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Systematic study of the propionic acid bacteria was initiated
by the interesting observations of von Freudenreich and Orla-
Jensen (1906) that the formation of the characteristic eyes in
Emmental cheese is due to the production of carbon dioxide, and
that the volatile acidity is to be attributed primarily to propionic
and acetic acids. Moreover, these investigators isolated directly
from Emmental cheese, microorganisms having the property of
producing from calcium lactate relatively large quantities of
propionic acid in addition to acetic acid and carbon dioxide. On
the basis of cultural and morphological differences, these investi-
gators recognized two species, one with two varieties.

1. Bacterium acidi-propionici a
2. Bacterium acidi-propionici b
3. Bacillus acidi-propionici

Morphologically, varieties (1) and (2) showed close resemblance
to Bacterium lactis-acidi (Streptococcus lactis), being minute rods
or "stretched cocci," Gram-positive and non-motile. Variety (1)
was differentiated from (2) by being slightly more anaerobic and
showing a tendency toward pleomorphism when grown at higher
temperatures, and by the fact that it did not curdle milk, whereas
the latter did, after an extended time. Bacillus acidi-propionici
was characterized as a somewhat irregular rod-shaped organism,
more anaerobic and also growing at lower temperatures than

1 Supported in part by a grant from Industrial Science Research funds of Iowa
State College for study of the utilization of wastes by fermentation processes.
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Bacteriumi acidi-propionici a and b and capable of curdling milk
within two days.
Th6ni and Allemann (1908) isolated bacteiia from the brown

and red points appearing on the cut surface of Emmental cheese.
Tlhese points werIe found to be almost pure cultures of organisms
similar to those described by von Freudenreich and Orla-Jensen,
but differing in that they produced pigment. Th6ni and Alle-
manin designiated their organisms Bacteritu acidi-propionwic var.
fuscunt and var. rnbrumi, respectively, for the brown and red-
l)rown pigment produced.
Gerda Trroili-Peterssoin (1909) reported the isolation of propionic

aeid bacteria from cheese. She described three relatively dis-
tinct types, two of which she believed to be identical with Bac-
teriumi aci(i-prop?tonci a and b of von Freudenreich and OIla-
Jensen. The third type whiclh she designated as Bacteriumn
acidi-prop0ioitici c, was differentiated from the others by its
fermeintative behavior.

Shermain and his associates (1921-1923) published a series of
papers relating to the significance of bacteria producing propionic
acid in the prloduction of eyes and the characteristic flavor of
Swiss cheese. As a result of their investigatioins, Bacterium
acid(li-p)ropi'on ic,i (d was desciribed.
With the exception of Orla-Jensen's proposal of "pr opioni-

bacteiium" as a generic designation in 1909, no attemp)t had
been made up to 1928 by previous investigators to establish a
systematic classificatioin and satisfactory nomenclature of the
micro6rganisms which have been referred to as propionic acid
bacteria. Such names as Bacteriumtt acidi-propionici a are not in
keeping with approved biological nomenclatural practice ancd are
invalid.

Orla-Jeinsen (1921) later suggested "Propionicoccus" as an
additioinal genus for the spherical forms.
Bergey (1923, 1925), in the first and second editions of his

"iIanual of Determinative Bacteriology," does not mention the
genera Propionibacterium and Propionicoccus.
Buchanan (1925) in his "General Systematic Bacteriology"

mentions that "the status of the genus (Propionibacterium) is
doubtful, as no species is described or referred to" by Orla-Jensen.
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van Niel (1928) published a comprehensive treatise dealing
with the classification and chemism of the propionic acid bacteria.
He recognized eight species as belonging in the genus Propioni-
bacterium, seven species and one variety previously described in
the literature and one Propionibacterium technicum as new. van
Niel proposed correctly-formed names for all the species.
Bergey (1930) in the third edition of his "Manual of Determina-

tive Bacteriology" recognizes the genus Propionibacterium, and
places it in the family Bacteriaceae, tribe Propionibacterieae, as
the one genus of that tribe. Bergey's characterization of the
tribe Propionibacterieae as aerobic (p. 114) in differentiating it
from Lactobacilleae is untenable. The propionic acid bacteria
are probably to be considered more anaerobic than the lactic acid
forms, and certainly not aerobic. Attention should be called to
the confusion in Bergey's manual regarding P. Thonii for which
the synonym Bacterium acidi-propionici var. rubrumn is given.
van Niel arbitrarily chose Bacterium acidi var. fucus as synony-
mous with P. Thonii since the work of Thonii and Allemann did
not adequately differentiate these two species.
Werkman and Kendall (1931) recognized the eight species of

van Niel and raised the latter's P. Jensenii var. raffinosaceum to
specific rank.
Bergey (1930) presents a key to the species of the genus Pro-

pionibacterium, in which rather extensive use is made of pigment
formation and the ratio of propionic to acetic acid. Such a means
of differentiation seems impracticable, for Werkman and Kendall
(1931) observe "that the production of the deeper colored pig-
ment is uncertain and not sharply differentiated, and that all the
species studied by the authors may be considered to produce some
pigment. The color ranges from a cream to a brownish red.
Any extensive use of pigment formation leads to confusion."
They used pigment production to separate two species, Pro-
pionibacterium rubrum producing a brownish red, and Propioni-
bacterium raffinosaceum, producing a cream to buff pigment.
Bergey separated P. Th6inii from P. rubrumtt by the difference in
the ratios of propionic to acetic acids, P. Thinji showing a ratio
of 5: 1 and P. rubrum a ratio of 3: 1. These two species may be
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separated on the basis of dissimilation of raffinose, amygdalin,
salicin and other carbohydrates.

Hitchner (1932) reported the isolation of two new species of
propionic acid bacteria. 'T'o these he gave the names P. zeae and
P. arbinosum1.

MIETHIODS ANI) MATERIALS

The culture numbers aand donors are given. The piesence of
more thani one cultur e number indicates that the culture has been
in the possessiorn of the investigators whose initials follow the

TABLE 1
A !(ql lt inaltionL rc ls withl 1. Fr1udienrcichii antiscrulnn

SEIRUNI DILUTIONS
ANTIGEN SPECIES NAME
NUMBER 40 80 160 :_20 O 640 1280

1 P. FrCudercichlrii 4 4 4 4 3 0
2 P. Irreudcireichii 4 4 4 4 3 0
44 P. Freudeodrichlei 4 4 4 4 2 0
37 P. Freudenrcicbii 4 4 4 4 3 0

GROUP
AGGLUTI-
NATION

3 P. Shcrinanii 4 4 3 0 0 0
4 P'. Shcrinaoii 4 4 3 0 0 0
5 1'. Shcrnaonii 4 1 0 0 0 0
6 P. Shcrin'anii 2 0 0 0 0 0

15 P. tcchnicown 4 4 4 1 0 0

numeral, i.e., nunmber 10 is the same organism which van Niel
used in his investigations (15V) and was in Sherman's collection
as 158.

Received from Sherman: numbers 1 (6S), 2 (198) (7V), 3 (1S),
5 (62S) (30V), 10 (15S) (15V), 15 (10S); from van Niel: 20 (4V),
23 (1WV), 27 (1T), 32 (24V), 33 (29V); from Charlton: 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46; from Hitchner: 34 (61H), and
35 (56H).
The cultures were grown in a medium of the following composi-

tion: Difco yeast extract 10 grams, dipotassium hydrogen phos-
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phate 1 gram, agar (Difco) 15 grams, distilled water 1 liter.
Brorn-thymol-blue was used as an indicator. The pH was
adjusted to 7.0 to 7.2.
Aqueous solutions of the various carbohydrates were prepared

and sterilized separately, and then added to the sterile basic
medium in quantities equivalent to a concentration of 0.3 per
cent of the carbohydrate. Final readings of the fermentation
tests were made after seven days' incubation at 30°C. Acid
production was indicated by indicator, checked by titration.
The agglutination tests were carried out macroscopically in the

usual manner. Antigens were standardized by the nephelometer.
It was found that group-agglutination occurred among certain

of the more closely related species of propionic acid bacteria, and
in order to arrive at a more adequate serological differentiation,
agglutinin-absorption tests were run.

Cultures 1, 3, 8, 11, 13, 15, 27, 32, 34, 35, and 38 were employed
to immunize rabbits for the preparation of antisera.

EXPERIMENTAL RESULTS

Generic diagnosis: Propionibacterium, Orla-Jensen, 1909.
Short rods, non-motile, non-sporulating, Graml-positive, assumining

involution forms in acid mnedia or under aerobic conditions. Anae-
robes, generally catalase-positive, failing to liquefy gelatin or to
produce indol. Attackb carbohydrates, polyalcohols, glucosides and
hydroxy- and keto-acids with the production of relatively large
quantities of propionic acid with lesser amounts of acetic acid and
carbon dioxide. Require complex organic nitrogen compounds.
Mesophilic.
The type species is Propionibacteriumn Freudenreichii.

Propionibacterium Freudenreichii van Niel 1928
Synonym. Bacterium acidi-propionici a von Freudenreich and

Orla-Jensen 1906.
Cultures. 1 and 2.
Morphology. In yeast-glucose-phosphate medium at 30°C.

very short rods, "stretched cocci," 0.5 x 0.6,u, single, occasionally
in chains, non-motile, Gram-positive.
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Cultufral characteristics. Growth in liquid medium distinctly
turbid, ropy sediment, agar stab shows very limited surface
growth and heavy stab growth. Pigment: cream to yellow, old
cultures distinctly yellow.

Biochemical chiaracters. Catalase-positive, nitrates reduced to
nitrites, indol-negative, acetyl-methyl-carbinol not produced from
glucose, gelatin not liquefied.

Dissimilation of carbohydrates. Acid from: adonitol, glucose,
erythritol, esculin, galactose, glycerol, inositol, levulose and
mannose.
No acid from: amygdalin, dextrin, dulcitol, glycogen, inulin,

lactose, mannitol, maltose, melezitose, melibiose, pectin, raffinose,
rhamnose, salicin, sorbitol, starch, sucrose, trehalose and xylose.

Serological results. MIaximum titer of antiserum 1 to 640.
Antiserum shows group agglutinatioln with:

Propionibacteri?um Shermao....i........................... 1 to 160
Propionvibacterilumo tecchoiCUIM..1 to 320

No agglutination with other species of propionic acid bacteria
as follows: P. Peterssonii, culture 11; P. Th/u5`i, cultures 8, 10,
23 and 39; P. penttosacecu?t, cultures 13, 20 and 36; P. arabi11o0sum,
culture 34; P. zeac, culture 35; P. raffinosaceutt, cultures 32 andl
33; P. Jensen i, cultures 27 and 45; P. rubruim, cultures 16 and 38.

Serologically P. FreudenreichliI is related to P. Sherman ii as
indicated by cross-agglutination and in this respect agrees with
the relationship expressed by the morphology and physiology
of the two species. 'Morphologically the two species are practi-
cally identical while their abilities to dissimilate carbohydrates
are likewise very similar, the characteristic difference being the
inability of P. Freudenreichii to attack lactose. Agglutinin-
absorption by the two species (table 2) serves to differentiate them
satisfactorily.

Serologically P. Sh ernnanii, P. Freuidenreichii and P. technicumt
form a subgeneric group, each species showing cross-agglutination
with the antisera of the others. Homologous absorption in
each case removed both the homologous and heterologous group
agglutinins whereas absorption by a heterologous antigen removed
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only the agglutinins for the absorbing antigen and left the homolo-
gous agglutinins able to bring about agglutination of the homol-

TABLE 2

Agglutinin-absorption results

DILUTIONS
ANTISERUNI ABSORBED BY AGGLUTINATING

!2I40 .80 116 0 1320

P. Freudenrei-
chii

P. Shcrmanii

P. technicum

P. Freudenreichii (1)
P. Freudcnreichii (1)
P. Freudenreichii (1)

P. Shermanii (3)
P. Shermanii (3)

P. technicurn (15)
P. technicum (15)
P. technicum (15)

P. Shermanii (3)
P. Shermanii (3)
P. Shermanii (3)

P. Freudenreichii (1)
P. Freudenreichii (1)
P. Freudenreichii (1)

P. technicum (15)
P. technicum (15)
P. technicum (15)

P. technicum (15)
P. technicunm (15)
P. technicum (15)

P. Freudenreichii (1)
P. Freudenreichii (1)
P. Freudenreichii (1)

P. Shernmanii (3)
P. Shermanii (3)
P. Shermanii (3)

P. Freudenreiclhii (1)
P. Shermanii (3)
P. technicuin (15)

P. Shermanii (3)
P. Freudenreichii (1)

P. technicum (15)
P. Freudenreichii (1)
P. Shermanii (3)

P. Shermanii (3)
P. Freudenreichii (1)
P. technicum (15)

P. Freudenreichii (1)
P. technicum (15)
P. Shermanii (3)

P. technicuin (15)
P. Freudenreichii (1)
P. Shermanii (3)

P. technicum (15)
P. Freudenreichii (1)
P. Shermanii (3)

P. Freudenreichii (1)
P. technicum (15)
P. Shermanii (3)

P. Shermanii (3)
P. technicum (15)
P. Freudenreichii (1)

0
0
0

0
0
0

0
0
0

0
0
0

0 0 0 0
4 4 3 0

0
4
3

0
0
0

0
4
4

0
0
4

0
0
0

4
4
2

0
4
0

0
4
0

0
0
0

0
0
4

0
0
4

0
0
0

0
4
0

0
4
0

0
2
0

0
0
0

0
0
3

0
0
3

0
0
0

0
4
0

0
2
0

0
0
0

0
0
0

0
0
2

0
0
0

0
0
0

0
3
0

0
0
0

ogous antigen at nearly the maximum titer. The results of the
agglutinin-absorption tests separated the species nicely.
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Propionibacteriumn Shermnan'i van Niel 1928

Synonym?t. Bacteriainz acidii-propionici d Sher-minal 1921.
Cuflttre. 3, 4, 5, and 6.
M1orphology. In yeast-glucose-phosphate meditium at 800')C8.

shoit rods, 0.5 x 0.6,u, single, non-motile, Gram-positive, IIieta-
chromatic granules.

Cultiaral chlaracteristics. In liqjuid meldium: Moderately turbid,
ropy sediment. Agar stab: very slight surface growvth, abunda(laIt
stab growth, Pigmeint: slight, yellowish. Litmus milk: com-
plete decolorization, acid, coagutlation.

Biochemical characters. Cat alase-positive, iin(dol-negative, nii-
trates not reduced, acetyl-methyl-carbinol n1ot produce(d from
glucose, gelatin not liquefied.

Dlissimilation of carbohlydrates. Acid from adonitol, arabinose,
arabitol, glucose, erythritol, esculin, galactose, glycerol, iniositol,
lactose, levulose and mannose.
No acid from amygdalin, dextrin, dulcitol, glycogen, iniutlin,

mainnitol, maltose, melezitose, melibiose, perIscitol, pectill,
raflinose, rhamnose, salicin, sorbitol, sucrose, starch, trehalose
and xylose.

Seroloyical resutlts. AMaxinrum titer of antiserum 1 to 12S0.
Antiserum shows group agglutinlation with:

P . Frcudenreichii ............................................. 1 to 320
P. techh icuitt...................................................1 to 320

No agglutination with other species of propionic acid bacteria,
as follows: P. Peterssonii, culture 11; P. penitosaccatm, cultures 1:3,
20 and 36; P. Jensenii, cultures 27 and 45; P. arabinosIMI, culture
34; I'. zeae, culture 35; P. raffinosaceu, cultures 32 and 33; P.
rubrum, cultures 16 and 38; P. Jhonn, cultures 8, 10, 23 and 39.
The agglutinative behavior of P'. Shermiianii anitiserum toward

antigens of P. Frcidenreichii and P. techlni,uizn agrees nicely witlh
the behavior of P. Freudenreich ii antiserum toward antigenis
of P. Shermanii an(d P. techtnicaM, anid lends conifirmatioin to the
suggested existence of a subgeneric grouping of these three species
(table 2).
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Propionibacterium technicumn van Niel 1928

Synonym. None.
Culture. 15.
Morphology. In yeast-glucose-phosphate medium at 300C.

the cells appear as short rods, 0.5 x 1.1I, usually arranged in pairs.
non-motile, Gram-positive, showing metachromatic granules.

Cultutral characteristics. In liquid medium the growth is
moderately turbid, the sediment extremely flocculent. In agar
stab, growth is abundant, with little or no surface growth. No

TABLE 3

Agglutination results with P. Shermanii antiserum

SERUNM DILUTIONS
ANTIGEN SPECIES NAME _
NUMBER 40 80 160 320 640 1280 2560

3 P. Shermanii 4 4 4 4 4 3 0
4 P. Shermanii 4 4 4 4 4 2 0
5 P. Shermanii 4 4 4 4 4 0 0
6 P. Shermanii 4 4 4 4 4 0 0

GROUP
AGGLUTI-
NATION

1 P. Freudenreichii 4 4 4 3 0 0 0
2 P. Freudenreichii 4 4 4 4 0 0 0

15 P. technicum 4 4 4 4 0 0 0

growth at 37°C. Pigment creamy yellow. Litmus milk slightly
decolorized, slight acidity and coagulation.

Biochemical characters. Catalase-positive, nitrates not reduced
to nitrites, indol-negative, acetyl-methyl-carbinol not produced
from glucose, gelatin not liquefied.

Dissimilation of carbohydrates. Acid from adonitol, amygdalin,
arabitol, arabinose, glucose, dextrin, erythritol, esculin, galactose,
glycerol, glycogen, lactose, levulose, mannitol, mannose, maltose,
raffinose, salicin, sucrose and starch.
No acid from dulcitol, inulin, melezitose, melibiose, perseitol,

pectin, rhamnose, sorbitol, trehalose and xylose.
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Serological results. AMIaximum titer of antiserum 1 to 640.
Antiserum shows group agglutination with:

P. Freudenreichii............ 1 to 160
P. Shermanzi.1 to 160

No agglutination with other species of propionic acid bacteria,
as follows: P. TIoin ii, cultures 8, 10 and 23; P. Peterssoni', cul-
ture 11; f). pentlosaceuiti, cultures 13 and 20; P. raffinosaceuin,
cultures 32 and 33; P. Jensen ii, cultures 27 and 45; P. rubrun,
cultures 16 and 38; P. arabinosui, culture 34; P. zeac, cultuIre 35.

TABLE 4
Aqqlltination results wsth P. technicuin santiserumn

SERUNI DILUTIONS
ANTIGEN SPFCIES NAME .-
NUMtBE_ 40 80 160 320 640 1280

15 P. technicam 4 4 4 4 2 0

GROUP
A ItIUl.JlI-
NATION

1 P. Freudenreichiei 4 4 4 0 0 0
2 P. Frcudcnrcichh' 4 4 3 0 0 0

3 P. Shermanji 4 4 3 0 0 0
4 P. Shernan ii 4 4 2 0 0 0
5 P. Shermanjii 4 4 2 0 0 0
6 P. Shermnanii 4 4 2 0 0 0

A discussion of the cross-agglutination of P. techinicutmt with
P. Freudcenreichlii and P. Shtermnanii has been given under the
description of P. Frcudcereicliit'. The riesults in table 4 lend
further confirmation to the suggested subgeneric grouping of the
three species.

Propionibacteriurn raffinosaceurn Werkman and Kendall 1931

Synonymls. Bacterium acidi-propionici b von Freudenreich
and Orla-Jensen (in part), 1906. Propionibacteriumn Jensenii var.
raffinosaceunt van Niel 1928.

Culture. 32.
Morphology. In yeast-glucose-phosphate medium at 30°C.

rods, single and short chains, 0.7 x 1.0-1.7,u, longer than P.
Jensenii, non-motile, Gram-positiv-e, metachromatic granules.
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Cultural characteristics. Growth in liquid medium: onily
slightly turbid, sediment flaky. Agar stal: moderate surface
growth, abundant stab growth, orange-yellow pigment. No
growth at 370C. Litmus milk: complete decolorization of indi-
cator, slight acid reaction, coagulation.

Biochemical characters. Catalase-positive, indol-negative, ni-
trates not reduced to nitrites, acetyl-methyl-carbinol not pro-
duced from glucose. No gelatin liquefaction.

Dissimtilation of carbohtydrates. Acid from adonitol, amygdalin,
arabitol, glucose, erythritol, esculin, galactose, glycerol, inositol,
lactose, levulose, mannitol, mannose, maltose, melezitose, raffi-
nose, salicin, sucrose and trehalose.
No acid from arabinose, dextrin, dulcitol, glycogen, inulin,

melibiose, perseitol, pectin, rhamnose, sorbitol, starchl and xylose.
Serological results. MVlaximum titer of antiserum greater than

1 to 2560. Antiserum shows group agglutination with:

P. Peterssonii........... 1 to 160
P. pentosaceum.............. 1 to 80
P. arabinosumt........... 1 to 80

No agglutination with other species of propionic acid bacteria,
as follows: P. Freudenreichii, cultures 1, 2, 37 and 44; P. Sher-
rnanii, cultures 3, 4, 5 and 6; P. rubrumt, cultures 16 and 38; P.
Thonii, cultures 8, 10, 23 and 39; P. Jensenri, cultures 27 and 45;
P. zeae, culture 35; P. technicumn, culture 15.
The antiserum of P. raffinosaceurt shows agglutination of P.

pentosaceumn, P. Peterssonii and P. arabinosurn (table 5). It is
to be noted that the serum of each of the last two species in no
case agglutinates P. raffnosaccumn and that the serum of P.
raffinosaceumn does not agglutinate P. Jensenii, nor does the serum

of P. Jensenii agglutinate P. ruffinosaceumn, all of which gives
weight to recognition of P. raffinosaceum as a species. It will be
recalled that van Niel considered P. raffinosaceunt as a variety of
P. Jensenii.
A very weak agglutination of P. raffinosaceumn occurs with anti-

serum of P. pentosaceu?tn.
The results of the agglutinin-absorption tests distinctly sepa-
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rate P. raffinosaceum and P. Peterssonrii. The absorption of
agglutiinins for P. raffnosaccum by P. Petcrssonii antigen is
negligible (table 6).

TAIBLE 5
Agytutinations results with 1'. raffinosaccumn antiscrum

SERLUM DILUI'IONS
ANTIGEN SI'ECIES NA.ME -
NUMBhER 40 80 160 320 640 1280 2360

32 1). rnjllint o.sa cc it 4 4 4 4 4 4 4
33 I. rafiosaccunt 4 4 4 4 4 4 4

GROUTP
AGGLUTTI-
NAT'ION

11 P. Pctcrssonli 4 4 3 0 0 0 0

13 l) pecttosaccumn 4 3 0 0 0 0 0
20 1'. pcntosaccumn 4 3 0 0 0 0 0
36 1'I pentosacc inn 4 4 0 0 0 0 0

34 I'. arabinosum 4 3 0 0 0 0 0

TABLE 6
A4 i utinin-abs.'orption rc.s ultt;

DILUTIONS
ANTISERU.M ABSORBED BY AGGLUTINATING _ _-

40 80 160 320

J). roffinosaccum (32) Il. Fdcrs;sonmi (11) 0 0 0 0
I) rofhioos(iccum (39) P. ra/flinoswo-ccnt (33) 0 0 0 0

P. ralrino- I. rafiniosaccurn (32) I. raflinosaccumi (32) 0 0 0 0

F.tetrs.soiii (11) 1'. feterssonii (11) 0 0 0 0
1'. Peterssonii (11) F. raffinosacecum (32) 4 4 4 4

Propionibacterium Jensen ii Van Niel 1928

Synonym. Bacterium acidi-propionici b vonl Freudenreich and
Orla-Jensen 1906).

Culture. 27.
Mlorphology. In yeast-glucose-phlosphate medium at .300C.

short rods, 0.7 x 0.S-1.3g, shorter than P. raffinosaceumti, single,
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non-motile, Gram-positive. Tendency to form involution forms
in acid media not as pronounced as with certain other species.

Cultural characteristics. Pigment: orange to yellow, distinctly
yellow in old cultures. Surface growth more deeply pigmented.
Slow coagulation of milk. Litmus milk reduced, acid.

Biochemical characters. Catalase-positive, nitrates not reduced
to nitrites, no gelatin liquefaction, acetyl-methyl-carbinol pro-
duced from glucose.

TABLE 7

Agglutination results with P. Jensenii antiserum

SERUM DILUTIONS
ANTIGEN SPECIES NAME
NUMBER 40 80 160 320 640 1280

27 P. Jensenii 4 4 4 4 3 0
45 P. Jensenii 4 4 4 4 2 0

GROUP
AGGLUTI-
NATION

11 P. Peterssonii 4 4 4 0 0 0

8 P. Th6nii 4 4 3 0 0 0
10 P. Thonii 4 4 4 0 0 0
23 P. Thbnii 4 4 4 0 0 0

13 P. pentosaceum 4 3 0 0 0 0
20 P. pentosaceum 4 2 0 0 0 0
36 P. pentosaceum 4 3 0 0 0 0

Dissimilation of carbohydrates. Acid from adonitol, arabitol,
glucose, erythritol, esculin, galactose, glycerol, inositol, lactose,
levulose, mannitol, mannose, maltose, sucrose and trehalose.
No acid from amygdalin, arabinose, cellobiose, dextrin, dulcitol,

glycogen, inulin, melezitose, melibiose, perseitol, pectin, raffinose,
rhamnose, salicin, sorbitol, starch and xylose.

Serological results. Maximum titer of antiserum 1 to 640.
Antiserum shows group agglutination with:

P. Peterssonii.......... 1 to 160
P. Thonii.......... 1 to 160
P. pentosaceum.......... 1 to 80
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No agglutination with other species of propionic acid bacteria
as follows: P. Fretudenreic'hif, cultures 1, 2, 37 and 44: P. Sher-

manjii, culture 3, 4, and 6; P. ra bru, cultures 16 and 38; P.

raffinosaccauii, cultures 32 and 33; P. zeac, culture .35; P. arab/nito-
SutmI, culture 34; and P. teelv1iCaM, cuiture 1i.

TABLE 8

Agylutinin-aobsorption rcsult.s

DILUTIONS
ANTISERUNM ABSORBED BY AGGLUTINATINGB.'

40 80 160 320

1'. Jenscrii (27) 1'. Jc ns2ctii (27) 0 0 0 0
P. Jconsnil (27) l. 1'r8sOfliI (11) 0 0 0 0
P1. JAnscuji (27) 1'. Thi,lil (8) 0 0 0 0

P. T'iiot7 (8) P. Thi;o1, (S) 0 0 0 0
P. Jensenit 1P. 7'iluii (S) J)* 1¾I tlSS(Jl (11) 0 0 0 0

P. Pll'oouii (8) 1'. J('Os(nii (27) 4 4 4 1

'.J]'(1(r. onu1ii (11) J)* 10Ptcrssoit (11) 0 0 0 0
5¾. IPtcr.8 o(J0iui (11) 1). 7'lhio (8) 0 0 0 0

I.1Io'ru.'onit (11) 13. Jon,,t(-nii (27) 4 4 3 O

1'. Thntii (8) P. Thlbuni (8) 0 0 0 0
J)*. /lho7nui (8) P. 1ct(b orsott (11) 3 0 0 0
J). Thloioti (8) ]). Jc 1ft It'l- (27) 0 0 0 0

I'. Pcicrssonii (11) l'. PItcbrs sonii (11) 0 0 0 0
P. Thliol P. Itct 7.,11nii(11) 1'. 7hbttii (8) 4 4 4 3.

P. 7ctIr.c O ii (11) J.IJtiscUni (27) 4 4 2 0

P. Jc.n c lii (27) 1". Jcnst n /i (27) 0 0 0 0
1'. Jcns tii (27) P. Pcbt(rssoii (11) 4 3 0 0
1'. Jcio/citii (27) P* Titit3i,i (8) 4 4 4 2

P. Jensenib is easily differentiated from P. P'eterssonii and 1'.
Th5ni'i which its serum cross agglutinates, by the results of
agglutinmin-ab)sorption (table 8). The ciross agglutination of
P. Jenseni serum and antigeni of P. pcniosace itm is weak aind
there is I10 difficulty in separating the species.

Propionibacteriil Peterssonnii v-an Niel 1928
Synoaitymt. Baclei-iuer acidi-prop ionici c Troili-Peterssol1 1909.
(altLureo. 11, 12, 24 and 25.



PROPIONIC ACID BACTERIA

Morphology. In yeast-glucose-phosphate medium at 30°C.
short rods, 0.7 x 1.4u, single and in pairs, non-motile, Gram-posi-
tive, metachromatic granules.

Cultural characteristics. Growth in liquid medium: slightly
turbid, flocculent. Agar stab: moderate surface growth, abun-
dant stab growth with yellow pigment. Litmus milk slightly
decolorized, acid and slightly coagulated.

Biochemical characters. Catalase-positive, nitrates not reduced
to nitrites, indol-negative, acetyl-methyl-carbinol not (?) pro-
duced from glucose. No gelatin liquefaction.

TABLE 9

Agglutination results with P. Peterssonii antiserum

SERUM DILUTIONS
ANTIGEN SPECIES NAME
NUMBER 40 80 160 320 640 1280

11 P. Peterssonii 4 4 4 4 4 0
GROUP

AGGLUTI-
NATION

13 P. pentosaceum 3 1 0 0 0 0
20 P. pentosaceum 3 1 0 0 0 0

34 P. arabinosum 4 2 0 0 0 0

Dissimilation of carbohydrates. Acid from adonitol, amygdalin,
arabitol, glucose, erythritol, esculin, galactose, glycerol, inositol,
lactose, levulose, mannitol, mannose, maltose, melezitose, salicin,
sucrose and trehalose.
No acid from arabinose, cellobiose, dextrin, dulcitol, glycogen,

inulin, melibiose, perseitol, pectin, raffinose, rhamnose, sorbitol,
starch and xylose.

Serological results. Maximum titer of antiserum 1 to 640.
Antiserum shows group agglutination with:

P. pentosaceum.......... 1 to 80
P. arabinosum.......... 1 to 80

No agglutination with other species of propionic acid bacteria,
as follows: P. Freudenreichii, cultures 1, 2, 37 and 44; P. Th5nii,
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cultures 8, 10 and 23; P. Shermanii, cultures 3, 4, 5 and 6; P.
rafJinosaceumti, cultures 32 and 33; P. zeae, culture 35; P. technicum,
culture 15; P. Jensentii, cultures 27 and 45; P. rubrum, cultures 16
and 38.

P. Peterssonii, P. pentosaceum and P. arabinosu7n appear to
form a subgeneric group. The antiserum of each shows cross
agglutination of the other two antigens. The agglutinin-absorp-
tion tests differentiated the species nicely (table 10).

TABLE 10
Agglutinin-absorption results

DILUTIONS
ANTISERUNI ABSORBED BY AGGLUTINATING

40 80 160 320

P. Pcterssonii (11) P. IPeterssonii (11) 0 0 0 0
P. Peterssonii (11) P. pentosaccumi (13) 0 0 0 0
P. Pcterssonzi (11) P. arabinosum (34) 0 0 0 0

l'. arabinosuin (34) P. arabinosuno (34) 0 0 0 0
P. Peterssonii P. (oroobino8suoi (34) P. pentosaccumo (13) 0 0 0 0

P. arabinosumn (34) P. Peterssonii (11) 4 4 3 0

P. pentosaceum (13) P. pentosaceuml (13) 0 0 0 0
P. pentosaceurn (13) P. arabinosum (34) 4 0 0 0
P). pcntosaceum (13) P. Peterssontii (13) 4 4 3 2

Propion ibacteriuin pentosaceuirn van Niel 1928
Synonymi. Bacilluts acidi-prop1onici voIn Freudenreich and

Orla-Jensen 1906.
Culture. 13, 20 ancd 31.
Morphology. In yeast-glucose-phosphate medium at 30°C.

rods, 0.9 x 1.6,, single, in pairs and short chains, cells may be
swollen, brainched, curved. Non-motile, Gram-positive, with
metachromatic granules.

Cultural characteristics. Agar stab: moderate surface growth,
abundant in stab with cream-colored pigment. Litmus milk
decolorized, acid and slightly coagulated.

Biochemiical characters. Catalase-positive (weak), nitrates re-
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duced to nitrites, indol-negative, acetyl-methyl-carbinol not pro-
produced from glucose, no gelatin liquefaction.

Dissimnilation of carbohydrates. Acid from adonitol, amygdalin,
arabinose, arabitol, cellobiose, glucose, erythritol, esculin, galac-
tose, glycerol, inositol, lactose, levulose, mannitol, mannose, mal-
tose, melezitose, melibiose, raffinose, rhamnose, salicin, sorbitol,
sucrose, trehalose and xylose.
No acid from dextrin, dulcitol, glycogen, inulin, perseitol,

pectin. Starch is very slightly attacked.

TABLE 11

Agglutination results with P. pentosaceum antiserum

SERUNI DILUTIONS
ANTIGEN SPECIES NANIE
NUMBER 40 80 160 320 640 1280 2560

13 P. pentosaceum 4 4 4 4 4 4 3
20 P. pentosaccum 4 4 4 4 4 3 0
36 P. pentosaccum 4 4 4 4 4 3 0

GROUP
AGGLUTI-
NATION

11 P. Peterssonii 4 4 4 3 2 0 0

34 P. arabinosum 4 3 0 0 0 0 0

32 P. raffinosaccumn 2 0 0 0 0 0 0
33 P. raffinosaceum 0 0 0 0 0 0 0

Serological results. 1Iaximum titer of antiserum 1 to 2560.
Antiserum shows group agglutination with:

P. Peterssonii.......... 1 to 640
P. arabinosum.......... 1 to 80
P. raffinosaceum.......... 1 to 40

No agglutination with other species of propionic acid bacteria
as follows: P. rubrum, cultures 16 and 38; P. Freudenreichii,
cultures 1, 2 and 37; P. Sherrnanii, cultures 3, 4, 5 and 6; P. Th&nii
cultures 8, 10 and 23; P. zeae, culture 35; P. technicuml, culture
15; P. Jensenii, cultures 27 and 45.
A slight agglutination of P. raffinosaceum at 1: 40 occurred but
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in view of the relatively low dilution of the serum, it was felt
unniecessary to runi absorption tests. Table 11 shows the group-
ing of P. Peterssoni i, P. peentosaceunti and P. arabinosum.l and table
12 again shows the clear separation of the three species on the
basis of agglutinin-absorption.

TABLE 12
A yglutinin-absorption rcsults

DILUTIONS
ANTISERUM ABSORBElD BY AGGLUTINATING

40 80 1160_-320-.._-

P'. arabinosumIS

I* pcnto-
saccunit

P. arabinosuiunl (34)
I. arablnosuwn (34)
1'. arabino.sumn (34)

P. perdosaccum (13)
P. pentosaccum (13)
l'. pcntosaccumn (13)

1'. Pcterssonii (11)
1'. Pctcr.s.sonii (11 )
P. Peterssonii (11)

P. pcntosaccumo (13)
P. pentosaceum (13)
P. pentosaccumz (13)

I'. Petcrssonui (11)
1'. Pcterssonii (11)
1'. Peterssonii (11)

P. arabinosumn (34)
P. arabinosum (34)
P. arabinosum (34)

P. araobinosum (34)
P. Petcrssonii (11)
P. pentosaccumi (13)

P. pentosac(clum (13)
P. Peterssonii (11)
P. arabinosumt (34)

P. Petcrssonii (11)
P. pentosacecnm (13)
P. arabinosuin (34)

P. pentosaccum (13)
P. Peterssonii (11)
P. arabinosumn (34)

P. Peterssonii (11)
P. arabinosuin (34)
P. pentosaccunt (13)

P. arabinosum (34)
P. Peterssonii (11)
P. pentosaccuint (13)

0
0
0

0
4
4

0
4
4

4
0
0

0
0
4

0
4
4

0
0
0

0
1
4

0
3
4

4
0
0

0
0
4

0
4
4

0
0
0

0
0
4

0
0
4

2
0
0

0
0
4

0
2
4

0
0
0

0
0
4

0
0
2

0
0
0

0
0
3

0
0
4

Propionibacteriun arabinosumz Hitchner 1931
Synonymz. None.
Culture. 34.
Morphology. In yeast-glucose-phosphate medium, rods elon-

gated, curved, swollen, thread like, single, pairs and long chains,
3.0-8.0 x 0.8-1.4u, Gram-positive, non-motile. In a neutral
medium relatively short rods.
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Cultural characteristics. In agar stab, moderate surface growth,
abundant stab growth, light orange pigment.

Biochemical characters. Catalase-negative, nitrates slowly re-
duced, milk coagulated in three to four weeks. Gelatin not
liquefied. Acetyl-methyl-carbinol not produced from glucose.

Dissimilation of carbohydrates. Acid from adonitol, amygdalin,
arabinose, arabitol, glucose, dextrin, erythritol, esculin, galactose,
glycerol, glycogen, inositol, lactose, levulose, mannitol, mannose,
maltose, melezitose, rhamnose, salicin, sucrose, starch and
trehalose.
No acid from cellobiose, dulcitol, inulin, melibiose, pectin,

raffinose and xylose.
Serological results. Maximum titer of antiserum 1 to 2560.

Antiserum shows group agglutination with:

P. pentosaceum.......... 1 to 320
P. Peterssonii.......... 1 to 160

No agglutination with other species of propionic acid bacteria,
as follows: P. Freudenreichii, cultures 1 and 2; P. Shermanii,
cultures 3, 4, 5 and 6; P. Thonii, cultures 8, 10 and 23; P. techni-
cum, culture 15; P. rubrum, cultures 16 and 38; P. raffinosaceumn,
cultures 32 and 33; P. Jensenii, cultures 27 and 45; P. zeae,
culture 35.
The same grouping is again apparent, placing P. arabinosum,

P. Pentosaceum and P. Peterssonii together (table 13). Sepa-
ration of species is again accomplished easily by agglutinin-
absorption tests (table 12).

Propionibacteriu7n zeae Hitchner 1931

Synonym. None.
Culture. 35.
Morphology. In yeast-glucose-phosphate medium at 30°C.

rods, somewhat swollen, stains irregularly, size 2.5-4.0 x 1.2-1.4u,
Gram-positive, non-motile.

Cultural characteristics. Growth in agar stab, luxuriant,
moderate surface growth, pigment orange. In liquid medium
pronounced turbidity, ropy sediment. Milk is not coagulated.
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Biochemical characters. Catalase-positive, nitrates not re-
duced. Indol-negative. Acetyl-methyl-carbinol not produced
from glucose.

Dissimilation of carbohydrates. Acid from adonitol, arabitol,
glucose, dextrin, erythritol, esculin, galactose, glycerol, glycogen,
inositol, levulose, mannitol, mannose, maltose, melezitose, meli-
biose, raffinose, salicin, sucrose, starch and trehalose.
No acid from amygdalin, arabinose, cellobiose, dulcitol, inulin,

lactose, pectin, rhamnose and xylose.
Serological results. Maximum titer of antiserum 1 to 1280.

Antiserum does not agglutinate other species of propionic acid
bacteria, as follows: P. Shermani, cultures 3, 4, 5 and 6; P.

TABLE 13

Agglutinition results with P. arabinosuma antiseruom

,SERUM DILUTIONS
ANTIGEN SPECIES NA'ME _

NUMBER 40 sSo 160 320 640 1280 2560

34 P. arabinosum 4 4 4 4 4 4 3

GROUP
AGGLUTI-
NATION

13 P. pentosaceaum 4 4 4 3 0 0 0
20 P. pentosaceum 4 4 4 3 0 0 0

11 P. I'(etrssonii 4 4 3 0 0 0 0

Freudenreich1ii, cultures 1 and 2; P. Tho-nii, cultures 8, 10 and 23;
P. technicumsl, culture 15; P. raffinosaceumn, culture 32; P. rubrumti,
culture 38; P. pentosaceuma, culture 13; P. Peterssonii, culture 11;
P. arabinosum, culture 34; P. Jensen ii, culture 27.

P. zeae is unique among the species of Propionibacterium in
that its antiserum does not agglutinate the antigen of any other
of the species and in turn antigen of P. zeae is not agglutinated by
the antiserum of any other species.

Propionibacterium Thonii van Niel 1928
Synonym. Bacterium acidi-propionici var. rubruwi Thonii and

Allemann 1908.
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Cultures. 8, 10, 22, 23 and 30.
Morphology. In yeast-glucose-phosphate medium at 30°C.

short rods, 1.0 x 1.5p, short chains, non-motile, Gram-positive,
metachromatic granules.

Cultural characteristics. Growth in liquid medium moderately
turbid, ropy sediment. Abundant growth in agar stab with
slight surface growth. Pigment, dark red-orange. Litmus milk
slightly decolorized, slight acidity and coagulation.

TABLE 14

Agglutination results with P. Thonii antiserum

SERUM DILUTIONS
ANTIGEN SPECIES NAME
NUMBER 40 80 160 320 640 1280

8 P.Th.nii4 4 4 4 3 0
10 P. Thonii 4 4 4 3 2 0
23 P. Thonii 4 4 4 3 2 0
39 P. Th6nii 4 4 4 4 3 0

GROUP
AGGLUTI-
NATION

27 P. Jensenii 4 4 3 0 0 0

11 P. Peterssonii 4 3 0 0 0 0

Biochemical characters. Catalase-positive, indol-negative, ni-
trates not reduced to nitrites, acetyl-methyl-carbinol produced
from glucose. No gelatin liquefaction.

Dissimilation of carbohydrates. Acid from adonitol, arabitol,
glucose, erythritol, esculin, galactose, glycerol, lactose, levulose,
mannose, maltose, salicin, sorbitol, sucrose and trehalose.
No acid from amygdalin, arabinose, dextrin, dulcitol, glycogen,

inulin, mannitol, melezitose, melibiose, perseitol, pectin, raffinose,
rhamnose, starch and xylose.

Serological results. Maximum titer of antiserum 1 to 640.
Antiserum shows group agglutination with:

P. Jensenii......... 1 to 160
P. Peterssonii......... 1 to 80
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No agglutination with other species of propionic acid bacteria
as follows: P. Freudenreichii, cultures 1 and 2; P. Shermanii,
cultures 3, 4, 5 and 6; P. pentosaceutm?, cultures 13 and 20; P.
raffinosaceum, cultures 32 and 33; P. zeac, culture 35; P. arabino-
sum, culture 34; P. rutbramo, cultures 16 and 38; P. technicum,
culture 15.

It is interesting to note that P. Th}inii shows no cross aggluti-
nation with P. rubruin, two species which were separated and
recognized by van Niel (1928) onily after careful consideration of
their physiological behavior. P. rubrumi attacked raffinose and
mannitol, whereas P. Thdnii did not; also the latter produced
greater quantities of acid from glucose. Serologically the species
are distinct. P. ThInii antiserum shows cross agglutination of
P. Jensenii and P. Peterssonnii (table 14) but separation is accom-
plished by agglutinin-absorption (table 8).

Propionibacteriunt rubruwsl van Niel 1928
Synonymti. Bacteriumti acidi-propionici var. rubrum Th6nii and

Allemann 1908.
Culture. 38, 9, 16 and 19.
Morphology. In yeast-glucose-phosphate medium at 30°C.

short rods, singly or in pairs, 0.8 x 1.2M, non-motile, Gram-
positive, metachromatic granules.

Cultural characteristics. In agar stab, growth luxuriant, mod-
erate surface growth. Red-orange pigment. In liquid medium,
slight turbidity, sediment finely flocculent, showing reddish
orange pigment. Litmus milk, slight decolorization, acid and
slow coagulation.

Biochemical characters. Catalase-positive, indol-negative, ni-
trates not reduced to nitrites, no gelatin liquefaction, and no
acetyl-methyl-carbinol produced from glucose.

Dissimilation of carbohydrates. Acid from adonitol, amygdalin,
arabitol, glucose, erythritol, esculin, galactose, glycerol, lactose,
levulose, mannitol, mannose, maltose, melezitose, raffinose, sal-
icin, sucrose and trehalose.
No acid from arabinose, dextrin, dulcitol, glycogen, inositol,

inulin, melibiose, perseitol, pectin, rhamnose, starch and xylose.
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Serological results. Maximum titer of antiserum 1 to 640.
Antiserum shows group agglutination with:

P. Peterssonii.......... 1 to 40
P. pentosaceum.......... 1 to 40
P. arabinosum...........1 to 40

No agglutination with other species of propionic acid bacteria
as follows: P. Freudenreichii, culture 1; P. Shernianii, cultures 3
and 4; P. technicum, culture 15; P. Thdnii, culture 8; P. Jensenii,
culture 27; P. raffinosaceum, cultures 32 and 33; P. zeae, culture 35.

TABLE 15
Agglutination results with P. rubrum antiserum

SERUMf DILUTIONS
ANTIGEN SPECIES NAME __
NUMNBER 40 80 160 320 640 1280

38 P. rubrum 4 4 4 4 3 0
16 P. rubrum 4 4 4 2 0 0

GROUP
AGGLUTI-
NATION

11 P. Peterssonii 4 0 0 0 0 0

13 P. pentosaceum 4 0 0 0 0 0
20 P. pentosaceum 4 0 0 0 0 0

34 P. arabinosum 4 0 0 0 0 0

P. rubrum antiserum showed agglutination at a dilution of 1: 40
of all three members of the last subgroup (table 15) although the
sera of none of the group agglutinated P. rubrum. P. rubrum
is unusual in that it is not agglutinated by the antiserum of
another species at the serum dilutions used.

KEY TO THE SPECIES OF THE GENUS PROPIONIBACTERIUM

A. Attacking sucrose and maltose
B. Attacking the polysaccharides (starch, dextrin, glycogen)

C. Attacking lactose and arabinose
D. Attacking rhamnose and trehalose, not attacking raffinose, cata-

lase-negative
-Propionibacterium arabinosum
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DD. Not attacking rhamnose and treh.alose, attacking raffinose, cata-
lase-positive

--Pr7op ioo ib t 1 /1/ !('c1 1,h i(l/li1
CC. Not attacking lactose andclaraliose

-Po p lu hoI (hi/l 1 ZCU C

BB. Not attacking polysacchairides
C. Attacking xvlose and ara binose, nitrates re/blce/I

P-opl'o/i hOC/C/l0I'10 pcltos(aCCIII
CC. Not attacking xylose and arahinose, mitrates not reduced

D. Attacking raffinose
E. P'igment yellow

--Propiowh c/cr 0i1/n rm1fifhosacc 111
EE. Pigmnent red-brown

l'Propioiiibactchiwn2 rtlbramlr,
DD. Not attacking ralffinose

E. Attacking mannitol, n(ot attacking sorbitol
F. Attacking amygdaldin and salicin

---Prop)loio./aCVriu0111 Isctcrssoi ii
F'F. Not attacking amygdalin and salicin

-IPr opoil ihlact/.criatin Jcnsci iil
EE. Not attacking mannitol, attacking sorbitol

--Propio7ibacteriuo ThUtti6
AA. Not attacking sucrose and maltose

B. Attacking lactose, nitrates not reduced
-Prop iom0/aclt/inCt//1 1/i Crl/(l 1/i i

BB. Not attacking lactose, nitr,ates reduced
-Prop;lol ihac/r l/1191/ PiFre udeI ii rc ic/i ii

SUMIMARY AND CONCL'LUSIONS

_Morphological and physiological (including serological) study
of 30 strains of propionic-acid producinig bacteria belongiiig to
the genus Propionibacterium Orla-Jensen, 1909 leads to a clear-
cut recognition of elev-en species. The general agreement amoing
morphological, physiological and serological classifications is
unusual, in that recoginitioni of a species by one method is
clearly conifirmed by the other methods.
The propionic acid bacteria constitute a natural group which

should be recognized as a genus, Propionibacterium Orla-Jenseni
1909. In the present state of knowledge it is doubtful whether a
more natural genus is known. WTe may accept the production of
substantial quantities of propionic acid in a true fermeintationi at
mesophilic temperatures as characteristic of menmber s of the genus.

Serological differentiation led to three subgeneric groups. P.
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zeae and P. rubrum showed relatively little relationship to any of
the three subgroups.

Eleven species have been clearly differentiated on the basis of
physiological, serological and morphological behavior.
A key has been presented based upon characters which should

be of practical use in identifying species.
It is of interest to note that P. arabinosum is catalase-negative.

This behavior necessitates modification of the generic diagnosis
to include the species.

REFERENCES

BERGEY, H. D. 1923. Manual of Determinative Bacteriology. 1st ed. Wil-
liams & Wilkins, Baltimore, Md.

BERGEY, H. D. 1925. Manual of Determinative Bacteriology. 2nd ed. Wil-
liams & Wilkins, Baltimore, Md.

BERGEY) H. D. 1930 Manual of Determinative Bacteriology. 3rd ed. Wil-
liams & Wilkins, Baltimore, Md.

BUCHANAN, R. E. 1925 General Systematic Bacteriology. Williams & Wil-
kins, Baltimore, Md.

FREUDENREICII, E. VON, UND ORLA-JENSEN, S. 1906 Centralbl. f. Bakt., II,
17, 529-546.

HITCHNER, E. R. 1932 Jour. Bacteriol., 23, 40-41.
ORLA-JENSEN, S. 1909 Centralbl. f. Bakt., II, 22, 305-346.
ORLA-JENSEN, S. 1921 Jour. Bacteriol. 6, 263-273.
SHAW, R. H., AND SHERMAN, J. M. 1923 Jour. Dairy Sci., 6, 303-309.
SHERMAN, J. M. 1921 Jour. Bacteriol., 6, 379-394.
SHERMAN, J. M., AND SHAW,R. H. 1921 Jour. Gen. Physiol., 3, 657-658.
SHERMAN, J. M., AND SHAW,R. H. 1923 Jour. Biol. Chem., 56, 695-700.
THNI, J., AND ALLEMANN, 0. 1908 Landw. Jahr. Schweiz., 22,45-41.
TII6NI, J., AND ALLEMANN, O. 1910 Centralbl. f. Bakt. II, 25, 8-30.
TROILI-1PETER5SON, G. 1909 Centrall)l. f. Bakt., II, 24, 333-342.
VAN NIEL, C. B. 1928 The Propionic Acid Bacteria. J. W. Boissevain and Co.,

Haarlem.
VIRTANEN, ARTTURI I. 1923 Soc. Sci. Fennica. Commentationes Phys-Math.,

1, 36.
WERKMAN, C. H., AND KENDALL, SARA E. 1931 Iowa State Coll. Jour. Sci., 6,

17-32.


