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Abstract - Nitrate reduction is currently considered to be a key characteristic for the determi-
native grouping of strains of the Propionibacterium but many controversies exist regarding
nitrate reduction by members of this genus. The aim was thus to determine the influence of dif-
ferent media, nitrate concentrations and pH values under aerobie and anoxie conditions, using the
conventional technique and the diazotization coupling method, on the nitrate reducing capability
of propionibacteria. The low concentrations of nitrite formed during nitrate reduction by the
propionibacteria could not be accurately determined using the conventional technique. This
method was found to be reliable only when the initial KN03 concentration exceeded 1.0 mmol/L.
ln contrast, with high concentrations of nitrite, the diazotization coupling method was found to
be too sensitive. Nitrate reduction in the yeast extract lactate (Y EL) medium with added glu-
cose and KN03, was not effective as only low concentrations of nitrite were produced. Good nitrate
reduction was obtained on both the YEL and yeast extract (YE) media with or without the addi-
tion of KN03 (pH 8.0) to the test media. The presence of nitrite in the YEL culture media of the
five Propionibacterium type strains, un der aerobie conditions (pH 8.0) with 20 mmol/L KN03,
was determined using the diazotization coupling method. The type strains of P. acidipropionici,
P. acnes and P.freudenreichii subsp.freudenreichii were able to reduce nitrate. In contrast, the
P. jensenii and P. thoenii type strains were not able to reduce nitrate under these conditions.
Furthermore, P. acidipropionici and P. acnes were both able to further reduce the formed nitrite
to gaseous nitrogen. It was found that nitrate reduction was strongly influenced by environmental
factors such as oxygen, nitrate concentration, pH, media composition, incubation period and the
presence of glucose. Data are presented which permit a more standardized determination of
nitrate reduction of propionibacteria. © Inra/Elsevier, Paris.
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Résumé - Optimisation des conditions standard pour la détermination de la réduction
du nitrate par les bactéries propioniques. La réduction du nitrate est généralement considérée
comme étant une caractéristique clef pour déterminer des groupes de Propionibacterium mais de
nombreuses controverses existent concernant la réduction du nitrate par les membres de ce genre
de bactéries. Le but était donc de déterminer l'influence de différents milieux, de la concentra-
tion en nitrate et des valeurs de pH dans des conditions aérobies et anoxiques sur la capacité de
réduction du nitrate par les bactéries propioniques, et ce, en utilisant la technique conventionnelle
et la méthode de couplage de diazotisation. Les faibles concentrations en nitrite formé au cours
de la réduction du nitrate par les bactéries propioniques ne pouvaient pas être déterminées avec
précision par la technique conventionnelle. Cette méthode s'est avérée fiable uniquement lorsque
la concentration initiale de KN03 excédait 1,0 mmol/L. En revanche, avec une concentration
élevée de nitrite, la méthode de couplage de diazotisation s'est avérée trop sensible. La réduction
du nitrate dans le milieu YEL additionné de glucose et de KN03 n'était pas efficace puisque
seulement de faibles concentrations de nitrite étaient produites. Une bonne réduction de nitrate
était obtenue tant sur le milieu YEL que sur celui à l'extrait de levure avec ou sans addition de
KN03 (pH 8,0). La présence de nitrite dans le milieu de culture YEL des cinq souches types de
Propionibacterium, en aérobiose (pH 8,0) avec 20 mmolfL de KN03, a été déterminée en utili-
sant la méthode de couplage de diazotisation. Les souches types de P. acidipropionici, de P. acnes
et de P.freudenreichii subsp. freudenreichii étaient capables de réduire le nitrate dans ces condi-
tions' contrairement aux souches types de P. jensenii et de P. thoenii. De plus, P. aeidipro-
pionici et P. acnes étaient capables de réduire le nitrite formé en azote gazeux. La réduction du
nitrate s'est révélée fortement influencée par des facteurs environnementaux tels que l'oxygène,
la concentration en nitrate, le pH, la composition des milieux, la durée d'incubation et la présence
de glucose. Les données présentées permettent une meilleure détermination standardisée de la
réduction du nitrate par les bactéries propioniques. © Inra/Elsevier, Paris.
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1. INTRODUCTION

The ability of an organism to reduce
nitrate is influenced by various environ-
mental factors, including: medium com-
position [2]; pH [3]; dissolved oxygen
concentration [9,25]; light intensity [25];
incubation period [2]; nitrate concentra-
tion [1]; and other factors [7,10, 18,26].

Many controversies exist [16, 23, 27]
regarding nitrate reduction by members
of the Propionibacterium. This is an extre-
mely important phenotypic characteristic
as it is used as one of the major differential
characteristics to separate the four dairy
species [6]. Kaspar [16], however, repor-
ted that ail the dairy Propionibacterium
species reduced nitrate to nitrite and fur-
ther to nitrous oxide (N20). In contrast,
Van Gent-Ruijters et al. [27] reported that
only one of three strains of 'P. pen tosa-

ceum' was able to reduce nitrate to nitrite
and further to N20 or N2. In the current
classification system, 'P. arabinosum' and
'P. pentosaceum' strains were consolida-
ted [19] to form the P. acidipropionici
species, although nitrate reduction was
negative for the 'P. arabinosum' strains,
while certain of the' P. pentosaceum'
strains were able to produce nitrite as weil
as nitrogen [4]. According to Cummins
and Johnson [6], the other dairy species
could not reduce nitrate, with the exception
of P.freudenreichii subsp.freudellreichii.

As nitrate reduction is used as one of
the major characteristics to separate the
species of the Propionibacterium [6], the
influence of environ mental parameters on
nitrate reduction needs to be examined.
These conditions should thus be optimi-
zed so as to validate the application of
nitrate reduction as a differential charac-
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teristic. The aim of this study was to inves-
tigate the influence of oxygen, nitrate
concentration, pH, media composition,
incubation period, as weIl as the addition
of glucose, on the ability of Propionibac-
terium strains to reduce nitrate.

2. MATERIALS AND METHODS

2.1. Bacterial strains, culture
maintenance and growth media

Five Propionibacterium type strains (table 1),
Escherichia coli ATCC 11775 and Leuconos-
toc dextranicum OSM 20484 were included in
this study. The E. coli and the L. dextranicum
strains were included as positive [9, 17] and
negative control s, respectively.

Lyophilized cultures [14] were used to ino-
culate yeast extract lactate medium (YEL) to
obtain working cultures. The YEL medium
(glL) consisted of: yeast extract 6.0; sodium
lactate (70% v/v) 20.0; peptone 2.0; KHzP04
10.0; and Tween 80 1.0 mL. The medium was
prepared anaerobically [13] and the pH adjus-
ted to 7.2 before sterilization. The dairy pro-
pionibacteria were incubated for 4 days at
30 oc and the P. acnes strain incubated for
6 days at 37 "C in an anaerobie cabinet, using
10% Hz: 10% COz: 80% Nz as gas phase.
Escherichia coli was incubated aerobically for
48 h at 37 "C on nutrient agar (Merck) with
1% (rn/v) glucose (pH 7.0) and L. dextrani-
CUI1l grown on tomato juice broth (Oifco)

medium (pH 4.8) and incubated aerobically at
25 oC for 7 days.

Culture purity was regularly checked and
the production of propionic and acetic acids
as metabolites were monitored gas chromato-
graphically for each propionibacterial strain
[5].

2.2. Influence of external parameters

The influence of external parameters on
nitrate reduction by the P. acidipropionici type
strain was determined using a modified De
Man-Rogosa-Sharpe medium (M-MRS) [8].
The M-MRS-medium consisted of20 mmollL
sodium phosphate buffer with (g/L): MRS
(Merck) 25.0 and added sodium lactate (70%
v/v) 20.0. The M-MRS was then used as basis
for the addition of different concentrations of
potassium nitrate (KN03) (0.0, La, 5.0, 10.0
and 15.0 mmollL). The initial pH value of each
assay was also varied (pH 5.0, 6.0, 7.0, 8.0 and
9.0).

A pre-inoculum was prepared by growing
each culture under anoxie conditions for five
days on M-MRS plates. A 10% standard ino-
culum was prepared and the M-MRS-medium
inoculated, followed by incubation under aero-
bic as weil as anoxie conditions, at 30 oc. AlI
tests were done in duplicate. Unless otherwise
stated, a 10% standard inoculum (00640 = 0.21)
of ail strains grown for 5 days was used throu-
ghout this study.

Nitrate reduction was determined by mea-
suring for the presence of nitrite, using the

Table I.Propionibacterium type strains used in this study.
Tableau I.Souches types de Propionibacterium utilisées dans cette étude.

Culture number Species Source

56
80
419
423
424

P. acnes
P. jensenii
P. thoenii
P. freudenreichii subsp. freudenreichii
P. acidipropionici

ATCC 6919
OSM 20535
NCFB 568
ATCC 6207
ATCC 25562

ATCC, American Type and Culture Collection, Rockville, MD, USA; DSM, Deutsche Sammlung von
Mikroorganismen und Zellkulturen, Braunschweig, Germany; NCFB, National Collection of Food Bacte-
ria, Reading, UK.
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conventional technique as described by
Gerhardt et al. [12]. The intensity of the red
color was scored visually on a scale from 0 to 5.
Nitrate reduction was also assayed using the
diazotization coupling method described by
Nicholas and Nason [20], using a Beckman
DUS spectrophotometer.

Nitrate reduction was also determined using
nitrate broth (Difco) as growth medium. This
was performed at different pH values (6.0, 7.0,
S.O and 9.0) and varying potassium nitrate
concentrations (10 and 20 mmol/L). The pH
was compensated before autoclaving. The
influence of various glucose concentrations
(0.0,0.2,0.4,0.6, O.Sand 1.0%) (rn/v) in nitrate
broth on nitrate reduction by P. acidipropio-
nici was also evaluated. Ali tests were perfor-
med under aerobic, as weil as anoxie condi-
tions. Anoxie conditions were obtained by
incubation of the samples in an anaerobie cabi-
net. Aerobic conditions were obtained by aero-
bic incubation of the static culture.

2.3. Influence of media composition

The optimal pH and KN03 concentration, as
determined in the previous section, was applied
in this section. The influence of seven diffe-
rent media combinations on the nitrate redu-
cing capability of P. acidipropionici during
growth phase studies was evaluated in this sec-
tion. The different media included: YEL broth
with the addition of both 10% glucose and
20 mmol/L KN03; YEL broth with or without
20 mmollL KN03; yeast extract (6.0 glL) and
glucose (10 g/L) (YEG) with or without
20 mmollL KN03 and yeast extract (6.0 g/L)
(YE) with or without 20 mmol/L KN03. In
specifie cases KN03 was added to the test
media to determine if the presence of nitrate
in the growth media influenced or enhanced
nitrate reduction.

A 20% standard inoculum (00 1.0at 640 nm)
was prepared and the various media combina-
tions were incubated at 30 oc. Samples were
withdrawn at four hourly intervals for the ana-
lysis of nitrite. Ali tests were performed in tri-
plicate and uninoculated tubes served as
controls. In this section, the presence of nitrite
was determined using the diazotization cou-
pling method [20].

3. RESUL TS AND DISCUSSION

3.1. Influence of growth medium
and nitrite assay techniques

The data obtained when using nitrate
broth (Difco) under aerobic and anoxie
conditions at different pH values and
nitrate concentrations, showed that when
using both the conventional (data not
shown) and the diazotization coupling
method, the L. dextranicum strain did not
reduce nitrate while the E. coli strain stron-
gly reduced the nitrate. This confirmed
the use of these strains as negative and
positive controls [II, 21].

During the study, it was found that the
convention al method was unsuitable for
nitrite determination from propionibacte-
ria when using the M-MRS-medium, as
no nitrate reduction was observed for the
P acidipropionici type strain at any pH
value or at the different KN03 concentra-
tions. In contras t, nitrite was formed in
low concentrations by P acidipropionici
in the nitrate broth (table II) under both
aerobic and anoxie conditions at pH 7.0
and 8.0 and only under aerobic conditions
at pH 9.0. No nitrite was detected at pH
6.0. The data thus indicate that the type
of medium used must be taken into consi-
deration as it has an influence on the abi-
lit y of an organism to reduce nitrate.
Blaszczyk [2] also reported similar results.
Nitrate reduction by the P acidipropio-
nici strain, using the nitrate broth under
the same conditions, was also determined
using the diazotisation coupling method
(table III). Similar results were obtained
but this method was more sensitive, sho-
wing the highest nitrate reduction at pH
8.0 with 20 mmol/L KN03 under aerobic
conditions. In contrast, when this method
was used to determine nitrate reduction
for the E. coli strain, it was found that the
results were not repeatable even when the
samples were diluted. Thus, based on the
results, it was concluded that the con ven-
tional technique might not be sensitive
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Table II. Nitrate reduction by P. acidipropionici in nitrate broth after incubation at different pH
and KN03 values (mmollL) under aerobic and anoxie conditions using the convention al nitrite
determination technique (data visually scored from 0 to 5).
Tableau II. La réduction du nitrate par P. acidipropionici dans le bouillon Nitrate après incubation
à différentes valeurs de pH et de KN03 (mmol/L) sous des conditions aérobies et anoxiques
utilisant la technique conventionnelle de détermination du nitrite (données catégorisées visuellement
de 0 à 5).

pH

Aerobie

KN03 concentration (mmollL)

10

Anoxie

20 10 20

6.0
7.0
8.0
9.0

o
1
1
1

o
1
1
1

o
1
1
o

o
1
1
o

Table III. Effect of aerobie and anoxie conditions, different KN03 concentrations (mmol/L) and
pH values on the ability of P. acidipropionici to reduce nitrate in nitrate broth, using the diazo-
tization coupling method (values are in nmol nitrite per mL and are the average of duplicate
tests).
Tableau III. Effets des conditions aérobies et anoxiques, des différentes concentrations de
KN03 (mmollL) et des valeurs de pH sur la capacité du P. acidipropionici à réduire le nitrate du
bouillon Nitrate en utilisant la méthode de couplage de déazotisation (les valeurs sont en nmol
de nitrite par mL et représentent la moyenne d'un test répété deux fois).

pH KN03 concentration

Aerobic Anoxie

10 mmol/L ± 50 20 mmol/L ± 50 10 mmol/L ± 50 20 mmol/L ± 50

6.0
7.0
8.0
9.0

0.00
7.08±0.71

12.85 ± 1.06
4.57 ± 0.71

0.00
9.09 ± 2.84

18.85 ± 1.06
3.57±0.71

0.00
10.09 ± 2.13

1.31 ± 0.35
0.00

0.00
15.1±4.96
4.57 ± 3.55
0.00

enough when low concentrations of nitrite
are formed during nitrate reduction by pro-
pionibacteria. The data showed that when
the conventional method was used, it was
only reliable when the initial KN03
concentration in the medium exceeded
1.0 mmollL. In contrast, however, when
high concentrations of nitrite were for-
med, as found for the E. coli strain, the

diazotization coupling method may again
be too sensitive, even if the samples were
diluted. Based on these results, it is recom-
mended that the conventional method be
used to determine nitrate reduction when
testing E. coli and that the diazotization
coupling method be used when studying
nitrate reduction by Propionibacterium
strains.
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3.2. Influence of environmental
factors

The YEG medium (with and without
added nitrate) was not very effective for
nitrite determination (figure 1), as only
low concentrations were produced when
the P. acidipropionici culture was grown
in this medium. Nitrate reduction was
obtained in both the YEL and YE media
(both without glucose addition) with or
without KN03 (pH 8.0) (figure 1). No
nitrite was detected when the P. acidi-
propionici culture was grown in the YEL
medium with 10% glucose and 20 mmol/L
KN03. This was also found when varying
glucose concentrations were used in the

nitrate broth. Care must thus be taken
when glucose is added to a medium as no
or very little nitrate reduction would be
found.

The best medium for the assay of nitrate
reduction, by the P. acidipropionici type
strain, was found to be the YEL medium
(figure 1) with the addition of 20 mmol/L
KN03 (pH 8.0) to the medium without
glucose under aerobic conditions. This
medium was thus used during further
experimental studies. Under these condi-
tions, enough biomass for the extraction
and purification of the enzyme was also
produced. In the case of the YE medium,
nitrate reduction was found but very Iittle
biomass was produced.
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Figure 1. The influence of media composition on the ability of Propionibacterium acidipro-
pionici to reduce nitrate (e YEL plus 20 mmollL KN03; a YEL minus 20 mmollL KN03;
• YEG plus 20 mmollL KN03; D YEG minus 20 mmollL KN03; T YE plus 20 mmollL KN03;
V YE minus 20 mmollL KN03). Values represent the average of duplicate tests (SD < 3%).
Figure 1. L'influence de la composition des milieux sur la capacité de Propionibacterium aci-
dipropionici à réduire le nitrate (eYEL plus 20 mmollL de KN03; a YEL moins 20 mmollL de
KN03 ; • YEG plus 20 mmollL de KN03 ; D YEG moins 20 mmollL de KN03 ; T YE plus
20 mmollL de KN03 ; V YE moins 20 mmollL de KN03). Les valeurs représentent la moyenne
d'un test répété deux fois (écart type < 3%).
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The five Propionibaeterium type strains
(table 1) were inoculated into YEL
medium with 20 mmollL KN03 under
aerobic conditions (pH 8.0) and the pre-
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sence of nitrite was determined according
to the diazotisation coupling method at
regular intervals (figure 2). The type
strains of P. acidipropionici, P. aenes and
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Figure 2. Nitrate reduction and growth by the Propionibaeterium type strains in YEL medium
with 20 mmol/L KN03 at 30 -c and pH 8.0 (A = P. thoenii NCFB 568; B = P.jensenii DSM
20535; C = P. aeidipropionici ATCC 25562; D = P. aenes ATCC 6919; E = P.freudenreiehii
subsp.freudenreiehii ATCC 6207) [. = log OD640;. = nitrite - nmol/mL]. Values represent the
average of triplicate tests (SD < 5%).
Figure 2. Réduction du nitrate et croissance des souches types de Propionibaeterium dans le
milieu YEL, avec 20 mmol/L de KN03 à 30 degrés C et à un pH de 8.0 (A = P.thoenii NCFS 568 ;
B = P. jensenii DSM 20535 ; C = P. aeidipropionici ATCC 25562 ; D = P. aenes ATCC 6919 ;
E = P.freudenreiehii subspfreudenreiehii ATCC 6207) [. = Log D064O;. = Nitrite - nmol/mL].
Les valeurs représentent la moyenne d'un test répété à trois reprises (écart type < 5%).
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P freudenreiehii subsp. freudenreiehii
were ail able to reduce nitrate (figure 2C,
D, E). In contrast, P thoenii and P jen-
senii (figure 2A, B) were not able to reduce
nitrate under these conditions. Further-
more, P aeidipropioniei and P aenes
(figure 2C, D) were both able to reduce
the accumulated nitrite, as can be seen
from the decrease in the concentration of
nitrite. The reduction of the accumulated
nitrite by P freudenreiehii subsp. freu-
denreichii progressed at a much lower rate
(figure 2E). This can probably be ascri-
bed to the presence of a less active nitrite
reductase enzyme system in this specifie
strain. It was also found in this part of the
study that nitrate reduction could only be
detected for the three positive type strains
after 70 h of incubation. This is an impor-
tant factor that must be taken into consi-
deration when using nitrate reduction as
a species differential character.

3.3. Nitrate reduction as species
separation criterion

The separation of species within the
genus Propionibaeterium, using the iden-
tification system of Cummins and John-
son [6], is based on five phenotypic cha-
racteristics, including the ability to reduce
nitrate. Several reports can be found in the
literature relating to problems on the use of
nitrate reduction as differential characte-
ristic [22, 23]. The data from this study
confirm the identification system of Cum-
mins and Johnson [6] in that P thoenii
and P jensenii, under the conditions used
in this study, are the only type strains not
able to reduce nitrate. The variation of an
organism' s ability to reduce nitrate can
present a serious problem if this phenoty-
pic characteristic is used to differentiate
between species. This is especially true
for the genus Propionibacterium, as is
found with the species P aeidipropioniei,
P jensenii and P thoenii. If a Propioni-
baeterium strain is not able to reduce

nitrate, that strain will be classified as a
member of the P jensenii or P thoenii
species, even though the majority of the
characters would be similar to that of
P acidipropionici [5]. This incorrect iden-
tification based on one phenotypic cha-
racteristic, will only be apparent if a nurne-
rical analysis based on a wider range of
phenotypic data are performed [5].

The results from this study (table Ill)
clearly indicate that media composition,
aerobic and anoxie conditions, the nitrate
concentration, as weil as pH, have a dra-
matie effect on the ability of a strain to
reduce nitrate. This study therefore
confirms the findings of Riedel and Britz
[24], that nitrate reduction in the genus
Propionibaeterium can be a variable phe-
notypic characteristic with external para-
meters influencing the ability of an orga-
nism to reduce nitrate. The results of Focht
and Verstraete [10] and Blësl and Conrad
[3] were also confirmed in this study, in
that pH has a drastic effect on the capa-
bility of microorganisms to reduce nitrate.
Similarly, Allison and Macfarlane [1]
found that culture pH influenced the pro-
ducts of dissimilatory nitrate reduction in
P aenes. Nitrate was converted to nitrite at
alkaline pH (pH 7.5), whereas nitrous
oxide was the product of nitrate reduction
at a pH of 6.0 [1].

In the genus Propionibaeterium, nitrate
reductase appears to be constitutive as
indicated in the results obtained in the pre-
sence and absence of nitrate in the test
medium. Similarly, Kaspar [16] stated that
the nitrate reductase of the genus Propio-
nibaeterium seems to be either constitu-
tive or derepressed by anaerobiosis. Accor-
ding to Kaspar [16], nitrate appeared to
stimulate synthesis of the nitrate reduc-
tase in P acidipropionici, while oxygen
inhibited nitrous oxide production in both
P acidipropionici and P thoenii. This is
in contrast to the results of Kaneko and
Ishimoto [15], who found that the pre-
sence of nitrate in the growth medium



Nitrate reduction by Propionibacteria 225

itself had no effect on the nitrate reduc-
tase activity of P. acidipropionici. The
nutritional composition of the culture
medium was also found to have an effect
on the ability of an organism to reduce
nitrate, as found for 'P. pentosaceum' [27]
and Paracoccus denitrificans [2].

Blaszczyk [2] also showed that incu-
bation period is of great importance. Cul-
tures of Paracoccus denitrificans grown in
nutrient broth required only a 12-h incu-
bation period, whereas cultures grown in
mineraI media, supplemented with etha-
nol, sodium acetate and methanol, requi-
red longer periods to reduce the same
amount of nitrate. In this study, P. acnes,
P. acidipropionici and P. freudenreichii
subsp. freudenreichii were only able to
reduce measurable amounts of nitrate after
70 of incubation (figure zc, D, E). In
contrast, it was also reported that specifie
growth rates of P. acnes were higher in
the presence of nitrate [1] than in medium
without nitrate. Thus, the incubation per-
iod is also of critical importance when
using nitrate reduction as a differential
phenotypic characteristic, especially if the
incubation period is too short.

The suppression of nitrate reduction by
glucose was also observed during this
study, confirming the results of Schulp
and Stouthamer [26]. Van Gent-Ruijters
et al. [27] found that complex media were
unsuitable for use in nitrate reduction stu-
dies in 'P. pentosaceum' and that nitrate
reductase was parti aIly repressed by glu-
cose [26].

It is thus recommended that environ-
mental factors, such as the pH, nitrate
concentration, aerobic or anaerobie condi-
tions and the growth medium, should be
standardized when using nitrate reduction
as criterion for differentiation between
species in the genus Propionibacterium.
Using the optimum conditions, as found
for the type strains in this study, more
strains of the genus Propionibacterium
should be evaluated for the ability to

reduce nitrate. It is also recommended that
the nitrate reductase gene (NAR) of P. acidi-
propionici be further studied and compa-
red with that of other genera and spe-
cies.
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