ml of fluor (4 gm 2,5-diphenyl-
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Figure 1. Fifty ml serum bottle, cap and rod cup
assembly used for radiometric technique.
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oxazole: PPO + 0.1 gm 2.2'-n-phenylenobis(5-phenyloxazole):

POPOP).

Samples were analyzed on a Beckman 5000 LS Counter. Quenching

was corrected for using a
14
C programme containing the added para-

meter of a new method of external standardization. Data were

corrected for blank activity using results from the first serum

bottle of each series. The efficiency of the machine for counting

14
C was calculated, using the 14

C supplied by Beckman and

substracting background counts; it was found to be in the order

of 96%.

Amine Extraction

Tyramine, histamine and tryptamine were extracted from the

cheese samples by the method of Lovenburg and Engelman (1971), with

minor alterations.

The procedure consisted of blending 20 gm of cheese with 40 ml

of 0.1 N HCl in a Waring blender. The slurry was centrifuged at

12,000 x g for 15-20 min. The aqueous layer was removed from

below the fat layer and saturated with solid Na2CO3(pH 12 or above).

NaCl was then added until the solution was saturated and excess was

evident. The same volume of n-butanol (40 ml) was then added, and

the mixture was agitated on a Vortex mixer about four times over

a 30-min period. After centrifuging, as before, the butanol layer

was removed and used in quantitation.
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Derivatization of Amines for Gas- Liquid Chromatography

Method 1. (Nelson, personal communication)

Aliquots (1-2 ml) of the butanol extract were blown down under

a stream of N
2 gas (prepurified) while the sample was held at 30°C

(Pierce Sill-vap evaporator, Reacti-bar 21, and 3 ml Reacti-vials

were used for this purpose, and evaporation was on an electrically

heated aluminum block maintained at 30°C). When the sample was

completely dry (this sometimes took three hours, and was important if

interference from butanol derivatization was to be avoided) tri-

fluoroacetic acid anhydride was added (0.2 ml for a 1-ml aliquot and

0.4 ml for a 2-ml aliquot). The sample was left at 30°C for an

hour. It was again blown down under N2 gas and dry ethyl acetate

added (20 pl for a 1-ml aliquot and 40 pl for a 2-ml aliquot). A 1

pl sample was then injected on the GLC column.

Method 2. (Scanlan, personal communication)

This method was as 1, but had the following alterations: at

the same time as adding 0.2 ml TFA anhydride, 40 ml of dry ethyl

acetate was also added. Derivatization was carried out at 65°C in-

stead of 30°C, and the final suspension was made up in 20 pl of

ethyl acetate (for a 1-ml aliquot) together with 0.5 pl of TFA

anhydride.
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For methods 1 and 2 the ethyl acetate was dried over anhydrous

sodium sulfate, and then decanted to a flask containing anhydrous

calcium sulfate (drierite).

Method 3. (Pierce Handbook and General Catalog 1979-80)

Methods of Acylation. Method 1. Trifluoroacetic acid

anhydride was used as the acylating agent.

Method 4. (Scanlan, personal communication)

The method was as 3, but had the following alterations: in-

stead of 10 ill of the TFA anhydride, 100 ul was used for the deri-

vatization step. 1 ml of 10% aqueous ammonia solution was used

instead of the 5% previously used, following derivatization. The

mixture was also shaken for a longer period of time (10-15 min) be-

fore centrifugation.

Preparation of Standards in Cheese, for GLC Analysis

1) For Derivatization Methods 1 and 2

Cheese (20 gm) was blended with 40 ml of 0.1 N HC1. Quantities

of homogenate (5 ml) were distributed into each of 6 tubes. One

sample was used as a control and increasing amounts of the amines

were added to the other 5 tubes. Amounts selected portrayed the

range expected to be found in cheeses. Solution A consisted of 3

ml of distilled water to which was added 12.35 mg of free tyramine,

and 15 mg of histamine dihydrochloride; solution B consisted of 3



ml of distilled water to which was added 7.5 mg of tryptamine

hydrochloride.

These were then added to the slurries in the following amounts,

making up the total to 2 ml distilled water:

Amount of dist. H2O added

TUBE 1) Control

2) .01 ml A + .01 ml B

3) .05 ml A + .05 ml B

4) .25 ml A + .1 ml B

5) .5 ml A + .5 ml B

6) 1.0 ml A + 1.0 ml B

2 ml

1.98 ml

1.9 ml

1.65 ml

1.0 ml

0
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Tubes were agitated on a Vortex mixer to dissolve the amines.

Amines were then extracted by the method previously described as

adapted from the technique of Lovenburg and Engelman (1971).

Amounts per standard as prepared by this method were as

follows:

mg/gm of cheese

Tyramine Histamine Tryptamine

Control 0 0 0

Standard 1) 0.012 0.012 0.008

Standard 2) 0.079 0.06 0.049



Standard 3)

Standard 4)

Standard 5)

0.4

0.79

1.5

0.3

0.6

1.14
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0.08

0.41

0.81

Standard curves were drawn up. This range of standards was pre-

pared for initial samples tested, but owing to the linear response,

only standard 3 was prepared in the majority.

2) For Derivatisation Methods 3 and 4

Preparation of standards was essentially the same as for 1) but

owing to the fact that the sample was resuspended in a final volume

of 600 ul, as opposed to 20 p1, the amounts added were increased by

thirtyfol...', i.e., solution A con=iste.-1 0" 3 .71 o' water

to which was added: 0.371 gm of free tyramine and 0.45 gm of

histamine dihydrochloride; solution B consisted of 3 ml of distilled

water to which was added 0.225 gm of tryptamine hydrochloride. It

has to be remembered that the amounts added will be in addition to

those already in the cheese, and so the latter have to be subtracted.

Then, extraction efficiencies can be worked out, by a comparison

with standards prepared not in cheese.

Preparation of Standards Not in Cheese for GLC Analysis

The appropriate amounts equivalent to standards in cheese were

weighed out into Silli-vials and derivatized by the appropriate

method.
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Use of an Internal Standard for GLC Analysis

This method has advantages. It means that unknowns and a

standard can be run in the same injection. If the sensitivity of

the detector drifts, or if in two operations different amounts are

injected, the peak areas relative to the standard always remain

constant.

Initially arachidonic acid ethyl ester was used as the internal

standard; but later this was altered to arachidic acid ethyl ester,

since it had a slightly shorter retention time and therefore was

less likely to interfere with the histamine peak.

Internal standards were made up in either dry ethyl acetate or

dry benzene, and were added to the sample just prior to injection

onto the GLC column. Five different concentrations were made; a

stock containing 500 mg per 25 ml was made up followed by 1:2, 1:4,

1:8, and 1:16 dilutions. These were used for 5 different attenua-

tions. The amount added varied for samples prepared by different

methods. However, in order not to dilute the sample further it

was found advisable to suspend it in 50% ethyl acetate plus 50%

standard in ethyl acetate (or benzene).

Calculation of Amine Quantities from GLC Peaks

Peak areas were calculated, by multiplying the height by the

width at half peak height. Following this, calculation of relative

response factors and from these, the actual amounts, was made as
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in The Practice of Gas Chromatography, Hewlett Packard. 1974,

pp. 6.14. An example for Finnish Swiss cheese is given in the

Calculations Section.

GLC Parameters

INSTRUMENT Hewlett Packard Gas Chromatograph
Series 5701A

CARRIER GAS Helium (flow rate - 50 ml/min)

COLUMN TEMPERATURE 180°C

INJECTOR TEMPERATURE 200°C

DETECTOR TEMPERATURE 200°C

COLUMN TYPE Glass, 6 ft., coiled. Diameter-1/4"

PACKING MATERIAL OV-225, 3%, 100-120 mesh size.

Gas chrom Q. (non polar silicone

stationary phase consisting of 25%

cyanopropyl and 25% phenyl methyl)

DETECTOR TYPE Flame ionization

Total Pyridoxine, Pyridoxal, Pyridoxamine Assay

The method used was basically that in the AOAC Manual, using

the organism Saccharomyces uvarum (carlsbergensis).

Samples were run in duplicate whenever possible. Two hundred

ml of 0.055 N HC1 were added to one gram of the cheese sample. The

suspension was autoclaved for 5 hr, and then allowed to cool. The



37

pH was adjusted to 4.5, and the volume then adjusted to 250 ml.

This preparation was filtered through a Whatman No. 1 filter paper.

Dilutions were made of the final extract; this was generally in the

order of 1:250. Values recorded previously were used as a guideline

(Shahani et al., 1962). The final solution contained approximately

2 nanograms of Vitamin B
6
per ml. Transmittance of samples was read

and values were estimated, by reference to a standard curve prepared

using pyridoxine hydrochloride. Results were recorded in pg per

100 gm of cheese.

Calculation Examples

To Calculate nNoles CO /hr/mg of Cells.

1) From Gilson Differential Respirometer Results

Given: 1 ml of. organisms contains 8.8 mg of cells by
dry weight.

120 pl of CO2 were produced during a 1 hr
experiment.

Since 22.4 pl is the volume occupied by 44 pg of CO2,

then 120 pl is the volume occupied by (44 x 120) or 236 pg of
2

CO
2.

2.4

236 pg of CO2 will be produced /hr /8.8 mg of cells,

therefore 27 or (236) pg of CO
2
will be produced/hr/mg

8.8
of cells.



38

Since 1 Mole of CO
2

44 gm

1 nMole of CO
2

= .044 pg

So 27 pg of CO2 = ( 27 ) or 614 nMoles.
.044

There are therefore 614 nMoles of CO
2

produced/hr/mg of cells.

2) From Radiometric Results.

Given: 1 ml of organisms contains 8.8 mg of cells by
dry weight

Specific activity of histidine substrate =
325 pcurie/mg.

Average counts per minute (CPM) in experiment =
59103

CPM of 0.03 ml (theoretically 0.15 pcurie) hot
histidine = 262500

Since 1 pcurie = 2.2 x 10
6
di integrations per minute (dpm)

and dpm = CPM

counting efficiency of machine (=96%)

pcuries = 1 x CPM
2.2 x 106

= 0.000000474 x CPM

efficiency

Number of pcuries added in experiment = 0.000000474 x 262500

= 0.123

= 0.123
325

= 0.0038 mg

In the experiment, the pcuries produced = 59103 x 0.000000474

0.028

If there are 325 14
pcurie/mg of COOH histidine,
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then there are 3.5 or (155.2) (M. wt. of histidine) x 325 pcurie
44 (M. wt. of CO

2
)

Weight of CO2 formed in experiment.

= 1138 pcurie/mg of CO2

= 0.028
1138

= 0.00025 mg

0.025 ug of CO2 were produced/hr/8.8 mg of cells,

therefore 0.0028 ug of CO2 were produced/hr/mg of cells.

3.103 mg was the quantity of cold histidine substrate used in these

experiments, and therefore levels from hot histidine substrate were

adjusted to give total levels i.e.:

0.0038 mg of hot substrate produced 0.0028 ug of CO2,

therefore 3.103 mg of hot substrate would produce 0.0028
x 3.103

0.00038

So 22,9 ug of CO2

= 22.9 ug of CO2

=(22.9) or 520 nMoles
0.044

There are therefore 520 nMoles of CO
2

produced/hr/mg of cells.
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To Calculate nMoles of Amine/hr/gm of Cheese.

From Radiometric Results.

Given: 2.5 ml of cheese slurry (0.625 gm of cheese)

0.00028 mg of
14

COOH tyrosine added

3.624 mg of "cold" tyrosine added

specific activity of
14
C00H tyrosine = 322 pcurie/mg

therefore specific activity of
14

CO2 = 1326 pcurie/mg

1 nMole of tyrosine produces 1 nMole of CO
2
+ 1 nMole of

tyramine.

0.1812 pg of tyrosine produces 0.044 pg of CO2 + 0.1372 pg of
tyramine.

1) Using
14
COOH tyrosine substrate ONLY

If 42.3 CPM were produced / 2.5 ml of slurry,

then 68 CPM were produced / gm of cheese.

68 CPM = (68 x0.000000474) or 0.000032 pcurie.

Since 1326 pcurie is the sp. activity of 1 mg of CO2,

then 0.000032 pcurie is the sp. activity of 0.00002 pg of CO2.

There are 0.044 pg of CO2 to 1 nMole,

therefore 0.00002 pg are equivalent to (0.00002) or 0.00046 nMoles.
0.044

No. of Moles of CO
2
are equivalent to no. of Moles of tyramine,

therefore 0.00046 nMoles of tyramine were produced / gm of cheese,

14
from 0.00028 mg COOH tyrosine.
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2) Using
14

COOH and "cold" tyrosine substrate.

Calculation as above BUT:

If 0.00046 nMoles were produced from 0.00028 mg
14

C00H tyrosine,

then the total amount of CO
2
produced was 0.00046 x 3.624

0.00028

= 5.8 nMoles CO
2

Since 1 nMole of tyramine is equivalent to 0.1372 pg, the above

numbers of nMoles can be converted to pg or mg of amine produced /

gm of cheese.

To Calculate Extraction Efficiencies and Amine Levels Detected by

GLC. (Figures 11, 12 and 13)

Standard 3 contains, in a 1 pl injection:

2.5 pg of archidonic acid ethyl ester (internal standard : A)

5.0 pg histamine (H)

Peak Area ug/ul Response Factor Relative Response Factor

(Area amount (Response factor re-

of component) sponse of internal
standard)

A 2.84 2.5 1.14

H 2.6 5.0 0.52 0.46

This relative response factor was then used for the calculation

of unknowns.

To calculate the extraction loss of histamine, the amount present in

the cheese was estimated first:



Peak Area Factor Corrected Area
(Area factor)

A 5.68 1.0 5.68

A

H

1.26 0.46 2.74

Relative Amount
(Area of histamine area
of internal standard)
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Actual Amount
(Relative amount x actual
amount of internal standard)

0.48 0.6

This figure was subtracted from the actual amount estimated for

histamine in standard 3 in cheese.

Peak Area Factor Corrected Area

5.76 1.0 5.76

H 1.44 0.46 3.13

Relative Amount Actual Amount

A

H 0.54 2.7

The actual amount present in Standard 3 in Finnish Swiss cheese

was therefore 2.7 - 0.6'= 2.1 ug. Therefore there was a loss of

100 - (2.1 x 100) = 68% of histamine on extraction.
5.0

0.6 ug were equivalent to 32% of the histamine present in the

cheese; the corrected amount therefore = 1.43 ug / ul of ethyl

acetate. 2 ml of butanol extract were dried down and resuspended

in 20 ul of ethyl acetate, therefore 57.2 ug were present in the

butanol. But 7 ml were used to extract histamine from 5 ml of
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cheese homogenate (1.67 gm of cheese), therefore 200.2 ug were

found in 1.67 gm of cheese, or 0.12 mg of histamine were present /

gm of Finnish Swiss cheese.
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RESULTS

Isolation and Identification of Organisms from Cheeses

The first 20 organisms isolated were selected on KF strepto-

coccal medium. Clark and Reinbold (1966) had reported that 51.7%

of the microbial flora in cheeses consisted of enterococci, and

therefore it seemed reasonable to study this population. Of these

20, 15 were gram positive cocci and 5 were gram positive rods. All

of them grew in 40% bile except for one of the rods. They were iso-

lated from Blue, Brie, Edam and Muenster cheeses and were given the

letters A to T, according to the order of isolation.

Further isolations were made on three selective media, KF

streptococcal medium, MRS + 9% NaC1 and LBS medium. Use of the

latter two was prompted by the occurrence of the salt tolerant

Lactobacillus strain isolated from Gouda cheese in the Netherlands.

A total of 127 isolates were obtained on this occasion. Cheese

samples from which these were isolated were varieties of Medium

Cheddar, Sharp Cheddar, Brie, Blue, Muenster, Swiss and Edam.

Table 1 illustrates the numbers of organisms that were found on the

selective media for each different cheese. Duplicates of each

colony type were picked from these numbers. Sixty eight of these

were picked from KF streptococcal medium; they were mostly cocci

but there were also two rods, one of which had come from a pink



TABLE 1. Number of organisms / gm cheese.

Cheese

Isolation Medium

KF

(1) 1.1 x 10
4

(2) 3.0 x 10
2

3.8 x 10
1

MRS + 9% NaC1 LBS

Medium Cheddar

Medium Cheddar

Sharp Cheddar

1.2 x 10
3

6.7 x 101

1.9 x 102

6.2 x 10
5

> 1.0 x 10
5

> 1.0 x 10
5

Brie 3.6 x 10
3

1.7 x 10
5

> 1.0 x 10
5

Blue 2.2 x 10
4

Muenster 2.4 x 10
3

3.1 x 10
4

1.4 x 10
5

Swiss >1.0 x 10
5

4.1 x 10
2

>1.0 x 10
5

Edam
2

7.6 x 10
4

3.1 x 10 >1.0 x 10
5
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and the other from a white colony. Thirty three colonies were picked

from MRS + 9% NaC1 and the organisms were mostly cocci; however

three rods were isolated from Medium Cheddar, Muenster and Edam.

It was interesting that all the isolates from Swiss cheese were

rods (4). Forty six of the isolates were from the LBS medium and

in this case most of the organisms were rods although a few cocci

also appeared. With this group the organisms were numbered from 1

to 127. Isolates were tested for their abilities to decarboxylate

the three amino acids, tyrosine, histidine and tryptophan using the

Gilson Respirometer. Almost all of the strains tested were able

to decarboxylate one or more of the amino acids, and Table 2

illustrates the activities of the first 8 organisms in this respect.

It was generally found to be the case that when there was elevated

activity it was only on one of the substrates. Nine of the most

active organisms were selected for further studies. The activities

of these nine organisms on the three substrates are shown in

Table 3. Also shown on this table are the results obtained with

a stock culture of Streptococcus faecalis (OSU) and a culture of

Streptococcus faecalis var liquefaciens, the organism showing the

most activity in a collection of 38 dairy-related bacteria tested

by Voigt and Eitenmiller (1977).

Figure 2 shows a plot of data taken every 10 minutes, to

illustrate the rates of CO
2

evolution from different amino acids



TABLE 2. Amino acid decarboxylation by isolates from KF medium.

IA CO
2
/hr/mg of cells

Isolate Tyrosine Histidine Tryptophan

A 0.98 0 1.3

B 7.6 0 3.0

C 11.0 0 1.0

D 15.5 0 2.9

E 8.2 1.0 0.5

F 10.2 0 2.6

G 26.3 1.9 1.3

H 2.4 0 2.0
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TABLE 3. Amino acid decarboxylation by cheese isolates.

Isolate Source

pl CO2 /hr/mg

Tyrosine Histidine Tryptophan

27 (C) Blue 1.1 13.0

45 (C) Swiss 2.0 0.9 4.5

89 (R) Cheddar 8.8 1.1 11.1

G (C) Blue 26.3 1.9 1.3

I (C) Brie 20.2 1.4

P (C) Edam 20.5 0.4

0 (R) Edam 0 2.3

Q (R) Muenster 1.2 2.7

118 (R) Swiss 0.7 2.8

S. faecalis Stock 16.4

S. liquefaciensa 51.6

a
Data of Voigt and Eitenmiller (1977)
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Figure 2. Carbon dioxide produced from amino acids by
various cheese isolates.
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by isolates, in this case the nine selected ones. To take an

example, isolate P produced about 30 pl of CO2 in an hour from

tyrosine, or a little less than one micromole. For tyramine one

micromole is 137 pg, so 100 hr of activity at this rate would be

required to produce about 14 mg of tyramine. Resting cells would

probably not remain active for such a period, but cells in

cheese might.

It seemed appropriate at this stage to speciate the most active

isolates; Tables 4 and 5 show the tests performed on these organisms

and Table 6 shows the final identification made on these organisms.

Included with the nine is organism D, which produced 15.5 pl of

CO
2 per hr per mg of cells from tyrosine, and which turned out to be

a Leuconostoc species. No Gram negative organisms were encountered;

on a later occasion, when they were specifically sought by plating

on MRS medium, none were found.

Comparison of CO2 Production by Respirometric and Radiometric

Techniques

Examples of results obtained using both the respirometric

and radiometric techniques are shown in Tables 7a and 7b. Results

were comparable though slightly higher by the radiometric technique.

The use of "hot" and "cold" substrate was necessary in the latter

case, to saturate enzyme sites.
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TABLE 6. Identity of amine-producing bacteria isolated from cheese.

Isolate Identity

D Leuconostoc lactis

G Streptococcus faecalis

1 Streptococcus faecalis

P Streptococcus faecalis

27 Streptococcus faecium

45 Streptococcus faecium

0 Lactobacillus casei

Q Lactobacillus spp.

89 Lactobacillus casei

118 Lactobacillus salivarius
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TABLE 7a. Comparison of CO2 and
14

CO2 production
from tyrosine by coccus cheese isolates.

Isolate Source

nMoles CO2 /hr/mg of cells

CO
2

14
CO

D Blue 841 523

I Brie 1136 1575

P Edam 909 1023



TABLE 7b. Comparison of CO
2

and
14
CO2 production by propionibacteria.

Isolate,

Histidine

nMoles CO2 /hr/mg of cells

Tryptophan Tyrosine

cn, 14
CO co

14
CO cn 14

CO
1

-B
6

+B
b

6

2

-13
6

+B
6

--B6

2

+B
6

2

-B
6

+B
6

2

-B
6

+B
6

2

-B
6

+B
6

P59 276.0 0 120.9 117.6 146.6 296.6 10.1 31.8

PS-1 68.2 34.1 43.3 42.5 227.0 0 1.4 1.4
(7.5) (62.1)

U 0 273.0 2.7 414.7 7.7 27.3 5.9 2.8 0 1727.0 0.3 159.1
(486.4) (681)

E 0 609.0 2.9 518.7 12.7 318.2 0.2 668.4

AS 165.0 177.3 1.9 557.0 0 129.1 10.7 123.5 0 5.9 0.2 371.0

BS 0 363.6 2.0 145.7 0 45.0 10.7 96.6 15.0 170.5 0.4 35.4

a
P59 and PS-1 were commercially used starter cultures. E, AS and BS were isolated from Swiss cheese.
U was obtained from a plant where it was currently in use.

b
3.7 x 10

-5
M, except for those in parenthesis which had 3.7 x 10

-2
M; added in the form of pyridoxal-

5-phosphate.
Ui
Ui
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Cheese Slurries

Radiometric Experiments to Show Effects of Adding Excess "cold"

Substrate

Tables 8, 9 and 10 show, in the case of all three substrates,

the nanomoles of amine produced per hour per gram of cheese. The

results from those without "cold" substrate (-AA) to those with

"cold" substrate (+AA) might be expected to be the same as the ratio

of the added substrates themselves; but this is generally not the

case as can be seen from the tables, where the differences between

the two ratios are expressed as percentages. Cheeses with the low-

est substrate availabilities were, Limburger for histamine, Swiss

(Slim) for tryptamine and Swiss (Gruyere) for tyramine, whereas

those with the highest substrate availabilities were Gorgonzola

for histamine, Edam for tryptamine and Blue for tyramine. Tables

11 and 12 show a comparison of the quantities of all three amines

produced by the different cheeses. Table 12 indicates levels

that were produced in 100 gm of cheese, which is a quantity that

could easily be consumed at a meal; and these levels can be

related to the toxic levels that have previously been recorded in

the literature. Four cheeses produced potentially dangerous levels

of tyramine; these were, Swiss (Slim), Limburger, Liederkranz

and Domestic Camembert. Quantities of the other two amines were
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TABLE 8. Radiometric experiment to show effect of added cold
histidinea on amine production by cheese slurries.

nMoles Histamine /hr /gm of cheese

Cheese -AA +AA % Difference

Edam 0.0005 20.7 +300
b

Swiss (Slim) 0.0055 137.6 +142
Swiss (Gruyere) 0.0075 77.6 0
Jarlsberg 0.0064 68.0 +3
Domestic Swiss 0.0118 91.7 -25
Medium Cheddar 0.0064 63.5 -4
NY Cheddar 0.0041 54.0 +27
Limburger 0.015 49.4 -68
Liederkranz 0.0084 68.2 -22
Brie 0.0093 70.5 -26
Camembert (I)(ci 0.0068 70.5 0
Camembert (D) 0.022 169.0 -26
Blue 0.0048 122.3 +147
Gorgonzola 0.0041 341.0 +702
Beer Kaese 0.0055 0 -
Mozzarella 0.003 0
Muenster 0.0025 35.3 +37
Provalone 0.026 245.0 -9
Romano 0.0057 70.5 +20
Ricotta 0.0036 30.6 -18

a
3.104 mg (+AA) cold histidine + 0.0003 mg (-AA) hot histidine.

20.7
b
3007

= 1( .0005 ) 100] -100
3.104

0.0003

c
I = Imported

d
D = Domestic
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TABLE 9. Radiometric experiment to show effect of added cold
tryptophana on amine production by cheese slurries.

Cheese

nMoles Tryptamine/hr/gm of cheese

-AA +AA % Difference

Edam 0.0005 9.9 +180
Swiss (Slim) 2.0 753.0 -95
Swiss (Gruyere) 0.006 45.0 +6
Jarlsberg 0.0057 56.0 +39
Domestic Swiss 0.0096 69.0 +2
Medium Cheddar 0.006 50.0 +18
NY Cheddar 0.0046 50.0 +54
Limburger 0.04 33.8 -12
Liederkranz 0.02 113.0 -20
Brie 0.016 70.8 -37
Camembert (I)

b
0.032 130.4 -42

Camembert (D)c 0.034 138.5 -42
Blue 0.0005 0
Gorgonzola 0.005 27.4 -23
Beer Kaese 0.014 11.3 -89
Mozzarella 0.0055 38.6 -1
Muenster 0.0043 53.0 +73
Provalone 0.021 45.0 -70
Romano 0.0089 58.0 -8
Ricotta 0.0066 37.0 -21

a4.08 mg cold tryptophan + 0.000576 mg hot tryptophan

b
I = Imported

c
D = Domestic
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TABLE 10. Radiometric experiment to show effect of added cold
tyrosinea on amine production by cheese slurries.

Cheese

nMoles Tyramine/hr/gm of cheese

-AA +AA % Difference

Edam 0.0005 5.8 +2
Swiss (Slim) 0.3818 2718.0 -45
Swiss (Gruyere) 0.082 23.5 -98
Jarlsberg 0.0011 17.6 +20
Domestic Swiss 0.0025 23.5 -28
Medium Cheddar 0.0014 4.0 -68
NY Cheddar 0.0011 11.8 -19
Limburger 0.0668 844.0 -2
Liederkranz 0.085 947.0 -14
Brie 0.0041 38.0 -28
Camembert (I)

b
0.0043 35.3 -36

Camembert (D)c 0.75 2806.0 -58
Blue 0.0039 235.0 +365
Gorgonzola 0.0025 11.8 -64
Beer Kaese 0.0025 47.0 +45
Mozzarella 0.0007 2.9 -67
Muenster 0.0009 2.9 -75
Provalone 0.0034 20.6 -53
Romano 0.0014 14.7 -18
Ricotta 0.005 2.9 -95

a3.624 mg cold tyrosine +0.00028 mg hot tyrosine

b
I = Imported

c
D = Domestic
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TABLE 11. Comparative amine production
a

by cheese slurries.

Cheese Histamine

nMoles/hrigm of cheese

Tryptamine Tyramine

Edam 20.7 9.9 5.8

Swiss (Slim) 137.6 753.0 2718.0
Swiss (Gruyere) 77.6 45.0 23.5
Jarlsberg 68.0 56.0 17.6
Domestic Swiss 91.7 69.0 23.5
Medium Cheddar 63.5 50.0 4.0
NY Cheddar 54.0 50.0 11.8
Limburger 49.4 33.8 844.0
Liederkranz 68.2 113.0 947.0
Brie

b
70.5 70.8 38.0

Camembert (I) 70.5 130.4 35.3
Camembert (D) 169.0 138.5 2806.0
Blue 122.3 0 235.0
Gorgonzola 341.0 27.4 11.8
Beer Kaese 0 11.3 47.0
Mozzarella 0 38.6 2.9
Muenster 35.3 53.0 2.9
Provalone 245.0 45.0 20.6
Romano 70.5 58.0 14.7
Ricotta 30.6 37.0 2.9

a
Based on

14
C09 recovery from

14
C00H amino acid, in the presence

of 0.1 ml of 0.2 M unlabelled substrate.

b
I = Imported

c
D = Domestic
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TABLE 12. Levels of amines produced per 100 grams of cheese by
cheese slurries, with excess substratea.

mg/hr/100 gm

Cheese Histamine Tryptamine Tyramine

Edam 0.2 0.2 0.1
Swiss (Slim) 1.5 12.1 37.3
Swiss (Gruyere) 0.9 0.7 0.3
Jarlsberg 0.8 0.9 0.2
Domestic Swiss 1.0 1.1 0.3
Medium Cheddar 0.7 0.8 0.1
NY Cheddar 0.6 0.8 0.2
Limburger 0.6 0.5 11.6
Liederkranz 0.8 1.8 13.0
Brie

b
0.8 1.1 0.5

Camembert (I) 0.8 2.1 0.5
Camembert (D)c 1.9 2.2 38.5
Blue 1.4 0 3.2
Gorgonzola 3.8 0.4 0.2
Beer Kaese 0 0.2 0.7
Mozzarella 0 0.6 0.04
Muenster 0.4 0.9 0.04
Provalone 2.7 0.7 0.3
Romano 0.8 0.9 0.2
Ricotta 0.3 0.6 0.04

a
Histidine = 3.104 mg cold + 0.0003 mg hot / gm of cheese
Tryptophan = 4.08 mg cold + 0.000576 hot / gm of cheese
Tyrosine = 3.624 mg cold + 0.00028 mg hot / gm of cheese

b
I = Imported

c
D = Domestic

Highest % Recoveries from Substrate

Cheese Amine

Gorgonzola Histamine 1.7
Swiss (Slim) Tryptamine 2.9
Camembert (D) Tyramine 14.0
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below toxic levels; however these were amounts produced only over

a period of one hour, so in cheeses that are maturing they may

reach much higher levels. Also on the same table, the percentage

of amine produced, with respect to the possible theoretical amount

that could be produced, from the added substrate, is indicated, with

reference to three cheeses. These were the ones that showed the

highest percentage recovery, and this is merely a comparison of

rates of amine production by the cheeses.

Percentage of
14
C Recovered in CO

2

These results are shown in Table 13. The figures used are

those from radiometric experiments where only "hot" substrate

was added. Degrees of activity between different cheeses can be

compared. The highest level of activity was shown by the'Swiss

(Slim) cheese in the presence of a tryptophan substrate (29.5% of

14
C recovered). Domestic Camembert produced the highest amount of

14
C recovered for both tyrosine and histidine substrates (21% and

0.67% respectively).

A Study of Swiss (Slim) Cheese

Since this was found to be one of the cheese slurries with

the most active decarboxylating abilities, particularly with respect

to tyrosine and tryptophan, it was decided to study it in

further detail.
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TABLE 13.
14

C recovereda in CO
2
by cheese slurries.

Cheese Histidine

% / hr

TyrosineTryptophan

Edam 0.02 0 0.02
Swiss (Slim) 0.11 29.5 10.2
Swiss (Gruyere) 0.24 0.13 3.29
Jarlsberg 0.2 0.13 0.05
Domestic Swiss 0.37 0.22 0.11
Medium Cheddar 0.2 0.14 0.04
NY Cheddar 0.13 0.1 0.05
Limburger 0.47 1.18 3.58
Liederkranz 0.26 0.47 3.4
Brie

b
0.29 0.37 0.16

Camembert (I) 0.2 0.71 0.18
Camembert (D) 0.67 0.78 21.0
Blue 0.2 0.02 0.22
Gorgonzola 0.2 0.19 0.17
Beer Kaese 0.17 0.3 0.1
Mozzarella 0.1 0.12 0.03
Muenster 0.08 0.1 0.04
Provalone 0.8 0.47 0.14
Romano 0.18 0.2 0.06
Ricotta 0.13 0.17 0.24

a
Recovered from 0.15 licurie

14
COOH amino acid. No "cold"

substrate added.

b
I = Imported

c
D = Domestic
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Figure 3 shows an experiment run over the course of one hour,

taking readings every ten minutes. When these were plotted they

showed that amine production was linear and, particularly with

tryptophan, was still continuing to increase after an hour. A

subsequent experiment (Figure 4) lasting 77 hours, showed an in-

crease in amine production up until approximately 25 hours, when

the reaction rate decreased. At 25 hours, 66% of the available

substrate had been converted to tryptamine.

Organisms isolated from this cheese were tested individually

for amine production by the radiometric method, using an excess

of substrate (Table 14); interestingly the organism producing both

the highest levels of histamine and tryptamine (11.3 and 11.6 mg per

hr per gm of cells) was the only rod-shaped bacterium isolated. Four

coccus strains produced high levels of tyramine (409.9, 55.3, 124.6

and 273.0 mg per hr per gm), however it must be remembered that

organisms are not this concentrated in cheeses.

The Effects of Vitamin B
6
on Amino Acid Decarboxylation

Two levels of Vitamin B
6
were used; 3.7 x 10

-5
M was the

amount recommended by Levine and Watts (1966) and stated by them to

give optimal results; this amount therefore was used in the

majority of cases, but results also are shown when 3.7 x 10
-2

M was

added in some experiments. Table 15 shows the effects of adding

excess Vitamin B
6
on some of the organisms isolated from cheese
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Figure 3. Amine Production by Swiss (Slim) Cheese.

Results in ug/100 gm of cheese

Minutes Tryptamine Histamine Tyramine

10 0.55 0.21 0.1

20 0.93 0.31 0.17

30 1.3 0.42 0.23

40 1.6 0.46 0.29

50 2.08 0.53 0.37

60 2.5 0.62 0.45
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Figure 4. Tryptamine Production from
14

C00H Tryptophan by

Swiss (Slim) Cheese.

Results

67

Hours nMoles/ gm of cheese ug/ 100 gm of cheese

1.5 0.068 1.09

4.0 0.174 2.79

11.25 0.563 9.01

25.0 2.31 37.01

32.5 2.01 32.18

48.0 1.88 30.17

59.5 1.88 30.17

78.0 1.41 22.53
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TABLE 14. Levels of amines produced per gram of cells by Swiss
(Slim) cheese isolates, with excess substratea.

Isolate Histamine

mg/hr/gm of cells

TyramineTryptamine

LBS
b

(1), coccus. 2.2 1.65 409.9

LBS (2), coccus. 4.7 4.0 55.3

LBS (3), coccus. 1.9 1.6 1.4

LBS (4), coccus. 1.9 4.0 124.6

LBS (5), rod. 11.3 11.6 1.6

KF
c

(1), coccus. 2.2 1.8 273.0

KF (2), coccus. 0.2 6.2 0.02

KF (3), coccus. 2.2 1.4 0.2

a
Histidine = 3.104 mg cold + 0.0003 mg hot / gm of organisms
Tryptophan = 4.08 mg cold + 0.000576 hot / gm of organisms
Tyrosine = 3.624 mg cold + 0.00028 mg hot / gm of organisms

b
LBS (Lactobacillus selection medium used for isolation)

KF (KF Streptococcal medium used for isolation)
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TABLE 15. Effect of Vitatin B
6

on amino acid decarboxylation.

mg amine hr / gm of cells

±B 13LIsolate
a

-13L -BK -1-k -B, +B,
--up o o -0 ---IJ ---0

27 - - 50.3 104.5 - -

r. - - _ - 73.3 56.8

0 0 129

a
Lab cultured 18 months.

b
Vitamin B

6
added as 3.7 x 10

-2
M, in the form of pyridoxa1-5'-

phosphate.
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which had the highest levels of decarboxylase activity. By this

time, the organisms had been cultured in the laboratory for 18

months, when organism 27 (S. faecium) showed a 48% increase in

tryptamine production and organism G (S. faecium) a 22% decrease in

tyramine production. Organism 0 (L. casei) showed an increase from

0 to 129 mg of histamine produced per hour per mg of cells, a con-

siderable difference. Tables 16 and 17, which concern studies on

propionibacteria and the effects on amine production when these

organisms were added to cheese slurries, also show the effects of

adding Vitamin B
6

. From Table 16 it can be seen that there was

no apparent difference in the amounts of amines produced by com-

mercial strains. However there were differences with those strains

that had been in direct contact with cheese prior to isolation.

Differences were most noticeable in the cases of histamine and

tyramine production, where culture E (isolated from Emmentaler

Swiss) showed an increase of 99.9% for tyramine and culture AS

(isolated from an Austrian Swiss cheese) showed an increase of

99.7% for histamine. The latter culture also showed an increase

of 91% in production of tryptamine with the addition of Vitamin

B6. Increasing the levels of Vitamin B6 to 3.7 x 10
-2

M caused a

30.3% increase in histamine production by one of the commercial

starter culture strains (PS-1).

Table 17 summarizes results of an experiment designed to show

the production of tyramine and histamine by cheese slurries with
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TABLE 16. Levels of amines produced per gram of cells by
propionibacteria, with excess substrate.

Histamine

mg / hr / gm of cells

TyramineTryptamine

Isolatea +B
b -e ,-0 -0 -B0 -011 -0

P59 13.4 13.1 - - 1.4 4.4

PS-1 5.9 5.8 0.19 0.19
(8.5)

U 0.3 46.0 1.0 0.5 0.04 21.8
(75.7)

E 0.3 57.7 - - 0.03 91.7

AS 0.2 61.9 1.7 19.8 0.03 50.9

BS 0.2 16.2 1.7 15.5 0.06 4.9

a
P59 and PS-1 were commercially used starter cultures. E, AS and
BS were isolated from Swiss cheeses. U was obtained from a plant
where it was currently in use.

b
3.7 x 10

5
M, except for those in parenthesis which had

3.7 x 10
-2

M; added in the form of pyridoxa1-5'-phosphate.,
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Radiometric experiment to show effect of added Vitamin
B6a, and propionibacteria, on amino acid decarboxylation
by cheese slurries.

nMoles amine / hr gm of cheese

Jarlsberg Austrian Swiss

Substrate

+P
b

-P +P

-B, , -B, 6 -B, , -B, +Bro --o --o

Tyrosine 24.1 60.3 4.1 10.1 10.1 20.3 20.3 48.6

(136.6) (110.5)

Histidine 7.9 5.6 6.0 6.3 195.2 169.1 208.3 212.4
(243.0) (179.0)

a
3.7 x 10

-5
M, except for those in parenthesis which had

3.7 x 10
-2

M; added in the form of pyridoxa1-5'-phosphate.

b 4
10 /ml propionibacteria.
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and without added propionibacteria. At the same time the effects

of adding Vitamin B
6
were examined. Tyramine production increased

50 to 60% in Jarlsberg and Austrian Swiss cheeses, both with and

without the addition of propionibacteria. When the Vitamin levels

were increased in Austrian Swiss, production of tyramine increased

to 81.6% and 92.6%, with and without propionibacteria respectively.

Little change was noticed for histamine production in any of the

experiments using the lower levels of Vitamin B6, however with the

addition of higher levels to Austrian Swiss cheese slurries, an

increase of 20% was noticed without added propionibacteria, whereas

a decrease of 16% was noticed when propionibacteria were added.

The Production of Amines by Propionibacteria

Tables 16 and 17 show levels of amine production by propioni-

bacteria under different conditions; and results have been

summarized above. It should however be mentioned that Jarlsberg and

Austrian Swiss cheeses were selected, since gas chromatography re-

sults had suggested that there was very little tyramine or histamine

present in the former, whereas the latter had much higher quantities

of both amines. Also propionibacteria were added at a final con-

centration of 10
4
per ml since this was the level of these organisms

generally found in Swiss cheeses.
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Gas Chromatography

Extraction of Amines

Extraction appeared to be satisfactory for tyramine, although

exact percentages could not be calculated owing to the variability

in tyramine derivatization. The extraction efficiency of histamine

for a Finnish Swiss cheese was calculated to be 32%, using derivati-

zation method 1 (Figures 11, 12 and 13, and Methods section). In

the case of tryptamine, again an estimation could not be made from

method 1, owing to the appearance of more than one derivative;

however for method 4, where only one derivative appeared, extraction

from an Emmentaler cheese sample was estimated as being 40%.

Although this percentage was not much greater than that of histamine,

the detector was more sensitive for tryptamine and therefore low

amounts were easier to determine.

Method 1 for Derivatization

Figure 5 illustrates the appearance of peaks from the pre-

paration of Standard 1 in Jarlsberg cheese; these were the lowest

levels necessary for detection in this study. On increasing the

amount of amines to those equivalent to 1.5 mg of tyramine, 1.14 mg

of histamine and 0.81 mg of tryptamine per gram of cheese (Standard

5), the appearance of several additional tryptamine peaks was
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1 I 1 I I

1

I

8 16 24 32
RETENTION TIME, minutes

.Figure 5. Gas chromatographic separation of TFA derivatives
of tyramine (peaks 1 and 4), histamine (peak 3)
and tryptamine (peak 5), with arachidonic acid
ethyl ester as internal standard (peak 2).
Derivatization method 1.
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noticed, sometimes up to five (Figures 6 and 7). On the other

hand histamine produced only one derivative (Figure 8). The

most unsatisfactory feature of this method was the appearance

of two derivatized forms of tyramine, which fluctuated by degrees

according to the length of time between preparation of the sample,

and injection onto the gas chromatographic column (Figures 9 and

10). Samples were prepared of Standard 3 in Jarlsberg cheese, and

were analyzed one and twenty three hours after preparation

respectively. The chromatogram showed that while the second peak

increased in size, in response to a decrease in the first peak with

time, the latter never completely disappeared. However, by this

method levels of histamine could be estimated in cheeses, and

an example for a Finnish Swiss cheese is given (Figures 11, 12 and

13, and Methods section).

Method 2 for Derivatization

The difficulties with this method were the same as with

method 1.

Method 3 and 4 for Derivatization

Figure 14 shows the results with Standard 3, prepared by

Method 4. Tryptamine yielded only one derivatized form, histamine

was hardly detected, and tyramine still yielded two derivatives
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Figure 6. Gas chromatographic separation of TFA derivatives of

tyramine (peaks 1 and 4), histamine (peak 3) and

tryptamine (peak 5 and additional peaks), with

arachidonic acid ethyl ester as internal standard

(peak 2). Derivatization method 1.

Figure 7. Gas-chromatographic separation of five TFA derivatives

of tryptamine, with arachidonic acid ethyl ester as

internal standard (peak 2). Derivatization method 1.
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Figure 8. Gas chromatographic separation of TFA
derivative of histamine (peak 3) from
arachidonic acid ethyl 'ester (peak 2).
Derivatization method 1.
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Figure 9. Gas chromatographic separation of TFA derivatives of
tyramine (peaks 1 and 4), histamine (peak 3) and
tryptamine (peak 5), with arachidonic acid ethyl ester
as internal standard (peak 2). Derivatization method
1. Sample analyzed 1 hr after preparation.

Figure 10. As above but sample analyzed 23 hr after preparation.
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Figure 11. Gas chromatographic separation of TFA derivatives of
tyramine (peaks 1 and 4), histamine (peak 3) and
tryptamine (peak 5), with arachidonic acid ethyl ester
as internal standard (peak 2). Derivatization method 1.
Sample prepared not in cheese.

Figure 12. As above but sample prepared in Finnish Swiss cheese.

Figure 13. Gas chromatographic separation of TFA derivatiVes of
Finnish Swiss cheese, with arachidonic acid ethyl ester
as internal standard (peak 2). Derivatization method 1.
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Figure 14. Gas chromatographic separation of TFA derivatives of

tyramine (peaks 1 and 4), histamine (peak 3) and
tryptamine (peak 5), with arachidic acid ethyl ester
as internal standard (peak 2). Derivatization method
4.
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which were unstable. Again difficulties with both methods were

the same.

Vitamin B
6

Content of Cheeses

Levels of Vitamin B
6

can be seen in Table 18 to vary con-

siderably in different types of cheeses. The soft or surface-

ripened types of cheeses showed the highest levels, an imported

Camembert reaching 215 lig per 100 gm of cheese. The cheese samples

tested in this study were identical to those used previously in

cheese slurry studies. It is known that individual cheeses from

each lot vary in composition therefore the same samples were used

in order to be able to make correlations with the decarboxylating

activity.

pH of Cheese Slurries

The pH values of the cheese slurries as shown in Table 18 were

made to the same concentration (25 g per 75 ml) in sodium acetate

buffer pH 5.5. The cheese giving the highest pH was Swiss (Slim)

cheese (pH 7.7). Seven out of seventeen cheeses showed a pH that

differed more than ± 0.2 from the pH of the buffer.
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TABLE 18. Vitamin B
6

content and pH of cheeses.

Cheese pg / 100 gm

Edam 70 5.5
Swiss (Slim) 64 7.7
Swiss (Gruyere) 78 5.6
Jarlsberg 54 5.7
Domestic Swiss 85 5.9
Medium Cheddar - 5.4
NY Cheddar 64 5.3
Limburger 68 6.8
Liederkranz 141 6.7
Brie

b
189 6.4

Camembert (I) 215 6.3
Camembert (D) 184 6.7
Beer Kaese 42 5.6
Mozzarella 88 5.7
Muenster 83 5.5
Romano 74 5.5
Ricotta 49 5.7

a
In Na acetate buffer pH 5.5

b
I = Imported

c
D = Domestic
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DISCUSSION

Organisms and the Influence of Substrate Availability on Production

of Amines

Amine production in cheese is a microbiological problem; the

major questions still unanswered are : which are the organisms of

most concern, and what conditions in cheese maximize production?

Numerous genera of bacteria have been reported capable of

producing amines, however not all of these will occur in cheese

since they do not exist in the milk-producing or cheese-making

environment. Even those that do could be eliminated or reduced

in number during the cheese manufacturing and ripening process.

Milk pasteurization, acid production and competition by fast

growing starter bacteria, would all exert inhibitory pressure on

amine producers.

Production of amines during cheesemaking might result from the

growth of the starter bacteria themselves. This however is un-

likley, especially since high levels of amine production in cheese

are sporadic in nature. Furthermore while members of the Strepto-

coccus, Lactobacillus and Leuconostoc genera are able to produce

amines strains from these genera used in starters are essentially

non-amine producers, according to Voigt and Eitenmiller (1977).

These workers tested twenty six strains from these genera,
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together with four commercial starter cultures, and only found

one strain of Leuconostoc cremoris to be active (287 nMoles CO
2

per min per mg of cells). While the medium they used contained

the relevant amino acids, the amounts of each present may not

have been sufficient to maintain the organisms in an active state

for amine production. In addition, other ingredients may have been

lacking. When Rodwell (1953) isolated Lactobacillus 30a from a

horse stomach it was active in producing decarboxylase, however

Guirard and Snell (1964) later found it inconsistent in activity.

Use of a defined growth medium allowed the organism to produce

three times the quantity of CO2 that had been recorded by Rodwell.

It was also noted that removal of any of the components that limited

growth also limited enzyme production. So, although Voigt and

Eitenmiller "activated" their cultures in milk or tryptone yeast

extract broth, there may be additional nutrients necessary or

stimulatory for amine production, possibly supplied by other

organisms present in cheese.

It was noted by Koessler et al. (1928) that gram positive

bacteria, grown in the usual nutrient media, tended to lose

histidine decarboxlyase activity, whereas gram negative organisms

did not. Maybe this is the reason why so many of the latter types

have been reported as amine producers as compared to the former.

During the present study, organisms when first isolated from cheeses
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were found to have higher activities than when tested again 18

months later (Tables 3 and 15). This occurred despite the

fact that the organisms were kept in a rich medium supplemented

with amino acids. Initial experiments run on the Gilson Respiro-

meter (Figure 1) showed a rapid surge of CO2 production by the

bacteria on addition of substrate, particularly in the case of tyro-

sine, whereas later experiments with the same organisms revealed less

activity. This difference was also noted in the case of the pro-

pionibacteria, those that were just recently isolated from cheeses

having higher decarboxylase activities than those strains supplied

by commercial starter companies (Table 16). Therefore an

apparently inactive culture might produce amines in the cheese

environment.

Starter bacteria used in cheese manufacture are the lactic

acid producing streptococci and lactobacilli, although the

propionibacteria can also be included in this group. However

owing to the undesirability of residual lactose in certain

cheeses (Reinbold and Reddy, 1978), manufacturers can now use

additional "starter" strains, which are not members of the above

group, but which are capable of fermenting the remaining lactose

in the cheese to produce the desirable product. Such organisms

are Pedicoccus cereviseae, Lactobacillus plantarum, Streptococcus

faecalis, Streptococcus durans and Lactobacillus casei. Use
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of such organisms could be of special concern, since experience

during the present study showed four out of the ten most active

strains to be from the above species (Table 6).

It was suggested by Voigt and Eitenmiller (1978) that a pre-

caution against amine production would be to select starter organisms

with high monoamine or diamine oxidase activities; however these

enzymes are very sensitive to pH, the optimum for histaminase

activity being 7.0 (lenistea, 1971).

Since the starter strains are likely not involved in amine

production, other bacteria must be considered. Organisms

surviving the pasteurization process are possible candidates, and

for this to occur they would have to be either present in high

numbers initially, or able to produce heat resistant spores.

Post-pasteurization contamination is another possibility and in

this regard coliforms, which can produce amines, could be involved

(Irvine, 1978). However, coliforms have been shown to drop

dramatically in number as the starter organisms increase in cheese,

and unless contamination was extraordinarily high, one would not

expect this to be a problem. Concerning sporeformers, during the

course of the present study a Clostridium species, closely related

to Clostridium tyrobutyricum, a silage-associated organism, was

isolated from a sample of Swiss cheese. Since Clostridium

perfringens has been reported to be capable of producing tyramine
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and histamine, C. tyrobutyricum likely also is capable. This

organism is present in raw milk, especially where silage feeding of

cattle is practiced.

Of concern in recent years, due to the use of extended

refrigeration periods, is the growth of psychrotrophs in bulk

raw milk supplies. Although these organisms will be killed during

pasteurization, no data are available on thermal destruction

kinetics of the amino acid decarboxylases which they produce.

Depending on the type of heat treatment used, these enzymes may

survive in the milk, and subsequently produce amines in cheese.

Following pasteurization, providing the process has been

adequate, there are two other types of organism to be considered;

those intentionally added for further maturation, for example with

those that are on surface-ripened cheeses and then the adventitious

bacteria that enter the cheese during handling. For these

organisms to survive and grow in cheese, they have to be able to

withstand certain conditions. They must be relatively salt

tolerant, capable of growing under cheese temperature storage

conditions (e.g. 40-45°F), able to grow under acid conditions,

to survive in a low moisture environment and under low oxidation-

reduction potentials.

Considering these factors, the present study began with the

isolation of organisms occurring in cheese (Table 1). Caution has

to be exercised in interpreting plate count data where amine pro-
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duction is concerned. Organisms present in high numbers may not

be significant, although if they are, then there will be more oppor-

tunity for high levels of amines to be produced. The streptococci

were not generally present in very high numbers (Table 1), although

in the Swiss cheese they were (greater than 1 x 10
5
organisms per

gram of cheese). It is worthwhile mentioning at this point that

Swiss cheese undergoes a unique stage in its maturation, which

could allow for rapid growth of undesirable organisms, and consequent

development of amines. This is the warm room treatment which can

be from 2 to 7 weeks at 7 to 25°C. During this time Propioni-

bacteria grow and produce the characteristic "eyes" and nutty

flavor of Swiss cheese. The recent problems with Swiss cheese

have been concerned with development of high levels of histamine,

and both during the present study and in previous investigations,

it was shown that the lactobacilli were the most common histamine

producers.

There were a surprising number of salt resistant organisms

present (Table 1), especially since cheese only contains around

2.5 percent salt by weight. When cheese samples were first obtained,

their characteristics were noted, and Brie was the only one which had

a distinctly salty taste. The number of salt tolerant organisms was

highest in this cheese, being 1.7 x 10
5

per gram. Although not all

the isolates were tested for their decarboxylase activity, none of

this group was represented among the ten most active selected for
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further study. However, such organisms as S. faecalis which

were isolated from several cheeses, are known to be resistant to

6.5 percent salt.

Highest numbers of organisms were the lactobacilli, found

to be greater than 1 x 10
5

per gram of cheese in five cases. If

these cells were capable of producing even low levels of amines,

the numbers present would likely have been sufficient to allow

dangerous levels of amine to be produced.

On isolation of the Propionibacteria, later in the study,

counts in sodium lactate agar were approximately 1 x 10
4

per gram

of cheese, and hence the reason for using this number when they

were introduced into cheese slurries. However, in a study of

the growth of Propionibacteria in Swiss and Egmont cheeses

(Fryer and Peberdy, 1977), levels of these organisms in Swiss

cheese were found to reach 7 x 10
8

to 10
9
per gram of cheese.

Therefore if these organisms were active amine producers, a

hazardous situation could exist.

When isolates were tested for decarboxylase production, activity

was usually elevated for one out of the three amino acids (Table

2), in agreement with earlier findings. However, this was not

always the case. Lagerborg and Clapper (1952) reported a Lacto-

bacillus species which decarboxylated both tyrosine and histidine,

but this is the only known culture mentioned in the literature

capable of amine production from these two amino acids. During
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the present study several isolates produced decarboxylase activity

on more than one substrate. Isolate 89, which was a strain of

Lactobacillus casei isolated from Cheddar cheese, had significant

activity on both tyrosine and tryptophan (Table 3). Among the

organisms isolated from Swiss (Slim) cheese (Table 14), an

unidentified Lactobacillus species was encountered which had sig-

nificant levels of activity with histidine and tryptophan. Some of

the Propionibacteria (Table 16), namely strains U, AS and E, showed

significant activity with both histidine and tyrosine, while strain

BS was active with histidine and tryptophan. Lactobacilli and

Propionibacteria were capable of producing decarboxylase for more

than one of the amino acids, although in the presence of all three

they may exhibit a preference.

It was noteworthy that among the tyrosine decarboxylating

organisms selected for further study all were enterococci; this

was not surprising since all enterococci characteristically

decarboxylate tyrosine (Bergey's Manual 8th ed.). However,

Voigt and Eitenmiller (1977) and Gale (1940) have reported strains

of S. faecalis not possessing this characteristic. The isolates in

the present study were probably factory contaminants, either from

personnel, unsanitary equipment or the udder of mastitic animals.

Isolates with the highest tryptophan decarboxylating ability were

enterococci and a Lactobacillus casei. Those with the highest

histidine decarboxylating ability were all Lactobacillus species
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(Table 6). The types of cheese containing each group of

organisms varied, although Swiss cheeses were featured in four

out of the ten isolations.

In the identification of species, strong emphasis was placed

on the main characteristics of each type species, as outlined by

Sharpe and Fryer (1964). For example, in identifying S. faecalis,

the following characteristics were important: 1) ability to

utilize glycerol anaerobically, which distinguishes this strain

and its varieties from other enterococci, 2) growth in the presence

of 0.04% potassium tellurite; black coloration of colonies, or

sediment in the case of a broth culture, indicates reduction of

this compound to tellurium, 3) reduction of 2,3,4 - triphenyl-

tetrazolium chloride to red formazan, as indicated on KF strepto-

coccal medium, and 4) rapid reduction of either litmus milk or

0.1% methylene blue milk. Strains I and P showed all the above

characteristics (Table 4), including the production of dark red

colonies on KF streptococcal medium, not mentioned in the

table (the three S. faecium isolates produced pink colonies).

Strain Q appeared to be more fragile than the other lactobacilli,

and died before the desired tests could be completed. Possibly

this organism preferred a more anaerobic environment than it was

given.

It is essential to know the types of organisms that can produce

amines, so that appropriate controls can be enforced to eliminate
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these from the product. Measures may involve improving the

cleansing and/or sanitizing conditions during cheese manufacture,

or if starter bacteria are of major concern, selection of non-

amine producing varieties.

In addition, it is valuable to know the conditions favorable

to production of decarboxylases and, as stated by Guirard and Snell

(1964), these are probably also the best conditions for growth of

the organism. By knowing these factors, controls may be placed

on manufacturing conditions in such a way that growth of contamina-

ting organisms is discouraged. Sometimes however, this could be

difficult without altering the character of the cheese. Growth

of starter organisms is obviously desirable, but with knowledge

of conditions that encourage amine production, selection of

"suitable" strains would be easier.

Substrate availability for biogenic amine production will

depend on the level of free histidine, tyrosine and tryptophan

occurring in cheese. These levels are probably variable, and

dependent on a variety of factors. Figures from sixteen samples of

commercial Swiss cheeses (Shormuller, 1968), give an example of the

ranges encountered : for tyrosine and phenylalanine 110 to 790 mg

per 100 gm of cheese; for tryptophan, 0 to 550 mg per 100 gm of

cheese, and for histidine, 0 to 370 mg per 100 gm of cheese. In

the literature review where toxic doses of amines are listed,

it can be seen that approximately 12 percent of 110 mg of available
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tyrosine would be necessary to produce a toxic level of 10 mg

of tyramine; and approximately 26 percent of 370 mg of available

histidine would be necessary to produce a toxic level of 70 mg.

In this particular case it would seem that sufficient tyrosine

would be available to produce toxic amounts of tyramine, and the

excessive levels of available substrate may explain why

tyramine is the biogenic amine most frequently encountered in

high quantities. If a subject required 1000 mg of histamine for a

toxic dose, this level could not be reached in 100 gm of cheese from

the above amount of histidine available. Also the fact that four

of sixteen cheeses had no free histidine may explain why toxic

levels of histamine are so infrequently reached.

From data obtained with cheese slurries, and using
14

COOH amino

acids, alone and with added "cold" substrate, speculations can be

made concerning the available amino acid pools (Table 8, 9 and 10).

In the calculated percentage difference, those cases where a

plus sign is recorded, indicate that decarboxylation was more

rapid than might be expected in the presence of excess cold sub-

strate. This possibly means that enzyme sites were unsaturated

with only the
14
COOH amino acid and therefore the amino acid pool

in the cheese was low. When a minus sign is recorded, the

decarboxylation reaction was slower in the presence of excess
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"cold" substrate and enzyme site saturation may have been reached

prior to addition of "cold" substrate. This implies that the

available amino acids in these cheeses were at a higher level.

Relative reaction rates in the cheeses can also be compared

from
14

C recovery in CO
2
and will give an idea of the size of

amino acid pools (Table 13). For example Swiss (Slim) cheese had

a high reaction rate for tryptophan, and this may be due to the fact

that there was a large pool of tryptophan in the cheese.

With these possibilities in mind, Table 8 shows that cheeses

with the lowest amounts of available histidine were Gorgonzola,

Edam and Blue cheese, and the ones with highest amounts were

Limburger, Brie and Domestic Camembert. For tryptophan, cheeses

with the lowest available quantities were Edam, Muenster and New

York Cheddar, and those with the highest were the Swiss (Slim),

Beer Kaese and Provalone. Finally for tyrosine, the cheeses with

least available substrate were Blue, Beer Kaese and Jarlsberg, and

those with the most were Swiss (Gruyere), Ricotta and Muenster.

It is not easy to explain the reasons for these availabilities with-

out knowing the exact history of the cheese, but it was very

noticeable that the cheeses with most available histidine were all

of the surface - ripened type.

Further observations can be made from the results; for example,

with reference to histamine production, there was low substrate

availability in Edam cheese, and even when excess substrate was
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provided, the organisms present were still unable to produce

amine. In the Domestic Camembert there was sufficient substrate

available and from it the organisms present were able to produce

histamine. Gorgonzola had low substrate availability, but when

provided with an excess, the organisms were able to produce

relatively high levels of histamine; this is an example where

substrate was obviously a limiting factor. The majority of

instances where levels of amine produced were high were in cheeses

which already had quite adequate amino acid pools before "cold"

substrate was added. This could mean the organisms in cheeses

were fully induced, that they were in higher numbers than in other

cheeses, or that saturation was causing a higher enzyme activity.

Swiss (Slim) Cheese An Example of Substrate Availability

Attention was focused on this cheese because of its high

decarboxylase activities, particularly on tyrosine and tryptophan.

This is a cheese with only five percent fat, and is of the surface-

ripened type. Initial experiments, using only
14

C00H amino acids

as substrate, showed greatest activity with tryptophan, and as a

result a 77-hour experiment was undertaken to see if the activity of

organisms would continue until all the substrate was converted to

tryptamine; after 25 hours there was 66 percent recovery of
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14
COOH tryptophan in the form of tryptamine. End product

formation may have reduced the growth rate of organisms, or some

conversion of tryptophan to indole may have taken place. Con-

ditions were different when Schatzmann and Gerber (1972) made a

study of the production of tryptamine from tryptophan in the rumen

of cattle, but decarboxylation was shown to occur and only 1/800

of the added'substrate was recovered in the form of tryptamine.

Since tryptamine was being measured it is possible that further

degradation was occurring.

On addition of excess "cold" substrate to Swiss (Slim) cheese

experiments, more tyramine was produced relative to tryptamine.

From calculations of percentage difference, there appeared to be

pools of both amino acids, but the pool was larger for tryptophan

than for tyrosine. This was apparent by the fact that the figure

95 indicates that there was 95 percent less activity on addition of

excess "cold" tryptophan, than might be expected had the rate

continued relative to that with the initial substrate concentration.

With tyrosine this figure was -45 indicating there was only 45 per-

cent less activity. When
14
C00H substrate was used, enzyme sites

were more fully saturated for tryptophan decarboxylation,

and production rates of amine were therefore higher. On saturation

of enzyme sites with "cold" substrate, production of tyramine was

more rapid during the course of the experiment. This may imply

that the enzyme was more active or that more organisms, present
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in the cheese, were capable of converting tyrosine to tyramine;

the latter seemed to be the case since, when eight organisms

were isolated from the cheese and their activities tested

on the three amino acids, four out of the eight produced high

levels of tyramine (Table 14 ), whereas only one produced hista-

mine; this same organism also produced tryptophan to approximately

the same level. It is obvious that the increased substrate

availability in this cheese encouraged the production of high

levels of the biogenic amines. The proteolytic types of organisms

on the surface of this cheese no doubt helped in the release of

free amino acids.

Cofactor for Decarboxylase Reactions

Decarboxylases may be produced when organisms are growing well,

as suggested earlier, or they may be produced when the, environment

becomes too acid (Koessler et al., 1928). Whichever situation

exists, optimal activity of the enzyme does not occur without the

presence of pyridoxal -5'- phosphate as cofactor. This can be

supplied in the medium : if either pyridoxine, pyridoxamine or

pyridoxal are provided instead, they will be converted, at

least partially, to the active cofactor (Bellamy et al., 1945).

Microbial histidine decarboxylase may be an exception in this

respect; this first became apparent when Lactobacillus strain 30a
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was so thoroughly studied by Riley and Snell (1968), and a pyruvate

residue was found to perform the same function as pyridoxa1-5'-

phosphate does for other decarboxylases. This mechanism is

described by Metzler (1977) as still being tentative. It does not

explain the results from this study, where a strain of Lacto-

bacillus casei and a number of propionibacteria showed increased

CO
2

evolution with added pyridoxal -5'- phosphate (Tables 15 and 16).

In the majority of cases, increasing the concentration of cofactor

to 3.7 x 10
-2

M increased the activity of enzymes, with two

exceptions: the first was with a strain of S. faecium on a tyrosine

substrate (Table 15); this was surprising, and although incongruent

with other results, may be explained by the fact that cofactor

sometimes produces more activity from the enzyme if supplied during

growth, rather than to resting cells. This was the case for a

strain of S. faecalis studied by Bellamy et al. (1945). The second

exception was when a histidine substrate was being used with an

Austrian Swiss,cheese slurry (Table 17); this may be a situation

where enzyme sites were "supersaturated" and inhibition occurred,

due to the formation of a complex between histidine, histamine and

pyridoxa1-5'-phosphate (Kierska et al., 1975). Increases of ten-

fold from optimal levels are not thought to alter activity (Levine

and Watts, 1966). It would appear from this that for quite a

number of cases in this study, optimal conditions were not reached



104

using 3.7 x 10
_5

M cofactor. If enzyme activity needs cofactor,

then these differences will show most clearly in experiments using

single organisms, which was very evident in the case of the strains

of propionibacteria (Table 16). Lower levels, producing no response

to cofactor, are probably due to basal levels of activity. No

such dramatic differences were seen for the cheese slurries (Table

17) and this was probably due to the fact that some Vitamin B
6
was

already present in the cheese itself. On addition of higher levels

of the cofactor, considerable activity was noticed in the Austrian

Swiss cheese slurry, using a tyrosine substrate. This could not be

attributed to the Propionibacterium, but must mean there were

organisms capable of decarboxylating tyrosine, but lacking suf-

ficient cofactor to convert all the substrate, which will

include added and inherent substrate. The high levels of histamine

production, with no alteration on addition of cofactor, are ex-

plained by the fact that there may be more histidine decarboxylating

organisms in the cheese, and that they have "tied up" most of the

cofactor present in the cheese; tyrosine organisms are comparatively

fewer in number, but when supplied with cofactor produce a more

active decarboxylase. Should histidine decarboxylase not require

cofactor, this would explain the ineffectiveness of adding it,

however it would not explain the increased activity when higher

quantities were added.
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If pyridoxa1-5'-phosphate is necessary for full activity of

the decarboxylases, which from this study appears is so for the

majority of cases, then amine production in cheese is going to

depend on its availability. There are two sources of Vitamin B6

in cheese; one is from the milk itself, and this may vary con-

siderably, and the other is from, bacteria that synthesise it

and release it into the cheese. Vitamin B
6

assays on the cheeses

used in this study (Table 18) showed levels that would probably be

adequate to provide increased activity during cheese slurry studies;

however, as seen with the Austrian Swiss cheese, these levels may

not have been sufficient for complete saturation. Highest levels,

which were in the order of 1.3 x 10
-5

M, were in the proteolytic

types of cheeses, and were probably due to production of Vitamin B
6

by the organisms important in surface ripening.

Anaerobiosis

Organisms decarboxylating tyrosine were generally aerobic,

but it appeared that quite frequently anaerobic or partially

anaerobic conditions favored the type of organisms able to

decarboxylate histidine. Lactobacillus 30a is one of these

examples, as is the Lactobacillus species isolated from Gouda

cheese. The fact that Propionibacteria in this study were able to
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decarboxylate histidine adds strength to this idea. Strains of

lactobacilli, in particular, will adapt to laboratory conditions

(Guirard and Snell, 1964; Rodwell, 1953), and respirometric and

radiometric experiments showed no difference with or without

added CO
2.

Optimal decarboxylase activity occurs at a pH of between 5.0 to

5.5 (Gale, 1940; Ienistea, 1971). The pH of cheeses will range

between 5.0 to 6.5 depending on the type and age of the cheese, and

therefore, in the majority of cases will provide an ideal medium

for enzyme activity. Although a higher pH will not be so favorable

for enzyme activity, it does encourage growth of contaminant

organisms, and during this study it was found that those cheeses

with higher pH's (Table 18) were often those showing greatest

decarboxylase activity. The production of amines themselves will

also raise the pH.

Decarboxylation by Propionibacteria

From the results in Table 16 it was clear that this group of

organisms should be regarded with suspicion, as far as amine

production goes. They are a group not looked at in great detail

previously, and yet their opportunities for amine production are

much greater, in some respects, than for other organisms. By the
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time they are proliferating, substrate may be freely available, the

pH of the cheese will have been reduced due to the production of

lactic acid by starter bacteria, and finally warm room temperatures

will be close to optimal for enzyme activity (<27°C).

Methods

Owing to the generally close agreement between results, the

radiometric was selected over the respirometric technique for use

in the cheese slurry studies. It seemed to be more sensitive for

low levels of CO
2
production, and was also much more convenient for

these types of samples. The results from four flasks gave an

average of three samples; the time it would take to perform three

respirometric experiments would make the latter a very time con-

suming method. Expiration of other gases apart from CO2 do not

have to be taken into account in the radiometric technique either.

With cheese slurry samples as with other biological preparations, a

considerable period of time is necessary after completion of the

experiment, to allow for release of the CO2 from the sample. In

this study two hours was used, as recommended by Harrison et al.

(1971), and this seemed to be adequate; heating of the sample might

also help in this respect, and reduce the length of time needed.
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In extracting amines from cheeses, the method of Lovenburg

and Engelman (1971) appeared to be suitable for tyramine and trypta-

mine, but it was clear that histamine was either more tightly

bound up, or else was being lost during the extraction process.

If the former was the case, a second extraction might release more

of the histamine. Back extractions were tried during this study,

but even lower amounts were recovered. The best way to detect

where losses in the extraction process were occurring would be to

add labelled histamine to cheese slurries and analyse "by-

products" from the procedure.

Further development of the gas chromatographic technique is

required to stabilize tyramine derivatization. The final method

used in the present study would be satisfactory for estimating

quantities of tryptamine or histamine, but possibly another

technique may be necessary for tyramine, although this would make

the analysis time consuming for use by the industry.
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SUMMARY

A variety of organisms were isolated from cheeses, and found

capable of producing biogenic amines. Providing them with optimal

conditions in vitro defined their capabilities. A closer look

however at their capabilities in vivo under different conditions

would be valuable, to determine which factors are most influential

for amine production during cheese manufacture. In this respect the

influence of one organism on another should be taken into account.

The isolation and testing of organisms was time consuming,

and would be improved with the development of a medium to select

amine producers from cheese, as has been done for histamine pro-

ducing organisms from fish (Corlett, D. A. personal communication).

Strains of Lactobacillus, Propionibacterium and members of the

enterococci were shown to produce biogenic amines, but other

organisms should also be considered. Among those worthwhile

investigating are the microaerophilic and facultatively anaerobic

types; also the anaerobic streptococci, some of which were isolated

from a Swiss cheese during this study; and finally psychrotrophic

organisms found in raw milk supplies.

A number of the propionibacteria studied produced high levels

of amines, and a more widespread study of strains in use in the

dairy industry would determine how responsible these organisms have

been for histamine outbreaks currently occurring in Swiss cheese.
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"Rotation" of different strains in use at a cheese plant might avoid

the possibility of organisms becoming highly active in the

environment.

Extraction and gas chromatographic techniques for detection

of tyramine, histamine and tryptamine need further improvement;

these are essential if the development of amines is to be followed

in a cheese; and at this time when the problem of toxic amine

occurrence is becoming a national one, a rapid technique is more

than desirable.
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Amino Acid Analysis of Cheeses

The method of extraction was based on that of Melachouris and

Tuckey (1966). For each cheese two 0.5 gm samples were weighed.

Since the efficiency of extraction may vary for each cheese, one

sample (0.5 gm) was supplemented with known quantities (6.5 nMoles)

of the amino acids, tyrosine, histidine and tryptophan.

Fats were extracted with ethyl ether in a Soxlet apparatus

for approximately 1.5 hr. Boiling chips were added to the ethyl

ether, and extraction was carried out on a 30°C warm plate. The

defatted cheese was air-dried and then amino acids were extracted

with 6.75 ml of deionized water at 45°C for 2.5 hr. The ex-

tract was filtered through No. 42 filter paper and 25 ml of 95%

ethanol added to 5 ml of the filtrate. This mixture was kept at

-20°C for 24 hr, then centrifuged at 1600 rpm for 30 min. The

supernatant was filtered through a No. 42 filter paper and 25 ml of

the filtrate evaporated to a volume of 0.25 ml under vacuum at 40°C.

This volume was made up to 1.25 ml with pH 2.2 buffer (Moore et al.,

1958). Samples were analyzed on a Beckman Model 120B amino acid

analyzer, modified to a 6-mm single column procedure.

Samples were more concentrated than expected and therefore had

to be diluted one to one hundred. Consequently no results were

available for the spiked samples and extraction efficiencies for

cheeses could not be compared. However results for some of the un-

spiked samples are presented. A comparison of these with some of



128

the previously calculated percentage differences, indicating the

difference in rate of decarboxylation with cheeses given "hot"

substrate compared with those given "hot" and "cold" substrate,

shows that those results designated a minus sign, did infact have

higher levels of free amino acid than those with a. plus sign; this

verified previously made speculations. Results for tyrosine and

histidine are given and expressed as mg of amino acid per 100 gm

of cheese. The method used was not suitable for tryptophan analysis.

AMINO ACID POOL SIZES

CHEESE TYROSINE HISTIDINE

% Difference
mg/100 gm
cheese % Difference

mg/100 gm
cheese

Edam +2 6.0 +300 1.5

Swiss (Slim) -45 13.1 +142 4.7

Domestic Swiss -28 8.2 - 25 11.9

NY Cheddar -19 11.6 + 27 2.8

Limburger -2 28.8 - 68 5.6


