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SUMMARY

A rapid and simple technique utilizing the APIZYM enzymatic patterns complemented with arginine
dihydrolase and citratase was developed for species differentiation of 40 lactic acid bacteria relevant to the
dairy industry. Streptococcus species in general produced no S-galactosidase, except for Streptococcus ther-
mophilus. Lactobacillus species showed strong aminopeptidases and galactosidases but contained no arginine
dihydrolase and citratase. Among the group N-streptococci, Streptococcus diacetylactis produced citratase,
whereas Streptococcus cremoris differed by the production of butyrate esterase. Streptococcus faecalis was
readily distinguishable from Streptococcus lactis by butyrate esterase activity that was the basis of the dif-
ferential agar developed. Heterofermentative lactobacilli differed from homofermentative lactobacilli in pos-
sessing arginine dihydrolase and citratase but by not producing leucine-aminopeptidase.

INTRODUCTION

Cheeses and fermented milk products contain a
defined starter flora, associated flora and an unde-
fined highly variable adventitious flora. Mesophilic
starters (Streptococcus lactis, Streptococcus cremor-
is) and thermophilic starters (Streptococcus ther-
mophilus, Lactobacillus bulgaricus, Lactobacillus
helveticus or Lactobacillus lactis) are normally used
in a variety of cheeses and fermented dairy prod-
ucts. In cottage cheese, associated starters (Strep-
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tococcus diacetylactis, Leuconostoc cremoris) are
used, and Streptococcus diacetylactis and/or Leu-
conostoc species which produce CO, are also added
to provide a desired open texture for mold ripened
cheese or dutch cheese.

Unlike starter and associated flora, adventitious
flora are accidentally acquired through the survival
of thermoduric microorganisms from pasteurized
milk or postpasteurization contamination in the
plant. Gas defects in blowing of cheese in blocks
and in retail packs were caused by high levels of
growth of citrate-fermenting heterofermentative
streptococcl, lactobacilli and Leuconostoc species
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[16]. The separation of the group N-streptococci (S.
lactis, S. diacetylactis, S. cremoris) from Leucon-
ostoc species and S. thermophilus, and further dif-
ferentiation between S. lactis and S. diacetylactis
from the group D streptococci (S. faecalis) is dif-
ficult and requires many tests [4,9,11].

The fecal streptococcus, S. faecalis occurs in
cheese as high as 10107 per gram [2] and there is
no simple and rapid procedure for distinguishing S.
lactis from S. faecalis, though the separation of
these mixtures was recently tried by simple affinity
chromatography on an ion exchange resin [15].

The feasibility of the APIZYM (micro-enzyme)
system has been demonstrated in the identification
of various pathogenic bacteria [3,8], S. thermophilus
in yogurt [1] and lactobacilli in meats [12].

Since it is possible to determine minute amounts
of specific enzymes accurately and rapidly, a quick
APIZYM test (supplementing other enzymes) has
been applied to several lactic acid bacteria relevant
to the dairy industry, particularly with emphasis on
the differentiation of homo- and heterofermentative
lactobacilli, and S. lactis from S. faecalis.

MATERIALS AND METHODS

Bacteria and maintenance. Strains of lactic acid
bacteria (mostly of dairy origin), commercial start-
ers and members of the coliform group are listed in
Table 1. Lyophilized culture were reconstituted in
5 ml of Lactobacilli MRS (Difco) or Brain Heart
Infusion (Difco) broth followed by incubation at
30°C for 48 h. L. bulgaricus was incubated at 45°C.
All cultures were activated in 5 ml of Lactobacilli
MRS broth through two transfers before each ex-
periment. Stock cultures were maintained at —30°C
in 20% (v/v) skim milk (Difco) solution diluted
equally with growth medium.

APIZYM procedure. Bacterial growth (24 h)
from the surface of an MRS agar plate was re-
moved with a loop and suspended in 5 ml of MRS
(Difco) broth with a turbidity of a McFarland No.
6 standard. Two drops of the resulting suspensions
were inoculated with a pasteur pipet into each mi-
crocupule of the gallery containing 19 dehydrated

chromogenic enzyme substrates. Each suspension
was assayed in duplicate. After incubation of the
strips of 4 h at 37°C, reactions were visualized after
the addition of the detector reagents supplied with
the system (API Laboratory Products Ltd., St-Lau-
rent, Québec).

Determination of arginine dihydrolase, citratase
and growth temperature. Arginine dihydrolase ac-
tivity was initially studied by three methods: argi-
nine dihydrolase test in Thornley’s semisolid me-
dium [21], ammonia production from arginine
broth, and Minitek arginine disk (BBL). Except for
some variation with cultures of S. cremoris, the
three methods gave similar results.

Citratase activity was also studied by three
methods: citratase assay [6], citrate agar [10] and
Minitek citrase disk impregnated with 0.01% phe-
nol red prepared by the procedure of Gilliland and
Speck [5] but the citrate disk method was finally
chosen for this test.

Growth at 15, 39 or 45°C was determined by
streaking the culture on MRS agar and incubating
it in an anaerobic jar (Gas-pak system, BBL) for 48
h.

Differential agar medium for separating S. lactis
and S. faecalis strains. The differential medium con-
tained 0.5% Bacto-peptone, 0.3% Bacto-yeast ex-
tract (Difco), 1.0% 2-naphthyl butyrate (Sigma)
and 1.5% agar. The pH of the medium was adjusted
to 6.5, and the medium was sterilized by autoclav-
ing it at 121°C for 15 min.

A streak- or spread-plating method was used for
growth of S. lactis (six strains) and S. faecalis (six
strains) on solid medium. Plates were incubated in
anaerobic jars (BBL) for 48 h at 30°C and then
flooded with the reagents supplied with th API-
ZYM system.

RESULTS AND DISCUSSION

The results of the APIZYM technique, designed
for the detection of 19 constitutive enzymes,
showed that S. lactis differed from S. diacetylactis
in failing to produce citratase and arginine dihy-
drolase as expected (Table 2). All results are the
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Strains Identification No. Obtained (from)
1. Streptococcus lactis ML3 Agriculture Canada®
2 lactis 14871 ATCCP
3 diacetylactis 10166 Agriculture Canada
4. diacetylactis 11007 ATCC
5. cremoris MLL1 Agriculture Canada
6 cremoris 9596 ATCC
7 faecalis 7080 ATCC
8. faecalis A69 Agriculture Canada
9. Jaecalis 19433 ATCC

10. thermophilus 1001 Express dairies®

11. Lactobacillus bulgaricus 1373 NCDO?

12. acidophilus 4356 ATCC

13. acidophilus 1002 Agriculture Canada

14. helveticus 10797 ATCC

15. lactis 1437 NCDO

16. lactis 12315 ATCC

17.. caset 242 NCDO

18. casei-rhamnosus 7469 ATCC

19. plantarum 14917 ATCC

20. brevis 47 LSPQ*

21. fermentum AN2-255A LSPQ

22. Leuconostoc cremoris 19254 ATCC

23. cremoris 1003 Visby lab.f

24, dextramicum 19255 ATCC

25. mesenteroides 23386 ATCC

26. lactis 19256 ATCC

27. Commercial starter 4318L Agropur®

28. Commercial starter 371K Kraft®

29. Commercial starter 374K Kraft

30. Commercial starter H72 Hansen!

31. Commercial starter H96 Hansen

32. Commercal starter MAR-I Miles’

33. E. coli 11775 ATCC

34. K. oxytoca AN2-474 LSPQ

35. Streptococcus lactis 19435 ATCC

36. lactis 11454 ATCC

37. lactis 14872 ATCC

38. lactis 14873 ATCC

39. faecalis 19433 ATCC

40. faecalis 8043 ATCC

41. Jaecalis 882 ATCC

42. faecalis 6057 ATCC

* Agriculture Canada Food Research Institute, Ottawa.
b The American Type Culture Collection, Rockville, MD.

¢ Express Dairies, Holland, U.K..

4 National Collection Dairy Organisms (NCDO), Reading, U.K.

¢ Laboratoire de santé publique du Québec, Ste-Anne-de-Bellevue, Québec.
f Enolacto Ltd., Middlesex, U.K.

¢ Agropur coopérative agro-alimentaire, Grandby, Québec.
h Kraft Inc., Glenview, IL.

! Chr. Hansen’s Lab., Inc., Milwaukee, WI.
i Marschall Division, Madison, W1.



212

‘IMoIE ou 10 uonoeal sanedau ‘— (Yimoid 1o uonoral samisod ‘4
‘(AU 0 Ananor wnwixew) ¢ (AU OE—S A1ATOR JBIPIWIANTI) ] 4
"9yeor[dnp ur uni Yoo ‘sjudwiradxoe ayeordin WoIj paure)qo WONOEaI s[qereA ‘A pue () ,

+ + 4 4 € ¢ 4 4 wnpuuLIaf ‘1T
+ + 4 14 14 £ 4 14 514249 0T
- — (M 4 (m I m M I [ winippuoyd 61
- - (4 4 (m I () ¥ ¥ € £ m (1) snsouwvys-12502 ‘81
— - 4 z 1 m ¥ 14 € i o 10509 LT
A - ¢ 4 (4] © I m € s13o0] 91
A - 4 € m 4 m 4 T s1omy 61
- - s (D € T snan a4y R4l
- - @ © 3 I 4 1 m snpydopron €l
- - @ 14 I 1 1 (1) snpydopion 7l
- - € I € 0] 4] SnILIDSING SN{j1IDGOIINT "1 |
- - e m 4 T snpydoutiayy Q]
- + o W I € 4 4 4 I sipoavf 6
- + 4 I I 14 . M sypoanf g
+ + 14 € I 4 £ z i I syvaanf  cf
- A 1 £ (0 1 T 4 I suowar g
- A m I 1) 1 1 z SHOW2Id G
+ + 4 1 I 4 @ suovjdoomp Ty
+ + I I I I suovjdioovp ¢
- - I I 4 4 m swovp g
- A (1) 1 I o< 7 D strov) S 1
= = >3

m. & omuw Q Q o M M mﬂ Mum et mu = vIM o mﬂ MH W 2. - W sopadg
5 F5 ¥ £ = g £ & g <8 =SE <& 3 = 5 ZE
5 A5 8 g g g 19 g = ==Y s ¢ £ 2 2 2 s 25
o = o & @ 3 g Q Q o o o oo o ¢ @ @ D, o

S, g & & 8 g g £ 8 & g 2 BB = 3 £ E

3 = ¢ § = & & & %8 ®§ €E % £ T &

° = ¢ 5 5 § & 2 ¥ 5 & T g &

m o (¢] ' “.m %

SWa)sAs swAzus £q Ansnpur LIrep o)) 03 JUBAS[I BLISIORG PIOE O1)OB] JO UOHRIIUSISHI

[4CLAR



averaged values obtained from three separate ex-
periments, each run in duplicate. S. cremoris could
be differentiated from S. lactis by -glucosidase and
butyrate esterase but it differed from S. faecalis by
not producing alkaline phosphatase. S. thermophi-
lus was characterized by strong production of §-gal-
actosidase. This is in agreement with the results of
Bouillanne and Desmajeaud [1] who showed similar
activities from 53 different strains of S. thermophi-
fus by APIZYM tests. It confirms that S. thermo-
philus metabolizes lactose mainly by p-galactosi-
dase, whereas group N streptococci involve a PEP-
phosphotransferase (PTS) system and subsequent
cleavage by f-phosphogalactosidase. However, it
has been disputed as to whether the lactose trans-
port system in S. thermophilus involved a PET-PTS
system [7,20].

Thermobacteria (L. bulgaricus, L. acidophilus, L.
helveticus, L. lactis) and streptobacteria (L. casei,
L. casei sub sp. rhamnosus, L. plantarum) could
clearly be separated from heterofermentative lac-
tobacilli (betabacteria: L. brevis, L. fermentum) on
the basis of arginine dihydrolase and citratase
(Table 2). As yet, too few lactobacilli have been
examined to enable identification of characteristic
patterns. Despite several difficulties found in the
differentiation of L. helveticus, L. jugurt and L. bul-
garicus [14], L. helveticus, however, had a strong
a-galactosidase. L. lactis also did not produce acid-
or alkaline-phosphatase or esterases. L. casei and
L. casei subsp. rhamnosus had many activities on
different substrates. L. plantarum had only weak
activities of caprylate esterase-lipase, leucine-ami-
no-peptidase, f-galactosidase and B-glucosidase.

Betabacteria (L. brevis, L. fermentum) did not
produce leucine-aminopeptidase or phosphoami-
dase, compared with the homofermentative lacto-
bacilli. L. brevis was characterized by g-glucuroni-
dase which was not detected in any of the lacto-
bacilli tested. There was no characteristic enzyme
which permitted good differentiation of two yogurt
lactics: S. thermopilus and L. bulgaricus but their
morphologies are easily differentiated microscopi-
cally.

Leuconostoc species (L. cremoris, L. dextrani-
cum, L. lactis, L. mesenteroides) that constitute the
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aroma and flavor producers in milk products
(Table 3) are not easily distinguished from strep-
tococci (Table 2). Among Leuconostoc species stud-
ied, however, L. cremoris was characterized by the
production of butyrate esterase but slight variations
were found between different L. cremoris strains
where occasional aberrant reactions on ®- anb -
glucosidases were noted in L. cremoris (known as
L. citrovorum). Reactions of L. dextranicum and L.
lactis were similar to those of S. diacetylactis. L.
mesenteroides had many variable reactions and did
not produce arginine dihydrolase, despite the fact
that this species ususally hydrolyzes arginine. L.
cremoris and L. lactis consistently produced argi-
nine dihydrolase in this study but these strains did
not produce arginine dihydrolase in other studies
[19].

The cheesemaker has no way of knowing the
strain composition of various types of starters.
When multiple or mixed commercial starters are
allowed to developed in MRS broth overnight at
25°C, the starter culture strains having reactions
similar to S. lactis become dominant. In most start-
er cultures for cheese, both S. lactis and S. cremoris
contribute 90-95% of the bacteria present but of
the two, S. lactis tends to be more active in fermen-
tation [18). Consequently, to identify undefined
mixures of commercial starters, one may dilute the
lyophilized cultures in milk and grow them directly
on MRS agar plates before studying taxonomic and
enzymatic characteristics. Members of the coliform
group such as strains of Escherichia coli and Kleb-
siella oxytoca were also tested for the detection of
their specific enzymatic activities to assess the feas-
ibility of using the APIZYM system in discriminat-
ing contaminants from the lactic starters. Without
knowing gram-negative and catalase-positive char-
acteristics, the enzymatic patterns alone were dis-
tinct those from of other lactic acid bacteria. E. coli
and K. oxytoca had strong f-galactosidase and acid
phosphatase activities but K. oxytoca could be sep-
arated from others on the basis of myristate lipase
activity.

In the case of cheeses or fermented milk prod-
ucts where only a few species of S. lacris and S.
faecalis are concerned, a simplified differentiation
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system was established (Table 4); S. lactis differed
from S. faecalis in failing to produce butyrate es-
terase. S. faecalis was also characterized by a
stronger activity of caprylate esterase-lipase than S.
lactis. Among different strains of S. lactis that we
have studied, three strains did not resemble known
species of S. lactis which usually produce arginine
dihydrolase. Two strains of S. faecalis differed from
the remaining S. faecalis strains in producing chy-
motrypsin. S. faecalis strains also differed from S.
lactis by their thermophilic nature which is in agree-
ment with the results for known species in the lit-
erature.

In view of the many different species involved in
this study, clear-cut results may not be attainable.
However, simple and fast enzyme tests for differ-
entiation of dairy lactics are very useful and offer
a reasonable substitute for the more cumbersome
and time-consuming conventional methods. Argi-
nine and citrate utilizations were the basis of dif-
ferentiating homofermentative from heterofermen-
tative lactobacilli (L. brevis, L. fermentum) but these
characteristics did not form the basis of differentia-
tion among streptococci and Leuconostoc species
studied. Since many lactic streptococci strains ex-
hibit variability on arginine and citrate, probably
by plasmid involvement [13], this trait may not be
a stable characteristic.

We have demonstrated interesting and consis-
tent differences in the butyrate esterase activity be-
tween S. lactis and S. faecalis. Thus, a differential
agar medium containing f-naphthyl butyrate was
developed as a rapid means for distinguishing two
strains in dairy products. S. faecalis produced a vi-
olet color on this medium after the addition of the
color reagents because of their ability to produce
B-naphthol from naphthyl butyrate, while S. lactis
did not. This differential agar will offer many ad-
vantages to the dairy industry and starter culture
manufacturers for rapid and economical differen-
tiation or selection of potential starter strains, and
for investigations of compatability and dominance
of mixed strain starters [17].
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