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Abstract A total of 179 non-spore-forming bacteria aero-
bically growing on Nutrient Agar, Plate Count Agar or in
speciWc enrichment conditions for salmonella, campylobac-
teria, listeria, yersinia or staphylococci, were isolated from
16 untreated paper mill pulps. After phenotypical screening
the isolates were characterised by automated ribotyping and
partial sequencing of the 16S rRNA gene. They could be
divided into seven taxonomical classes representing 63 taxa
(species): actinobacteria (11 species), bacilli (7), Xavobac-
teria (3) alphaproteobacteria (10), betaproteobacteria (5),
gammaproteobacteria (25) and sphingobacteria (2). Most of
the gammaproteobacteria were enterobacteria, mainly spe-
cies of the genera Enterobacter (7 species, 7 samples/3
mills) and Klebsiella (5 species, 6 samples/3 mills). Other
commonly occurring bacteria were most closely related to
Microbacterium barkeri (7 samples/3 mills), Cloacibacte-
rium normanense (6 samples/2 mills), Pseudoxanthomonas
taiwanensis (5 samples/2 mills) and Sphingobacterium
composti (5 samples/1 mill). Sporadic isolates of Listeria
innocua, L. monocytogenes, Enterococcus casseliXavus and
Staphylococcus warneri were detected, from which only L.
monocytogenes is considered to be a food pathogen. No
isolates of the genera Campylobacter, Salmonella or Yer-
sinia were detected. The detected bacteria may be harmful
in process control, but the load of food pathogens with
recycled Wbres to paper machines is insigniWcant. Faecal
contamination of the pulp samples was not indicated.

Keywords Recycled Wbres · Proteobacteria · 
Enterobacteria · Hygiene indicators · Food pathogens

Introduction

During the past 10 years hygiene in the paper and packag-
ing industry has become important, because the use of recy-
cled Wbres in food packages has increased and the storage
time of foodstuVs in packages has become signiWcantly
longer. In addition to food authorities, manufacturers of
packaging materials and their end-users in food industry,
who are responsible for the safety of their products, have
been concerned about the health risks associated with recy-
cled Wbres. Most concern has been focused on chemical
impurities, such as heavy metals, chlorinated organics, vol-
atile compounds and mutagens [13, 23, 30]. From the risk
assessment point of view, microbiological quality is also a
crucial issue, because recycled Wbres provide a good sub-
strate for microbial growth during collection, storage and
processing [3, 24]. Consumer safety is the principal con-
cern when international regulations are prepared [2].
Hence, no harmful substances—including microbes, their
spores and metabolites—should migrate from the packag-
ing materials into foods even during long storage times in
warehouses. The estimation of this risk requires relevant
data on the occurrence of diVerent microbes in recycled
materials and their survival in papermaking processes. Data
on the occurrence of non-spore-forming bacteria, especially
hygiene indicators and food pathogens, has been insuY-
cient.

Total numbers of aerobically grown microbes in recy-
cled Wbre pulps have been reported to be 108–
1010 cfu g¡1 d.w., the number of spore-forming bacilli
being 103–106 cfu g¡1 d.w. [26, 27]. Total numbers of
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anaerobically growing spore-forming bacteria, including
strict (clostridia) and facultative anaerobes (bacilli) have
been reported to be from 102 to 104 cfu g¡1 d.w. [26]. Fungi
[25, 26] and Wlamentous actinobacteria [26, 29] have been
detected up to 102–106 and 102–105 cfu g¡1 d.w., respec-
tively. In addition to these bacterial groups, proteobacteria,
including enterobacteria and pseudomonads, are also com-
mon in paper mills [9, 12, 16, 17, 19–21, 33], but their
occurrence in recycled pulp samples has not hitherto been
reported. New microbes enter the process via raw materials
(e.g. recycled Wbres) or papermaking chemicals (starch, siz-
ing agents, kaolin, CaCO3). In addition, each mill has its
own house-keeping microbiota, which occur as bioWlms on
surfaces and in recycling process water and are often diY-
cult to remove. Paper mills control the quantity and quality
of their microbes with diVerent biocides, the use of which is
not only an economic but also an environmental problem.
From the process control point of view only those microbes
are harmful which degrade raw materials and papermaking
chemicals in order to generate nutrients for their growth
(e.g. bacilli), induce corrosion (sulphate-reducing bacteria),
produce odorous volatile fatty acids and/or explosive gases
(clostridia) or produce extracellular slime (e.g. bacilli, pro-
teobacteria) or Wlaments (fungi, actinobacteria), which may
block Wlters and screens. The papermaking process drasti-
cally reduces the total counts of microbes. From the prod-
uct safety point of view harmful microbes are those which
form thermotolerant spores and may enter the end-products.
Hence, microbiological risks are usually attributed to spore-
forming bacteria, which may cause food spoilage and/or
induce health problems in humans.

The phylum Proteobacteria, including enterobacteria
with several hygiene indicators and also pseudomonads,
constitutes the largest and phenotypically most diverse phy-
logenetic lineage [15]. Already in 2002 it included more
than 460 genera (over 40% of all prokaryotic genera) and
more than 1,600 species divided into the 5 classes alpha-,
beta-, gamma-, delta- and epsilonproteobacteria. Together
they comprise a major proportion of the Gram-negative
bacteria and show extreme metabolic diversity. They
include the majority of the known Gram-negative bacteria
of medical, veterinary, industrial and agricultural interest.

Among the non-spore-forming bacteria there are also
pathogenic food poisoning bacteria (food pathogens),
which may cause food poisonings via an infection (Salmo-
nella spp., Campylobacter spp., Listeria monocytogenes,
Yersinia enterocolitica) or via producing bacterial toxins
(Staphylococcus aureus).

The aim of this study was to detect and characterise by
molecular methods viable aerobically growing non-spore-
forming bacteria from paper mill pulps containing recycled
Wbres, with special reference to proteobacteria, including
hygiene indicators and food pathogens.

Materials and methods

Sampling and isolation

A total of 16 untreated pulp samples were collected from
four diVerent mills located in Finland (coded A-C) and
Spain (coded D; samples D2 and D3 were analysed only for
food pathogens). Except for pulps A3 (95%) and D3 (85%),
the pulps contained 100% recycled Wbre materials, which
originated from newspapers, magazines, milk and juice
packages, corrugated cases, plastic-coated wrapping paper,
craft paper and mill broke in various proportions. For the
culture of bacteria, a 10 g sample was mixed with 90 ml of
sterile Ringer’s solution and homogenised in a Stomacher
(Stomacher 400, Seward Medical, UK) for 1 min. Appro-
priate dilutions of samples were cultivated on Nutrient
Agar (Oxoid, Basingstoke, Hampshire, England) and Plate
Count Agar (Difco, Becton Dickinson, Sparks, USA)
including 100 mg l¡1 cycloheximide (actidion) (Sigma,
Steinheim, Germany). The incubation temperature was
30°C and growth was monitored from 3 to 14 days. From
10 to 15 colonies from diVerent dilution plates of each sam-
ple were picked randomly. The number of species was
based on the highest dilution factor of the plate from which
the species was isolated (cfu g¡1 of wet sample). The pre-
liminary tests of isolates included colony (visual) and cell
(microscope) morphology, Gram, oxidase and catalase
reactions, after which the spore-forming bacilli were
rejected. The isolates were stored in 5% glycerol at ¡70°C.

The proportion of samples to be used for detection of
food pathogens was frozen after their arrival at the labora-
tory. The samples were mixed with equal volumes of 20%
(v/v) glycerol and stored at ¡70°C. After thawing, samples
of 25 g were suspended into relevant enrichment media.
After speciWc enrichment procedures, the samples were cul-
tivated on speciWc agars, from which all colonies were usu-
ally picked:

• Detection of Salmonella spp. Two-phase enrichment
[pre-enrichment in BuVered Peptone Water, 37°C, 20 h;
enrichment in Selenite Broth (Difco), 37°C, 1–2 days
and Tetrathionate Broth (Difco), 43°C, 1–2 days] fol-
lowed by cultivation on two selective media: Brilliant
Green Agar (Difco), 37°C, 1–2 days and Önöz Agar
(Merck, Darmstadt, Germany), 37°C, 1–2 days.

• Detection of Campylobacter spp. Enrichment in Preston
Broth (Oxoid), 42°C, 24 h followed by cultivation on
Campylobacter Selective Medium, improved blood free
(LabM, Lancashire, UK), 42°C, 2 days.

• Detection of Listeria spp. Enrichment in Listeria Enrich-
ment Broth EB (LabM), 30°C, 2 days followed by culti-
vation on Listeria Isolation Medium Oxford (LabM),
37°C, 1–2 days, microaerophilic conditions.
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• Detection of Yersinia spp. Three-phase enrichment
[Phosphate BuVered Saline (PBS) with 2% sorbitol and
0.15% bile salts, 22–25°C, 3 h; cold enrichment in PBS,
4°C, 8 days and Yersinia Enrichment Broth acc. to Wau-
ters (Merck), 22–25°C, 4 days] followed by cultivation
on CIN Agar (Oxoid), 30°C, 20 h.

• Detection of coagulase-positive Staphylococcus spp.
Cultivation on Baird Parker Agar (Difco) + Egg Yolk
Tellurite Enrichment (Difco), 37°C, 2 days.

In addition to the preliminary tests above, these isolates
were also identiWed by motility, physiological tests (API,
bioMérieux, Marcy-l�Etoile, France) and FAME (fatty acid
methyl ester proWle, MIS Standard Libraries, MIDI Inc.,
Newark, DE, USA). SpeciWc Ani™ agglutination tests (Ani
Biotech Oy, Vantaa, Finland) were carried out for potential
Salmonella and S. aureus isolates. The enrichment methods
used gave only qualitative results, i.e. pathogens detected or
not detected in a sample of 25 g.

Automated ribotyping of isolates

Characterisation of isolates was performed using the auto-
mated ribotyping device RiboPrinter® System (DuPont
Qualicon, Wilmington, DE, USA) with PvuII (actinobacte-
ria) or EcoRI (other bacteria) as a restriction enzyme [6]. A
ribogroup is deWned as a set of closely related patterns that
are mathematically indistinguishable from one another by
the system. A ribogroup may include one or more (compos-
ite) patterns generated from the same or diVerent isolates
(strains). At least one isolate from each ribogroup (ribo-
type) was subjected to partial sequencing of the 16S rRNA
gene.

In order to compare the riboprint patterns of isolates and
those of relevant type strains (chosen on the basis of the
sequencing results), the patterns were transferred to the
BioNumerics programme (Applied Maths, Sint-Martens-
Latem, Belgium) and analysed by clustering methods using
Pearson correlation and UPGMA. The relevant type strains
were obtained from DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen, Braunschweig, Ger-
many), LMG (BCCM™/LMG bacteria collection, Gent,
Belgium), CIP (Pasteur Institut, bacteria collection, Paris,
France) or ATCC (American Type Culture Collection,
Manassas, VA, USA).

Sequencing of the 16S rRNA gene

Total genomic DNA was obtained by lysing the cells
mechanically using a FastPrep™ FP120 cell homogeniser
(Savant Instruments, Inc., Holbrook, NY, USA). PCR was
performed on a crude cell lysate using primers BSF8/20
and BSR1541/20 (http://bioinformatics.psb.ugent.be/

webtools/rRNA/primers/BS_lst.html) as described earlier
[22]. Prior to sequencing, ampliWcation products were puri-
Wed using a QIAquick PCR puriWcation kit (Qiagen GmbH,
Hilden, Germany) according to the manufacturer’s instruc-
tions. Sequencing reactions of PCR products were
performed with the ABI PRISM® BigDye® Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s instruc-
tions using the forward primer BSF8/20. Sequences were
analysed with an ABI PRISM 3100 Genetic Analyser
(Applied Biosystems) and corrected manually (Chromas
version 2.13, Technelysium, Australia). Similarity search-
ing of sequences was performed using BLAST (NCBI)
analysis (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi).
Most closely related type strains were also searched from
RDPII database (http://rdp.cme.msu.edu/index.jsp). One
sequence from each species was deposited in GeneBank
with the accession numbers EU438937–EU438998.

Results

A total of 179 non-spore-forming isolates were phenotypi-
cally tested, 124 were ribotyped and 113 were partially
sequenced by the 16S rRNA gene. A total of 16 Pvu and 59
Eco-ribogroups were generated representing 39 genera and
63 taxa or species (Table 1). The detected bacteria could be
divided into seven taxonomical classes: actinobacteria (11
species), bacilli (7), Xavobacteria (3), alphaproteobacteria
(10), betaproteobacteria (5), gammaproteobacteria (25) and
sphingobacteria (2) (Fig. 1).

Most of the actinobacterial isolates (55%) belonged to
the genus Microbacterium and the most frequently occur-
ring bacterium was most closely related to M. barkeri (7
samples/3 mills) (Table 1). However, both the sequence
and riboprint similarities to the type strain were low, indi-
cating one or more new paper mill species close to M. bark-
eri. The obtained sequences were similar with each other,
but ribotyping generated diVerent ribotypes, which did not
cluster with the type strain or with each other (Fig. 2).
Digestion with PvuII was better than with EcoRI, but even
with PvuII it was only satisfactory, generating only one or
two clear fragments (at least 3–4 fragments should be gen-
erated). In addition, there was undigested DNA (e.g. the C.
funkei isolate and type strain were not digested at all) and
background, which reduced the similarity values (>0.85
required for identiWcation). In addition to actinobacteria,
the Brevundimonas isolates were digested with PvuII,
because there was no digestion with EcoRI.

Among bacilli, sporadic isolates of Enterococcus casseli-
Xavus, Listeria innocua, L. monocytogenes and Staphylococ-
cus warneri were detected, of which only L. monocytogenes is
a food pathogen. These isolates were reliably identiWed by
123

http://bioinformatics.psb.ugent.be/webtools/rRNA/primers/BS_lst.html
http://bioinformatics.psb.ugent.be/webtools/rRNA/primers/BS_lst.html
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
http://rdp.cme.msu.edu/index.jsp


56 J Ind Microbiol Biotechnol (2009) 36:53–64
T
ab

le
1

C
ha

ra
ct

er
is

at
io

n 
an

d 
oc

cu
rr

en
ce

 o
f 

ae
ro

bi
ca

ll
y 

gr
ow

n 
no

n-
sp

or
e-

fo
rm

in
g 

ba
ct

er
ia

 in
 p

ap
er

 m
ill

 p
ul

ps
 c

on
ta

in
in

g 
re

cy
cl

ed
 W

br
es

C
la

ss
 a

nd
 s

tr
ai

n
G

ra
m

O
xi

da
se

M
or

ph
ol

og
y

C
ol

on
y 

co
lo

ur
R

ib
og

ro
up

 
(n

o 
of

 is
ol

at
es

)
Pa

rt
ia

l 1
6S

 r
R

N
A

 g
en

e 
se

qu
en

ce
C

ou
nt

 
(c

fu
g¡

1 )
Pr

es
en

t i
n 

sa
m

pl
es

L
en

gt
h 

(n
t)

S
im

. (
%

) 
to

 c
lo

se
st

 ty
pe

 s
tr

ai
n

A
ct

in
ob

ac
te

ri
a

E
-0

73
07

9
+

¡
Sh

or
t r

od
Y

el
lo

w
Pv

u-
1 

(1
)

83
8

98
.5

A
rt

hr
ob

ac
te

r 
ni

co
ti

an
ae

/a
ri

la
it

en
si

s
10

2
D

1

E
-0

73
07

1
+

¡
C

oc
cu

s
Y

el
lo

w
Pv

u-
2 

(1
)

83
3

99
.6

C
el

lu
lo

si
m

ic
ro

bi
um

 fu
nk

ei
b

10
6

A
1

E
-0

73
03

4
+

¡
Sh

or
t r

od
N

o
Pv

u-
3 

(3
)

84
8

97
.3

C
or

yn
eb

ac
te

ri
um

 fe
li

nu
m

b
10

9
B

2

E
-0

73
04

0
+

¡
Sm

al
l r

od
W

hi
te

Pv
u-

4 
(5

)
86

6
97

.4
M

ic
ro

ba
ct

er
iu

m
 b

ar
ke

ri
10

7
A

3,
 B

1,
 B

3,
 C

1

E
-0

73
03

7
+

¡
Sm

al
l r

od
W

hi
te

Pv
u-

5 
(1

)
85

9
97

.3
M

ic
ro

ba
ct

er
iu

m
 b

ar
ke

ri
10

5
A

4

E
-0

73
04

3
+

¡
Sm

al
l r

od
W

hi
te

Pv
u-

6 
(1

)
86

9
97

.3
M

ic
ro

ba
ct

er
iu

m
 b

ar
ke

ri
10

6
A

2

E
-0

73
09

2
+

¡
Sm

al
l r

od
W

hi
te

Pv
u-

7 
(1

)
86

9
97

.3
M

ic
ro

ba
ct

er
iu

m
 b

ar
ke

ri
10

2
C

3

E
-0

73
06

6
+

¡
Sm

al
l r

od
Y

el
lo

w
Pv

u-
8 

(1
)

81
8

98
.9

M
ic

ro
ba

ct
er

iu
m

 la
ct

ic
um

10
5

C
3

E
-0

73
03

8
+

¡
Sm

al
l r

od
Y

el
lo

w
Pv

u-
9 

(1
)

86
0

10
0

M
ic

ro
ba

ct
er

iu
m

 m
ar

it
yp

ic
um

10
5

A
4

E
-0

73
06

9
+

¡
Sh

or
t r

od
Y

el
lo

w
Pv

u-
10

 (
1)

79
0

99
.1

M
ic

ro
ba

ct
er

iu
m

 p
ar

ao
xy

da
ns

10
6

A
1

E
-0

73
05

9
+

¡
Sm

al
l r

od
Y

el
lo

w
Pv

u-
11

 (
1)

83
6

10
0

M
ic

ro
ba

ct
er

iu
m

 p
hy

ll
os

ph
ae

ra
e

10
2

C
2

E
-0

72
67

8
+

¡
C

oc
cu

s
Y

el
lo

w
Pv

u-
12

 (
2)

84
5

99
.9

M
ic

ro
co

cc
us

 lu
te

us
10

7
B

1,
 B

3

E
-0

73
06

2
+

¡
C

oc
cu

s
Y

el
lo

w
Pv

u-
13

 (
2)

85
7

99
.9

/9
9.

5
M

ic
ro

co
cc

us
 “

in
di

cu
s”

/lu
te

us
10

2
C

2

E
-0

73
03

9
+

¡
C

oc
cu

s
Y

el
lo

w
is

h
Pv

u-
14

 (
1)

81
8

10
0

O
er

sk
ov

ia
 e

nt
er

op
hi

la
10

4
A

4

B
ac

ill
i

E
-9

66
90

a
+

¡
C

oc
cu

s
Y

el
lo

w
E

co
-1

 (
1)

75
6

10
0

E
nt

er
oc

oc
cu

s 
ca

ss
el

iX
av

us
nd

D
1

E
-0

72
68

2
¡

¡
Sh

or
t r

od
O

ra
ng

e
E

co
-2

 (
1)

86
9

99
.4

E
xi

gu
ob

ac
te

ri
um

 a
es

tu
ar

ii
10

2
C

2

E
-0

73
05

6
¡

¡
R

od
W

hi
te

E
co

-3
 (

2)
82

8
99

.5
E

xi
gu

ob
ac

te
ri

um
 m

ar
in

um
10

5
C

1

E
-0

73
08

9
¡

¡
C

oc
co

id
O

ra
ng

e
E

co
-4

 (
2)

85
0

10
0

E
xi

gu
ob

ac
te

ri
um

 m
ex

ic
an

um
10

2
C

2,
 D

1

E
-9

66
70

a
+

¡
R

od
N

o
E

co
-5

 (
1)

69
6

10
0

L
is

te
ri

a 
in

no
cu

a
nd

D
1

E
-9

56
28

a
+

¡
R

od
N

o
E

co
-6

 (
1)

69
1

10
0

L
is

te
ri

a 
m

on
oc

yt
og

en
es

b
nd

B
2

E
-0

71
47

9
+

¡
C

oc
cu

s
Y

el
lo

w
is

h
E

co
-7

 (
1)

86
8

10
0

St
ap

hy
lo

co
cc

us
 w

ar
ne

ri
10

6
A

2

Fl
av

ob
ac

te
ri

a

E
-0

72
68

0
¡

+
R

od
R

ed
E

co
-8

 (
2)

77
7

93
.0

A
qu

iX
ex

um
 b

al
ti

cu
m

10
2

C
3,

 C
4

E
-0

73
06

0
¡

+
Sm

al
l r

od
Y

el
lo

w
E

co
-9

 (
1)

77
3

96
.0

C
hr

ys
eo

ba
ct

er
iu

m
 p

is
ci

um
10

2
C

2

E
-0

73
04

7
¡

(+
)

Sh
or

t r
od

B
ro

w
ni

sh
E

co
-1

0 
(1

)
79

5
99

.4
C

lo
ac

ib
ac

te
ri

um
 n

or
m

an
en

se
10

8
B

2

E
-0

73
05

3
¡

+
Sh

or
t r

od
W

hi
te

E
co

-1
1 

(2
)

79
3

99
.2

C
lo

ac
ib

ac
te

ri
um

 n
or

m
an

en
se

10
5

B
3,

 B
4

E
-0

73
04

5
¡

+
Sh

or
t r

od
N

o
E

co
-1

2 
(1

)
82

5
99

.3
C

lo
ac

ib
ac

te
ri

um
 n

or
m

an
en

se
10

5
B

4

E
-0

73
09

7
¡

+
Sh

or
t r

od
N

o
E

co
-1

3 
(1

)
81

5
99

.3
C

lo
ac

ib
ac

te
ri

um
 n

or
m

an
en

se
10

8
D

1

E
-0

73
08

4
¡

+
Sh

or
t r

od
W

hi
te

E
co

-1
4 

(1
)

73
8

99
.3

C
lo

ac
ib

ac
te

ri
um

 n
or

m
an

en
se

10
6

D
1

123



J Ind Microbiol Biotechnol (2009) 36:53–64 57
T
ab

le
1

co
nt

in
ue

d

C
la

ss
 a

nd
 s

tr
ai

n
G

ra
m

O
xi

da
se

M
or

ph
ol

og
y

C
ol

on
y 

co
lo

ur
R

ib
og

ro
up

 
(n

o 
of

 is
ol

at
es

)
Pa

rt
ia

l 1
6S

 r
R

N
A

 g
en

e 
se

qu
en

ce
C

ou
nt

 
(c

fu
g¡

1 )
Pr

es
en

t i
n 

sa
m

pl
es

L
en

gt
h 

(n
t)

Si
m

. (
%

) 
to

 c
lo

se
st

 ty
pe

 s
tr

ai
n

A
lp

ha
pr

ot
eo

ba
ct

er
ia

E
-0

73
07

7
¡

+
Sm

al
l r

od
Y

el
lo

w
Pv

u-
15

 (
1)

80
9

99
.3

B
re

vu
nd

im
on

as
 d

im
in

ut
ab

10
3

D
1

E
-0

72
68

1
¡

+
Sm

al
l r

od
Y

el
lo

w
Pv

u-
16

 (
1)

79
9

99
.8

B
re

vu
nd

im
on

as
 n

as
da

e/
ve

si
cu

la
ri

s
10

7
D

1

E
-0

72
67

9
¡

+
R

od
N

o
E

co
-1

5 
(1

)
82

1
99

.4
/9

6.
3

C
he

la
to

co
cc

us
 “

da
eg

ue
ns

is
”/

as
ac

ch
ar

ov
or

an
s

10
2

C
3

E
-0

73
06

3
¡

+
T

hi
ck

 r
od

P
in

k
E

co
-1

6 
(1

)
86

7
10

0
M

et
hy

lo
ba

ct
er

iu
m

 e
xt

or
qu

en
s

10
2

C
2

E
-0

73
03

6
¡

+
R

od
Y

el
lo

w
E

co
-1

7 
(2

)
84

4
98

.9
N

ov
os

ph
in

go
bi

um
 c

ap
su

la
tu

m
10

4
B

3,
 B

4

E
-9

56
19

a
¡

+
R

od
N

o
E

co
-1

8 
(3

)
71

6
99

.7
O

ch
ro

ba
ct

ru
m

 p
se

ud
in

te
rm

ed
iu

m
b

nd
A

1,
 B

1,
 B

2

E
-0

73
06

7
¡

+
Sm

al
l r

od
N

o
E

co
-1

9 
(3

)
86

5
98

.7
P

an
no

ni
ba

ct
er

 p
hr

ag
m

it
et

us
10

2
C

3,
 C

4

E
-0

73
06

4
¡

+
Sm

al
l r

od
R

ed
di

sh
E

co
-2

0 
(2

)
84

2
98

.3
R

hi
zo

bi
um

 d
ae

je
on

en
se

10
2

C
2,

 C
3

E
-0

73
09

3
¡

+
C

oc
cu

s
P

in
k

E
co

-2
1 

(1
)

83
2

99
.9

R
os

eo
m

on
as

 c
er

vi
ca

li
sb

10
2

C
3

E
-0

73
09

0
¡

+
Sl

im
y 

ro
d

R
ed

di
sh

E
co

-2
2 

(1
)

81
4

10
0

Sk
er

m
an

el
la

 a
er

ol
at

a
10

2
C

2

B
et

ap
ro

te
ob

ac
te

ri
a

E
-0

72
68

3
¡

(+
)

R
od

 c
ha

in
s

N
o

E
co

-2
3 

(1
)

81
2

99
.8

B
ur

kh
ol

de
ri

a 
m

ul
ti

vo
ra

ns
b

10
7

B
1

E
-0

73
05

5
¡

+
R

od
 c

ha
in

s
Y

el
lo

w
is

h
E

co
-2

4 
(1

)
79

8
98

.5
C

up
ri

av
id

us
 r

es
pi

ra
cu

li
b

10
5

B
3

E
-0

73
03

3
¡

+
Sm

al
l r

od
N

o
E

co
-2

5 
(5

)
85

3
99

.9
R

al
st

on
ia

 m
an

ni
to

li
ly

ti
ca

b
10

7
B

1,
 B

3,
 B

4

E
-0

73
08

7
¡

+
R

od
N

o
E

co
-2

6 
(1

)
86

4
98

.6
Sc

hl
eg

el
el

la
 th

er
m

od
ep

ol
ym

er
an

s
10

6
C

1

E
-0

73
08

8
¡

+
Sm

al
l r

od
B

ro
w

ni
sh

E
co

-2
7 

(2
)

65
2

99
.5

/9
5.

4
T

ep
id

im
on

as
 “

ar
W

de
ns

is
”/

aq
ua

ti
ca

10
6

C
1,

 C
4

G
am

m
ap

ro
te

ob
ac

te
ri

a

E
-0

72
65

8
¡

¡
T

hi
ck

 r
od

N
o

E
co

-2
8 

(2
)

81
8

10
0

A
ci

ne
to

ba
ct

er
 b

au
m

an
ni

ib
10

6
A

5

E
-0

73
06

5
¡

¡
T

hi
ck

 r
od

N
o

E
co

-2
9 

(1
)

82
7

98
.1

A
ci

ne
to

ba
ct

er
 jo

hn
so

ni
ib

10
2

C
3

E
-9

66
92

a
¡

¡
Sh

or
t r

od
N

o
E

co
-3

0 
(1

)
74

2
99

.9
C

it
ro

ba
ct

er
 fr

eu
nd

ii
b

nd
D

3

E
-0

73
08

1
¡

¡
T

hi
ck

 r
od

N
o

E
co

-3
1 

(1
)

69
5

98
.4

E
nt

er
ob

ac
te

r 
as

bu
ri

ae
b

10
1

D
1

E
-9

66
84

a
¡

¡
R

od
N

o
E

co
-3

2 
(3

)
71

2
99

.9
E

nt
er

ob
ac

te
r 

cl
oa

ca
eb

nd
A

2,
 B

3,
 D

2

E
-9

66
88

a
¡

¡
R

od
N

o
E

co
-3

3 
(1

)
69

9
10

0
E

nt
er

ob
ac

te
r 

ho
rm

ae
ch

ei
 “

su
bs

p.
 o

ha
ra

e”
b?

nd
D

1

E
-9

66
86

a
¡

¡
R

od
N

o
E

co
-3

4 
(3

)
77

3
99

.9
E

nt
er

ob
ac

te
r 

ho
rm

ae
ch

ei
 “

su
bs

p.
 s

te
ig

er
w

al
ti

i”
b?

nd
A

5,
 D

3

E
-0

73
08

6
¡

¡
Sh

or
t r

od
N

o
E

co
-3

5 
(1

)
80

4
99

.5
E

nt
er

ob
ac

te
r 

ko
be

ib
10

5
D

1

E
-9

66
91

a
¡

¡
R

od
N

o
E

co
-3

6 
(1

)
67

0
99

.8
E

nt
er

ob
ac

te
r 

ra
di

ci
nc

it
an

s
nd

D
1

E
-0

73
04

4
¡

¡
Sm

al
l r

od
Y

el
lo

w
E

co
-3

7 
(1

)
78

3
10

0
E

nt
er

ob
ac

te
r 

sa
ka

za
ki

ib
10

5
B

4

E
-9

56
44

a
¡

¡
R

od
N

o
E

co
-3

8 
(1

)
68

9
99

.9
/9

9.
6

Sh
ig

el
la

 X
ex

ne
ri

b /E
. c

ol
ib

nd
A

4

E
-9

56
42

a
¡

¡
R

od
N

o
E

co
-3

9 
(1

)
69

7
10

0
K

le
bs

ie
ll

a 
ox

yt
oc

ab
nd

C
2

E
-9

56
47

a
¡

¡
R

od
N

o
E

co
-4

0 
(3

)
69

7
10

0
K

le
bs

ie
ll

a 
p.

 s
ub

sp
. p

ne
um

on
ia

eb
10

6
B

1,
 B

4

E
-9

66
67

a
¡

¡
R

od
N

o
E

co
-4

1 
(1

)
70

4
99

.9
K

le
bs

ie
ll

a 
p.

 s
ub

sp
. o

za
en

ae
b

nd
D

1

123



58 J Ind Microbiol Biotechnol (2009) 36:53–64
T
ab

le
1

co
nt

in
ue

d

S
up

er
sc

ri
pt

 q
ue

st
io

n 
m

ar
ks

 a
re

 a
ss

oc
ia

te
d 

w
it

h 
tw

o 
no

ve
l s

ub
sp

ec
ie

s 
th

at
 a

re
 n

ot
 y

et
 v

al
id

ly
 d

es
cr

ib
ed

. T
he

y 
ar

e 
po

te
nt

ia
l r

is
k 

gr
ou

p 
2 

m
em

be
rs

, b
ut

 th
is

 h
as

 n
ot

 y
et

 b
ee

n 
oY

ci
al

ly
 c

on
W

rm
ed

nd
 N

ot
 d

et
ec

te
d 

(f
ro

m
 e

nr
ic

hm
en

t c
on

di
tio

ns
)

a
Ph

ys
io

lo
gi

ca
l t

es
ts

 a
nd

 F
A

M
E

 a
ls

o 
ca

rr
ie

d 
ou

t
b

B
el

on
gs

 to
 r

is
k 

gr
ou

p 
2

C
la

ss
 a

nd
 s

tr
ai

n
G

ra
m

O
xi

da
se

M
or

ph
ol

og
y

C
ol

on
y 

co
lo

ur
R

ib
og

ro
up

 
(n

o 
of

 is
ol

at
es

)
P

ar
tia

l 1
6S

 r
R

N
A

 g
en

e 
se

qu
en

ce
C

ou
nt

 
(c

fu
g¡

1 )
Pr

es
en

t i
n 

sa
m

pl
es

L
en

gt
h 

(n
t)

S
im

. (
%

) 
to

 c
lo

se
st

 ty
pe

 s
tr

ai
n

E
-9

66
87

a
¡

¡
R

od
N

o
E

co
-4

2 
(1

)
68

3
10

0
K

le
bs

ie
ll

a 
p.

 s
ub

sp
. r

hi
no

sc
le

ro
m

at
is

b
nd

D
3

E
-9

66
68

a
¡

¡
R

od
N

o
E

co
-4

3 
(2

)
67

5
99

.1
K

le
bs

ie
ll

a 
va

ri
ic

ol
ab

nd
D

1,
 D

2

E
-9

56
46

¡
¡

R
od

N
o

E
co

-4
4 

(1
)

51
9

10
0

L
ec

le
rc

ia
 a

de
ca

rb
ox

yl
at

ab
nd

B
3

E
-0

73
08

0
¡

+
R

od
Y

el
lo

w
is

h
E

co
-4

5 
(1

)
80

5
10

0
P

se
ud

om
on

as
 s

tu
tz

er
i

10
4

D
1

E
-0

73
08

3
¡

+
Sh

or
t r

od
Y

el
lo

w
is

h
E

co
-4

6 
(1

)
84

0
99

.6
P

se
ud

om
on

as
 m

on
te

il
ii

10
5

D
1

E
-0

73
08

2
¡

+
Sh

or
t r

od
N

o
E

co
-4

7 
(1

)
82

4
10

0
P

se
ud

om
on

as
 p

le
co

gl
os

si
ci

da
b

10
1

D
1

E
-0

71
47

8
¡

+
Sm

al
l r

od
Y

el
lo

w
E

co
-4

8 
(1

4)
85

7
10

0
P

se
ud

ox
an

th
om

on
as

 ta
iw

an
en

si
s

10
8

A
1,

 A
2,

 A
5,

 C
1,

 C
4

E
-0

73
09

1
¡

+
R

od
Y

el
lo

w
E

co
-4

9 
(1

)
85

4
98

.7
P

se
ud

ox
an

th
om

on
as

 s
uw

on
en

si
s

10
2

C
3

E
-0

73
07

5
¡

¡
Sh

or
t r

od
R

ed
E

co
-5

0 
(1

)
79

9
99

.8
Se

rr
at

ia
 r

ub
id

ae
ab

10
2

D
1

E
-0

73
07

8
¡

(+
)

R
od

N
o

E
co

-5
1 

(1
)

85
0

99
.5

St
en

ot
ro

ph
om

on
as

 r
hi

zo
ph

il
a

10
3

D
1

E
-0

73
08

5
¡

+
Sm

al
l r

od
Y

el
lo

w
E

co
-5

2 
(2

)
86

2
99

.3
St

en
ot

ro
ph

om
on

as
 m

al
to

ph
il

ia
b

10
2

D
1

S
ph

in
go

ba
ct

er
ia

E
-0

73
06

1
¡

+
Sl

im
y 

ro
d

Pi
nk

E
co

-5
3 

(1
)

84
5

92
.6

P
ed

ob
ac

te
r 

ca
en

ib
10

4
C

2

E
-0

73
04

1
¡

+
R

od
R

ed
di

sh
E

co
-5

4 
(2

)
85

0
91

.9
Sp

hi
ng

ob
ac

te
ri

um
 c

om
po

st
i

10
6

A
2,

 A
3

E
-0

73
02

0
¡

+
R

od
R

ed
di

sh
E

co
-5

5 
(1

)
83

4
91

.9
Sp

hi
ng

ob
ac

te
ri

um
 c

om
po

st
i

10
8

A
1

E
-0

73
02

3
¡

+
R

od
R

ed
di

sh
E

co
-5

6 
(3

)
88

4
91

.9
Sp

hi
ng

ob
ac

te
ri

um
 c

om
po

st
i

10
7

A
1,

 A
3,

 A
4

E
-0

73
01

9
¡

+
R

od
R

ed
di

sh
E

co
-5

7 
(1

)
82

9
91

.9
Sp

hi
ng

ob
ac

te
ri

um
 c

om
po

st
i

10
6

A
4

E
-0

73
05

2
¡

+
R

od
R

ed
di

sh
E

co
-5

8 
(2

)
84

2
91

.9
Sp

hi
ng

ob
ac

te
ri

um
 c

om
po

st
i

10
7

A
1

E
-0

72
65

9
¡

+
R

od
R

ed
di

sh
E

co
-5

9 
(1

)
77

8
91

.9
Sp

hi
ng

ob
ac

te
ri

um
 c

om
po

st
i

10
6

A
5

123



J Ind Microbiol Biotechnol (2009) 36:53–64 59
conventional (data not shown) and by genetic methods
(Fig. 3). From the enrichment conditions for Listeria and S.
aureus, most isolates turned out to be Bacillus species,
which were not considered here, because they are spore-
formers.

The dominant Xavobacterium was closely related to the
recently described species Cloacibacterium normanense
and was typical for mill B (Table 1). Here again, the
obtained sequences were similar, but the riboprints were
diVerent (Fig. 3) and the similarities to the type strain were
low. The patterns included only one or two fragments, indi-
cating that the digestion with EcoRI (the most commonly
used enzyme) was not good enough.

The largest class among proteobacteria (40 species) was
gammaproteobacteria (25 species), which includes entero-
bacteria and most pseudomonads. Enterobacteria (Entero-
bacter, Escherichia, Klebsiella, Leclercia) were isolated
especially from the enrichment conditions for salmonella,
but also for campylobacteria and yersinia. Most enterobacte-
ria were members of the genus Enterobacter (7 species) or
Klebsiella (5 species) (Table 1). Among these bacteria the
sequencing and ribotyping results agreed rather well in most
cases (Fig. 4a). The partial 16S rRNA gene sequence of
strain E-95644 was identical with those of diVerent E. coli
strains in GeneBank, but the closest type strain was Shigella
Xexneri. However, API (data not shown) and diVerent ribo-
prints identiWed it as E. coli (Fig. 4a). Hence, it is considered
to be an atypical environmental strain of E. coli. Isolates of
the genera Salmonella (gammaproteobacteria), Campylo-
bacter (epsilonproteobacteria) or Yersinia (gammaproteo-
bacteria) were not detected. Isolates of Ralstonia
mannitolilytica and of Pseudoxanthomonas taiwanensis
resulted in similar sequences and riboprints, respectively.
Thus, their composite riboprint patterns are only represented
in Fig. 4a. The clustering of generated riboprints of alpha-
and betaproteobacteria are presented in Fig. 4b.

The dominant sphingobacteria were most closely
related to the recently described species Sphingobacte-
rium composti (Table 1, Fig. 3) and they were typical to
mill A. On the basis of low similarities to the type strain,
these isolates are also potential members of one or more
new species.

Fig. 2 Clustering of the gener-
ated riboprint patterns (PvuII 
digestion) of diVerent actinobac-
terial and Brevundimonas iso-
lates and of relevant type strains 
(T)
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Discussion

In this study, 16 untreated pulps containing recycled Wbres
were analysed for non-spore-forming aerobically grown
bacteria, with special reference to proteobacteria including
enterobacteria (hygiene indicators), pseudomonads and
food pathogens. Many of the isolates were members of rel-
atively new species validly described during the current
decade, e.g. Pseudoxanthomonas taiwanensis [7], Cloaci-
bacterium normanense [1] and Sphingobacterium composti
[31]. Many isolates were atypical members of their closest
species, or potential members of novel species or of species
several times reclassiWed (such as the pseudomonads),
which is confusing when comparing old and new literature.
For example, Microbacterium barkeri was earlier known as
Corynebacterium barkeri and Aureobacterium barkeri. In
Genebank there are several sequences of proposed novel
type strains, e.g. within the genera Chryseobacterium and
Exiguobacterium, but when writing this article these spe-
cies were not yet accepted to the list of valid names (http://
www.dsmz.de/microorganisms/bacterial_nomenclature) and
they were not considered in this study. However, this may

explain why some sequencing and ribotyping results did
not agree very well. The current closest described species
are not actually the correct type strains for these isolates.
Ribotyping is more discriminatory than partial sequencing
of the 16S rRNA gene, because it analyses the whole
operon of the ribosomal genes including the highly variable
spacer regions lying between them [5] and it may character-
ise isolates below the species level. Hence, it is a good tool
to support the sequencing results and to group the identical
isolates.

Paper machine environments are favourable for micro-
bial growth because of the suitable temperatures (30–
50°C), pH values of process waters (4–10) and the presence
of cellulose, starch, casein, resin sizers and other nutrients,
which many microbes are able to degrade [9, 33]. The fre-
quently occurring bacteria were most closely related to
Microbacterium barkeri, Pseudoxanthomonas taiwanen-
sis, Cloacibacterium normanense and Sphingobacterium
composti. Members of the genus Microbacterium are
widely distributed in various environments, such as dairy,
soil, sewage, water [11] and paper mills [9, this study] and
they can be associated with plants, insects and clinical

Fig. 3 Clustering of the gener-
ated riboprint patterns (EcoRI 
digestion) of diVerent bacilli, 
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specimens [11]. The type strain of thermophilic P. taiwan-
ensis was isolated from a hot spring in Taiwan [7]. It exhib-
its an unusual denitriWcation reaction, reducing nitrate to
N2O only. N2O is a gas with neuroleptic activity on
humans, but it is unlikely to be produced in paper machines
as a result of low or no nitrate or nitrite availability in the
process water. These bacteria appear to be common in recy-
cled Wbre and other pulps [9, 28] this study. Isolates of C.
normanense were isolated from untreated wastewater from
a water treatment plant in Norman, OK, USA [1], but their
presence in paper mills has not been reported earlier. It was
postulated that the source of this bacterium may have been
the human gastrointestinal tract, but this could not be con-
Wrmed. However, the organism was found in large numbers
in untreated wastewater, where it may play a role in

removal of phosphate. S. composti was recently isolated
from a compost that was collected near Daejeon city in
South Korea [31]. It can degrade DNA, but is negative for
degradation of macromolecules such as casein, collagen,
starch, chitin, cellulose and xylan. This bacterium was typi-
cal only for one mill and most probably represents a new
species within the genus Sphingobacterium.

Family Enterobacteriaceae comprises a large but rela-
tively homogeneous phylogenetic group of bacteria [15].
Several enterobacteria are opportunistic pathogens belong-
ing to the risk (hazardous) group 2 (http://www.dsmz.de/
microorganisms/bacterial_nomenclature). They may cause
diVerent inXammations, problematic hospital infections and
also food poisoning, e.g. strains of genera Salmonella, Yer-
sinia and Escherichia [18]. They are mainly present in the

Fig. 4 a Clustering of the gen-
erated riboprint patterns (EcoRI 
digestion) of diVerent gamma-
proteobacteria and relevant type 
strains (T). b Clustering of the 
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intestine and faeces (coliforms) of humans and animals, but
also free-living in various environments, e.g. in waters and
on plants. Most of our isolates were members of the com-
plex Enterobacter cloacae or Klebsiella pneumoniae. In
Genebank, the species Enterobacter hormaechei has two
published novel subspecies “oharae” and “steigerwaltii”
[14], which are not yet included in the list of valid names
but were considered in this study. One isolate of E. sak-
azakii, an emergent food pathogen associated with infant
milk formula and some severe infections (e.g. meningitis)
with a high level of mortality (40–80%) [4, 10, 18], was
detected. There was growth in enrichment conditions for
Salmonella, Campylobacter, Listeria, Yersinia and Staphy-
lococcus species, but almost all of the characterised isolates
were enterobacteria or Bacillus species and only single iso-
lates of L. innocua and L. monocytogenes were detected,
which indicates that these pathogens are very rare or
unlikely in recycled Wbres.

Coliforms and faecal streptococci (enterococci) have
conventionally been used as hygiene indicators, which indi-
cate faecal contamination of samples [18]. Coliforms are
usually detected on Violet Red Bile Agar at 37 and 44°C,
and for detection of faecal streptococci mEnterococcus
Agar (i.e. Slanetz Bartley Medium) has been applied. Coli-
form bacteria cover a range of genera belonging to the
enterobacteria. E. coli has conventionally been the key fae-
cal indicator, but other opportunistic pathogens are also
found among other coliforms (non-faecal coliforms)
belonging to genera Enterobacter, Klebsiella and Serratia,
several isolates of which were also detected in this study.
The numbers of these bacteria expressed as coliforms in
some pulps have been reported earlier to be as high as
106 cfu g¡1 d.w. [23], which is in good accordance with the

results of this study, but only one atypical E. coli isolate
(faecal coliform) was detected. The presence of faecal
streptococci has also been reported in some pulps up to
104 cfu g¡1 d.w. [23]. However, Enterococcus faecalis or
E. faecium isolates, which indicate recent faecal contamina-
tion, were not detected in this study. Only the presence of
E. casseliXavus was detected. The heat treatment (80–
120°C) and drying at the end of the processes in the studied
mills had eliminated all enterobacteria, which were no
longer present in board samples made from these pulps
[23]. The presence of these hygiene indicators (coliforms)
has been reported to be common in Canadian paper mills
and they grew very well on mill eZuent [12]. However, E.
coli isolates were recognised to be harmless non-toxigenic
serotypes.

The traditional group of the pseudomonads has turned
out to be phylogenetically extremely heterogeneous and the
members have been scattered throughout the alpha-, beta-
and gammaproteobacteria [15]. Pseudomonads include spe-
cies of the genus Pseudomonas and genera reclassiWed
from it (e.g. Brevundimonas, Burkholderia, Ralstonia/
Cupriavidus, Sphingomonas/Novosphingobium, Steno-
trophomonas). Several of them are opportunistic pathogens
and members of risk group 2. For example Burkholderia
cepacia occurs in environmental and clinical sources and
may cause cystic Wbrosis [32] as well as Cupriavidus (Rals-
tonia) respiraculi [8]. Pseudomonads may be detected
using several universal media, but there are also selective
agars for them. It is possible that the cultivation on univer-
sal agars in this study did not favour their detection and
thus these results may underestimate their occurrence in
recycled Wbres. It has been reported that especially the pres-
ence of bacteria of the complex Burkholderia cepacia may
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be high in the wet end of paper mills [33]. The cell walls of
Gram-negative bacteria contain toxic lipopolysaccharides
(LPS) (http://www.cyberlipid.org/glycolip/glyl0005.htm),
which if inhaled with aerosols may cause several symp-
toms, such as tiredness, fever, headache, diarrhoea and
blood pressure decrease in sensitive individuals, and in
some cases even serious syndromes, e.g. adult respiratory
distress syndrome (ARDS) (http://www.msu.edu/»moulinfr/
lps.html). In addition to enterobacteria, pseudomonads are
eYcient slime-formers in paper mills [9, 17, 20]. In this
study, especially slimy were the Skermanella and Pedob-
acter isolates.

It can be concluded that the non-spore-forming microbi-
ota of recycled Wbres is diverse. Among these bacteria there
are several microbes (e.g. enterobacteria and pseudomo-
nads), which may be harmful from the process point of
view, causing spoilage of papermaking chemicals and dis-
turbing the runability of processes by slime formation. Fur-
thermore, Gram-negative bacteria may cause symptoms
among mill workers, if bacterial aerosols are inhaled. How-
ever, from the product safety point of view these bacteria
are not harmful, because they are eliminated at the end of
processes and do not enter the Wnal products. On the basis
of this study, the presence of non-spore-forming food
pathogens in recycled Wbres is sporadic or even unlikely.
The occurrence of faecal contamination of these samples
was not indicated.
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