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Biochemical characteristics of
E. coli isolated from food of

animal origin
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Abstract

Food of animal origin is a potential source
of pathogenic E. coli that are dangerous to
humans. While most strains are intestinal
commensals, some can cause intestinal and
extraintestinal infections. Their pathogenicity
is associated with the presence of virulence
genes, phylo-group and, in some strains, bio-
chemical characteristics. In this study, a total
of 61 E. coli isolates from meat, minced meat,
meat preparations and carcass swabs from
different animal species were analysed. The
biochemical properties of the strains were
determined using VITEK2 system and the
data was compared with the presence of viru-
lence genes from previous studies. The results
showed a correlation between the presence of
the eae virulence gene and the alkalinization of

Introduction

The bacterium Escherichia coli (E. coli)
is a Gram-negative, facultatively anaer-
obic, rod-shaped bacterium that belongs
to the genus Escherichia and the family
Enterobacteriaceae (Bettelheim, 1994). Al-
though most strains are intestinal com-
mensals in numerous animal species and
humans (Tenaillon et al., 2010), some can
cause intestinal and extraintestinal in-
fections (Kaper et al.,, 2004; Denamur et

succinate. In addition, the presence of the vir-
ulence gene cnfl was correlated with the en-
zyme tyrosine arylamidase, though the corre-
lation between biochemical characteristics and
the presence of virulence genes is questionable
due to the small sample size and more strains
need to be tested for further conclusions. Al-
though no significant correlations were found
between biochemical characteristics and the
presence of virulence genes, this study de-
scribes the diversity of E. coli in the Republic
of Croatia. The collected data also reveal new
insights into biochemical characteristics of E.
coli isolated from domestic and wild animals
in the Republic of Croatia.
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al., 2021). The pathogenicity of strains is
primarily related to the presence of vir-
ulence genes (Kaper et al., 2004; Croxen
and Finlay, 2010), and for certain ser-
ovars, also to biochemical properties.

To distinguish E. coli from other mem-
bers of the Enferobacteriaceae family, indi-
vidual biochemical tests or ready-made
biochemical arrays with a larger number
of biochemical properties are used, such
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as API 20E, API 32, VITEK2 (Habrun,
2014). Other methods such as MAL-
DI-TOF MS, should be mentioned as it
has been shown to be a rapid and reliable
technique for the identification of bacte-
ria (Singhal et al., 2015). The differentia-
tion of E. coli from other members of the
family can be demonstrated by individu-
al biochemical tests. The most important
are a positive reaction to methyl red and
indole production, a negative reaction to
the Voges-Proskauer (VP) test and the
inability to utilise citrate and urea. The
use of individual biochemical tests has
largely been abandoned due to the devel-
opment of new technologies. The above
mentioned commercially available bio-
chemical tests are predominantly used
for the detection of bacterial species due
to the simple application, specificity and
accuracy of the results (Bettelheim, 1994;
Quin et al., 1994).

Selective chromogenic media are used
to facilitate the isolation and differentia-
tion of E. coli from other bacteria of the En-
terobacteriaceae family. The growth of the
individual microorganisms can be distin-
guished by utilisation of carbohydrates
or other compounds. One of the most im-
portant characteristic in about 97% of E.
coli strains is the ability to produce B-glu-
curonidase (Killian and Biilow, 1976, Rice
et al., 1990). This characteristic enabled
the development of the chromogenic se-
lective medium Tryptone Bile X-glucuro-
nide (TBX). It should be emphasised that
certain E. coli, belonging to the enterohe-
morrhagic E. coli (EHEC), do not have the
ability to produce p-glucuronidase. This
pathogroup is important for its ability
to produce verotoxins (Verotoxigenic E.
coli — VTEC), with serotype O157:H7 its
most important representative. The latter
is often associated with foodborne out-
breaks and haemolytic uremic syndrome
(HUS). Along with the inability to pro-

duce p-glucuronidase, it is also charac-
terised by the inability to ferment sorbitol
(March and Ratnam, 1986). Therefore, the
inability to ferment sorbitol is used as a
routine “screening” method to easily dis-
tinguish E. coli O157 from others (Galar
et al., 2013) by using Sorbitol-MacConkey
medium (SMAC) as a chromogenic se-
lective medium (Thomson-Carter, 2001).
This medium is not satisfactory for iso-
lating other VTEC and is not reliable for
isolating all 0157, because some strains
are sorbitol and p-glucuronidase positive
(Thomson-Carter, 2001). It is also possi-
ble to isolate sorbitol-negative colonies
that do not belong to the group of entero-
haemorrhagic E. coli (EHEC), but to the
enteropathogenic E. coli (EPEC), entero-
toxigenic E. coli (ETEC) or enteroinvasive
E. coli (EIEC) (Ojeda et al., 1995). Unlike
0157, other VTEC strains differ greatly
in terms of genotype, serotype and other
phenotypic characteristics. According to
their biochemical properties and growth
on common culture media, they have
similar characteristics to non-toxigenic
strains, and their identification from fae-
ces, food or other sources is very complex.
An example of the biochemical diversity
of VTEC strains is presented by Souza et
al. (2010), who classified the strains into
14 biotypes by analysing 38 strains with
28 biochemical tests. They highlighted
the wide diversity of metabolic character-
istics of VTEC strains, which do not differ
from non-pathogenic E. coli according to
biochemical and phenotypic character-
istics. In addition, the ability to produce
p-glucuronidase was investigated by
Verhaegen et al. (2015) as a part of the
developmental research of selective chro-
mogenic media for the detection of VTEC
serogroups. According to their research,
all VTEC strains tested were (-glucu-
ronidase positive. In regards to other
pathogroups, it is important to mention
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the characteristics of EIEC strains, which
are often biochemically different from
other E. coli. For example, 70% of EIEC
strains are lactose negative, mostly lysine
decarboxylase-negative and non-motile
(Doyle and Padhye, 1989). In addition
to the listed biochemical characteristics,
Kameyama et al. (2015) reported that the
negative reaction of sorbose fermentation
could be useful for the identification of
non-0157/026 EHEC strains, while Leh-
macher and Bockemdiihl (2007) stated that
most EIEC and ETEC isolates do not fer-
ment sorbose and that culture media con-
taining L-sorbose could be used for their
isolation. In addition to intestinal E. coli,
it is important to mention the extraintes-
tinal pathogenic E. coli (ExPEC) described
in the studies of Davies (1976). The re-
sults show the biotypes of E. coli isolat-
ed from samples of patients with urinary
tract infections, using tests for lysine and
ornithine decarboxylase production (69%
and 71% of strains) and sucrose fermen-
tation (41% of strains) to differentiate the
biotypes. Based on the results obtained,
574 isolates were categorised into bio-
types, 42% of which were classified into
two biotypes.

Biochemical characterisation of bac-
terial species involves the response of
isolates to a broad range of biochemical
tests, from sugar fermentation to deter-
mination of enzyme activity. Although E.
coli has characteristic biochemical prop-
erties, the isolates are often biochemically
variable. According to the stated research,
it has been observed that biochemical
characterisation is not sufficient to de-
termine strain pathogenicity. In order to
determine the pathogenicity of the strain,
molecular methods are used to detect the
presence of virulence genes.

The aim of this study was to deter-
mine the biochemical characteristics of E.
coli strains isolated from food of animal

origin. Furthermore, to compare with the
results of previous studies and determine
whether there is a mutual connection
between the biochemical characteristics
and the presence of virulence genes and
whether the biochemical characteristics
can be used in daily laboratory work to
address suspicions about the potential
pathogenicity of E. coli isolates.

Material and methods

For this study, 61 strains of E. coli
were isolated from samples originating
from: a) poultry meat (n=20), b) cattle
meat, minced meat, meat preparations
and cattle carcass swabs (1n=16), c) pig
meat, minced meat and pig carcass swabs
(n=15), and d) game meat (#=10) obtained
for the purpose of regular microbiologi-
cal examinations. For the isolation of bac-
terial strains and statistical data process-
ing, the procedures described in a previ-
ous study were used (Stojevic et al., 2022).

Biochemical analysis of bacterial isolates

Biochemical analysis of bacterial iso-
lates was performed using the VITEK2
system  (Biomerieux, Marcy-l’Etoile,
France). VITEK2 GN cards were used to
determine the bacterial species and the
biochemical profile of the isolated micro-
organism.

Results

Biochemical characteristics

The results show identical biochemi-
cal reactions for mostisolates, while some
were variable. The isolates analysed
showed the same biochemical properties
according to the reactions: Ala-Phe-Pro-
Arylamidase (APPA), Adonitol (ADO),
L-Pyrrolidoline (PyrA), L-Arabitol (1ARL),
D-Cellobiose (dCEL), Beta-Galactosidase
(BGAL), Hydrogen Sulfide (H2S)
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production, Beta-N-Acetyl-Glucosami-
nidase (BNAG), glumamyl-arylamidase
PNA (AGLTp), D-glucose (dGLU), glu-
cose fermentation (OFF), B-glucosidase
(BGLU), D-maltose (AMAL), D-mannitol
(dMAN), D-mannose (dMNE), p-oxy-
losodase (BXYL), -alanine arylamidase
pNA (Balap), Lipase (LIP), palatinose
(PLE), urease (URE), D-sorbitol (dSOR),
D-tagatose (dTAG), D-trehalose (dTRE),
sodium citrate (CIT), malonate (MNT),
a-glucosidase (AGLU), [-N-acetyl-ga-
lactosaminidase (NAGA), phosphatase (
PHOS), glycine arylamidase (GlyA), ly-
sine decarboxylase (LDC), utilisation of
L-histidine (IHISa), coumarate (CMT),
glu-gly-arg-arylamidase (GGAA), utilisa-
tion of L-malate (IMLTa), Ellmann’s rea-
gent ( ELLM) and lactate utilization (IL-
ATa). The isolates showed variable bio-
chemical reactions for: gamma-glutamyl
transferase (GGT), L-proline arylamidase
(ProA), tyrosine arylamidase (TyrA), su-
crose (SAC), 5-keto-D-gluconate (5KG),
alkalinisation of L-lactate (ILATk), succi-
nate alkalinisation (SUCT), alpha-galac-
tosidase (AGAL), ornithine decarboxy-
lase (ODC), beta-glucuronidase (BGUR)
and resistance to O/129 (O129R).

The majority of isolates, regardless
of their origin, showed a negative re-
action to GGT (91.80%), ProA (93.44%)
and 5KG (85.25%). The results showed
positive  biochemical reactions for
TyrA (70.49%), SUCT (73.77%), AGAL
(72.13%), O129R (73.77%) and BGUR
(75.41%) in most strains, regardless

of their origin. Among other variable
characteristics, it was observed that all
isolates reacted equally positively and
negatively to SAC, ILATk and ODC. The
results are shown in Table 1.

Regarding the origin of the isolates,
all isolates reacted equally positive
(49.18%) and negative (50.81%) to SAC,
regardless of origin, while isolates from
pigs (66.67%) and poultry (55%) reacted
positively to ILATk, in contrast to the
strains from cattle (68.75%), which most-
ly showed a negative reaction. A similar
positive response to ODC was observed
in isolates from game (70%) and cattle
(75%), in contrast to isolates from poul-
try in which the majority (65%) reacted
negatively (Table 2).

Comparison of biochemical
characteristics and the presence of
virulence genes

The results of biochemical tests were
compared with the presence of viru-
lence genes as described in Stojevi¢ et al.
(2022). Briefly, most isolates showed no
significance in terms of the biochemical
characteristics detected and their asso-
ciation with the presence of genes en-
coding virulence factors. The exception
were some isolates for which a statistical
association was found. Statistical signifi-
cance was found for isolates that detected
the presence of the eae gene compared to
those that did not detect the presence of
this gene and their association with suc-
cinate alkalinisation (P=0.045) (Table 3).

Table 1. Biochemical characteristics of isolates

Biochemical characteristics

Strains (N)

GGT ProA TyrA SAC 5KG

ILATk SUCT AGAL 0ODC BGUR 0129R

positive 5 4 43 30

32 45 A 33 46 45

negative 56 57 18 31 52

29 16 17 28 15 16

VETERINARSKA STANICA 56 (2), 169-176. 2025.



Biochemical characteristics of E. coli isolated from food of animal origin
Biokemijske karaketeristike E. coli izdvojene iz hrane zivotinjskog podrijetla

Table 2. Results of biochemical properties in relation to the origin of the isolate

GGT  ProA

TyrA

SAC 5KG ILATk SUCT AGAL ODC BGUR 0129R

Cattle 2 14 1 15 9 7 9 7 115 5 11 9 7 11 5 12 4 14 2 11 5

Total 5 56 4 57 43 18 30 31 9 52 32 29 45 16 44 17 33 28 46 15 45 16

Table 3. Correlation between isolates possessing the eae gene with respect to alkalinisation
of succinate

Virulence gene

Present
Absent 1 41
eae 0.045
Present 5 4
Total 16 45 61

Table 4. Correlation between isolates possessing the cnfl gene in relation to tyrosine
arylamidase

TyrA
Virulence gene
Absent Present
Absent 13 42
cnf1 0.007
Present 5 1
Total 18 43 61
In addition, isolates with a detected cnfl  Discussion
gene were found to have an association E cli b biochemical
. coli has numerous biochemica

and statistical significance in relation to

the activity of the arylamidase enzyme
towards tyrosine, compared to those in
which the gene was not detected (Table 4).

characteristics. In this study, isolates
were biochemically characterised using
the automated VITEK2 system. The re-
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sults obtained from the comparison of the
biochemical characteristics show that the
studied E. coli isolates were biochemical-
ly very similar with no significant differ-
ences. For this reason, species identifica-
tion was possible (via the VITEK2 System
Product Information), while some iso-
lates show deviations.

E. coli most often associated with
foodborne outbreak is the verotoxigenic
0157:H7. This serotype has specific bio-
chemical reactions such as the inability to
ferment sorbitol and produce -glucuro-
nidase. When [-glucuronidase-negative
strains are isolated, the pathogenicity of
the isolate and the presence of VTEC sero-
group 0157 are suspected, as the absence
of B-glucuronidase activity is characteris-
tic to this group. Accordingly, the pres-
ence of O157:H7 could be excluded in this
study for all isolates positive for sorbitol
(n=61, 100%) and B-glucuronidase (1=46,
75.41%), and suspected for 15 (24.59%)
of the (-glucuronidase-negative E. coli
isolates. Results from previous studies
have confirmed the negative biochemical
reactions to sorbitol and (3-glucuronidase
(Leclercq et al., 2001), according to which
E. coli O157:H7 and O157:H(-) differed
biochemically from the other strains ex-
amined. In contrast, King et al. (2014)
described a case of foodborne outbreak
associated with sorbitol-fermenting E.
coli O157:[H7] and Verhagen et al. (2015)
detected B-glucuronidase activity in 39
VTEC isolates, two EPEC isolates and
four commensal E. coli isolates isolated
from cow’s milk, cattle and human faeces,
and cattle carcass swabs. Since biochem-
ical characteristics are not sufficient for
the identification of pathogenic strains,
the results of this study were compared
with the results from previous research
(Stojevi¢ et al., 2022). Accordingly, the
presence of VIEC was not detected in
B-glucuronidase-negative isolates and

most virulence factor genes were detect-
ed in -glucuronidase-positive strains. In
addition, the absence of -glucuronidase
enzyme activity and the inability to fer-
ment sorbitol is not considered a guide-
line for determining the pathogenicity of
the isolate.

In this study, the biochemical prop-
erties of E. coli in foods of animal origin
were determined and compared with
previous studies. Although no significant
correlation was found between the bio-
chemical properties and the presence of
virulence genes, this study described the
diversity of E. coli isolated in the Republic
of Croatia, as by studying their diversity,
we can also study their impact on public
health. Previous research has shown that
certain strains are specific to a particu-
lar location and that the diversity of the
E. coli population has a direct impact on
public health (Janezic et al., 2013). Fur-
ther research can focus on monitoring the
population of E. coli isolated from food
and comparing it with isolates of human
origin and isolates from the environment.

Conclusions

The results of this study describe the
biochemical characteristics of E. coli in
foods of animal origin. The biochemical
characterisation showed that they are
very similar and that there were no sig-
nificant differences. By comparison with
the presence of virulence genes, a connec-
tion was found between the ese gene and
succinate alkalinisation and the cnfl gene
and the activity of the enzyme arylami-
dase towards tyrosine. For the reliability
of the observed connection, a larger num-
ber of strains with these characteristics
should be analysed.

Future studies on a larger samples
size could help to better understand the
relationship between biochemical charac-
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teristics and virulence factors. This would
facilitate identification for the purpose of
monitoring E. coli isolated from food and
thus protecting human health.
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Hrana zivotinjskog podrijetla predstavlja cest
izvor patogenih sojeva Escherichia coli opasnih za
ljude. Tako su vecina sojeva crijevni komenzali, neki
od njih mogu prouzroditi crijevne (intestinalne) i
izvancrijevne (ekstraintestinalne) infekcije. Njihova
je patogenost kod pojedinih serovarova povezana
s prisutnoscu gena za Cimbenike virulencije, pri-
padnoscu filogrupi te s biokemijskim svojstvima.
U ovom istrazivanju pretrazen je 61 izolat bakterije
E. coli izdvojenih iz uzoraka mesa: mljevenog mesa,
mesnih pripravaka i obrisaka trupova razlicitih vr-
sta zivotinja. Izolatima su odredene biokemijske ka-
rakteristike VITEK2 sustavom, a podatci su uspo-
redeni s prisutnos¢u gena za ¢imbenike virulencije
obradenim u prijasnjem istrazivanju. Rezultati pri-
kazuju povezanost izmedu prisustva ese gena i ak-

tivnosti alkalinizacije sukcinata. Osim navedenog,
uocena je povezanost izmedu prisustva cnfl gena
i aktivnosti enzima arilamidaze prema tirozinu. S
obzirom na mali broj ostvarenih rezultata, nejasna
je povezanost izmedu biokemijskih karakteristika i
prisutnosti gena za ¢imbenike virulencije. Stoga su
potrebna daljnja istrazivanja s ve¢im brojem izolata.
Tako nisu uocene znacajne poveznice izmedu bio-
kemijskih svojstava i prisutnosti gena za ¢imbenike
virulencije, ovim radom prikazane su raznolikosti
E. coli u prikupljene na podrucju Republike Hrvat-
ske, a prikupljeni podatci prikazuju nova saznanja
o0 biokemijskim karakateristikama E. coli u domacih
i divljih Zivotinja na podrudju Republike Hrvatske.

Kljucne rijeci: Escherichia coli, biokemijske karak-
teristike, razlicite vrste Zivotinja
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