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During the development of the media for the identification and

differentiation of Clostridium perfringens and C. botulinum types A,

B and E, 16 different double layer media were prepared and tested

with known cultures of 28 C. botulinum strains, 20 C. perfringens

strains and 11 other clostridial species.

The semisolid media incorporate a hydrogen sulfide indicator

system, a carbohydrate and a pH indicator in the bottom layer,

nitrate source and trypticase in the top layer, thus providing five

different biochemical and physiological tests in a single screw-cap

tube (H
2S

production, nitrate reduction, carbohydrate fermentation,

indole formation and motility).

The media are used for the confirmation of Q. perfringens

colonies from selective agar plates and for the differentiation and



presumptive identification of C. botulinum types A, B and E and other

clostridial species found on differential egg yolk agar media.

The "jelly-like" consistency of Media Nos. 14 A/B and 15 A/B

allows the inoculation of the test tube with a 1 ml plastic pipette with-

out breaking the column. These media, when inoculated with active

cultures grown in fluid thioglycolate medium for 4-6 hours or over-

night at 35°C give results within 6-8 hours at 35°C or within 14-16

hours at 30°C. The media do not require an anaerobic jar for their

incubation. The test tubes, with their caps tightly closed, are incu-

bated in a 35oC or 30oC incubator.

Both Medium No. 14 A/B and Medium No. 15 A/B, with the

exception of the carbohydrate, have the same base composition.

Medium No. 14 A/B uses lactose while Medium No. 15 A/B uses

sucrose.

During this study 101 anaerobic organisms were isolated from

41 different food samples. Forty-eight were identified as C. perfrin-

gens, one as C. botulinum type A, two as C. acetobutylicum, one as

C. tertiuxn, and two as C. tetani.

The proposed names for Media Nos. 14 A/B and 15 A/B are

trypticase nitrate lactose; iron agar (TNLI) and trypticase nitrate

sucrose iron agar (TNSI) respectively.
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MEDIA FOR IDENTIFICATION AND DIFFERENTIATION
OF CLOSTRIDIUM PERFRINGENS AND CLOSTRIDIUM

BOTULINUM TYPES A, B AND E

INTRODUCTION

Commercially available selective agar media for the quantita-

tive determination of Clostridium perfringens allow the growth of

other sulfite reducing anaerobic and facultative bacteria. The stan-

dard procedure of the Association of Official Analytical Chemists

(AOAC) (2) and the Food and Drug Administration (53) for the isolation

and confirmation of C. perfringens involves picking ten or more black

colonies from each countable plate of tryptone-sulfite-neomycin (TSN)

or sulfite - polymyxin- sulfadiazine (SPS) agar into Fluid Thiogylcolate

medium, nitrate motility medium, iron milk and sporulation broth...

Clostridium botulinum also produces hydrogen sulfide and is not inhi-

bited in the selective media used in the analysis of C. perfringens.

The criteria used for the identification of C. perfringens are its

non-motility, its ability to reduce nitrate to nitrite, its ability to

sporulate, and its ability to produce stormy fermentation in iron

milk and hydrogen sulfide on TSN or SPS agar plates under anaerobic

conditions. However, many investigators encountered difficulties

with the sporulation of C. perfringens in chemically defined media,

and very often in its identification, sporulation is omitted if the other

characteristics arextirpical for the organism. On the other hand, C.



botulinum strains are motile, do not reduce nitrate or ferment lac-

tose in iron milk. Therefore, a combination of several biochemical

and physiological characteristics are useful, not only for the identi-

fication of C. perfringens, but also for the presumptive identification

and differentiation of C. botulinum types. The ultimate test for the

identification of C. botulinum is the toxicity test.

To carry out individually the different biochemical and physio-

logical tests mentioned above is time consuming, requires an anaero-

bic jar with a mixture of nitrogen and carbon dioxide, and usually

takes 48-72 hours.

The purpose of this study was to incorporate five different bio-

chemical and physiological tests in a single test tube for an easy and

rapid method of identification and differentiation of C. perfringens

and provide a presumptive identification and differentiation of C.

botulinum types A, B and E.

The test tubes would not require an anaerobic jar for their

incubation.
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LITERATURE REVIEW

Both Clostridium botulinum and Clostridium perfringens are

well established as agents responsible for food poisoning (10, 18, 34,

47, 50, 54). The first case of botulism food poisoning was recorded

in Europe in 1735 (as cited in 10, 47), but the bacterium was not iso-

lated and described until 1896 by van Ermengen in the course of an

investigation of the death of three people and the illness of 23 in

Ellezelles, Belgium (as cited in 10, 30, 47, 54). Ermengen named

the organism he isolated from raw ham Bacillus botulinus. In 19L6

the Society of American Bacteriologist Committee on Classification

of Bacterial Types recommended the adoption of the generic term

Clostridium for this anaerobic bacillis (35).

Today six types of Clostridium botulinum have been described

(types A-F), each of which produces an immunologically distinct form

of exotoxin (29, 47). Attempts at differentiating Clostridium botu-

linum from other anaerobic organisms, based upon their growth pat-

terns on culture media, were first made in 1941 by MacFarlane et al.

(33) who showed that lecithovitellin extracted from eggs gave a better

opalescent precipitate than the human serum used by Nagler in 1939

in his study of Clostridium perfringens (43). MacFarlane et al.

postulated that the opalescent precipitate might be due to the 'a-toxin

of Clostridium perfringens. The tube reaction that is now referred
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to as the Nagler or lecithovitellin (LV) reaction has been used exten-

sively by many investigators as a tool for the identification of a

variety of clostridial species (9, 26, 55).

In 1944 and 1945 Nagler developed a plating medium containing

peptic digest of ox muscle, egg yolk and defibrated sheep blood for

the differentiation and identification of Clostridium novyi by the sur-

face colony appearance. On this medium, surface colonies of Clos-

tridium novyi are surrounded by two distinct zones. The first opaque

hemolitic area is surrounded by a dark red zone, or zone of reduc-

tion, and a "mother of pearl" luster film which covers both the

colonies and the zones. He was also able to differentiate surface

colonies of Clostridium sporogenes and Clostridium botulinum by the

pearly film formation and/or a dark red "zone of reduction" (41, 42).

The extensive work of McClung and Toabe (35) on peptone base and

egg yolk supplement media has provided another tool for the presump-

tive differentiation of Clostridium perfringens, C. novyi, C. bifer-

mentans, C. hemolyticum, C. botulinum and C. sporogenes. They

concluded that the LV reaction on the plate or a tube may be of con-

siderable value for the presumptive identification of various clostri-

dia organisms under certain conditions. In an attempt to make the

pearly layer and the opalescence more specific, several modifications

of the McClung and Toabe egg yolk media were made. Stiebrs (49)

and Hobbs (24) in a comparative study of liver veal agar egg yolk
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media (LVA) and trypticase egg yolk agar media (TA) found LVA egg

yolk media to be unreliable with respect to the "pearly layer" forma-

tion by Clostridium botulinum types. However, trypticase egg yolk

agar was found to be better for the presumptive differentiation and

identification of C. botulinum types. Stiebrs (49) also reported that

the addition of sucrose and neutral red as the pH indicator to trypti-

case egg yolk media (TSA) can be used for the differentiation of C.

botulinum type E. The sucrose fermentation by all type E and a few

non-toxic "type E-like" strains was determined by the formation of a

pink halo around the colony on TSA egg yolk agar plates. C. botu-

linum type E strains were found to produce starch-like granules on

TSA agar plates. The colonies of all type E became dark blue or

black when flooded with an iodine potassium-iodide solution, while

types A and B and Clostridium sporogenes became pale yellow.

The standard procedure used in laboratories for the detection

of C. botulinum types (53) is the mouse toxicity test. The suspected

food samples are usually submitted to ethyl alcohol and heat treat-

ment before they are inoculated into a liquid enrichment medium.

After a suitable time of incubation under anaerobic conditions they

are tested for the presence of C. botulinum toxin by injecting pro-

tected and unprotected mice. Death of the unprotected mice and the

survival of the mice protected by a specific antitoxin determines the

type of botulinum toxin.. This method is time consuming and in some
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cases it has been found to be non-specific for the examination of

foods. Toxic amines and ammonia produced, in foods as a result of

microbial degradation may cause death of the mice injected with the

food extract (10).

Fluorescent antibody technique (5, 56), DNA composition (29)

and electroimmunodiffusion (38) are among the new methods proposed

for the rapid detection and differentiation of C. botulinum spores,

vegetative cells and toxin. Miller and Anderson (38), using an

electroimmunodiffusion technique, were able to detect as little as

14 mouse LD
50

per 0.1 ml of C. botulinum type A toxin in foods as

well as in experimental systems in less than two hours.

Food poisoning fatalities due to C. botulinum are rare in this

country (15). On the other hand, the annual reports of food poisoning

outbreaks caused by C. perfringens have increased in the last decade.

In 1959 four outbreaks involving 1,000 persons were reported. In

1969 C. perfringens was implicated, in 69% of foodborne outbreaks

and in 1970 54 outbreaks (14%) involving 6, 952 persons were caused

by C. perfringens (8, 11).

The wide distribution of this organism results in the contami-

nation of many foods and food products consumed by humans (47). In

a survey conducted in San Francisco, California, in dehydrated mixes

of soup, gravy and spaghetti during 1971, Keoseya.n (27) found C.

perfringens in 14% of 250 samples collected from manufacturing



plants and retail stores. In 1965 Hall and Angelotti (20) found C.

perfringens in 43. 1% of the 263 meat and meat products examined.

Various studies (4, 28, 31, 48) of food processing operations and

convenience foods indicate frequent occurrence of this organism in

equipment and raw materials, resulting in possible contamination of

finished products. Studies of the effects of refrigeration tempera-

tures on the growth of C. perfringens indicate that in the range of 50

to 15o C no multiplication occurs, but viable cells are still present

after five days of storage (20). One percent of the vegetative cells

survive frozen storage for 48 hours (7, 53). The resistance of C.

perfringens to varying degrees of acidity during growth and sporula-

tion is reported by Fisher et al. (14).

For the isolation of C. perfringens and C. botulinum an anaero-

bic condition is required. Ninety percent nitrogen and 10% carbon

dioxide mixture replacing the oxygen in the anaerobic jar creates

anaerobiosis for the growth of C. perfringens and C. botulinum (1,

49). These anaerobic organisms can also grow at 100% nitrogen or

100% carbon dioxide atmospheres (44). The growth of C. perfringens

is optimal at 35°C and in a medium with a pH of 7.2 (4).

Because of the need of rapid quantitative determination of C.

perfringens in food samples suspected to be involved in foodborne

outbreaks, several selective plating media were developed. Mossel

(40) proposed the use of a sulfite agar for the quantitative



determination of sulfite-reducing clostridia in foods, The accurate

enumeration of clostridia organisms in sulfite agar was not possible

because most facultative enterobacteriaceae also produce hydrogen

sulfide. To suppress the growth of these enterobacteriaceae. he added

polymyxin B to his sulfite agar (39). Based on Mossel's findings,

Angelotti et al. (1) developed a sulfite-polyrnyxin-sulfadiazine (SPS)

agar.

Lowbury and Lilly (32), in the development of a selective plat-

ing media for C. perfringens, demonstrated that some strains of C.

perfringens are resistant to 100 ing/m1 of neomycin sulfate when

they are grown on Nagler's medium. Taking advantage of this pro-

perty of C. perfringens to be able to resist high concentrations of

neomycin, Marshal et al. (36) modified Angelotti's SPS agar by sub-

stituting neomycin sulfate for sulfadiazin.e and increasing the concen-

tration of polymyxin B in the medium from 10 mg/ml to 20 mg/mi.

Both the sulfite-polymyxin-sulfadiazine (SPS) and tryptone-sulfite-

neomycin (TSN) have been recommended by the AOAC (2) and FDA

(53) for the quantitative determination of C. perfringens in foods in

which relatively large numbers of vegetative cells are expected to be

present. The commercially available SPS and TSN agar have been

criticized for their inhibitory action on some strains of C. perfrin-

gens (21, 22, 46). Some strains of C. perfringens do not produce the

characteristic black colonies due to the unstable ingredients of the
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media (46). The lecithovitellin reaction (33, 35, 43) and the sulfite

reduction abilities of C. perfringens were combined by Shahidi and

Ferguson (46) in a recently developed agar medium, Shahidi-

Ferguson-perfringens agar (SFP). Neither SPS nor TSN nor SFP

medium is selective enough for C. perfringens because all three per-

mit the growth of undesirable facultative anaerobes which, if present

in large numbers, interfere with the isolation of C. perfringens. For

this reason Harmon et al. (23) made the SFP agar more selective by

substituting 400 mgr of D-cycloserine per ml of the final medium for

kanamyc in and polymyxin B.

The colonies obtained in any of the selective media need to be

confirmed as Clostridium perfringens before any report can be made

(19, 53, 56). Among the 93 recognized species of Clostridium, C.

perfringens and 13 other are non-motile (6). All these non-motile

species can be differentiated from C. perfringens on the basis of

hydrogen sulfite production and nitrate reduction. Angelotti (1) intro-

duced a motility-nitrate medium in which a single tube permits the

test for motility and the production of nitrite from nitrate. Shahidi

and Ferguson (46) have suggested the use of lactose-motility agar

(LM) for the confirmation of C. perfringens, provided that SFP agar

is used for the enumeration of these organisms. C. perfringens is

differentiated in an LM agar because it is non-motile and ferments

lactose. Other lecithinase and H
2S

producing clostridial strains that
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may also appear on SFP agar plates are motile and do not ferment

lac to se.

In spite of recent improvements in the selective media for the

enumeration of C. perfringens, they are useful mainly when relative-

ly large numbers of vegetative cells are present in a food sample.

Green and Litsky (16) described Trypticase-yeast extract-dextrose-

clostrisel broth (TYD-C) for the most probable number (MPN) tech-

nique for the detection of small quantities of C. perfringens. They

found that TYD-C used in conjunction with SPS agar provided higher

recovery rates, especially in cooked foods which may initially have

low viable numbers of C. perfringens.

In Japan, Yamagishi et al. (57) have improved the agglutination

and fluorescent-antibody methods for the identification of C. perfrin-

gens types C and D isolated from animal feces. They reported the

agglutination to be type-specific and not to show cross-reactions with

other strains, as in the case of the antisera for type A. Ueno et al.

(52) have shown a rapid and simple method for the identification of C.

perfringens by determining the acid phosphate activity in isolated

colonies or in broth cultures. The colonies were picked onto a filter

paper in a petri dish and a few drops of naphthylphosphoric acid-

diazonium-o-dianisidine solution were added over the colonies on the

paper. Colonies of C. perfringens showed a purple color in 2-3

minutes while colonies of other clostridial species showed no change
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in color. They have also found a correlation between the amounts of

acid phosphatase and lecithinase (a-toxigenicity) produced by C, per-

fringens. Harmon and Kautter (21) found a close relationship between

growth of C. perfringens and the amount of a-toxin produced, and

proposed the estimation of the presence of C. perfringens by deter-

mining the amount of a-toxin remaining in foods where the viable

count is too low because of freezing or prolonged refrigeration prior

to laboratory analysis.

Although several methods have been proposed for the identifi-

cation of both C. perfringens and C. botulinum, a combination of bio-

chemical and physiological tests remain the best method for rapid

identification and differentiation of these organisms.
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MATERIALS AND METHODS

Media Preparation

For the preparation of test media all the ingredients were

weighed out into Erlenmeyer flasks and dissolved with the appropriate

volume of cold distilled water and heated with constant agitation to a

boil. The pH of the media was adjusted to 7.3 ± 0.1 with 1 N NaOH

solution. Ten ml of solution B (bottom layer) Were dispensed into

20 x 150 mm screwcap tubes and autoclaved at 15 psi for 10 minutes.

Solution A (top layer), still in the flask, was also autoclaved at 15 psi

for 10 minutes. The tubes containing solution B were allowed to

solidify in a test tube rack upright, while the flask with solution A

was cooled to 450 - 50 C in a water bath. Ten ml of solution A were

transferred with a sterile wide-mouth pipette over solution B already

solidified. Storage of the prepared media at room temperature kept

the media soft and ready for inoculation, and prevented the diffusion

of the color of the pH indicator from the bottom to the top layer for

several days. The caps of all the tubes were kept tight.

General Techniques

The bacterial colonies from the selective plates were picked

into freshly boiled and cooled fluid thioglycolate medium
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(BBL)1 and incubated at 35°C for 4-6 hours or overnight. This was

used for the inoculation of the test media and for subsequent tests.

The test media were inoculated by expelling about 0.5 ml of inoculum

into the semisolid medium while withdrawing a 1 ml disposable plastic

pipette. Each culture was inoculated into two tubes and incubated at

35
oC for 6-8 hours or at 30oC for 14-16 hours.

All the known cultures were maintained in cooked meat medium

(BBL) prepared as directed in 20 x 150 mm screw-cap tubes. The

inoculated cooked meat tubes were incubated at 35o C in a torbal

anaerobic jar for 24-48 hours and then stored in the dark at room

temperature. The AOAC (2) and FDA (53) reference procedures were

followed in the isolation and confirmation of C. perfringens and C.

botulinum.

In addition to SPS, TSN, and LVEY, Trypticase Sucrose Egg

Yolk agar (TSEY) was used for the isolation of C. perfringens from

food samples. The TSEY was also used in the isolation and charac-

terization of C. botulinum. The TSEY was prepared by slightly

modifying the Trypticase Sucrose Agar (TSA) proposed by Stiebrs

(49).

The food samples analyzed in this study were samples collected

1 The use of brand names in this paper is for identification purposes
only and does not constitute an endorsement of these products by
the author.
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by the Oregon State Department of Agriculture food sanitarians dur-

ing their routine inspection of food processing establishments.

Differential Egg Yolk Medium

Trypticase Sucrose Egg Yolk Agar (TSEY)

Trypticase 1.5%
Phytone, peptone 0.5%
Sodium Chloride 0.5%
Sucrose 1.0%
Agar 1.5%

ij,,,-/,-ot$114=roi Red O. 002%
50% Egg Yolk Solution 10. 0%

Final pH: 7.2 ± 0.1

Test Media

Medium No. 1 A/B

Solution B - Bottom Layer. Solution B of Medium No. 1 was

made by adding ferrous sulfate (0.02%), sodium thiosulfate (0.03%),

mannitol (1.0%), phenol red (0.002%) to trypticase soy agar (BBL)

which has the following composition:

BBL-Trypticase Soy Agar (TSA)

Trypticase- peptone 1.5%
Phytone -peptone 0. 5%
Sodium Chloride 0. 5%
Agar 1.5%
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Solution A - Top Layer. Solution A was made by adding 0.2%

agar to Indole-nitrite medium (BBL) which has the following compo-

sition:

BBL-Indole-Nitrite Medium

Trypticase - peptone 2.0%
Disodium Phosphate 0.2%
Dextrose 0. 1%
Agar 0.1%
Potassium Nitrate 0. 1%

Medium No. 2 A/B

Solution B - Bottom Layer

Trypticase 5.0%
Polypeptone 1.0%
Sodium Chloride 0.5%
Ferrous Sulfate 0.02%
Sodium Thiosulfate 0.03%
Lactose 1.0%
Agar 0.6%
Phenol Red 0.002%

Solution A Top Layer. Indole-nitrite medium (BBL) plus

0.2% agar.

Medium No. 3 A/B

Medium No. 3 was made by replacing lactose in the bottom

layer of Medium No. 2 with 1.0% salicin.
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Medium No. 4 A/B

Solution B - Bottom Layer

Trypticase 5.0%
Polypeptone 1.0%
Sodium Chloride 0.5%
Sodium Citrate 0.05%
Ferric Sulfate 0.05%
Lactose 0.5%
Agar 0.5%
Phenol Red 0.002%

Solution A Top Layer. Indole-nitrite medium (BBL) plus

0.2% agar.

Medium No. 5 A/B

Medium No. 5 was made by replacing lactose in Solution B of

Medium No. 4 with 0.5% salic in., Solution A was still indole-nitrite

medium plus 0.2% agar.

Medium No. 6 A/B

Solution B - Bottom Layer

Trypticase 5.0%
Polypeptone 1.0%
Sodium Chloride 0. 5%
Ferrous Ammonium

Sulfate 0.05%
Sodium Sulfite 0.05%
Salic in 0.5%
Agar 0.5%
Phenol Red 0. 002%
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Solution A - Top Layer. Indole-nitrite medium (BBL) plus

0.2% agar.

Medium No. 7 A/B

Solution B Bottom Layer

Trypticase 5.0%
Polypeptone 1.0%
Sodium Chloride 0.5%
Ferric Ammonium

Sulfate 0.05%
Sodium Sulfite 0.05%
Lactose 0.5%
Agar 0.5%
Phenol Red 0.002%

Solution A - Top Layer. Indole-nitrite medium (BBL) plus

0.2% agar.

Medium No. 8 A/B

Solution B - Bottom Layer

Trypticase 5.0%
Polypeptone 1.0%
Sodium Chloride 0. 5%
Ferrous Ammonium

Sulfate 0.05%
Sodium Sulfite 0.05%
Lactose 0.5%
Agar 0.5%
Bromo Cresol Purple 0.0025%

Solution A - Top Layer. Indole -nitrite medium (BBL) plus

0.2% agar.
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Medium No. 9 A/B

Solution B - Bottom Layer. Solution B in Medium No. 9 was

made by replacing phenol red pH indicator in Medium No. 7 with

bromo thymol blue (0.0025%).

Solution A - Top Layer. Indole-nitrite medium (BBL) plus

0.2% agar.

Medium No. 10 A/B

Solution B - Bottom Layer

T ryptica se 5.0%
Polypeptone 1. 0%
Sodium Chloride 0. 5%
Ferrous Ammonium

Sulfate 0.05%
Sodium Sulfite 0.05%
Lactose 0.25%
Agar 0.5%
Phenol Red 0.002%

Solution A - Top Layer. Indole-nitrite medium (BBL) plus

0.2% agar.

Medium No. 11-1 A/B

Solution B - Bottom Layer

T ryptic a se 5.0%
Sodium Chloride 0.5%
Ferrous Ammonium

Sulfate 0.05%
Sodium Sulfite 0.05%
Lactose 0.2%
Agar 0.5%
Phenol Red 0. 002%
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Solution A - Top Layer. Indo le-nitrite medium (BBL) plus

0.2% agar.

Medium No. 11-2 A/B

Solution B - Bottom Layer. Solution B in Medium No. 11-2

was made the same as in Medium No. 11-1.

Solutions Al and A2 - Top Layer
Al A2

Trypticase 2.0% 2.0%
Sodium Phosphate, Dibasic 0.2% 0.2%
Potassium Nitrate 0. 1%
Sodium Nitrate 0. 1%
Agar 0.3% 0.3%

Medium No. 12 A/B

Solution B - Bottom Layer. Solution B in Medium No. 12 was

made by reducing the lactose concentration in Medium No. 10 to

0.1%.

Solutions A and A2 - Top Layer
Al A2

Trypticase 2.0% 2.0%
Sodium Phosphate, Dibasic 0.2% 0.2%
Potassium Nitrate 0. 1%
Sodium Nitrate 0. 1%
Lactose 0.05% 0.05%
Agar 0.3% 0.3%
Sulfanilic Acid 0. 001% 0. 001%
a-Naphthylamine 0.001% 0.001%
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Medium No. 13 A/B

Solution B Bottom Layer

Trypticase 5.0%
Phytone, peptone 1.0%
Sodium Chloride 0.5%
Ferrous Ammonium Sulfate 0. 05%
Sodium Sulfite 0.05%
Lactose 0.175%
Agar 0.5%
Phenol Red 0.002%

Solution A - Top Layer

Trypticase 2.0%
Sodium Phosphate, Dibasic 0.2%
Potassium Nitrate 0. 1%
Lactose 0.175%
Agar 0.3%

Medium No. 14 A/B

Solution B - Bottom Layer

Trypticase 5.0%
Phytone, peptone 1.0%
Sodium Chloride 0. 5%
Ferrous Ammonium Sulfate 0.05%
Sodium Sulfite 0.05%
Lactose 0.15%
Agar 0.5%
Phenol Red 0. 002%

Solution A - Top Layer

Trypticase 2.0%
Sodium Phosphate, Dibasic 0.2%
Potassium Nitrate 0. 1%
Lactose 0.15%

0Agar .3%
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Medium No. 15 A/B

Medium No. 15 was made by replacing lactose in Solution A

and in Solution B of Medium No. 14 with sucrose (0.15%).

Other Media

Phenol Red Carbohydrate Broths

Carbohydrate fermentation tests for all the known and unknown

bacterial cultures were performed on dulcitol, fructose, glucose,

lactose, maltose, mannitol, salicin, sorbitol, and sucrose. The

carbohydrate base broth has the following composition:

Trypticase 5.0%
Phytone, Peptone 0.5%
Carbohydrate 1.0%
Phenol Red 0.002%

Final pH: 7.2 ± 0.1%

Nitrite Test Reagents

Reagent I (53)

Reagent II (53)

Reagents

Sulfanilic Acid
5 N Acetic Acid2

0.8 gr
100.0 ml

a-Naphthylamine 0.6 gr
5 N Acetic Acid2 100.0 ml

2 28.75 ml of glacial acetic acid added to 71.25 ml of distilled water.
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Modified Griess Reagent (2). Dissolve 0.5 gr of sulfanilic acid

in 150 ml of 15% (v/v) acetic acid.

Boil 0.125 gr of a-naphthylamine HC1 in 20 ml distilled water

until solution is effected, and pour while hot into 150 ml of 15% (v/v)

acetic acid. Mix the two solutions and filter through a glass wool

plug into a low actinic glass bottle.

Reagent for Indole Test (95)

Kovac's Reagent

p-Dimethylaminobenzaldehyde 5.0 gr
Amyl Alcohol 75.0 ml
Concentrated HC1 25.0 ml

Dissolve the p-dimethylaminobenzaldehyde in the amyl alcohol,

then add the HC1.

Iodine Potassium-Iodide Solution

Iodine 1.0 gr
Potassium-Iodide 0.5 gr
Distilled Water 100.0 ml

Bacterial Cultures

The bacterial cultures were obtained from the American Type

Culture Collection; the Microbiology Department, Oregon State Uni-

versity, Corvallis; The National Canners Association, California;

and the stock collection of Laboratory Services, Oregon State



23

Department of Agriculture, Salem. The numbers identifying the cul-

tures are those of the National Collection of Industrial Bacteria

(NCIB); the National Canners Association (NCA); Oregon State Uni-

versity (OSU); and the Laboratory Services, Oregon. State Department

of Agriculture (OSDA).

Clostridium botulinum type A: 62A, 78A, 19A, 69A (NCA)

Clostridium botulinum type B: 32B, 213B, 12033B, 13983B (NCA)

Clostridium botulinum type E: 4213, 4217, 4217a, 4255, 4261, 4286,

4263 (NCIB); VH (Dolman); KA92b,

KA94, KA123, LA2P, 71H, FDS-5,

FD28-2 (OSU)

Non-toxic "type E-like"
Clostridia 4266, 4258, 4270, 4271, 4272

(NCIB)

Clostridium botulinum type F: Langeland Strain

Clostridium perfringens: 701, 702, 703, 704, 705, 706, 707,

708, 709, 710, 711, 712, 713, 714,

715, 716, 717, 718, 719, 720 (OSDA)

Clostridium acetobutylicum: ATCC 824; 808, 809 (OSDA)

Clostridium bifermentans: ATCC 1783w

Clostridium nigrificans: ATCC

Clostridium pasteurinianum: ATCC 6013



Clostridium sporogenes:

Clostridium tetani:

Clostridium tertium:

Clostridium septicum:

ATCC 17885

ATCC 17891

OSDA 810

OSDA 811

24
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RESULTS AND DISCUSSION

The criteria proposed by the Association of Official Analytical

Chemists and the Food and Drug Administration for the identification

and differentiation of Clostridium perfringens are based on five physi-

ological and biochemical characteristics: sulfite reduction on sulfite-

polymyxin-sulfadiazine (SPS) or on tryptone- sulfite-neomycin (TSN)

agar plates under anaerobic conditions, nitrite production from

nitrate, stormy fermentation of milk, non-motility, and sporulation.

The first step in the isolation of C. perfringens from food

samples implicated in foodborne outbreaks consists of plating the

sample with SPS or TSN selective agar. The agar plates are incu-

bated anaerobically for 24 hours and the black colonies (sulfite re-

ducers) are counted. At least ten of these black colonies per count-

able plate (30-300 colonies per plate) are picked into nitrate motility

medium for the nitrite production and motility tests, into iron milk

for the lactose fermentation test and into fluid thioglycolate medium,

which will be used for Gram staining and inoculation of the sporula-

tion broth (2, 53). Many investigators (12, 13, 17, 18, 45, 46) had

encountered difficulties with the sporulation of C. perfringens in

chemically defined media, and very often in the identification of C.

perfringens, sporulation is omitted if the other characteristics are

typical for the organism.
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The routine confirmation of C. perfringens colonies is time

consuming and in many cases it is fruitless since many facultative

and anaerobic bacteria also produce H
2S

in the selective agar plates

used for the isolation of C. perfringens. Many clostridial strains,

including C. botulinum, are not inhibited by either SPS, TSN or SFP

agar medium (46), and since they have different biochemical char-

acteristics than C. perfringens, no other tests will be carried out to

identify them.

The plate count technique as the quantitative method for C. per-

fringens is not suitable for food with low concentrations of vegetative

cells. As noted in the Bacteriological Analytical Manual (53), a

rapid loss of viability of C. perfringens is observed in foods that are

frozen or refrigerated. Harmon (21) found that frozen storage for 17

days at -20°C of foods inoculated with C. perfringens decreased the

viable count at least 1,000-fold, whereas the alpha toxin titer re-

mained unchanged. The alpha toxin is believed to be the main factor

in the production of food poisoning symptoms. In the routine surveil-

lance of foods for the presence of pathogenic organisms such as C.

perfringens and C. botulinum, the food microbiologist usually finds

the food sample to contain small quantities, if any, of C. perfringens

and other clostridial strains including C. botulinum. Therefore it is

necessary to utilize an enrichment technique for their isolation.

Rapid identification and differentiation of even a small amount of C.
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perfringens, C. botulinum and other clostridial species in a food

sample is of vital importance in any food microbiological or clinical

laboratory (35).

Table 1 gives a simplified scheme for the differentiation of C.

perfringens from C. botulinum and other clostridial species. There-

fore, the incorporation of five biochemical reactions in a single tube

would not only identify C. perfringens, but it would also give a pre-

sumptive identification of C, botulinum and other clostridial species.

Table 1. Biochemical and physiological reactions of known cultures
of C. perfringens, C. botulinum and other clostridial
species.

Organisms Leci-
thinase

Nitrite Lactose
produc- ferrn en-

tion tation

Motil-
ity Indole

C. per-
fringens

C. botu-
linum

Other clos-
tridial
specie s

The present study was carried out to test the feasibility of the

incorporation of a hydrogen sulfite indicator system in a medium

suitable for testing the fermentation of a specific carbohydrate
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(lactose, sucrose or other sugar), nitrate reduction, motility and

indole production in a single tube. This rich medium would facilitate

a rapid growth of the organisms and would not require anaerobic con-

ditions for its inoculation.

The first attempt was made by combining TSN (BBL) medium

without the antibiotics and indole-nitrite medium (BBL) in a single

screw-cap tube. The 1.5% agar concentration of the TSN medium

made the agar column in the test tube too firm to be inoculated with

a 1 ml plastic pipette. No difference was observed between C. botu-

linum strains and the other clostridial species; they all produced

H2S, except some strains of C. botulinum type E, and all were

motile. Since one of the properties of the differential media would

be the detection of sulfite reduction by clostridial species, a search

was begun for a suitable hydrogen sulfide indicator system.

Table 2 shows the results of three hydrogen sulfide indicator

systems for C. perfringens and C. botulinum types A, B and E. Both

C. perfringens and C. botulinum type B showed good production of

H
2S

with all three hydrogen sulfide indicator systems, regardless of

the carbohydrate concentration or the type of carbohydrate present in

the medium as shown in Table 3. However, C. botulinum type A

failed to produce H2S with ferrous sulfate-sodium thiosulfate and

with ferric sulfate-sodium citrate in Media Nos. 1, 2, 3, 4 and 5.

Ferric sulfate-sodium citrate was not sensitive enough for some
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Table 2. Comparison of three hydrogen sulfide indicator systems for
Clostridium perfringens and Clostridium botulinum types A,
B and E.

H
2S

Indicator System Medium
No.

C. per-
fringens

C. botulinum

A B E

Ferrous Sulfate and
Sodium Thiosulfate

Ferric Sulfate and
Sodium Citrate

Ferrous Ammonium Sul-
fate and Sodium Sulfite

1,2,3

4,5

6,7

+ = H2S production = no H2S production = variable results

Table 3. Ferrous Sulfate and Sodium Thiosulfate as the hydrogen sul-
fide indicator system, and the utilization of Mannitol, Lac-
tose and Salicin in Media Nos. 1, 2 and 3 by C. perfringens
and C. botulinum types A, B and E.

Medium C. per- C. botulinum Types
No. fringens A

H2S + - + +

Mannitol (1%) 1 sl G sl G sl AG sl A
Lactose 2 AG sl G NA NA

Salicin (1%) 3 AG/A sl G NA A

+ = H2S production
A = acid
G = gas

= no H2S production
sl A = slight acid
sl G = slight gas

AG = acid and gas
NA = no action
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strains of C. botulinum type E. This effect was previously observed

with TSN agar which has the same hydrogen sulfide indicator system.

Since neither lactose nor salicin, carbohydrates used in Media Nos.

4 and 5 respectively, are readily utilized by strains of C. botulinum

type E, it is not possible to assume that the lack of H2S production

with ferric sulfate-sodium citrate was affected by too much acidity.

Sulkin and Willett (51) have found that this indicator system reacts

very poorly in an acid medium. As seen in Table 2, ferrous ammo-

nium sulfate-sodium sulfite was the most effective hydrogen sulfide

indicator system. The presence of hydrogen sulfide was detected

within 2-3 hours at 35°C C n all cultures tested during this study,

when the inoculum used was 0.4-0.5 ml of very active cultures grown

in fluid thioglycolate medium.

In the experiments during the selection of a suitable hydrogen

sulfide indicator system three carbohydrates at various concentra-

tions were tested for their influence in the H2S production and for

their usefulness in the differentiation of clostridial species. Manni-

tol and salicin were fermented only by some strains of C. perfringens.

Mannitol was utilized by a few strains of C. botulinum. They showed

slight acid and gas production in one percent mannitol in Medium

No. 1 after 24 hours of incubation at 30°C (Table 3).

Lactose was the only carbohydrate that would differentiate C.

perfringens from C. botulinum and other clostridial species. C.
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perfringens ferments lactose very readily with abundant acid and gas

production. This property is used in the conventional test of stormy,

fermentation of iron milk, in which the abundant acid and gas produc-

tion gives the iron milk a ragged appearance.

Once the appropriate carbohydrate and the hydrogen sulfide

indicator system were found it was necessary to look for a pH indica-

tor that would show clearly the H2S production in the bottom layer of

the medium without masking the sugar fermentation or vice versa.

Three media with the same composition, varying only the pH

indicator, were made to determine the influence of phenol red, bromo

cresol purple and bromo thymol blue in the manifestation of H 2S in the

bottom layer of the media. The results of these experiments are

summarized in Table 4. Bromo thymol blue has been used as the pH

indicator in many other iron containing media because it has a pK of

7.1, is blue at pH 7.6 and turns yellow at pH 6. 0. At pH 7.3 of the

test media it showed a blue-green color. For unknown reasons bromo

thymol blue at 0. 0025% concentration in Medium No. 9 failed to show

the H
2S

production by C. perfringens and C. botulinum types A, B,

and some strains of E. Lactose fermentation by C. perfringens also

was affected by bromo thymol blue (Table 12, Medium No. 9).

Medium No. 8 was made with 0. 0025% bromo cresol purple. At

pH 7.3 bromo cresol purple made the medium too dark. The H 2S

production by all clostridial species tested was not easily distinguished
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Table 4. The effect of three pH indicators in the manifestation of
hydrogen sulfide in Media Nos. 7,8 arid _9 by C. perfringens
and C. .botulinum types A, B and E.

pH Indicators.

H 2S Production

Medium C. botulinum
C. per-No. Types
fringens

B E

Phenol Red
(0. 002 %)

Bromo Cresol Purple
(0.0025%)

Bromo Thymol Blue
(0. 0025 %)

7

8

+ = H2S production +/- = variable
± = not conclusive

= no H 2S production

with the naked eye in this dark purple medium.

Phenol red, used in the bottom layer of Medium No. 7, was

found to be the ideal pH indicator. Even slight acid productibn was read-

ily observed with 0.002%phenol red; because it turns yellow at pH 6. 8

and has a clear red color at pH 7.3, which is the pH of the test media.

Hydrogen sulfide was also easily distinguished in all the media in

which phenol red was used.

Medium No. 2 showed that the concentration of the carbo-

hydrate in the medium plays a major role in the production of

hydrogen sulfide, nitrate reduction and the amount of acid and gas
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produced by the fermentation of the sugar.

One percent lactose was found to hinder the sulfite and nitrate

reductions. The amount of acid and gas produced by C. perfringens

was abundant, The carbon dioxide released by the fermentation of

lactose tore the semisolid medium to such an extent that the top layer

could not be used for the motility test as intended. It was therefore

necessary to reduce the lactose concentration to a point where the

acid production would not affect negatively the hydrogen sulfide and

nitrite production, and where the disturbance of the line of inoculation

in the top layer by carbon dioxide would be reduced. Table 5 shows

the various concentrations of lactose used, and the amount of acid,

gas, H 2S, and nitrite produced by C. perfringens.

Table 5. The effect of lactose concentration in the medium on the
production of hydrogen sulfide, nitrate reduction, and the
amount of acid and gas produced by C. perfringens at 30°C
or 35°C incubation temperatures.

Lactose
(70

Medium Acid and Gas H
2S

Nitrite
Production

1.0 2 +++ + +/-
0.5 7 +++ ++/+ +/-
0.25 10 +++ +++/++ +

0.20 11-1 +++ +++/++ +

0.175 13 ++/+ +++/++ +
0.15 14 ++ ++ ++
0.10 12 +++ ++

+++ = abundant hydrogen sulfide production
++ = moderate H2S production
+ = slight H2S production
- = no H2S production
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The lactose concentration generally used in sugar fermentation

tests with clostridial strains is 1% (49), but this concentration in the

test media was found to be too great for C. perfringens. The lactose

concentration was first reduced to 0, 5 %, then it was gradually

reduced to 0. 1 %. With the slow reduction of lactose concentration

the acid, gas,
H2S

and nitrite production became moderate. Although

0. 1% concentration of lactose served as a good hydrogen donor (47)

for the reduction of sulfite and nitrate, this concentration was not suf-

ficient for the rapid utilization of this carbohydrate by C. perfringens.

The acid and gas production in Medium No. 12 was unusually slow,

taking at times as long as 48 hours to show even slight production of

gas. The desired concentration of lactose for the bottom and top

layers was found to be 0. 15% in Medium No. 14. At this concentra-

tion the acid production can be seen in the bottom of the tube as an

almost separate yellow layer below the blackish layer of the medium,

giving the test media the appearance of triple layer (see C. perfrin-

gens in Plate 3). This concentration did not seem to affect in any way

the nitrite production or the motility in the top layer when the incu-

bation time of the tubes was kept to about 6-8 hours at 35°C or to

14-16 hours at 30°C.

In Media Nos. 2 through 11-1 all the development was concen-

trated in solution B, or the bottom layer, of the test media. BB1-

inclole-nitrite medium with 0.2% added agar made up the top layer in
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these media. One of the ingredients of indole-nitrate medium is

dextrose. Dextrose is fermented by C. perfringens, C. botulinum

and many other clostridial species (47). 11 it is present in a medium

that is supposed to provide information on the utilization of a differ-

ent carbohydrate by clostridia) species, dextrose interferes with the

interpretation of the results. To obtain a, true fermentation result in

the test media it is necessary to remove dextrose from the top layer

or replace it with the same carbohydrate used in the bottom layer.

Table 6 shows that the presence of a carbohydrate is necessary

Table 6. Comparison of three carbohydrates as hydrogen donors in
nitrate reduction in Solution A of Media Nos. 11 to 15, and
the influence of dextrose in gas production by C. botulinum
and C. perfringens strains.

Solution A
C. perfringens Gas Production

Medium
No. Nitrite C. per- C. botu-

Production fringens linum

Dextrose
(0. 1 %)

Lactose
(0. 5 -0. 15 %)

Sucrose
(0. 15 %)

No Carbohydrate

11-1 ++ ++

12,14 ++ ++

15 ++ ++

11-2 -/+ (slow)

++ = moderate amount of nitrate and gas production
+ = slight amount of nitrate and gas production
- = no nitrate or gas production

= variable
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for nitrate reduction. The complete removal of dextrose from solu-

tion A in Medium No. 11-2 slowed the process of nitrite production

by C. perfringens. Nitrite production was not observed until after

48 hours; under normal circumstances it is usually seen in less than

24 hours. Table 6 also summarizes the effect of dextrose in the pro-

duction of gas by C. botulinum and C. perfringens. Clostridium

botulinum strains showed gas production in all media incorporating

indole-nitrite medium, even when lactose was used in the bottom

layer. It has been shown that lactose is not readily utilized by C.

botulinum strains (see Table 8 and Plate 3). Therefore any gas or

acid produced in a medium containing lactose in its bottom layer must

be due to the fermentation of dextrose in the top layer.

Since both lactose and sucrose were found to be good hydrogen

donors in nitrate reduction, 0. 15% lactose was used in the formula-

tion of both solution A and solution B in Medium No. 14, and 0.15%

sucrose was used in both layers of Medium No. 15.

Angelotti et al. (1) used potassium nitrate in their motility-

nitrate medium to test the nitrate reduction by C. perfringens. In an

attempt to improve the nitrate source for C. perfringens, NaNO
3

was

compared to KNO
3

(Table 7). Sodium nitrate was found to be as

sensitive as potassium nitrate; therefore either one can be used for the

nitrate reduction test. It was decided to continue the use of KNO
3

since it is already in a medium widely used in the United States.
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Table 7. Comparison of Potassium Nitrate and Sodium Nitrate as
nitrate sources for nitrite production by C. perfringens.

Nitrate Medium Nitrite
Source No. Production

KNO
3

12A1

NaNO
3

12A
2

++

++

The presence of nitrite in the medium is determined by adding

4-5 drops each of sulfanilic acid (Reagent I) and a-naphthylamine

reagent (Reagent II), or by adding 0.1-0.2 ml of modified Griess

reagent to the top layer of the test media after a visible growth is

observed and motility or non-motility of the organism has been deter-

mined. The immediate development of a pink color indicates the

presence of nitrites and the organism is considered positive for

nitrate reduction (1, 2, 53). The color complex is produced by the

reaction of the aromatic primary amine (sulfanilic acid) with the

acidified solution of nitrite that, coupled with a,naphthylamine

(another primary aromatic amine), forms an aminazao compound

which is pink (25).

In Medium No. 12 an attempt was made to incorporate sulfanilic

acid and a-naphthylamine into solution A to show nitrite production

without further addition of the required reagents. Although sulfanilic

acid and a-naphthylamine at the concentrations used (0.001% each)
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were not inhibitory to any of the organisms tested, it remained neces-

sary to add the nitrite indicator reagents to the test tubes after the

appropriate incubation period to observe the presence of nitrites.

Some of the motile clostridia' species have the ability to pro-

duce indole through the breakdown of tryptophane. The test media is

rich in trypticase and the indole production is easily determined by

adding 0.2-0.3 ml of Kovac's reagent. The development of a pink

ring at the interface (see Plate 11) indicates the presence of indole

(2). Both Medium No. 14 and Medium No. 15 can be used to differen-

tiate these indole producing motile clostridial species from C, botu-_

linum strains and other motile non-indole producing clostridial

species.

Each test medium becomes unusable for the indole test after the

test for nitrite. The inoculation of two tubes per culture is therefore

recommended. To reduce the number of inoculations per culture and

at the same time simplify the indole test, filter paper strips impreg-

nated with saturated oxalic acid solution (3) were used. The indole

test was performed by hanging the paper strips 3-4 mm above the

surface of the top layer in each test tube. The tubes, after the usual

period of incubation, were observed for color changes indicating the

presence of indole. This method gave false-negative results with

indole-positive clostridia' species. Matsen and Sherris (37), working

with PATHO-TEC reagent impregnated strips, also reported failure
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in the indole test with some indole-positive Proteus strains. Com-

mercially available indole strips, Difco indole -strip and PATHO-TEC,

were not used during the development of the test media, although they

might have given better results than the oxalic acid impregnated

paper strips prepared in our laboratory.

Both Medium No. 14 and Medium No. 15 have the same base

composition, differing only in the sugar -- Medium No. 14 uses lac-

tose while Medium No. 15 uses sucrose. The media, rich in nutri-

ents, facilitate rapid growth of the organisms, and the inoculation of

the test media with active cultures grown in freshly boiled and cooled

fluid thioglycolate medium for 4-6 hours or overnight at 35°C

accelerates the growth of the clostridial organisms. The production

of H
2S

within 11-2 hours at 35°C followed by gas released from the

bottom layer are the first signs of growth. It has been found that

some C. botulinum strains grow more slowly than C. perfringens or

other clostridial species. The motile clostridial species, except C.

botulinum types A, B and E, produce abundant H2S rapidly, at times

turning the entire bottom layer black.

The conventional biochemical tests for the identification of C.

perfringens and C. botulinum are carried out in an anaerobic atmo-

sphere. They are incubated in an anaerobic jar in which the air is

replaced by a nitrogen-carbon dioxide gas mixture. One of the advan-

tages of the media developed in this study is that they do not require
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an anaerobic jar of a gas mixture for their incubation. Tightly closed

screw-cap tubes are incubated in an ordinary 30o C or 35 0 incuba-

tor.

ncuba-

tor. The inoculation with a 1 ml plastic pipette does not leave open-

ings in the jelly-like agar column of the media. Thus the top layer

initially provides an anaerobic condition for the bottom layer until

growth of the organism begins. Once growth and fermentation of the

carbohydrate start, carbon dioxide is released, filling the entire tube

and further providing the medium with an anaerobic atmosphere.

Therefore each test tube can be considered as an anaerobic jar filled

with carbon dioxide.

The colony appearance of clostridial species on egg yolk agar

plates has been useful in the process of their identification and dif-

ferentiation. C. perfringens presents very characteristic colonies

on Trypticase Sucrose Egg Yolk (TSEY) agar plates (see Plate 1).

The round, yellowish colonies are raised and smooth and surrounded

by a wide (3-8 mm) zone of opaque white precipitate, or opalescent

zone, which is due to the action of the lecithinase enzyme splitting

the lecithin molecule into phosphorylcholine and diglyceride. After

the colonies have stood at room temperature in the air for several

hours, the center of the colony becomes reddish, as shown in the

plate to the left in Plate Z. On the other hand, colonies of C. botu-

linum type E on TSEY agar plates are flat and spreading with irregu-

lar edges, and are surrounded by red halos, indicating sucrose



Plate 1

Clostridium perfringens on TSEY agar plates. Plate to the left
shows colonies of Clostridium perfringens exposed to air for sev-
eral hours. Plate to the right shows fresh culture.

Plate 2

Typical colonies of Clostridium botulinum type E on TSEY agar
plates showing opalescent precipitate and dark red zone or "zone of
reduction."
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utilization, and an opalescent zone that extends beyond the edge of the

colony (see Plate 2). The yellowish white colonies of C. botulinum

types A and B are small and slightly raised with irregular edges. They

have an opalescent precipitate that does not extend beyond the edge of

the colony. Other clostridial species, being very motile, show large

spreading colonies with irregular edges. Most of these species do

not show the action of the lecithinase and their colonies are usually

larger than those of C. botulinum strains.

Colonies of C. perfringens isolated in egg yolk agar or in any

other selective agar plates can be confirmed in Medium No. 14 or in

Medium No. 15. If the microbiologist is concerned only with the

identification of C. perfringens, Medium No. 14 is recommended

because lactose in this medium is utilized most readily by C. per-

fringens. However, if the selective plates show colonies of other

clostridial species besides C. perfringens, he should use Medium

No. 15 since it will provide a combination of biochemical reactions

to identify C. perfringens and to differentiate C. botulinum strains

from the other clostridia' species.

The typical reactions for C. perfringens, C. botulinum types

A, B and E, and the other clostridia' species obtained in Medium

No. 14 are summarized in Table 8. C. perfringens is differentiated

from the other clostridial species because of its non-motility, its

ability to ferment lactose with abundant acid and gas production, its
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Table 8. Typical reaction of C. oerfringens, C. botu'ilnum types A,
B and E, and other clostridiai organisms in Medium No. 14
A/B. The medium was incubated at 35°C for 6-8 hours.

Organism
Bottom Layer

Lactose

Top Layer
Nitrite Motil-Pro- Indole ity
duc tion

C. botulinum A NA

NA

NA

AG

++

++

++

++ +

+

+

+

C. botulinum B

C. botulinum E

C. perfringens

C, acetobutylicurn sl G +++ - +

C. bifermentans si G +++ + +

C. butyricum I -,- +++ +

C. nigrificans NA +++ +

C. pasteurinianurn NA +++ +

C. sporogenes si G +++ +

C. tetani sl G +++ + +

C. tertium si AG ++ + +

C. septicum NA + +

+++ = abundant H2S production ++ = moderate H2S production
A = acid G = gas AG = acid and gas NA = no action
al G = slight gas + = nitrite and/or indole produced
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ability to reduce nitrate to nitrite, and its hydrogen sulfide production.

As seen in Plate 3, Medium No. 14 differentiates C. perfringens from

C. botulinum types using the combination of the four biochemical and

physiological reactions mentioned above (the motility or non-motility

is not noticible in the picture).

Plates 4 and 5 compare C. perfringens with C. botulinum and

five other motile clostridial species in their ability to produce indole

and ferment lactose in Medium No. 14. C. acetobutyricum, C.

bifermentans and C. tetani produced indole (Plate 4) while C. per--
fringens, C. botulinum, C. tertium and C. sporogenes did not. In

Medium No. 14, therefore, C. botulinum strains can be differenti

ated from the three indole producing species. C. perfringens, being

non-motile and fermenting lactose, is easily differentiated from the

motile species.

In Plate 6, C. perfringens is compared to three motile non-

nitrite producing clostridial species. It is not difficult to see that C.

perfringens shows nitrite production in the top layer and abundant

acid, gas and H
2S

production in the bottom layer, while the other

three are negative for both lactose fermentation and nitrite production.

All the C. perfringens strains tested in our laboratory fer-

mented sucrose very readily with abundant acid and gas production.

It was also found that C. botulinum type E strains and C. tertium and

and a few C. botulinum type A strains ferment sucrose. Therefore a



Plate 3

Comparison of C. perfringens with C. botulinum types A, B and E
in Medium No. 14 A /B. (con. = control, 78A = C. botulinum type
A, 32B = C. botulinum type B, 55E = C. botulinum type E, 701P =
C. perfringens).
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Plate 4

Comparison of C. botulinum (78A), C. perfringens (701P), C. ace-
tobutyricum (801), C. bifermentans (802), and C. tetani (807), in
Medium No. 14 A/B for indole production.

Plate 5

Comparison of C. perfringens (701P), C. tetani (807), C. tertium
(810), and C. sporogenes (806) in Medium No. 14 A/B for indole
production.
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Plate 6

Comparison of C. perfringens (701P), C. acetobutylicum (801), C.
bifermentans (802) and C. pasteurinianum (805) in Medium No. 14
A/B for nitrite production and motility.
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medium containing sucrose (Medium No. 15) was developed to iden-

tify and differentiate the sucrose fermenting clostridial strains.

Table 9 presents a summary of the reactions obtained in Medium No.

15 with C. perfringens, C. botulinum types A, B and E, and other

clostridial species. C. perfringens in this medium is identified by

the same criteria as in Medium No. 14: non-motility, ability to

reduce nitrate to nitrite, FlaS production and sucrose fermentation.

Table 9 shows that C. tertium, like C. perfringens, is capable of

producing nitrite and fermenting sucrose with abundant acid and gas

production. But since it is motile it can easily be differentiated from

C. perfringens (see Plate 8). Plate 7 compares C. botulinum types

A, B and E with C. perfringens in Medium 15. Although C. botulinum

type E and C. perfringens both show sucrose fermentation, they can

be differentiated because, unlike C. perfringens, C. botulinum type

E is motile and does not produce nitrite.

Table 10 summarizes the results obtained with known cultures

of clostridial strains in Media Nos. 14 and 15.

Stiebrs (49) found that C. botulinum type E strains produce

starch-like granules when grown in trypticase sucrose egg yolk agar

which, when flooded with iodine potassium-iodide solution, turns the

C. botulinum type E colonies dark blue or black, and turns the

colonies of C. botulinum type A and C. sporogenes pale yellow (see

Plate 10). Since some strains of C. botulinum type A ferment
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Table 9. Typical reactions of C. botulinum types A, B and E, C.
perfringens and other clostridial organisms in Medium No.
15 A/B.

Organism

Bottom Layer

Suc ro se HS
2

Nitrite
Pro-

duc tion

Top Layer

Tndole
Motil-

.ity

C. botulinum A AG/NA ++ +

C. botulinum B NA ++

C. botulinum E AG ++ - +

C. perfringens AG ++ +

C . ac e tob utylic um NA +++ + +

C. bifermentans sl G +++ + +

C. butyricum sl AG +++ +

C. nigrificans sl A

NA

sl G

+++

+++

+++

, +

+C. pasteurinianum

C. sporogenes

C. tetani NA +++ + +

C. tertium AG +++ + +

C. septicum NA - + +

+++ = abundant H2S production ++ = moderate H2S production
A = acid G = gas AG = acid and gas sl A = slight acid
+ = nitrate and/or indole produced
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Table 10. Typical reactions of known cultures of 59 clostridial
strains in Medium No. 14 and Medium No. 15.

Organism Lactose Sucrose H S NO2 Indole Motility

C. botulinum

Type A:
62A NA AG + - +

78A NA NA + +

19A NA NA + +

69A NA NA + - +

Type B:
32B NA NA + +

213B NA NA + +

12033B NA NA + +

13983B NA NA + +

Type E:
4213 NA AG + +

4217 NA AG + +

4217a NA AG + +

4255 NA AG + +

4261 NA AG + +

4286 NA AG + - +

VH NA AG + +

KA92 NA AG + +

KA94 NA sl AG + - +

KA123 NA A + +

KA2 NA AG + +

4271H NA AG + - +

FDS5 NA AG + - +

FDS28-2 NA AG + +

4263 NA AG + +

4266 NA AG + +

4268 NA AG + +

4271 NA AG + +

4272 NA AG + +

Type F sl A NA + - +

C. perfringens
AG AG + +701

702 AG AG + +

703 AG AG + +
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Table 10 (continued)

Organism Lactose Sucrose H
2S

NO2 Indole Motility

C. perfringens
(continued)
704 AG AG + +

705 AG AG + +

706 AG AG + +

707 AG AG + +

708 AG AG + +

709 AG AG + +

710 AG AG + +

711 AG AG + +

712 AG AG + +

713 AG AG + +

714 AG AG + +

715 AG AG + +

716 AG AG + +

717 AG AG + +

718 AG AG + +

719 AG AG + +

720 AG AG + +

C. acetobuty-
sl G NA + + +licurn

C. acetobuty-
sl G NA + + +lic um

C. ac etobuty-
sl G NA + + +licurn

C. bifermen-
sl G sl G + +tans

C. butyricum NA sl AG + - +

C. nigrinficans NA sl A - +

C. pasteuri-
NA NA + +ni a -I=

C. sporogenes sl G sl G + - - +

C. tetani sl G NA + + +
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Table 10 (continued)

Organism Lactose Sucrose H
2S

NO2 Indole Motility

C. tertium

C. septicum

NA AG

NA NA

NA = no action A = acid
sl AG = slight acid and gas

G = gas sl G = slight gas

sucrose as well as C. botulinum type E strains (see Plate 9), it is

not possible to differentiate these types in Medium No. 15 without the

aid of the starch test. However, most strains of C. botulinum type A

do not ferment sucrose (see Plate 11). As noted earlier, only one

strain, strain 62A, show s sucrose fermentation.

The scheme outlined on Table 11 shows how C. perfringens and C.

botulinum types A, B and E can be identified and differentiated in

Medium No. 14 and Medium No. 15 by lactose or sucrose fermenta-

tion, H2S, nitrite production, starch test and motility.

The biochemical tests for C. botulinum strains provide infor-

mation only for their presumptive identification. The ultimate test

for their identification and confirmation is the mouse toxicity test.

Although there may be clostridial strains that present typical reac-

tions for C. botulinum, toxicity tests may prove this presumptive

identification to be false.



Plate 7

Comparison of C. botulinum type A (78A), type B (32B), type E (55E)
and C. perfringens (701P) for nitrite production, sucrose fermenta-
tion and motility in Medium 15 A/B.

Plate 8

Comparison of C. botulinum type E (55E), C, perfringens (701P)
and C. tertium (810) for nitrite production, sucrose fermentation
and motility in Medium No. 15 A/B.
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Plate 9

Comparison of C. botulinum type A strains (62A, 78A) with C. botu-
linum type E strains (13E, 55E) for sucrose fermentation in Medium
No. 15 A/B.

Plate 10

Comparison of C. botulinum type E with C. botulinum type A on
TSEY agar plates flooded with iodine potassium-iodide solution.
C. botulinum type E shows dark blue colonies.
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Plate 11

Comparison of four strains of C. botulinum type A (62A, 78A, 19A
and 69A) in Medium No. 15 A/B.

Plate 12

Comparison of four strains of C. botulinum type B (32B, 213B,
12033B, and 13983B) in Medium No. 15 A/B.
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Table 11. Scheme for the differentiation and identification of C. per-
fringens and C. botulinum types A, B and E in Medium
No. 14 and Medium No. 15.

Organism Lactose Sucrose H 2S NO2
Starch

Test Motility

C. perfringens AG AG

C. botulinum
type A NA NA/AG

C. botulinum
type B NA NA

C. botulinum
type E NA AG

AG = acid and gas NA = no action

It is important to note that these differential media, in conjunc-

tion with colony appearance on TSEY agar plates and Gram stain, will

identify and differentiate C. perfringens and provide a presumptive

identification and differentiation of C. botulinum types A, B and E

within 24 hours.

Table No. 12 summarizes the results obtained in Media Nos. 1

through 15 with C. perfringens and C. botulinum types A, B and E.

During the development of these media, 101 organisms were

isolated from 41 different types of food samples tested along with 48

known cultures of C. perfringens, C. botulinum types A, B, E and F

and 11 other clostridial strains, Forty-eight isolates were identified
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Table 12. Summary of results obtained in
perfringens and C. botulinum types

Media Nos. 1-15 with C.
A, B and E.

Medium Reactions C . perfringens
C. botulinum

No. A

1 H 2S +++ ++ ++
Mannitol NA AG sl AG sl A
Nitrite +

Motility + + +

2 H2S +++ +++ ++

Lactose (1%) AG sl G NA NA
Nitrite +/-
Motility + + +

3 H2S ++ - ++ ++
Nitrite +

Motility + + +

4 H2S ++ - ++ -
Lactose (0. 5 %) AG sl G NA sl G
Nitrite +/-
Motility - + + +

5 H2S ++ +++ +

Salicin (0.5%) NA/A NA sl A sl G
Nitrite +

Motility + + +

6 H2S +++ ++ +++ +++
Salicin (0. 5 %) NA NA sl G sl G
Nitrite + -
Motility - + + +

7 H2S ++ + ++ ++

Lactose (0.5%) AG sl G NA NA
Nitrite +/-
Motility + + +

8 H2S ++ +++ + ++

Lactose (0. 5 %) AG NA NA NA
Nitrite +/-
Motility - + + +
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Table 12 (continued)

Medium
No. Reactions C.

perfringens
C. botulinum

B E

9 H 2S
Lactose (0.5%)
Nitrite
Motility

sl AG

10 H2S ++
Lactose (0.25%) AG
Nitrite
Motility

11 H 2S
Lactose (02%)
Nitrite
Motility

12 H 2S
Lactose (0.1%)
Nitrite
Motility

++
sl AG

13 H2S ++
Lactose (0.175%) AG
Nitrite
Motility

14 H2S ++
Lactose (0.15%) AG
Nitrite
Motility

H2S ++
Sucrose (0.15%) AG
Nitrite
Motility

sl A NA sl G

++ +++
G sl G sl G

++ ++
NA NA NA

+

++
NA NA NA

+

++
NA NA NA

++ ++ ++
NA NA NA

+

++ ++
NA/AG NA AG
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as C. perfringens, two as C. tetani, one as C. tertium, one as C.

botulinum type A, and two as C. acetobutylicum.
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SUMMARY

During the development of media for the identification and dif-

ferentiation of Clostridium perfringens and Clostridium botulinum

types A, B and E, 16 different double layer media were prepared and

tested with 59 known cultures of clostridial species and 101 isolated

organisms from food samples.

Media Nos. 1 through 11-1 were used in the development of the

bottom layer. Three carbohydrates (mannitol, salicin and lactose)

at various concentrations were tested in conjunction with three hydro-

gen sulfide indicator systems and three pH indicators. Ferrous sul-

fate-sodium thiosulfate and ferric sulfate-sodium citrate H 2S indi-

cator systems were found unsuitable for Clostridium botulinum type

A and some strains of C. botulinum type E. The ideal hydrogen sul-

fide indicator system for all tested clostridial strains was found to be

ferrous ammonium sulfate-sodium sulfite. Among the carbohydrates

tested, lactose was the only one that could be used for the differenti-

ation of Clostridium perfringens from C. botulinum and other clostri-

dial species. Lactose was readily utilized by C. perfringens with

abundant acid and gas production while the other clostridial species

did not readily ferment lactose. Three pH indicators, phenol red,

bromo cresol purple, and bromo thy-mol blue were tested in the bot-

tom layer of Media Nos. 7, 8 and 9 respectively. Phenol red was
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found to be the best pH indicator since it showed even slight acid

production without masking the hydrogen sulfide produced.

Media Nos. 11-2 through 14 tested the top layer for nitrate

reduction and the effects of the concentration of lactose on nitrite

production. The concentration of the carbohydrate in the medium was

found to play a major role in sulfite and nitrate reduction. Lactose

at 1.0% hindered both hydrogen sulfide and nitrite production, and

allowed C. perfringens to produce so much gas that the top layer was

torn and rendered unsuitable for the motility test. Although 0. 1%

lactose was a good hydrogen donor for sulfite and nitrate reduction, it

was not enough for its rapid fermentation by C. perfringens. It was

therefore increased to 0.15% which was found to be the most appro-

priate concentration for both bottom and top layers.

In an attempt to improve the nitrate source for C. perfringens

sodium nitrate was compared to potassium nitrate in Media Nos.

12A
1

and 12A2. Both sodium nitrate and potassium nitrate were

found to be good nitrate sources for the nitrate reducing clostridial

strains.

In Medium No. 12 sulfanilic acid and o.-naphthylamine were

incorporated into the top layer of the medium to show the presence

of nitrite without the necessity of adding the required reagents. This

attempt failed since it remained necessary to add the nitrite indicator

reagents to the test tubes after the appropriate incubation period to
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observe the presence of nitrites.

Because each tube becomes unusable for indole test after the

test for nitrites, paper strips impregnated with saturated oxalic acid

were tested for their feasibility as indole indicator. However, this

method gave false-negative results with indole-positive clostridial

species.

Both Medium No. 14 A/B and Medium No. 15 A/B were found

to be suitable for the identification and differentiation of C, perfrin-

gens. Medium No. 15 A/B was used for the presumptive identifica-

tion and differentiation of C. botulinum types A, B and E. These dif

ferential media allowed rapid growth of the organisms and did not

require an anaerobic jar for their incubation. The tubes were incu-

bated for 6-8 hours at 35°C or for 14-16 hours at 30°C.

The proposed names for Medium No. 14 A/B and Medium No.

15 A/B are trypticase nitrate lactose iron agar (TNLI) and trypti-

case nitrate sucrose iron agar (TNSI) respectively.
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