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Abstract – Enterococci were isolated from Egyptian Domiatti and Mish cheeses made from raw
milk. The proteolytic, lipolytic and autolytic activities of the isolated strains were studied to select the
most appropriate cultures to be used for the enhancement of the organoleptic properties of cheese.
The intracellular peptide hydrolase activities of enterococci strains were determined using various
synthetic aminopeptidase and dipeptidyl-aminopeptidase substrates. 4-nitrophenyl and 2-nitrophenyl
derivatives of fatty acids were used to measure the esterolytic activity of the different strains while
emulsions of various triglycerides and butter fat were used to evaluate their lipolytic activities.The
autolytic properties of the cultures were also considered. Three strains of Enterococcus faeciumwere
freeze-shocked and evaluated as adjunct cultures in a cheese slurry system.
All the strains exhibited an aminopeptidase activity hydrolysing leucyl 4-nitroanilide faster than the
arginyl, alanyl, prolyl or glycyl derivatives. An active dipeptidyl-aminopeptidase activity was also
detected.
The Enterococcus faeciumstrains showed an active esterase system. The 4-nitrophenyl derivatives of
the fatty acids were hydrolysed faster than the 2-nitrophenyl. The lipase substrates were hydrolysed
according to the following order: tributyrin > tricaproin > tricaprylin > butterfat. The autolytic prop-
erties varied according to the strains tested.
Cheese slurries ripened with adjunct Enterococcus faeciumexhibited considerably higher levels of
water-soluble nitrogen (WSN) and total free amino acids (FAA) when compared to the control after
incubation for 5 d at 32 oC. With this finding, a high variability of some technologically relevant prop-
erties was found and could be the basis for the selection of specific cultures to be used as adjunct
cultures in the production of traditional cheeses.
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Résumé– Activités protéolytique, lipolytique et autolytique de souches d’entérocoques isolées
de produits laitiers égyptiens.L’activité peptide hydrolase intracellulaire d’Enterococcusisolée des
fromages égyptiens Domiatti et Mish a été déterminée en utilisant différents substrats synthétiques
d’aminopeptidases et de dipeptidylaminopeptidases.
Des dérivés 4-nitrophenyl et 2-nitrophenyl des acides gras ont été utilisés pour mesurer l’activité este-
rolytique des différentes souches, tandis que des émulsions de différents triglycérides et de la matière
grasse du beurre ont été utilisés pour évaluer leurs activités lipolytiques. Les propriétés autolytiques
des cultures ont aussi été mesurées. Trois souches d’Enterococcus faeciumont été soumises à un
choc thermique par congélation et évaluées comme « levains atténués » dans un système de pâtes
fromagères.
Toutes les souches ont montré une activité aminopeptidase en hydrolysant le leucyl 4-nitroanilide
plus rapidement que les dérivés arginyl, alanyl, prolyl et glycyl. Une forte activité dipeptidyl amino-
peptidase a été mise en évidence.
Enterococcus faeciumprésente un système esterasique actif. Les dérivés 4-nitrophenyl des acides
gras ont été hydrolysés plus rapidement que les dérivés 2-nitrophenyl. Les substrats de la lipase ont
été hydrolysés dans l’ordre suivant : tributyrine, tricaproine, tricapryline, matière grasse du beurre.
Les propriétés autolytiques variaient d’une souche testée à l’autre.
Les pâtes de Cheddar affinées et inoculées avec différentes souches atténuées Enterococcus faecium,
montrent une teneur plus élevée en azote soluble (WSN) et en acides aminés libres totaux (FAA)
quand on les compare au contrôle après incubation 5 j à 32 oC.

Enterococcus/ aminopeptidase / esterase / autolyse / levain atténué

1. INTRODUCTION

Enterococci are Gram-positive bacteria
and fit within the general definition of lactic
acid bacteria [30]. They occur and grow in a
wide variety of artisanal cheeses produced
in southern Europe (Portugal, Spain, Italy
and Greece) from raw or pasteurised goat’s,
ewe’s, water-buffalo’s or bovine milk. High
levels of contaminating enterococci usually
result from poor hygienic practices during
cheese manufacture [48, 51, 66] and lead to
deterioration of sensory properties in some
cheeses but they play a major role in ripen-
ing and aroma development in other cheese
varieties [11, 13, 48, 54, 56, 67, 68]. More-
over, for some Enterococcusspecies there
is no evidence at present for a role in human
disease [15].

The dominance or persistence of
enterococci in some cheeses during ripen-
ing can be attributed to their wide range of
growth temperatures, their high tolerance
to heat, salt and acid [31, 48, 49, 56, 72] and
their production of proteolytic enzymes in-
volved in casein degradation [68, 72]. Also,

salt concentration increases during cheese
ripening. This is an important selection fac-
tor for growth of salt-tolerant enterococci
and Lb. plantarumduring the late stages of
cheese ripening [31, 48, 56]. The beneficial
effect of enterococci in cheesemaking has
been attributed to hydrolysis of milk fat by
esterases [69]. In addition, enterococci pro-
duce typical flavour components such as
acetaldehyde, acetoin and diacetyl [11, 68].
This beneficial role of enterococci in the
development of cheese aroma has led to in-
clusion of enterococcal strains in certain
starter cultures. For example, enterococci
were suggested for use as a starter in the
production of Cebreiro cheese [11]. Simi-
larly, E. duranswas shown to be important
for aroma development in Feta cheese
when used in a starter together with other
lactic acid bacteria (LAB) [50]. For Mozza-
rella cheese made from raw water-buffalo
milk, a strain of E. faecaliswas selected to-
gether with other LAB for use in a starter
culture preparation [13, 58]. A food com-
pany sought clearance from the British
“Advisory Committee on Novel Foods
and Processes” (ACNFP) for the use of
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E. faeciumstrain K77D as a starter culture
in fermented dairy products [1], and the
committee decided that the culture was ac-
ceptable for such use. Clearly, the
enterococci play an important role in the
manufacture of cheeses typical to some re-
gions, and their use has a major impact in
the flavour development of cheeses.

The aim of the present contribution is
therefore to describe the lipolytic,
proteolytic and autolytic properties of the
enterococci and to follow enzyme activities
during cheese ripening in a slurry system
made with various freeze-shocked cultures.
The results of this work should provide
further information needed to select
Enterococcuscultures to be used as ad-
juncts in cheesemaking.

2. MATERIALS AND METHODS

2.1. Cultures and growth conditions

The microorganisms used in this study
were: E. durans AU149, E. faecium
AU152, E. faeciumMES27#16, E. durans
AU171, E. faeciumAU237, E. faecium
AU336, E. durans AU601, E. faecium
AU778, E. faeciumAU1123, E. faecium
AU232, E. faeciumMES26, E. faecium
AU728 and E. faeciumAU1247 obtained
from the culture collection of the laboratory
of microbial biochemistry (LBDM). For
the preparation of cells, 1000 mL of MRS
broth [14] was inoculated with 100 mL of
an active culture of the Enterococcusstrain.
Cell growth phases were monitored by
measuring the absorbance at 650 nm using
a LKB (Pharmacia Nova Spectrophotometer
II, Cambridge, England). After 8–12 h,
early stationary phase cells were harvested
by centrifugation at 2 800 g for 20 min at
4 oC. The pellet was then washed twice
with potassium phosphate buffer, pH 7.0.
The resultant pellet was ground for 20 min
in a mortar using alumina powder (Sigma
type A-5, St. Louis, USA). The extract was

resuspended in 1.36 g.L–1 potassium
phosphate buffer. The suspension was than
centrifuged at 4 000 g for 1 h at 4 oC. The
supernatant containing the intracellular en-
zymes was stored at –20 oC.

2.2. Enzyme assay

2.2.1. Aminopeptidase and dipeptidyl
aminopeptidase

The aminopeptidase activity was mea-
sured according to the procedure described
by El-Soda and Desmazeaud [21]. L-leucyl,
L-lysyl, L-alanyl, L-glycyl, L-arginyl and
L-prolyl 4-nitroanilide were used as sub-
strates. The same procedure was also used
to follow the dipeptidylaminopeptidase ac-
tivity but the substrates used for this pur-
pose were arginyl-proline, glycyl-proline,
glycyl phenylalanine and alanyl-alanine 4-
nitroanilide, all substrates obtained from
Sigma chemical CO., St. Louis, USA. One
unit of enzymatic activity was defined as
the variation of 0.01 unit of absorbance at
420 nm in 1 min for 1 mL enzyme of the dif-
ferent strains of enterococci under previ-
ously described assay conditions. The
specific activity was defined as the number
of activity units.mg–1 of protein, which is
present in the supernatant.

2.2.2. Esterases

The esterase activity was measured ac-
cording to the procedure described by
Brandl and Zizer [8], using 4 and 2-
nitrophenyl derivatives of acetate, butyrate,
caproate, caprylate and caprate as sub-
strates and 1.36 g.L–1 phosphate buffer,
pH 7.0. A unit of esterase activity was de-
fined as the variation of 0.01 unit of
absorbance at 420 nm in 1 min for 1 mL
enzyme of the different strains of entero-
cocci under the previously described assay
conditions. The specific activity was de-
fined as the number of activity units.mg–1

of protein.
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2.2.3. Assay of lipase activity

The lipase activity was measured ac-
cording to the procedure described by
Umemoto et al. [71].

2.3. Protein determination

The protein concentration was estimated
according to the method of Lowry et al.
[53], using the folin-phenol reagent with
bovine serum albumin as standard.

2.4. Measurement of the rate
of autolysis

The rate of autolysis was measured ac-
cording to Thiboutot et al. [65] and could be
summarised as follows: cells of different
cultures were harvested by centrifugation
and washed twice; the resulting bacterial
pellet was then resuspended in 1/10 of the
original volume of the growth medium, and
then frozen at –20 oC. The frozen cell sus-
pension was exposed to two cycles of freez-
ing and thawing. A portion of cell
suspension (~10%,v/v) was added to
27.2 g.L–1 potassium phosphate buffer pH
5.5 containing 58.5 g.L–1 sodium chloride
to obtain an optical density of 0.8 to 1.0 at
650 nm and incubated at both 10 oC and
37 oC. After set time intervals the percent-
age decrease in optical density was mea-
sured and expressed as % autolysis.

2.5. Preparation of Cheddar cheese
slurry

2.5.1. Cheddar cheese curd

Cheddar cheese curd was manufactured
using small cheesemaking laboratory scale
equipment, according to Kosikowski [43].
To twenty-four liters of warm (30 oC) pas-
teurised (72 oC for 15 s) cow’s milk,
240 mL of a pure starter culture of
Lactococcus lactisssp. lactis ESO11 and
commercial rennet (26 mL) were added.

Then, rennet-treated milk was left to
coagulate under quiescent conditions. The
coagulum was then cut and cooked to 38 oC
over 30 min (1 oC raise per 5 min) after
which the whey was completely drained.
Cheddaring was accomplished by cutting
the curd; the curd was then left for 15 min
and turned over. This step was repeated at
15-min intervals until the end of the ched-
daring. At this stage, the pH of the curd
reached a value of 5.2 to 5.3 and was used
for slurry preparation.

2.5.2. Cheddar cheese slurry

Cheese slurry was prepared by modifi-
cation of the method of Kristoffersen et al.
[44] as described by Farkye et al. [27]. Un-
salted curd (85 g), freeze-shocked suspen-
sion of E. duransAU149 (2.25 mL) or
E. faeciumAU336 (2.7 mL) or E. faecium
AU1123 (4.25 mL), 3 g sterile NaCl and
sterile distilled water (10 mL) were blended
into a slurry in a sterile blender. The slurry
was transferred aseptically into a sterile
wide mouth bottle which was capped
loosely and incubated at 32 oC for 5 d under
anaerobic conditions using a Gas Pack
(Generbox anaer + indicator, bio Mérieux,
Lyon, France). Control slurry was prepared
without the cell suspension. Each slurry
preparation was replicated three times us-
ing freshly made starter cheese curd.

2.6. Extent of proteolysis

Extent of proteolysis of cheese slurry
samples was monitored by the determina-
tion of water-soluble nitrogen (WSN) [45]
and free amino acids.

2.6.1. Standard curve of leucine

Standard curve was carried out using
L-leucine (L. light, CO. LTD. Colnbrook,
England) at concentrations from 0.026 g.L–1

to 0.16 g.L–1.
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2.6.2. Analysis of Cd-ninhydrin
reactive amino groups

The concentrations of free amino acids
in the WSN extracts were determined in du-
plicate by the modified [29] Cd-ninhydrin
method of Doi et al. [16]. Lyophilised WSN
extracts were reconstituted in distilled wa-
ter [w.v–1] and adjusted to pH 7.0 with
4 g.L–1 NaOH. A portion (0.2 mL) of the
reconstituted extract was diluted to 1.0 mL
with distilled water and 2.0 mL Cd-
ninhydrin was added. The solution was
heated at 84 oC for 5 min, cooled, and the
absorbance measured to 507 nm (A507) on a
LKB Pharmacia Nova spectrophotometer.
The Cd-ninhydrin reagent was prepared by
dissolving 0.8 g ninhydrin in a solution
consisting of 80 mL denatured ethanol,
10 mL acetic acid and 1 mL of aqueous
CdCl2 (1 g.mL–1). The A507 was converted
to g.L–1 leucine from a standard curve pre-
pared with leucine.

3. RESULTS AND DISCUSSION

3.1. Aminopeptidase activity

Results in Table I reveal the presence of
activity on aminopeptidase substrates in the
crude cell free extract of most of the
Enterococcusstrains tested. Enterococci
are in that respect comparable to other lac-
tic acid bacteria [41, 42, 46, 60]. The en-
zyme system of the Enterococcusstrains
studied was most active on leu-4NA when
compared to the other 4-nitroanilide deriva-
tives. For instance, the specific activity for
the hydrolysis of leu-4NA was 0.6 for
Enterococcus faeciumAU336 while it was
0.3, 0.3, 0.1, 0.22 and 0.01 in the case of
arg-4NA, lys-4NA, alan-4NA, glyc-4NA
and prol-4NA, respectively. A rather simi-
lar trend could also be noticed for the other
strains.

Very little activity could be measured in
all the strains on pro-4NA, indicating weak
proline iminopeptidase activity. This was

consistent with the findings of Khalid
et al. [40] who reported that strains of
Lactobacillus helveticusand Lactobacillus
delbrueckiissp. bulgaricusslightly hydro-
lysed L. pro-4NA, indicating weak proline
iminopeptidase activity. The proline
iminopeptidase activity of Pediococcussp.,
Lactobacillus casei and Lactobacillus
plantarumwas also very low compared to
their aminopeptidase activity [24, 33]. On
the other hand, they differed from
Propionibacterium freudenreichii, Propioni-
bacteriumsp., Bifidobacterium infantisand
Bifidobacterium longum,which showed
high levels of proline iminopeptidase [23,
59]. E. faeciumAU232, E. faeciumAU1123
and E. faeciumAU1247 were distinguished
from the other studied strains by their
higher aminopeptidase activities with most
substrates.

3.2. Dipeptidyl aminopeptidase
activity

A dipeptidyl aminopeptidase was also
detected in the crude cell free extract of the
different Enterococcusstrains. Most of the
strains tested were capable of hydrolysing:
arginyl-proline-4NA, glycyl-proline-4NA,
alanyl-alanine 4NA and glycyl-phenylalanine
4NA. Results in Table I show higher activ-
ity for most of the strains on glycyl-
phenylalanine 4NA when compared to the
other substrates. It was also of interest to
notice that glycyl-phenylalanine 4NA was
the only substrate hydrolysed by E. faecium
AU778 while the latter substrate and
alanyl-alanine 4NA were the only sub-
strates hydrolysed by E. faeciumAU152,
E. faeciumMES 27#16 and E. faecium
MES26. E. faeciumAU232, E. faecium
AU1123 and E. faeciumAU1247 differed
from the other Enterococcusstrains be-
cause of their higher activity on arginyl-
proline 4NA and glycyl-proline 4NA when
compared to glycyl-phenyl alanine 4NA. In
fact, the specific activity for the hydrolysis
of arginyl-proline-4NA was 1.7, 5.8 and
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Table I. Specific activity of the aminopeptidase and dipeptidyl aminopeptidase from Enterococcusspecies ( activity units.mg–1 protein).

Strain # L-Arg L-Lys L-Ala L-Leu L-Gly L-Pro Ala-Ala Gly-Phe Arg-Pro Gly-Pro

4NA 4NA 4NA 4NA 4NA 4NA 4NA 4NA 4NA 4NA

Enterococcus duransAU 149 0.14 0.02 0.02 0.1 0.02 0.01 0.03 0.12 0.02 0.02

Enterococcus faeciumAU 152 0.14 0.1 0.03 0.1 0.04 0 0.03 0.1 0 0

Enterococcus faeciumMES27#16 0.11 0.04 0.1 0.03 0.1 0 0.1 0.2 0 0

Enterococcus duransAU 171 0.3 0.1 0.1 0.4 0.04 0.02 0.1 0.25 0.2 0.16

Enterococcus faeciumAU 232 3.6 1.7 3.5 15 0.1 0.3 0.2 0.02 1.7 1.8

Enterococcus faeciumMES 26 0.1 0.01 0.1 0.1 0.02 0.01 0.04 0.26 0.001 0.001

Enterococcus faeciumAU 237 0.23 0.03 0.04 0.2 0.02 0.01 0.1 0.17 0.01 0.02

Enterococcus faeciumAU 336 0.3 0.3 0.1 0.6 0.22 0.01 0.01 0.02 0.01 0.01

Enterococcus duransAU 601 0.01 0.01 0.11 0 0.04 0.01 0.01 0.01 0 0.001

Enterococcus faeciumAU 728 0.1 0 0.04 0.01 0.1 0.021 0.01 0.03 0.001 0

Enterococcus faeciumAU 778 0.03 0.1 0.01 0.01 0.01 0.003 0 0.02 0 0.01

Enterococcus faeciumAU 1123 3.4 2.1 5 18 0.1 0.21 0.5 0.22 5.8 7

Enterococcus faeciumAU 1247 2.2 2 3.6 12 0.1 0.2 0.4 0.18 4 6

4NA: para nitroanilide.
Arg: arginine; Lys: lysine; Leu: leucine; Ala: alanine; Gly: glycine; Pro: proline.
One unit of enzymatic activity: the variation of 0.01 unit of absorbance at 420 nm in 1 min for 1 mL enzyme.
#: Number.
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Table II. Specific activity of the esterase and lipase from Enterococcusspecies (activity units.mg–1 protein).

Strain # Acetate Butyrate Caproate Caprylate Caprate
T.C2 T.C4 T.C6 G.M.A G.M.B M.F O.O

4 2 4 2 4 2 4 2 4 2

Enterococcus duransAU 149 10.8 0.25 30 0.6 33.3 0.34 12.5 0.3 4.45 0.2 1.8 2.45 0.54 0.6 1.4 0.3 0.4

Enterococcus faeciumAU 152 8.8 0.59 26.6 0.74 17 0.4 7.4 0.3 4 0.1 1.7 1.9 0.44 1.1 1.5 0.36 0.22

Enterococcus faeciumMES27#16 10.13 0.67 25 1 21 0.6 10.15 0.6 4.5 0.3 1.9 2.1 0.5 1.4 1.7 0.45 0.44

Enterococcus duransAU 171 6.5 0.3 22 1 24.5 0.6 9.6 0.3 4.21 0.18 0.99 1.4 0.18 0.4 1.1 0.13 0.1

Enterococcus faeciumAU 232 8 0.4 1.05 0.9 3 0.3 4 0.27 2.2 0.5 0.96 1.8 0.35 0.71 0.43 0.54 0.43

Enterococcus faeciumMES 26 3 0.14 8 0.5 11 0 4 0.13 0.8 0.13 0.81 1.3 0.05 0.3 0.67 0.27 0.5

Enterococcus faeciumAU 237 2.7 0.27 19 0.5 21 0.2 10 0.2 4 0.1 0.83 2.23 0.5 1.5 2 0.16 0.3

Enterococcus faeciumAU 336 7 0.3 38 0.7 41 0.5 15 0.12 6 0.1 1.5 2.25 0.43 0.6 1.65 0.42 0.33

Enterococcus duransAU 601 4.2 0.32 29.5 0.74 22 0.12 15 0.16 6 0.04 0.54 0.98 0.2 0.21 0.8 0.14 0.25

Enterococcus faeciumAU 728 5 0.21 32 0.78 28.5 0.5 9 0.31 7.7 0.12 0.93 1.41 0.18 0.3 1.1 0.2 0.11

Enterococcus faeciumAU 778 5 0.1 28.5 0.72 24 0.33 12 0.22 4.3 0.04 0.6 1.6 0.26 0.95 1.1 0.4 0.19

Enterococcus faeciumAU 1123 0.9 0.1 0.5 0.1 0.6 0.1 0.2 0.4 0.1 0.1 0.09 0.5 0.13 0.19 0.3 0.08 0.14

Enterococcus faeciumAU 1247 0.6 0.1 0.1 0.06 0.4 0.02 0.1 0.1 0.1 0.01 0.081 0.53 0.18 0.06 0.7 0.03 0.02

2: ortho derivatives; 4: para derivatives.
T.C2: Tri-acetin; T.C4: Tri-butyrin; T.C6: Tri-caprylin; G.M.A : glycerol monoacetin; M.F: milk fat; G.M.B: glycerol monobutyrin; O.O: olive oil.
One unit of enzymatic activity: the variation of 0.01 unit of absorbance at 420 nm in 1 min for 1 mL enzyme.
#: Number.



4 while it was 0.02, 0.22 and 0.18 for
glycyl-phenylalanine-4NA for E. faecium
AU232, E. faeciumAU1123 and E. faecium
AU1247, respectively. It is therefore sug-
gested to consider the enzyme a X-propyl
dipeptidyl peptidase. Dipeptidyl amino-
peptidase activity was detected in several
genera of lactic acid bacteria [7, 10, 23, 24,
28, 34, 39, 55, 64].

On the other hand, this is the first report
describing the presence of a dipeptidyl
aminopeptidase in the enterococci.

3.3. Detection of the esterase activity

The results (Tab. II) describing the
esterolytic activity of the enterococci indi-
cate that all the enterococci tested showed
an active esterolytic system. As a general
rule, the thirteen strains tested showed sim-
ilar behaviour with all substrates. They
were active on all 4- and 2-nitrophenyl de-
rivatives of the fatty acids containing up to
10 carbon atoms. Propionibacteria seemed
to be different from the enterococci in this
respect since they hydrolysed the naphthyl
derivatives of lauric, myristic, palmitic and
stearic acids. E. faeciumAU152, E. faecium
MES27#16, E. duransAU601, E. faecium
AU728 and E. faeciumAU778 showed the
highest activity on 4-nitrophenyl butyrate,
while E. duransAU149, E. duransAU171,
E. faeciumAU232, E. faeciumMES26 and
E. faeciumAU336 were most active on 4-
nitrophenyl caproate. A lower rate of activ-
ity could be measured for 4-nitrophenyl
caprylate and 4-nitrophenyl caprate. Simi-
lar observations were reported by
Tsakalidou et al. [70] who found that the
purified esterase from E. faeciumACA.DC
237 hydrolysed the 2-nitrophenyl deriva-
tives of fatty acids in the order
C6>C8>C10>C12. Also, similar observa-
tions were made by Hosono et al. [35]. In
fact, the authors found that ethyl butyrate
production was higher when compared to
ethyl caproate production by 3 lactococci
and 2 lactobacilli. E. faeciumAU232 was

distinguished from all the other species by
the fact that it was more active than all the
other strains on the rest of the substrates on
4-nitrophenyl acetate. A similar observa-
tion was reported by Khalid et al. [40] who
found that Lb. helveticusATCC10797 hy-
drolysed 4-nitrophenyl acetate faster than
4-nitrophenyl butyrate. Table II indicates
that differences exist between strains of the
same species: E. faeciumAU336 shows
higher activity if compared to E. faecium
AU152, E. faeciumMES27#16, E. faecium
AU237, E. faeciumAU778 and E. faecium
AU1123 for most of the 4-nitro derivatives.
From the data illustrated in Table II, it can
also be noticed that the hydrolysis of the
4-nitrophenyl derivatives of the fatty acids
was always significantly higher when com-
pared to 2-nitrophenyl derivatives. The most
significant differences could be observed in
the case of E. duransAU601 where the spe-
cific activity for 4-nitrophenyl caproate hy-
drolysis was 22, while it was only 0.12 for
the ortho-derivative and E. faeciumAU336
which showed a specific activity of 15 and
0.12 for the para- and 2-nitrophenyl
caprylate, respectively. This is probably
due to the differences in the steric hin-
drance of the two substrates. The straight
configuration of the 4-derivatives seems to
be more accessible to the active site of the
enzyme. E. faeciumAU1123 and E. faecium
AU1247 can be distinguished from the
other strains by their lower esterase activi-
ties. A similar trend can also be observed
with the hydrolysis for 2-derivatives.

3.4. Detection of the lipase activity

The substrates used during this investi-
gation for the evaluation of the lipolytic ac-
tivity of the enterococci could be grouped
as follows: the synthetic monoglycerides:
glycerol monoacetin-glycerol monobutyrin,
the synthetic triglycerides: triacetin-
tributyrin-tricaprylin and the natural fats:
milk fat-olive oil. The results illustrated in
Table II show that among the synthetic
monoglycerides, glycerol monobutyrin
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was the most rapidly hydrolysed by the ma-
jority of the Enterococcusstrains tested,
and the rate of hydrolysis decreased with
glycerol monoacetin. It also appears that
differences exist between the rate of hydro-
lysis of the triglycerides studied. Tributyrin
was the best substrate for all the strains
tested. A lower rate of hydrolysis could be
measured in the case of triacetin and
tricaprylin. Also, similar observations were
obtained in the hydrolysis of natural fats.
When comparing the rate of hydrolysis of
the different classes of substrates, it was
possible to reach the following conclu-
sions:

1. Tributyrin is the best substrate among
all the substrates tested.

2. Glycerol monobutyrin is the best sub-
strate among the monoglycerides.

3. There are no significant differences in
the rate of hydrolysis between milk fat and
olive oil. Similar observations were re-
ported by Chander et al. [12] who found
that the purified lipase from E. faecalishy-
drolysed the synthetic triglycerides in the
order: tributyrin > tricaproin > tricaprylin
> triolein. Among the synthetic triglycer-
ides, E. faecalis lipase hydrolysed
tributyrin more rapidly than other simple
triglycerides. Concerning the specificity of
the lipase system, the general conclusion
reached by most authors was that lactic acid
bacteria hydrolyse triglycerides composed
of short chain fatty acids more rapidly than
those composed of higher chain fatty acids.
The same authors [12] also found that
E. faecalislipase hydrolysed butter oil to a
lower degree than tributyrin. Singh et al.
[61] also found that intracellular lipase
from Lactobacillus lactis hydrolysed
tributyrin whereas tripalmitin and triolein
hydrolysis was very limited. Umemoto
et al. [71] showed that in the case of Lb. casei,
Lb.plantarum, Lb.helveticusand Lactococcus
lactis subsp. diacetylactis that tributyrin
emulsions were hydrolysed more rapidly
than butter fat and olive oil. A similar trend
can also be found in the work of Carini et al.

[9] and El-Soda et al. [22]. Comparable re-
sults are also reported in the work of Dovat
et al. [17] with lactic streptococci. These
authors concluded that enterococci were
more active than the lactic streptococci on
tributyrin and tripropionin. Tricaproin and
tricaprylin were less frequently hydrolysed
and triolein was not attacked at all.
Stadhouders et al. [63] examined the rate of
lipolysis of partially hydrolysed fat by the
lactic streptococci. It was found that more
fatty acids were formed from mixtures of
tri-, di- and monoglycerides than from the
pure triglycerides, which led the authors [63]
to conclude that di- and monoglycerides are
better substrates for starter bacteria. It was
also demonstrated that the rate of tributyrin
hydrolysis by the pediococci was higher
than the rate of hydrolysis of triglycerides
containing long chain fatty acids [4, 57].

3.5. Autolytic properties
of different strains of enterococci

The autolytic properties of the studied
strains were compared in 27.2 g.L–1 potas-
sium phosphate buffer, pH 5.5 containing
58.5 g.L–1 sodium chloride at 37 oC and
10 oC. The obtained results (Fig. 1) indicate
the rate of autolysis for all the strains tested
at 37 oC. It is noticeable that there was a
gradual increase in the percentage of
autolysis with time. Most of the tested
strains exhibited an autolysis rate lower
than 25% after 120 h at 10 oC. From the pre-
vious results, it is obvious that the autolysis
rate of the studied strains incubated at 37 oC
was higher when compared to the autolysis
measured at 10 oC. This is in agreement
with the work of El-Soda et al. [25] who
studied the influence of temperature on cell
autolysis on a wide range of cheese-related
microorganisms, including the following
genera: Leuconostoc,pediococci, lactococci,
lactobacilli, Bifidobacteriumand Propioni-
bacterium. Autolysis was measured at 10,
20, 30, 40 and 50 oC. It was found that
the maximum autolysis occurred at
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temperatures similar or close to the opti-
mum growth temperatures of the microor-
ganisms. Higher autolysis at 40 oC was also
detected by Lemee et al. [47] for Propioni-
bacterium freudenreichii CNRZ 725.
These authors [47] noticed very little
autolysis at 10 oC. Similar observations
were also made by Lortal et al. [52] in the
case of Lactobacillus helveticusCNRZ 414.

The previously described results indi-
cate that Enterococcus faeciumAU1123 is
the highest in peptidase and autolysis while
strains AU149 and AU336 showed high
levels of lipolysis and autolysis when com-
pared with other strains. These strains were
therefore selected to be added as adjunct for
the slurry experiments.

3.6. Characteristics of Cheddar
cheese slurries made using
attenuated adjunct cultures
of Enterococcusstrains

Table III describes the chemical compo-
sition of control cheese slurry and cheese

slurries with added freeze-shocked cells.
Cheddar cheese slurries show that the ad-
dition of freeze-shocked cells did not af-
fect the chemical composition of Cheddar
cheese slurries through the ripening pe-
riod. It appears that the chemical composi-
tion of E. durans AU149, E. faecium
AU336 and E. faeciumAU1123 treated
slurry was rather close to the control.
For instance, the mean values for the
protein content of the slurries at the end
of the incubation time was as follows:
21.6 for the untreated cheese, 21.04 for
E. duransAU149, 20.79 for E. faecium
AU336 and 20.86 for E. faecium
AU1123. It was of interest to notice that
the slurries made with the freeze-
shocked cells show higher rates of acid
development than the control. The pH
was 4.82, 4.89, 4.92 and 5.03 in the case
of E. duransAU149, E. faeciumAU336,
E. faeciumAU1123 and the untreated
cheese, respectively, which may indi-
cate that the freeze-shocking treatment
did not affect the acid-producing ability
of the enterococci.
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Figure 1. Autolytic properties of different Enterococcusstrains after 120 h.



B
iochem

ical activities of enterococci
299

Table III. Composition of Cheddar cheese slurries inoculated with different adjunct cultures.

Strain # % Moisture pH % Dry matter % Fat % Protein

A B A B A B A B A B

Lactococcus lactisssp. lactisESO11 (control) 51.12 47.15 5.19 5.03 48.8 52.85 22.5 24.2 18.51 21.6

Enterococcus duransAU 149 51.46 46.6 5.18 4.82 48.54 53.4 22.5 24.4 18.06 21.04

Enterococcus faeciumAU 336 52.15 47.3 5.18 4.89 47.85 52.7 22.5 24.1 18.15 20.79

Enterococcus faeciumAU 1123 53 47.8 5.2 4.92 47 52.2 22.4 24 17.8 20.86

Mean 53 47.8 5.2 4.92 47 52.2 22.4 24 17.8 20.86

S.D. 0.83 0.49 0.01 0.09 0.81 0.49 0.05 0.17 0.29 0.37

t 9.7 6.2 10.03 19.106 12.51

p 0.00003* 0.0004* 0.0002* 0.00006* 0.00007*

A: Zero time; B: After 5 d (32 ºC); t = student t-test; p = probability; S.D: Standard deviation; Mean: Mean value; #: Number.

The experiment were characterised by high significance between Zero time and after 5 d.



3.6.1. Ripening indexes

The increase in soluble nitrogen
(Tab. IV) during the ripening period indi-
cates that the slurries treated with the
Enterococcusstrains showed higher values
of water-soluble nitrogen (WSN) if com-
pared to the control. It was also of interest to
notice that E. faeciumAU1123 showed the
highest increase in water-soluble nitrogen
when compared to E. duransAU149, and
E. faecium AU336. The percentage in-
crease in water soluble nitrogen was 57.9,
43.3 and 67 higher than the control, in the
slurry treated with E. duransAU149, E.
faeciumAU336 and the slurry treated with E.
faeciumAU1123, respectively.

The results in Table IV illustrating the
liberation of free amino acids during the
ripening of the slurries indicate that the ad-
dition of freeze-shocked cells led to higher
values of free amino acids in the WSN if
compared to the control. Cheese slurry
made with E. faeciumAU1123 developed

higher free amino acids in the WSN than
both the E. duransAU149 and E. faecium
AU336 treated cheese slurries. In fact, the
values for free amino acids in the WSN ex-
tracts after 5 d were 0.054 g.L–1, 0.065 g.L–1,
0.06 g.L–1 and 0.072 g.L–1 leucine equiva-
lents for the control, E. durans AU149,
E. faeciumAU336 and E. faeciumAU1123
cells, respectively. This suggests that freeze-
shocked cells of E. faeciummay be added to
cheese to increase the release of free amino
acids during ripening, provided that the
small peptides from which the amino acids
are derived are not limiting.

Our results in that respect are compara-
ble with the work of previous authors for
other genera of lactic acid bacteria. Bartels
et al. [6] used whole cells of Lb. helveticus
CNRZ32 which were freeze-shocked at
–24 oC before being added to milk for
Gouda cheese manufacture in an attempt to
enhance flavour development. Substantial
increases in water-soluble peptides and
amino acids were observed in experimental
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Table IV. Formation of free aminogroups and soluble nitrogen content in Cheddar cheese slurries in-
oculated with different adjunct cultures.

Strain #

Cd-ninhydrin reactive amino
groups (g.L–1 leucine)

% soluble nitrogen

Zero time After 5 d
(32 oC)

Zero time After 5 d
(32 oC)

Lactococcus lactisssp. lactis
ES011 (Control)

0.043 0.054 3.800 5.900

Enterococcus duransAU 149 0.046 0.065 4.100 10.100

Enterococcus faeciumAU 336 0.045 0.060 4.000 9.200

Enterococcus faeciumAU 1123 0.046 0.072 5.000 10.600

Mean 0.046 0.072 5.000 10.6

S.D. 0.0014 0.0076 0.53 2.11

t 4.57 4.33

p 0.001* 0.002

t = student t-test; p = probability; S.D: Standard deviation; Mean: Mean value; #: Number .
The experiment were characterised by high significance between Zero time and after 5 d.



cheese compared to controls. Flavour
strength was greater and bitterness was re-
duced throughout the ripening period. El-
Shafei et al. [20] studied the effect of add-
ing freeze-shocked cells from Pediococcus
halophiluson the reduction of the curing
time of Ras cheese, where they noticed
higher values of soluble nitrogen in the ex-
perimental cheese compared to the control
cheese. Our work is also comparable to the
findings of Aly [2], Aly [3], El-Shafei [18],
El-Shafei [19], Ezzat and El-Shafei [26],
Johnson et al. [38] and Spangler et al. [62].
These authors reported that the incorpora-
tion of freeze-shocked cells of lactobacilli,
lactococci, Leuconostocand Bifidobacterium
increased the levels of proteolysis in the
cheese.

We would also like to point out that the
model system comprising cheese slurries
containing freeze-shocked cells gave prom-
ising results. Addition of freeze-shocked
cells to starter cheese curd gave a good indi-
cation of their contribution to proteolysis
during ripening. However, cheesemaking
using conventional procedures is still
needed to confirm these findings.

4. CONCLUSION

This study reveals that Enterococcus
strains had proteolysis and lipolysis activi-
ties. Also, the strains demonstrated
autolytic properties under cheesemaking
conditions. Addition of freeze-shocked ad-
junct enterococci to cheese curd made with
starter culture gave a clear indication of
their potential contribution to proteolysis
during cheese ripening. Ripening indices
(WSN and FAA) revealed that adjunct
enterococci increased the extent of protein
degradation in model cheese slurry.
Actually, addition of adjunct cultures with
high autolytic properties and high enzyme
activity such as E. faeciumstrain AU1123
led to higher concentration of FAA in
cheese slurries when compared to control

slurry. The presence of high peptidase and
esterase activity in extracts from slurries
made with adjunct strains of enterococci
with enhanced autolytic characteristics re-
flects the importance of cell lysis during
cheese ripening. From these findings and
previous work described by Arihara et al.
[5], Franz et al. [30], Giraffa [32] and Jett
et al. [37], it is possible to select adjunct
strains of E. faeciumfor the stability of their
enzymes as well as for their improved
autolytic properties in the cheese environ-
ment. It is also being accepted as a starter by
IDF [36]. Devriese and Pot [15] reported
that E. faeciumis among the predominant
microorganisms in raw milk, which has im-
portant implications for the dairy industry.
Giraffa [32] reported that strains of
enterococci isolated from dairy products do
not produce haemolysin, and it was sug-
gested that absence of haemolytic activity
should be a selection criterion for starter
strains for dairy use. On the other hand, Jett
et al. [37] explained that the pathogenic po-
tential of E. faecalisis considered to be
greater than that of E. faecium,because
more than 80% of enterococci associated
with human infections are E. faecalis.Even
though E. faecalisseems to have a greater
pathogenic potential than E. faecium,the
association of either of these species with
food may not be considered desirable. The
incidence of enterococci in human disease,
however, does not appear to correlate with
the incidence of these organisms in foods,
especially when their use as starter cultures
or as probiotics is taken into consideration.
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