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ABSTRACT

Nine species (sixteen isolates) of lactic acid bacteria (LAB) isolated from traditionally made Serbian cheese were evaluated for
their enzymatic activities in order to select indigenous strains of technical interest for the manufacture of cheese. These strains
were selected based on their previously determined biochemical and physiological characteristics, as well as their antimicrobial
activity, and were identified as Lactococcus lactis subsp. lactis (one isolate), Lc. lactis subsp. lactis biovar. diacetylactis (five
isolates), Lactobacillus fermentum (two isolates), Lb. plantarum (one isolate), Lb. brevis (one isolate), Enterococcus faecalis
(three isolates), E. faecium (one isolate), E. durans (one isolate) and E. hirae (one isolate). The enzymatic activities (acid and
alkaline invertases, alkaline phosphatase, alkaline protease, a-amylase) were measured by using the spectrophotometric method.
The results indicated that all Lactobacillus isolates showed protease, amylase, and alkaline phosphatase activities, while the
activities of acid and alkaline invertases were not observed. The Lactococcus isolates showed protease, acid invertase and
alkaline phosphatase activities, except the KGPMF50 isolate, which showed no alkaline phosphatase activity. The tested
Enterococcus isolates showed weakly and strain-specific enzymatic activity. The results indicated that the enzymes produced by
the investigated strains have a role in the formation of the specific flavor of cheese and that these isolates, especially Lactobacillus
isolates, showed the potential for use in the dairy industry or applied biotechnology.

Keywords: enzymatic activity, lactic acid bacteria, traditionally made cheese, biotechnology, dairy industry.

M3BO/J

[ln/b oBOT pajia 6MO je UCIUTHBAKE CIOCOGHOCTH NPOAYKIMje eH3UMa JieBeT 0JjlabpaHux BpcTa (16 usosara) 6aKkTepuja MaedHe
kucenrnHe (BMK) n3osoBaHMX U3 CPIICKOT CHpa NPOM3Be/IeHOT Ha TPAAULMOHA/IaH HAauMH, KaKo 61 ce yTBPAMJIO KOjU ayTOXTOHH
COjeBH MMajy TEXHOJIOLIKM YTHILAK y MpOIlecy MpOou3BOAme cupa. M3osatu cy omabpaHu Ha OCHOBY MpPETXOAHO yTBpheHux
61O0XeMHjCKUX Y GU3HOJIOUIKIX KapaKTepHCTHKA, Ka0 U aHTUMHUKPOOHe aKTHBHOCTH M HAEeHTHUUKOBaHM Cy Kao: Lactococcus
lactis subsp. lactis (jeman usonat), Lc. lactis subsp. lactis biovar. diacetylactis (net usonara), Lactobacillus fermentum (zBa
usoJnarta), Lb. plantarum (jemaH wusonat), Lb. brevis (jeman usonat), Enterococcus faecalis (Tpu usonara), E. faecium (jepan
usonar), E. durans (jenan usonart) u E. hirae (jenaH nsosat). EH3UMcKa aKTUBHOCT, Koja je o6yxBaTaja JAeTeKLHUjy Kuceje U
aJiKa/lHe MHBepTase, ajkajiHe ¢ocdarase, ajkajHe ImpoTeace U a-aMuJase, je ofpeheHa kopuiheweM crneKTpopoTOMeTpa.
PesyaTaTu ykasyjy Aa cy cBu usosaTu Lactobacillus moxasasyd aKTHBHOCT NpoTease, aMujase U ankajaHe QocdaTase, 40K
aKTUBHOCT KHCeJle U aJIKa/lHe MHBepTa3e Huje npuMeheHa. M3o0saTH JIaKTOKOKA Cy NOKasaJd aKTHBHOCT NpOTease, KUCeJle
HMHBepTa3e W ajkaiHe ¢ocdarase, ocuMm usosatra KGPMF50, koju Huje moKa3ao aKTUBHOCT ajkaiHe ¢ocdarase. McnuraHnu
M30J1aTH eHTEPOKOKa [0Ka3a/u Cy c1aby U H30saT cnelrPUYHy eH3UMaTCKy aKTUBHOCT. Pe3y/ITaTH yKa3yjy Aa MpoAyKOBaHU
€H3MMH{ MCIUTHBAHUX M30J/1aTa UMajy yJory y ¢opmupamy crnefudryHOr yKyca cMpa U Jja CBU M30J1aTH, MOCEGHO M30JIaTH U3
poga Lactobacillus, moka3yjy moTeHIMjas 3a IPUMEHY y MJIEYHOj UHYCTPHjH WIH Y IPUMEHEHO0] 6HOTEXHOJIOTHjH.

KreyuHe pevu: en3umcka akmueHocm, 6akmepuje M/e4He KuceauHe, mpaduyuoHaHa npoussedrsa cupa, 6UomexHo102ujd, MAeYHA
uHdycmpuja.

1. Introduction

Traditional cheeses, made from raw, unpasteurized
milk, without adding any bacterial starter cultures or
rennet of animal origin, are the source of
autochthonous lactic acid bacteria (non-starter LAB). In
these cheeses, bacterial enzymes can affect maturation,
color, texture, flavor, and nutritional value. They are
mainly used in the food industry to optimize the
process, improve efficiency, quality, shelf life, and, most
importantly, to achieve the desired organoleptic
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characteristics of the final product (Avendafio et al,
2016).

The LAB isolated from Sokobanja cheese showed
antimicrobial potential and great acidification ability in
previous studies (Muruzovi¢ et al. 2018a; 2018b). Liu
et al. (2013) indicated that LAB has the ability to
produce some useful enzymes. Wijesundera et al.
(1997) found that lactobacilli can enhance proteolysis
and improve flavor formation in cheese. The metabolic
and enzymatic potentials of non-starter LAB lie in their
dominance in total viable microorganisms in cheeses
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(Peterson et al., 1990) and their metabolic versatility
(Fox et al., 1998). So far, enzymatic activity has been
studied mainly for LAB isolated from wine (Mtshali
2007). But, Novik et al. (2007) and Patel et al. (2012)
indicated that some species of Lactobacillus,
Lactococcus, Pediococcus, and Bifidobacterium isolated
from fermented foods have the ability to produce
carbohydrate degrading enzymes. It is known that
fermented kinds of milk can be supplemented with
some probiotic strains. Fermented milk manufactured
in this way can be made more functional in human
nutrition (Patel et al.,, 2013). Furthermore, if LABs are
capable of synthesizing essential biomolecules
(vitamins, enzymes, or bacteriocins), they can affect the
functional and technological properties of the food
products.

This study aimed to evaluate the enzymatic activity
(acid and alkaline invertases, alkaline phosphatase,
alkaline protease, invertase) of sixteen LAB isolates
from traditionally made cheese from Southeastern
Serbia (Sokobanja area) to find their role in the specific
flavor of the cheese.

2. Materials and methods

Isolates used in the study

The tested strains of LAB were isolated from three-
day-old Sokobanja cheese (Muruzovi¢ et al, 2018a;
2018b; Grujovi¢ et al., 2019). The strains were isolated
during different sampling seasons (spring, summer,
and autumn) from different culture media and were
identified to the genus level by physiological and
biochemical tests. Then, sixteen strains were chosen,
based on their antimicrobial activity relative to five
indicator strains (Escherichia coli ATCC 25922, Proteus
mirabilis ATCC 12453, Klebsiella oxytoca KGPMF1,
Klebsiella ornithinolytica KGPMF8, and Aeromonas
hydrophila). The chosen strains of LAB were identified
as Lactococcus lactis subsp. lactis (one strain), Lc lactis
subsp. lactis biovar. diacetylactis (five strains),
Lactobacillus fermentum (two stains), Lb. plantarum
(one strain), Lb. brevis (one stain), Enterococcus faecalis
(three strains), E. faecium (one strain), E. durans (one
strain), and E. hirae (one strain), by using MALDI-TOF
mass spectrometry. The strains were frozen at -80°C in
MRS broth with 20% glycerol. They were subcultured
in the same medium at 37°C for 16-24 h before the
various assays were performed.

Screening of LAB for their proteolytic and
lipolytic activity

The proteolytic activity of LAB was examined
according to Harrigan and McCance (1976), with some
modifications. The substrate was formed by mixing
MRS agar medium and milk (1.6% fat) in a ratio of 1:1.
The inoculated media were incubated at 37°C/24 h.
The appearance of a clear zone around the colonies of
bacteria confirmed their proteolytic activity. Bacillus
subtilis ATCC 6633 and Escherichia coli ATCC 25922
were used as positive and negative control,
respectively.

The lipolytic activity of bacteria was examined
according to Harrigan and McCance (1976), with some
modifications. The substrate was formed by adding an
egg yolk (4%) into the MRS agar. The inoculated media
were incubated at 37°C/24 h. The appearance of an
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opalescent zone around the colonies of bacteria
confirmed their lipolytic activity. B. subtilis ATCC 6633
and E. coli ATCC 25922 were used as a positive and
negative control, respectively.

Preparation of fermentation liquids of LAB

Strains of isolates were grown in 10 ml of MRS
broth (1% inoculum) at 37°C for 24 h until they had
reached the stationary phase (Kenny et al. 2003). The
cultures were then centrifuged at 10000 rpm, for 30
min, at a temperature of 4°C. The fermentation liquid
supernatants were separated and frozen at -20°C until
use. The enzymatic activities were tested from these
samples.

Evaluation of enzymatic activities

Determination of acid and alkaline invertase
activities

Invertase activity was determined by the method
described in Sumner and Howell (1935) with some
modifications. The determination of alkaline invertase
activity in the fermentation liquid of the isolates
involved the preparation of a reaction mixture
containing 0.5 ml of crude enzyme extract, 0.5 ml of
0.02 M phosphate buffer (pH 8.0), and 1 ml of 1%
(w/v) of sucrose. The contents of the tube (sample)
were mixed and incubated in a water bath at 37°C for
15 min. In the second (control) tube, the same
ingredients were added as in the test tube, and that
tube was placed on ice until the incubation of the test
tube was completed. One ml aliquots of the contents of
both tubes were taken and 2 ml of the dinitrosalicyl
reagent was added. The test tubes were incubated at
100°C/5 min. The tubes were cooled at room
temperature and the amount of liberated reducing
sugars was spectrophotometrically determined at 540
nm (Miller, 1959). The enzymatic activity of acid
invertase was determined in the same way in a reaction
mixture containing 0.5 ml of crude enzyme extract, 0.5
ml 0.01 M sodium acetate buffer (pH 4.5), and 1 ml of
1% (w/v) sucrose. The invertase activity unit (IU) is
defined as the amount of enzyme which catalyzes the
production of 1 uM of glucose per minute at 37°C.

Determination of alkaline phosphatase activity

The enzymatic activity of alkaline phosphatase was
determined based on the amount of inorganic
phosphorus, using Allen’s method (Allen 1940) with
some modifications. The enzymatic activity was
measured in a reaction mixture containing 1 ml of
glycol buffer (pH 9.0) with Mg2?+, 1 ml of enzyme
extract, and 1 ml of B-glycerophosphate (substrate).
The tubes containing the reaction mixture were
incubated at 37°C/30 min. After the incubation, the
enzyme reaction was interrupted with the addition of 3
ml of 10% TCA. The tubes were placed on ice for 15
minutes, after which the contents of the tubes were
filtered, and the filtrate was collected. Control tubes
were prepared in the same way, but without
incubation, TCA was immediately added, and the tubes
were held on ice for 15 min and filtered. To determine
the concentration of phosphorus in the sample, Allen’s
reaction was performed. One ml aliquots of both the
test and control filtrates were poured into two tubes,
and 0.4 ml of amide, 0.4 ml of 60% PCA, 0.2 ml of NH4-
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molybdate, and 3 ml of distilled water were added to
each tube. The tubes were incubated at room
temperature, for 11 min. The absorbance of prepared
solutions was measured at 720 nm.

Determination of alkaline protease activity

The proteolytic activity of the fermentation liquid
was determined based on the presence of enzymes in 1
ml of the liquid medium by Anson’s method (Anson
1938) with some modifications, based on the amount of
tyrosine liberated by the hydrolysis of casein under the
action of proteolytic enzymes. The proteolytic activity
of the fermentation liquid was determined as follows: 1
ml of the fermentation fluid was added to one tube, and
5 ml of 2% (w/v) solution of casein was added to
another tube. Both tubes were heated in a water bath at
37°C/15 min. Thereafter, 2 ml of heated casein in the
test tube was mixed with the fermentation liquid (test)
and returned to incubate for another 10 min. The
enzyme reaction was stopped by the addition of 5 ml of
cold 5% (w/v) trichloroacetic acid (TCA). The mixture
was blended and then passed through filter paper. In
another control tube, 1 ml of the fermentation fluid was
pipetted and 2 ml of cold casein and 5 ml of 5% (w/v)
TCA were immediately added. The mixture was
blended and then passed through filter paper. Two ml
of the filtrate was taken from the test and control tubes,
and separated, following which 5 ml of 6% (w/v)
NazCOs and 1 ml of Folin-Ciocalteu reagent were added
to each filtrate. The mixture from the tubes was
blended and left at room temperature /30 min until the
blue color had developed. In a separate tube (blank), 1
ml of distilled water was placed instead of tyrosine and
all other ingredients were added. The absorbance value
was read on the spectrophotometer at 660 nm.

Determination of a-amylase activity

The Bernfeld method (Bernfeld 1955), with some
modifications, was used to determine a-amylase
activity. The activity of a-amylase in the fermentation
liquid was determined by the preparation of a reaction
mixture containing 0.5 ml of crude enzyme extract, 1.5
ml of buffer (pH 6.9) (20 mM sodium phosphate, and
6.7 mM NaCl) and 1 ml of 1% (w/v) starch. The
contents of the tube (sample) were mixed and
incubated in a water bath at 37°C/15 min. In the
control tube, the same ingredients were added as in
the test tube, and the tube was placed on ice until the
incubation of the test tube was completed. One ml
aliquots of the contents of both tubes were taken and 1
ml of dinitrosalicyl reagent (5.3 M K-Na-tartrate and 96
mM of 3,5-dinitrosalicylic acid) was added. The test
tubes were incubated at 100°C/15 min. The tubes were
cooled to room temperature and then the absorbance
was spectrophotometrically read at 540 nm.

Statistical analysis

All data for measuring the amount of enzymes
were presented as means * standard deviations using
Microsoft Excel (Redmond, Washington, DC, USA).
Statistics 20. ANOVA analysis (SPSS Inc., Chicago, IL,
USA) was carried out to determine statistical
differences (p < 0.05) between the different bacterial
strains of the same genus with respect to the values of
acidification and enzyme activity. The strains were
tested three times for each enzymatic activity.
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3. Results and discussion

Screening for proteolytic and lipolytic activity

As revealed by the results of screening for
proteolytic and lipolytic activity, isolates from the
genera Lactobacillus, Lactococcus and Enterococcus did
not exhibit lipolytic activity, but they showed
proteolytic activity. Exceptions were isolates from the
genus Enterococcus, because they did not show
sufficiently clear results related to proteolytic activity
when compared with the positive (B. subtilis
ATCC6633) and negative (E. coli ATCC 25922) controls.
Therefore, in the next part of the experiments, lipolytic
activity was not investigated.

The enzymatic activities of isolated lactic acid
bacteria

The enzymatic activities of four isolates of the
genus Lactobacillus were investigated and the results
are presented in Table 1. All isolates showed protease,
amylase, and alkaline phosphatase activities, while the
activities of acid and alkaline invertases were not
observed. The activity of protease was significant,
compared with the other tested enzymes (p < 0.05).
Isolate Lb. fermentum KGPMF28 showed the best
enzymatic activity among all lactobacilli.

The enzymatic activities of six isolates of the genus
Lactococcus were investigated and the results are
presented in Table 1. All isolates showed protease, acid
invertase, and alkaline phosphatase activities, except
KGPMF50, which showed no alkaline phosphatase
activity. The activities of alkaline invertase and amylase
were not observed. The activity of protease was
significant, compared with the other tested enzymes (p
< 0.05). The enzymatic activity among all lactococci was
strain specific.

The enzymatic activities of six isolates of the genus
Enterococcus were investigated. The results are
presented in Table 1. The activities of protease, acid
invertase, and alkaline invertase were not observed,
while the activity of amylase was not observed for E.
hirae KGPMF9. The activity of alkaline phosphatase was
not observed for KGPMF47 and KGPMF48 isolates. This
result suggests that the tested isolates of enterococci
showed no proteolytic activity. The results indicated
that the isolates showed weak and strain-specific
enzymatic activities.

In this paper, the enzymatic activities of LAB
isolated from Sokobanja cheese (Southeastern Serbia)
were evaluated. Also, the role of produced enzymes in
the specific cheese flavor was assessed. As classified by
Muruzovi¢ et al. (2018a), this cheese belongs to a group
of full-fat, acid-curd soft cheeses. The detection of the
enzymatic activities of the isolates was crucial since the
bacteria in a different natural environment
demonstrated the potential for becoming good
producers of extracellular enzymes. So far, it has been
demonstrated that enzymes play a very important role
in food quality (Avendafio et al, 2016). Microbial
enzymes have been used in various fields, such as
chemical, agricultural, and biopharmaceutical
industries.
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Table 1.
Enzymatic activities of LAB isolates
Acid Alkaline Alkaline
Protease . . Amylase
Isolates (1U/mI) invertase invertase (IU/ml) phosphatase
(IU/ml) (IU/ml) (IU/ml)
Lb. fermentum KGPMF28 5.8+0.00 0+0.00 0+0.00 0.564 £ 0.00 0.006 * 0.00
Lb. fermentum KGPMF29 2.1+0.00 0+0.00 0+0.00 0.257 £ 0.00 0.005 # 0.00
Lb. brevis KGPMF35 1.4+ 0.00 0+0.00 0+0.00 0.135 £ 0.00 0.003 £ 0.00
Lb. plantarum KGPMF62 2.3+0.00 0+0.00 0+0.00 0.301 £ 0.00 0.002 £ 0.00
Lc. lactis subsp. lactis KGPMG23 | 0.7 £ 0.00 0.03 +0.00 0+0.00 0+0.00 0.004 + 0.00
Lc. lactis subsp. lactis biovar.
diacetylactis KGPMG50 3.9+0.00 0.035+0.00 0+0.00 0+0.00 0+0.00
Lc. lactis subsp. lactis biovar.
diacetylactis KGPMG54 5.3+0.00 0.03 £ 0.00 0+0.00 0+0.00 0.002 £ 0.00
Lc. lactis subsp. lactis biovar.
diacetylactis KGPMGSS5 4.6 £0.00 0.017 £ 0.00 0+0.00 0+0.00 0.006 £ 0.00
Lc. lactis subsp. lactis biovar.
diacetylactis KGPMG57 52+0.00 0.04 +0.00 0+0.00 0+0.00 0.010 £ 0.01
Lc. lactis subsp. lactis biovar.
diacetylactis KGPMGS59 4.2 +£0.00 0.09 £ 0.00 0+0.00 0+0.00 0.002 £ 0.00
E. hirae KGPMF9 0+0.00 0+0.00 0+0.00 0+0.00 0.014 £ 0.01
E. durans KGPMF10 0+0.00 0+0.00 0+0.00 0.216 + 0.00 0.006 * 0.00
E. faecium KGPMF14 0+0.00 0+0.00 0+0.00 0.186 + 0.00 0.007 £ 0.01
E. faecalis KGPMF47 0+0.00 0+0.00 0+0.00 0.208 + 0.00 0+0.00
E. faecalis KGPMF48 0+0.00 0+0.00 0+0.00 0.230 £ 0.00 0+0.00
E. faecalis KGPMF49 0+0.00 0+0.00 0+0.00 0.243 £ 0.00 0.005 * 0.00

The values are presented as mean * standard deviation

In the case of cheese ripening, the formation of
flavors is a slow process that involves various chemical
and biochemical conversions of milk components.
There are three main pathways in the conversion of
milk components: the conversions of lactose
(glycolysis), fat (lipolysis), and caseins (proteolysis).
The starter cultures used in these fermentations (Lc.
lactis, Lactobacillus sp., Streptococcus thermophilus) are
the main source of the enzymes involved in these
pathways (Bockelmann and Hoppe Seyler 2001).
Lactobacilli, originating from the milk environment,
might grow in the dairy products and participate in
enzyme activities which lead to the formation of flavors
and can play a crucial role in the ripening of cheese
(Smit et al. 2005). Muruzovi¢ et al. (2018a; 2018b)
investigated acidification ability in pure milk and milk
enriched with 2% glucose and 1% yeast extract and
showed that LAB isolates from Sokobanja cheese had
good acidification ability. The best activity was shown
by lactobacilli. In this paper, lactobacilli had
significantly better enzymatic activity than the other
two tested genera.

LAB contributes relatively little to lipolysis
(Molimard and Spinnler, 1996; Medina et al., 2001),
which was confirmed in this study because the LAB
demonstrated no lipolytic activity.

Lb. plantarum isolated from Genestoso cheese
showed strong caseinolytic activity (Gonzdlez et al,
2007). In this paper, proteolytic activity significantly
differed between the genera of LAB and between the
strains of the same genus. Lactobacilli and lactococci
showed proteolytic activity, while enterococci showed
no proteolytic activity. These findings confirmed
previous screening results. Several strains of the genus
Lactococcus showed greater proteolytic activity than
some lactobacilli. These results are consistent with
studies reported by Herreros et al. (2003) and Gonzalez
et al. (2010). The results in our study indicated no

168

significant difference in protease activity between
lactobacilli and lactococci isolates.

Amylolytic LAB influenced food processing
industries, especially in the production of food
additives such as organic acids (lactic acid) and
enzymes (a-amylase) (Panda and Ray 2018). LABs with
amylase activity are much sought after because they
can reduce the cost of substrate pretreatment (Shibata
et al. 2007). Shin et al. (2008) indicated that LAB from
the genus Enterococcus showed high amylase activity,
which was confirmed in our study.

Todorov et al. (2017) investigated the activity of
alkaline phosphatase among lactobacilli isolated from
Bulgarian lukanka (the meat product) and showed that
activities were not exhibited by most of the tested
strains. The best activity was shown for Lb. brevis
strains. Also, Medina et al. (2001) showed that
lactococci isolated from milk and cheeses from
Argentina had a good activity of alkaline phosphatase.
Our study indicated that lactobacilli had a good activity
of alkaline phosphatase, while the activity among
lactococci and enterococci was strain specific.

It is well-known that LABs have the ability to
produce some extra-cellular proteins, which include
bacteriocins, enzymes, lipoproteins, and surface layer
proteins (Kleerebezem et al., 2010), which is essential
for their survival in different ecological niches (Zhou et
al, 2010). Research by Muruzovi¢ et al. (2018c)
indicated that LAB isolates from Sokobanja cheese
possess the ability to survive environmental stress
conditions. Based on the research results on their
enzymatic activities, LAB isolates have the potential for
use in biotechnology.

4. Conclusion

Since the tested cheese was made without adding
bacterial starter cultures, it could be concluded that
enzymes of the LAB had a role in the degradation of
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caseins, which led to flavor formation in cheese. It was
established that the tested isolates showed no lipolytic
activity. The activity of the other tested enzymes was
strain specific. This study demonstrated that Sokobanja
cheese is a potential resource for the isolation of LAB
enzyme producers, which can be used as starter
cultures. The results of this study contribute to a better
knowledge of possibilities for further investigation of
LAB, which is important for the detection of potential
new starter cultures in the dairy industry or their
application in biotechnology.
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