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A comparison of the results obtained using the classical methods with those of the
API 20 Strep system was carried out in identifying 24 enterococci strains isolated from San
Simén cow’s milk cheese, a traditional Spanish variety. The results of both identification
systems coincided exactly in 9 strains (37.5% of the strains studied). In one strain the
results obtained using the classical methods did not coincide with those using the API 20
Strep method. 3 strains (12.5%) could not be identified using the APl 20 Strep system.
However, 11 strains (45%), that remained doubtful between both species E. faecalis and E.
faecium on the basis of the classical methods, were identified using the APl 20 Strep
system. The API 20 Strep system does not include some biochemical tests of importance in
identifying of foodborne enterococci and could not identify the atypical strains of
Enterococcus. Moreover, this system is adapted to the identification of enterococci of
clinical origin and their database does not include some species common in foods.
However, it could have an application in combination with the classical methods in order to
carry out areasonably rapid and reliable identification of enterococci related to cheese.
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Introduction

The study of Enterococci population in cheeses has a double (both sanitary and
technological) interest. The hygienic and sanitary interest derives from the fact that
enterococci come from human and monogastric domestic animal gastrointestina ducts
where they carry out a probiotic action [1]. Their presence in food has been used as
indicator of faecal contamination and related to the presence of enteric pathogens [2,
3]. Some enterococci could be responsible for the production of enterotoxins and
biogenic amines [4, 5], and have important health hazards. The ability of this microbial
group to survive under adverse environmental conditions does not aways mean that its
presence is the result of deficient hygienic conditions during the making and ripening
of cheeses [6, 7, 8]. It isalso sufficiently heat resistant so asto resist pasteurization and
even higher degrees [9, 10], which means that its presence in pasteurized cheeses does
not always indicate a postpasteurization contamination or an insufficient heat
treatment.

The technological interest of this group is based on the fact that its members
have an acidifying capacity and can have, to a greater or lesser extent, proteolytic and
lipolytic activities (some strains of the species E. faecalis var. liquefaciens can become
highly proteolytic), contributing to the development of the organoleptic characteristics
of cheeses. They have also been related to alterations and defects in various foods,
including cheese [11, 12, 13].

Several researchers studied the repercussion of the use of enterococci as a starter
culture in cheese [14, 15, 16, 17, 18]. In general, one can arrive at the conclusion that
they improve the quality of cheeses, increasing their aroma and flavour, and
approximating their organoleptic characteristics to those of the artisanal cheeses. Either
way, before the use of a Enterococcus strain as a starter culture it is essential to select it
according to itstechnological characteristics and harmlessness [19].

Because of the health and technological repercussions which derive from the
presence of enterococci in cheeses, their identification is a necessary and habitual task
both in industries dedicated to cheese making and in research laboratories related to
cheese and other fermented milk products.

The classical methods of enterococci identification are, of course, the most
reliable, but rapid identification methods could be of interest. Simplified commercial
systems have been designed and standardized for the identification of enterococci of
clinical origin and they could aso have application in the identification of enterococci
isolated from foods.

The aim of this work is to evaluate the usefulness of the API 20 Strep system
(bioMérieux S.A., Montalieu Vercieu, France) (identification system for streptococci)
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in the identification of enterococci isolated from cow’s milk cheese by the comparison
of the results obtained with those obtained using the classical identification methods.

Materials and methods

Enterococci strains

Twenty-four enterococci strains isolated from plates of kanamycin aesculin
azide (KAA) agar (Oxoid, Ltd., Basingstoke, U.K.) incubated for 18 to 24 h at 37°C
[20], throughout the manufacturing and ripening of San Simén cheese, an artisanal
variety made from raw cow’s milk in the NW of Spain, were used. The isolates were
purified by four subcultures aternately in TSB (Tryptone Soya Broth) (Oxoid) and
TSA (Tryptone Soya Agar) (Oxoid), and then maintained in TSB+20% glycerol at
-30°C.

I dentification using classical methods

Enterococci were identified according to the methods and criteria of Collins et
al. [21, 22], Devriese et a. [23], Farrow et a. [24], Mundt [25] and Schleifer and
Kilpper-Balz [26].

Of each isolate the following characteristics were studied: Gram-staining,
catalase, gas production from glucose according to the Gibson and Abd-El-Malek
technique [27], growth at 10°C, 40°C, 45°C, growth at 4% and 6.5% NaCl, growth at
pH 9.6, survival at 60°C for 30 min, growth in bile aesculin agar (Oxoid), growth in KF
agar (Oxoid) [28], and triphenyltetrazolium chloride (TTC) reduction.

The identification of Enterococcus strains at species level was carried out on the
basis of growth in 0.1% methylene blue milk, ammonia from L-arginine production,
reduction of 0.04% potassium tellurite, growth in KF agar, growth at 45°C and 50°C,
fermentation of carbohydrates (L-arabinose, arbutin, melezitose, melibiose, sorbitol,
sorbose, rhamnose, starch and sucrose) in bromocresol purple 1% broth base [29], and
gelatin hydrolysis ability in gelatin nutritive agar [29] and in Frazier’s gelatin agar [30].

Identification using the APl 20 Strep system

The API 20 Strep strips were used following the manufacturer’s instructions
[31]. The APl 20 Strep strip consists of 20 plastic microtubes containing dehydrated
substrates for the demonstration of enzymatic activities or the fermentation of sugars.
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The microtubes of enzymatic tests are inoculated and rehydrated with a dense
suspension of cells. The microtubes of fermentation tests are inoculated with the strain
suspension in an enriched medium which reconstitutes the sugar substrates.

Strips, after inoculation, were incubated at 35-37°C and the test results were
observed after 4 and 24 hours. The metabolic end products produced during the
incubation period are either visualized through spontaneous colored reactions or by the
addition of reagents. Fermentation of carbohydrates is detected by a shift in the pH
indicator.

Based on the test results, a seven-digit profile number was constructed as
outlined in the instructions and the identification was made according to this seven-
digit profile number. The database of the Analytical Profile Index of the APl 20 Strep
method [31] includes 32 species of streptococci (although only five of these are of
Enterococcus genus).

Results and discussion

Homofermentative, Gram-positive, catalase-negative, facultatively anaerobic
cocci, which were capable of growing at 10°C, 37°C, 40°C and 45°C, in 4% and 6.5%
NaCl, at pH 9.6, which survive after heating at 60°C for 30 min, hydrolize aesculin in
the presence of 40% bile, and in KF agar form red or pink colonies normally with a
yelow halo, were considered belonging to the genus Enterococcus.

Using the classical identification methods, of the 24 Enterococcus isolates, 5
were identified as Enterococcus faecalis (3 as E. faecalis var. faecalis and 2 as E.
faecalis var. liquefaciens), 5 as E. faecium, 13 as E. inter faecalis-faecium, because by
paying attention to the criteria used to differenciate Enterococcus faecalis from E.
faecium (above all the fermentation of L-arabinose, arbutin, melezitose, melibiose,
sorbitol and sorbose, as well as 0.04% potassium tellurite and 0.01% TTC reduction)
these strains showed intermediate characteristics between E. faecalis and E. faecium,
and, finally, 1 strain that only fermented starch and sucrose was identified as E. durans.
The cultural and biochemical characteristics of these 24 isolates are shown in Tablel.

Using the API 20 Strep system, of the previously mentioned 24 isolates 12 were
identified as Enterococcus faecalis 2, 9 as E. faecium 2, although with the possibility of
identification as E. cassdliflavus, and 3 could not be identified using the APl 20 Strep
strips. Table Il shows the comparison of the identification results using the classical
methods and using the API 20 Strep system.

Of the 5 strains identified as Enterococcus faecalis (2 as E. faecalis var.
liquefaciens and 3 as E. faecalis var. faecalis) using the classica methods 4 were
identified as E. faecalis 2 and 1 could not be identified using the API 20 Strep system,
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because of the lack of leucine arylamidase activity. APl 20 Strep system does not
permit the identification of the biovarities of E. faecalis because the gelatin liquefaction
test was not included among the tests.

The five strains identified as Enterococcus faecium using the classical methods
were identified with high probability as E. faecium 2 using the API 20 Strep system,
although with the possibility of identification as E. casseliflavus.

E. faecium is well identified by the APl 20 Strep system. However, when the
strains have an atypical biochemical profile, the APl 20 Strep system can be less
successful in identification, mainly when they are sorbitol-positive, B-galactosidase-
negative and leucine arylamidase-negative strains in the API galleries [32]. In our case,
the five strains identified as E. faecium using the classical methods were sorbitol-
negative, B-galactosidase-positive and leucine arylamidase-positive in the APl strips.

Two strains of E. faecium were raffinose positive both in the classical tests and
in the API 20 Strep strips after 4 hours of incubation, while after 24 hours of incubation
the five strains of E. faecium were raffinose positive in the APl strips. The acid
production from raffinose in E. faecium strains is a variable character, although
generaly the E. faecium strains from mammals are raffinose-negative. Thus, raffinose
fermentation can pose problems in identifying these strains using the APl 20 Strep
system, their adscription to other species such as E. cassdliflavus or E. gallinarum is
also probable thus other conventional tests are necessary [32]. In fact, even though
these 5 strains were identified, with a high probability, as E. faecium 2, with the API 20
Strep system, the numerical profile obtained also shows the possibility that they could
be strains of the species E. casseliflavus.

Of 13 strains identified as E. inter faecalis-faecium using the classical methods,
seven were identified as E. faecalis 2 and four as E. faecium 2 (with the possibility of
identification as E. cassdliflavus) using the APl 20 Strep system. The remaining two
could not be differentiated in areliable way.

The seven strains of E. inter faecalis-faecium identified as E. faecalis 2 by the
APl 20 Strep system were identified with regard to their characteristics of -
Galactosidase-negativity and -Glucuronidase-negativity, the negative fermentation of
arabinose and positive fermentation of sorbitol. In these strains L-arabinose
fermentation was positive or weakly positive in the classical tests, which makes the
relationship to E. faecalis difficult following the classical identification methods. The
acidification of L-arabinose is difficult to interpret in uncovered phenol red broths [32]
and possibly also in bromocresol purple broths (base medium used for test of the
carbohydrates fermentation in this study). These strains showed the same numerical
profile in the APl 20 Strep system as the strains identified as E. faecalis using the
classical tests, since the APl 20 Strep strips do not include the fermentation test of
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certain carbohydrates for those which differ in the strains identified as E. faecalis and
as E. inter faecalis-faecium using the classical method. These strains were submitted to
gelatin liquefaction test, resulting in one strain positive and six negative strains.

Tablel

Biochemical and cultural characteristics of the 24 Enterococcus strains isolated
from San Smon cow’'s milk cheese

E.faecalis E.faecalisvar. E.faecalisvar. E.faecium fgéégltg— E. durans
liquefaciens faecalis faecium

Number of 5 2 3 5 13 1

isolates

Growth at 45°C 5 2 3 5 13

Growth at 50°C 0 0 0 0 0 0

Growth at 5 2 3 5 13 (1w)

pH 9.6

Growthin 5 2 3 51w) 13 1

6.5% NaCl

Growth in 0.1% 5 2 3 5 13 1

methylene blue

Survival after 51w) 2 3(1w) 51 w) 12 1w

60°C / 30 min.

Growth in 0.04% 5 2 3 5(@2w) 13(1w) 1

K-tellurite

Fermentation
L-Arabinose 0 0 0 5 13(1w) 0
Arbutin 5 2 3 5 13 0
Melezitose 2 2 0 1w 13 0
Melibiose 0 0 0 5 13 (4w) 0
Sorbitol 4(1w) 2(1w) 2 0 10 (4 w) 0
Sorbose 51w) 2(1w) 3 0 9(2w) 0
Rhamnose 5(1w) 2 3(1w) 1w 12 (2w) 0
Raffinose 2w 2w 0 2(1w) 10 (8w) 0
Starch 5 2 3 5 13 1
Sucrose 4 2 2 5 10 1

Growthin KF 52 (3 w) 22 (1w) 3 (2w) 53 (1 w) 132 12

agar

Ammoniafrom 5 2 3 5 13 1
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arginine

3All strains reduce TTC and form red colonies with yellow halo.
The numbers included in the table correspond to the number of positive strainsin each test.
w = weak reaction

Tablell

Comparison of the identification resultsin the 24 Enterococcus strains using the classical methods and the
API 20 Strep system

Srain  Classical methods Alezs? ' Swain  Classical methods AP';Q Surep
1 El‘ lféteggéfeﬁr E. faecalis 2 13 E. faecium E. faecium 2*
2 E. faecalisvar. faecalis E. faecalis 2 14 E. faecium E. faecium 2*
3 E. faecium E. faecium 2* 15 E. inter faecalis-faecium NL.I.

4 E. inter faecalis-faecium  E. faecium 2* 16 E. faecium E. faecium 2*
5 E. inter faecalis-faecium  E. faecalis2 17 E. inter faecalis-faecium E. faecalis 2
6 El'igieecfaajéfe‘r’g' E.facalis2 18  E.inter faccalisfaecium  E. faecalis2
7 E. inter faecalis-faecium N.I. 19 E. durans E. faecalis 2
8 E. inter faecalis-faecium  E. faecium 2* 20 E. inter faecalis-faecium E. faecalis 2
9 E. inter faecalis-faecium  E. faecalis 2 21 E. faecalis var. faecalis N.I.

10 E. faecium E. faecium 2* 22 E. faecalis var. faecalis E. faecalis 2
11 E. inter faecalis-faecium E. faecalis 2 23 E. inter faecalis-faecium  E. faecium 2*

12 E. inter faecalis-faecium E. faecalis 2 24 E. inter faecalis-faecium  E. faecium 2*

* Possihility of identification as E. casseliflavus
N.I.: Not identified

The four strains of E. inter faecalis-faecium identified as E. faecium 2 with the
APl 20 Strep system showed in the API strips the same profile as the strains that had
been identified as E. faecium using the classical methods, because some carbohydrates
such as melezitose or melibiose (whose fermentation made the identification as one
concrete species confusing using the classical methods) are not included in the API 20
Strep data base.

Finaly, one strain identified as E. durans using the classica identification
methods was identified as E. faecalis 2 using the APl 20 Strep system. This strain
presents in the APl strips an identical profile as the strains identified as E. faecalis 2.
However, this strain does not have a typical profile, as it does not ferment almost any
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sugar in the classical tests (Table I), it only ferments sucrose and starch, although in
APl 20 Strep galleries it is mannitol and sorbitol positive. On the basis of the principal
characteristic of not fermenting most sugar, this strain remained doubtful between E.
faecalis 2 and E. durans.

Atypical strains of E. durans can ferment some carbohydrates. APl 20 Strep
system easily identifies the atypical E. durans strains (melibiose-positive and/or
sucrose-positive) [32], but the mannitol positive and/or sorbitol positive strains were
not identified as E. durans, independent of the fact that other sugars are not fermented.

The incapacity to ferment both mannitol and sorbitol allows for the
differentiation of E. durans. However, atypical strains of E. durans could ferment
mannitol [21, 24, 33]. On the other hand, the sorbitol fermentation is always negative.
In the classical test this strain does not ferment this carbohydrate.

So as to correctly identify this strain, further investigation is necessary since the
identification of atypical melibiose-negative and sucrose-positive E. durans strains
(characteristics of this strain) can aso pose other problems. APl 20 Strep system
recognizes as E. durans the atypical melibiose positive and sucrose negative E. durans
strains, as well as the sucrose positive strains, whatever the fermentation of the
melibiose is[32], since it does not include these tests. E. duransis normally negativein
these tests, but the atypical strains of E. durans could be melibiose positive and/or
sucrose positive, characteristics of E. hirae, in the same way that some E. hirae strains
could not ferment these carbohydrates [34]. Other identification systems such as the
Rapid ID 32 Strep identify as E. durans the melibiose negative and sucrose positive
strains and as E. hirae the melibiose and sucrose positive strains. Therefore, the
differentiation of E. hirae from E. duransis complex.

It appears that the APl 20 Strep system is not appropriate to be applied
successfully with other enterococci species (E. mundtii, E. hirae, E. casseliflavus or E.
malodoratus) since APl Strep galleries do not contain the necessary tests to
differenciate most of these enterococci. Additional tests are necessary but these are
often not included in the galleries.

A number of studies on the API 20 Strep method showed that the majority of E.
faecalis, E. faecium, E. avium and E. durans strains isolated of a clinical origin are
correctly identified [35]. However, because this system was developed prior to the
recent taxonomy changes, some identifications may be in error, especially for species
other than E. faecalis and for “enterococcus-like” strains. This system needs to be
reevaluated with these new species definitions.

Certain decisive tests in the identification of the strains as the genus
Enterococcus are needed since the API 20 Strep system includes in the same data base
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streptococci belonging to different Lancefield serological groups. Thus, a same
numerical profile could correspond, for example, to enterococci and to lactococci.

However, the APl 20 Strep system could have an application in combination

with the classica methods so as to carry out a reasonably rapid (most of these test
systems provide an identification in approximately 4 h) and reliable identification of
enterococci related to cheese.
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