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Abstract

This study evaluated the technological properties of 10 lactic acid bacteria strains belonging to the speices of
Enterococcus faecalis, E. faecium, Lactobacillus brevis, and Lb. plantarum previsiouly isolated from raw camel milk
and relevant for dairy fermentations. Enterococcal strains were found to be slow acid producers, although E. faecalis
exhibited better acidifying activity after 24h of incubation. E. faecalis showed significantly higher proteolytic activity
than E. faecium, increasing between 6 and 24h. Growth kinetics revealed an initial lag phase followed by robust
growth for most strains, with potential limitation for E. faecium due to its low proteolysis. Autolytic activity
demonstrated interstrain variability, with some E. faecium strains being as autolytic as Lb. plantarum. Diacetyl
production was confirmed in Enterococcus and Lb. plantarum, but absent in Lb. brevis. Finally, peptidase activities,
essential for protein degradation and bitterness reduction, were highlighted, with lactobacilli being recognized for their
diverse enzymatic repertoire. These findings contribute to a better understanding of the technological potential of these
strains for specific applications in the dairy industry, by identifying their strengths and limitations.

Keywords: Lactic acid bacteria, raw camel milk, growth, acidifying activity, proteolytic activity, aminopeptidase
activity, autolytic activity, diacetyl production.

INTRODUCTION

Camel milk is increasingly recognized for its economic value and unique nutritional properties, making it
a staple food and a valuable resource in various regions worldwide (Zhao, 2020 ; Belkheir, 2025). Beyond
its intrinsic qualities, camel milk is also considered an important natural reservoir for isolating new strains
of lactic acid bacteria (LAB) with significant industrial and probiotic interest (Sharma, 2020 ; Mokhtari,
2025).

Fresh camel milk is characterized by a high bacterial diversity, including a wide range of lactic acid bacteria
(Baubekova, 2015 ; Davati, 2015). Recent studies have identified numerous LAB species in camel milk,
such as Lactobacillus paracasei, Enterococcus italicus, Enterococcus durans, Lactococcus lactis ssp. lactis,
Weissella confusa, and Enterococcus faecium (Zhao, 2020). Other research has also highlighted the
presence of genera like Lactobacillus, Lactococcus, Enterococcus, Leuconostoc, Pediococcus, and
Streptococcus in camel milk from different geographical origins, including Algeria, Kazakhstan, Ethiopia,
and Iran (Belkheir, 2025 ; Baubekova, 2015 ; Davati, 2015 ; Fguiri, 2016). This microbial richness
underscores the potential of camel milk as a source of microorganisms with interesting technological and
probiotic properties (Belkheir, 2025).

The genera Lactobacillus and Enterococcus are particularly important in the dairy fermentation industry
due to their crucial roles in the development of flavors, textures, and the preservation of fermented
products (Belkheir, 2025 ; Hawaz, 2016). The selection of these bacteria for use as starter cultures or
probiotics relies on a thorough evaluation of their specific technological properties (Kishilova, 2025 ; Zeid,
2025).

Among these properties, acidifying activity is paramount. It reflects the ability of strains to produce lactic
acid, which lowers the pH of the medium and contributes to milk coagulation, product preservation, and
aroma development (Hawaz, 2016). The speed and intensity of acidification can vary considerably between
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strains, directly influencing the duration of the fermentation process and the final characteristics of the
product (Tlais, 2023 ; Atuna, 2025).

Proteolytic activity is another essential criterion. LAB degrade milk proteins into peptides and free amino
acids, which influences the texture, rheology, and aromatic profile of fermented dairy products (Harper,
2022 ; Santiago-Lopez, 2018). This activity is crucial for the release of aroma precursors and for cheese
ripening. It has been observed that lactobacilli, in particular, often exhibit higher levels of proteolytic
activity than other isolates (Du, 2024). Aminopeptidase activity, closely linked to proteolysis, plays a
specific role in the release of individual amino acids from small peptides, thereby significantly contributing
to flavor development and the reduction of bitterness in fermented products (Zhang, 2025).

Autolytic activity is also an important technological property. Autolysis of bacterial cells releases
intracellular enzymes, including proteases and peptidases, into the medium, which can accelerate the
ripening of fermented products and contribute to the formation of complex aromas (Wilkinson, 2020).
Finally, diacetyl production is an important selection criterion for starter cultures, as this compound is
responsible for the characteristic buttery note of many fermented dairy products (Hernandez-Valdes,
2020). Although diacetyl production is not always explicitly detailed in all abstracts, the evaluation of
acidifying and proteolytic activities is crucial for the development of aromas and texture in fermented
products, and the ability to produce aromatic compounds like diacetyl is often sought after in selected
strains (Hawaz, 2016). For instance, LAB strains isolated from Algerian dromedary milk have shown
promising technological properties, making them good candidates for camel milk processing or other dairy
fermentation processes (Latreche, 2025).

The purpose of the present work was to determine some technologically important traits in a series of
enterococci and lactobacilli, such as biomass production, acidification ability, proteolytic and
aminopeptidase activities, autolytic activity and production of diacetyl, which are relevant to their
technological performance in fermented dairy foods. The evaluation of these properties in respect of origin
and species would allow an initial selection of native strains from camel raw milk to be used as starters in
food fermentations.

2. MATERIAL AND METHODS

2.1. Material and chemicals

The Iactic acid bacteria strains used in this study were obtained from the Laboratory of Environment and
Sustainable Development Research (University of Relizane - Algeria). These strains were originally isolated
from raw camel milk collected in Algeria and identified by PCR amplification using E. faecalis, E.faecium,
Lb. plantarum and Lb. brevis primers and 16S rDNA sequencing (Vincent, Roy, Mondou, & Dery, 1998).
A search for homology of the DNA sequence was performed using the BLAST algorithm available at the
National Center for Biotechnology Information (NCBI, USA). The cultures were maintained (kept frozen)
at - 80 °C in MRS broth (Merck, Darmstadt, Germany) supplemented with 20 % (v/v) glycerol, and were
revitalized in the same medium by overnight growth at 30°C. Phenolphthalein, ethylenediaminetetraacetic
acid (EDTA), Folin & Ciocalteu’s phenol regent, leucine-para-nitroanilide (leucine-pNa) and a-naphtol
were from Sigma-Aldrich Co. (St. Louis, MO).

2.2. Technological characteristics of strains

2.2.1. Measurement of growth

To quantify bacterial growth, the optical density (OD) at 480 nm was measured at two time points (6h

and 24h). Samples of incubated skim milk (Régilait UCA, St-Martin, Belle-Roche, France) were first

diluted with an EDTA solution (0.2%, pH 12) to minimize matrix interference and ensure reliable optical

measurements (Thomas et Turner, 1997).

2.2.2. Acidifying activity

The acid producing ability of each strain was tested by inoculating (1%, v/v) 18h culture into 10% skim

milk and incubating at 30 °C. The pH was measured at 6h and 24h using the electrode of the pH-meter

(inoLab, D-82362 Weilheim Germany). The acidification rate was calculated as ApH (ApH = pH at time

— pH zero time) (Bradley et al., 1992).

Acidity produced by the strains during growth in reconstituted skim milk was also determined by the

method of titration. Five (5) drops of 1% phenolphthalein in 95% ethanol were added to 10 mL of

incubated milk (sampled at 6 and 24h), , and the mixture was titrated with NaOH (N/9) until a stable
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pale pink color developed. The volume of NaOH required was then recorded (Accolas et al., 1971). The
results are expressed in Dornic degrees (°D) according to the following formula : Acidity (°D) = n x 10,
where n is the volume of sodium hydroxide solution used to titrate 10 mL of milk.

2.2.3. Proteolytic activity

The proteolytic activity of the strains grown in milk was measured by a method of Folin and Ciocalteu
(1927) after 6h and 24h of incubation at 30°C. Proteolytic activity of the cultures was assessed by
measuring the release of tyrosine and tryptophan from the milk substrate. These amino acids react with
the Folin-Ciocalteu reagent, producing a blue color which was measured at 750 nm. The results were
calculated from a calibration curve of tyrosine and were expressed as pg tyrosine mL-1.

The proteolytic activity of whole cells was also assayed by streaking the cultures on skim milk agar (4%
skim milk, 1.5 % agar) plates according to the method of Fransen et al. (1997). The plates were incubated
at 30°C for 48h and then at 4°C for three days prior the detection of proteolytic activity. A positive result
was indicated by a clear halo around the bacterial colonie.

2.2.4. Aminopeptidasic activity of intact cells

Aminopeptidase (AP) activity was assayed using leucine-para-nitroanilide (leucine-pNa) as a substrate
according to El Soda et Desmazeaud (1982) as modified by Thivierge (1999). The quantity of p-nitroanilide
released was evaluated at 410nm during 6h and 24h using a Jasco V-530 UV/VIS Spectrophotometer.
The reaction was initiated by combining 400 pL of phosphate buffer potassium (0.1M, pH 7), 100 uL of
cell suspension and 50 pL of LeupNa. Then, the reaction mixture was incubated at 30°C.
The reaction is stopped by addition of an acetic acid solution prepared at 10%. After centrifugation at
16000xg for 10 min at 4 °C, the supernatants were recovered for readings by using a Jasco V-530 UV/VIS
Spectrophotometer at 410 nm. One unit of aminopeptidase activity (U) was defined as the amount of
enzyme required to release 1 pM/min p-nitroaniline under the assay conditions.

2.2.5. Autolytic activity

Autolytic activity was measured according to the method described by Lansgrud et al (1987). Cells from
exponentially growing cultures (Optical Density, OD640nm = 1) in MRS broth were harvested by
centrifugation at 16000xg (Sigma GmbH, Model 6K15, Gottingen, Germany) for 10 min at 4°C. The
biomass pellets were washed twice and resuspended in 0.1M potassium phosphate buffer (pH 5.8)
containing 4% NaCl. Lysis was monitored during 24h at 30°C by recording the decrease in OD640nm.
Percentage of lysis was determined as (AO - At) x 100/A0 where AO = initial absorbance, and At =
absorbance measured after t days of incubation as described by Boutrou et al (1998).

2.2.6. Diacetyl production

Diacetyl production was determined by mixing 1 mL of the strain culture (1% inoculated in skim milk
and incubated for 24h at 30°C) with 0.5 mL of a-naphtol (1%) and KOH (16%). After incubation at 30°C
for 10 min, diacetyl producer strains showed a red ring at the top of the tubes (King, 1948).

2.3. Statistical analysis

Mean separation and significance were analysed using the IBM SPSS® software (SPSS Statistical Software,
Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) and the Tukey post-test were carried out
to determine statistical differences (P < 0.05 was considered significant).

3. RESULTS AND DISCUSSION

Lactic acid production

Acidification is a fundamental parameter in dairy fermentation processes. In cheese manufacturing, it
plays a dual essential role; it contributes to the development of organoleptic properties (taste, texture,
aroma), and it ensures microbiological control by inhibiting the growth of pathogenic or spoilage flora. A
good mesophilic fast acid producing starter culture will reduce the pH of the milk from its initial value of
6.6 to 5.3 in 6 h at 30 °C (Cogan et al., 1997). The acidifying activity of the strains was determined by
measuring pH changes (ApH) after 6h and 24h of incubation in reconstituted skim milk. All strains are
slow acid producers since their growth in reconstituted skim milk in 6h of incubation at 30°C (Figure 2).
After 24h of growth, E. faecalis CHM16, E. faecalis 18, E. faecalis 19 and E. faecalis 20 strains had shown
the higher acidifying activity (1.99, 1.98, 1.96, 1.81) followed by Latobacillus brevis CHTD27 and
Lactobacillus plantarum BH14 (1.74, 1.33) which it can be concluded that these strains would be of little
benefit as starter cultures. Similar observations were made by Aspri et al. (2017) and Elzeini et al. (2021)
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who also reported that enterococcal strains examined in their study were slow and weak acid producers.
Morever, in a study which assessed the technological properties of enterococcal strains isolated from
artisanal Jben cheese, the most acidifying strains belonged to the E. faecalis strains which is in agreement
with our study (Azzou et al., 2025). However, Tuncer (2009) reported that E. faecium strains had higher
acidifying ability than E. faecalis when he examined enterococci from Turkish Tulum cheese for their
technological properties, whereas authors in other studies did not find differences in acidifying activity
between E. faecalis and E. faecium strains after 24 hours (Jaouani et al. 2015) and Aspri et al. 2017).
Therefore, while authors of the aforementioned studies agree that enterococcal strains are poor acidifiers,
it is not completely clear whether acid production by enterococci is species specific, which requires other
studies to establish to which species the most acidifying strains belong (Graham et al. 2020).

Proteolytic activity

The proteolytic activity of dairy lactic acid bacteria is essential for bacterial growth in milk and it is involved
in the development of organoleptic properties of fermented milk products (Ayad et al., 2004 ; Flambard
et al., 1998). Our tested strains were characterized by different caseinolytic breakdown ability (Figure 3).
This figure lets see a very weak proteolytic activity for strains after 6h of growth at 30°C. After 24h of
growth, this activity increases for CHM 16 (169 pg tyrosine/mL) CHM18 (235 pg tyrosine/mL) CHM19
(275 pg tyrosine/mL) and CHM20 (212 pg tyrosine/mL). These same strains exhibited high proteolytic
activity in MRS agar plates (Figure 4 and 5).

Our results showed that E. faecalis exhibits higher proteolytic activity than E. faecium which confirm a
general trend observed in numerous studies. For example, Tuncer (2009) reported in his study that E.
faecalis strains were generally more active than E. faecium and E. durans strains, with the highest
proteolytic activity value (100.5 ug tyrosine/mL) coming from E. faecalis. Macovei (2009) reported that
genes such as gelE (gelatinase) and sprE (serine protease), regulated by the fsrABDC operon, are associated
with strong protease phenotypes in E. faecalis. Another study even indicated that, among the tested strains,
53% of Enterococcus faecalis exhibited proteolytic activity, whereas no Enterococcus faecium strains
demonstrated such activity (Gagnon, 2020). Although some strains of E. faecium may show proteolytic
activity, it is often less pronounced or absent compared to E. faecalis (Leuschner, 1999 ; Rampanti, 2024).
This difference is significant because proteolysis by enterococci plays an important role in the maturation
of fermented products, contributing to the development of flavours and texture (Suzzi, 2000).
Furthermeore, the increase in proteolytic activity observed between 6 and 24 hours of growth for our E.
faecalis strains is a frequently documented phenomenon. This kinetics suggests regulation of the
expression or activity of proteolytic enzymes depending on the phase of bacterial growth as was reported
by Worsztynowicz (2019) and Baran (2022). The growth-proteolysis relationship observed in this study
could be attributed to the initial utilization of naturally occurring amino acids and peptides in milk to
initiate bacterial metabolism. Subsequently, the degradation of milk proteins, specifically caseins and
soluble proteins becomes crucial for sustained bacterial growth.

Growth kinetic

The results showed initial growth for all strains of Enterococcus faecium, Enterococcus faecalsis,
Lactobacillus brevis and Lactobacillus plantarum after 6 hours of incubation, with optical densities (OD)
ranging from 0.13 to 0.61. However, after 24 hours of incubation, cultures of Enterococcus faecalis,
Lactobacillus brevis and Lactobacillus plantarum reached high optical densities, ranging from 2.11 to 4.5.
The low bacterial growth observed after 6 hours of incubation (OD from 0.13 to 0.61) for all strains
suggests that these bacteria may be in a latent phase or at the beginning of an exponential phase under
the experimental conditions used. The lag phase is a period of adaptation during which microorganisms
adjust to their new environment before beginning rapid cell division (Zuleta, 2023). The duration of this
phase can vary considerably depending on the bacterial strain, the composition of the culture medium,
the temperature and other environmental factors (Pereira, 2023).

The significant increase in optical densities after 24 hours (OD from 2.11 to 4.5) for Enterococcus faecalis,
Lactobacillus brevis and Lactobacillus plantarum indicates that these strains have reached a robust
exponential growth phase, or even the stationary phase, where the bacterial population is at its maximum.
This observation is consistent with the behaviour of many lactic acid bacteria and enterococci, which are
known for their ability to proliferate rapidly under favourable culture conditions (Bonger, 2023; Zuleta,

2023).
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It is interesting to note that the results for E. faecium are not explicitly mentioned for the 24-hour period
with high DO levels. The low capacity of E. faecium to break down milk proteins means that it has limited
access to the peptides and amino acids necessary for its proliferation. In an environment rich in proteins
such as milk, but poor in free amino acids, insufficient proteolytic activity can become a factor limiting
growth compared to Enterococcus faecalis which possess strong proteolytic activity. Although some strains
of E. faecium may be associated with technological and probiotic properties, their growth performance in
milk may be affected by this enzymatic limitation (Sakoui, 2024; Darwish, 2022).

Autolytic activity

Our data revealed significant variability in autolytic activity among the strains tested, even within the same
species. For example, the autolytic activity of Enterococcus faecium varies from 26% (CHM11) to 40%
(CHM12), and that of Enterococcus faecalis from 17% (CHM18) to 30% (CHM20). For lactobacilli,
Lactobacillus brevis shows 27% and Lactobacillus plantarum 39%. This variability is a well-documented
feature of autolysis in LAB, which is often strain-specific (Cruciata, 2014; Dalca, 2018).

In comparision with to more recent studies, Dalca (2018) identified LAB isolates with high autolytic
activity, ranging from 349% to 54% (Dalca, 2018). Our values, in particular 40% for E. faecium CHM12
and 39% for L. plantarum, fall within this range of reported high activity. Other strains, such as E. faecalis
CHM18 with 17%, show more moderate activity, which is also expected given the diversity of autolytic
profiles (Cruciata, 2014).

It has generally been observed that lactobacilli can exhibit higher proteolytic and autolytic activity than
other isolates, including enterococci (Hassaine, 2007; Hassaine, 2008). Although Lactobacillus plantarum
(39%) is among the most autolytic strains, Enterococcus faecium CHMI12 (40%) exhibits activity
comparable to, or even slightly higher than, that of L. plantarum. This highlights the importance of
evaluating strains individually, as some Enterococcus strains can be as autolytic as lactobacilli.
Incubation conditions (0.1M phosphate buffer, pH 5.8 and 4% NaCl) are environmental factors known
to influence autolytic activity. The literature indicates that autolysis may increase with temperature and
pH, but decrease at high NaCl concentrations (Dalca, 2018). However, some strains, such as E. faecium
and L. plantarum, have shown high autolysis even when exposed to low pH and high NaCl concentrations
(Dalca, 2018). For example, optimal conditions for autolysis of Lactobacillus casei have been reported at
pH 5.2 and with 2-4% NaCl (Dako, 1995). Your conditions (pH 5.8 and 4% NaCl) are relatively close to
these conditions, which could explain the levels of autolysis observed for some of our strains. The presence
of 4% NaCl is considered a high concentration, and the fact that some of your strains maintain significant
autolytic activity under these conditions is relevant.

Diacetyl production

Diacetyl is an important flavour compound, particularly in dairy products, where it contributes to buttery
notes (Azari, 2025). Its production by lactic acid bacteria is a desirable technological trait in many
fermentations.

The results obtained for Enterococcus faecalis and Enterococcus faecium strains are consistent with the
scientific literature. Recent studies have identified Enterococcus species as primary producers of diacetyl
among lactic acid bacteria (Azzouz, 2025). For example, isolates of Enterococcus faecalis and Enterococcus
faecium from animal rennet have been reported to produce diacetyl (Cruciata, 2014). Another study also
confirmed the production of diacetyl by Enterococcus strains isolated from cheese (Azzouz, 2025).

With regard to Lactobacillus plantarum BH14, the results are also consistent with recent studies. The
genus Lactiplantibacillus, which includes L. plantarum, has been identified as a major producer of diacetyl
(Azzouz, 2025). Although, Azari (2025) and Azzouz (2025) noted that L. plantarum produced acetaldehyde
and that another Lactobacillus strain (L. delbrueckii subsp. lactis) showed the highest diacetyl production,
the general identification of Lactiplantibacillus as the main producer of diacetyl supports your
observations (Azari, 2025; Azzouz, 2025).

However, the non-production of diacetyl by Lactobacillus brevis CHTD27 is a specific observation.
Although Lactobacillus brevis is a lactic acid bacterium commonly isolated from various fermented
products, including dairy products (Yu, 2011 ; Hoorde, 2008 ; Pulido, 2005 ; Castro, 2016 ; Tzora, 2021),
the sources consulted do not provide direct information on whether or not it is capable of producing
diacetyl. Variability in diacetyl production may exist at the strain level, meaning that some strains of the
same species may produce diacetyl while others may not.
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Peptidase activity

The peptidase activities of lactic acid bacteria play a crucial role in the breakdown of proteins into peptides
and amino acids, which are essential for bacterial growth and contribute to the development of flavours
in fermented foods (Liu, 2010 ; Khalid, 1990). Aminopeptidase activity also plays a crucial role in the
hydrolysis of bitter peptides, thereby reducing bitterness in cheeses. Studies have shown that lactobacilli
possess a more diverse and comprehensive set of peptidases than other lactic acid bacteria, including
lactococci, streptococci and leuconostocs (Liu, 2006). The increase in peptidase activity in Canestrato
Pugliese cheese has been correlated with the highest levels of lactobacilli during maturation (Cagno, 2004).
Although enterococci also exhibit proteolytic activity, as observed in Enterococcus faecalis (Dagdemir,
2008), lactobacilli are often highlighted for their significant contribution to peptidase activities,
particularly in contexts such as cheese maturation (Khalid, 1990; Cagno, 2004).

4. CONCLUSION

This study characterized the technological properties of various bacterial strains, including Enterococcus
faecalis, Enterococcus faecium, Lactobacillus brevis, and Lactobacillus plantarum, relevant to dairy
fermentation processes. Regarding lactic acid production, all strains were found to be slow producers, with
E. faecalis showing superior acidifying activity after 24 hours of incubation, although enterococci are
generally considered weak acidifiers. The inter-species and inter-strain variability in acidification highlights
the complexity of this trait.

Proteolytic activity revealed a clear distinction, with E. faecalis exhibiting significantly higher activity than
E. faecium, a phenomenon that intensified with incubation time. This protein degradation capacity is
crucial for bacterial growth and flavor development. Growth kinetics showed an initial lag phase followed
by robust exponential growth for E. faecalis, L. brevis, and L. plantarum after 24 hours, while the growth
of E. faecium might be limited by its lower proteolytic activity in milk medium.

Autolysis demonstrated considerable variability among strains, even within the same species, with some
E. faecium strains displaying activity comparable to, or even higher than, that of L. plantarum. Incubation
conditions, particularly pH and NaCl concentration, also influence this activity. Concerning diacetyl
production, a key aroma compound, Enterococcus species and L. plantarum were identified as primary
producers, although L. brevis CHTD27 did not show this capability, illustrating strain specificity. Finally,
peptidase activity, essential for bacterial growth and flavor formation, is generally more diverse in
lactobacilli, although E. faecalis also contributes to this function.

These results confirm the diversity of technological properties within the studied strains and underscore
the importance of in-depth characterization for the selection of starter cultures adapted to the specific
requirements of fermented dairy products.

REFERENCES

1.Accolas, J. P., Veaux, M., & Auclair, J. (1971). Etude des interactions entre diverses bactéries lactiques thermophiles et
mésophiles, en relation avec la fabrication des fromages a pate cuite. Le lait, 51(505-506), 249-272.

2.Aspri, M et al. (2017). Donkey milk: An overview on functionality, technology, and future prospects. Food Reviews
International, 33, 316 - 333. https://doi.org/10.1080/87559129.2016.1175014

3.Atuna, R et al. (2025). Bacterial community dynamics in spontaneously fermented Ghanaian cereals, legumes, root, tuber and
plantain flours. BMC Microbiology, 25. https://doi.org/10.1186/512866-025-04342-4

4.Ayad, E et al. (2004). Selection of wild lactic acid bacteria isolated from traditional Egyptian dairy products according to
production and technological criteria. Food Microbiology, 21, 715-725. https://doi.org/10.1016/].FM.2004.02.009

5.Azari, N, Nouri, M (2025). Investigation of Probiotic Attributes and Aromatic Components Produced by Lactic Acid Bacteria
Isolated From Iranian Traditional Yogurts. Iranian Journal of Veterinary Medicine.
https://doi.org/10.32598/ijvm.19.2.1005497

6.Azzouz, S (2025). Technological, molecular, and safety characterization of autochthonous lactic acid bacteria in Moroccan Jben
cheese: Towards the development of a native starter culture. Mljekarstvo. https://doi.org/10.15567/mljekarstvo.2025.0304
7.Azzouz, S (2025). Technological, molecular, and safety characterization of autochthonous lactic acid bacteria in Moroccan Jben
cheese: Towards the development of a native starter culture. Mljekarstvo. https://doi.org/10.15567/mljekarstvo.2025.0304
8.Baran, A et al. (2022). Proteolytic activities and safety use of Enterococcus faecalis strains isolated from Turkish White Pickled
Cheese and milk samples. Journal of the Hellenic Veterinary Medical Society. https://doi.org/10.12681/jhvms.29382
9.Bonger, Z T et al. (2023). Isolation and identification of dominant lactic acid bacteria and yeast species from teff (Eragrostis
teff) injera dough fermentation. CyTA - Journal of Food, 21, 718 - 734. https://doi.org/10.1080/19476337.2023.2276830

10. Bouteille, R et al. (2013). Monitoring lactic acid production during milk fermentation by in situ quantitative proton nuclear
magnetic resonance spectroscopy. Journal of dairy science, 96(4), 2071-2080. https://doi.org/10.3168/jds.2012-6092

11. Boutrou, R., Sepulchre, A., Gripon, J. C., Monnet, V. 1998. Simple tests for predicting

879


https://doi.org/10.1080/87559129.2016.1175014
https://doi.org/10.1186/s12866-025-04342-4
https://doi.org/10.1016/J.FM.2004.02.009
https://doi.org/10.32598/ijvm.19.2.1005497
https://doi.org/10.15567/mljekarstvo.2025.0304
https://doi.org/10.15567/mljekarstvo.2025.0304
https://doi.org/10.12681/jhvms.29382
https://doi.org/10.1080/19476337.2023.2276830
https://doi.org/10.3168/jds.2012-6092

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 12 No. 1, 2026
https://www.theaspd.com/ijes.php

12. Cagno, R et al. (2004). Microbiological, compositional and biochemical characterisation of PDO canestrato Pugliese cheese.
Italian Journal of Food Science, 16, 45-58.
https://www.semanticscholar.org/paper/9fb8d3{f6c9a7154f19fe32fbc814d02e2a60170
13. Castro, R D et al. (2016). Lactic acid microbiota identification in water, raw milk, endogenous starter culture, and fresh Minas
artisanal cheese from the Campo das Vertentes region of Brazil during the dry and rainy seasons. Journal of dairy science, 99(8),
6086-6096. https://doi.org/10.3168/jds.2015-10579
14. Cogan, T et al. (1997). Characterization of the lactic acid bacteria in artisanal dairy products. Journal of Dairy Research, 64,
409 - 421. https://doi.org/10.1017,/50022029997002185
15. Cruciata, M et al. (2014). Animal Rennets as Sources of Dairy Lactic Acid Bacteria. Applied and Environmental Microbiology,
80, 2050 - 2061. https://doi.org/10.1128/AEM.03837-13
16. Cruciata, M et al. (2014). Animal Rennets as Sources of Dairy Lactic Acid Bacteria. Applied and Environmental Microbiology,
80, 2050 - 2061. https://doi.org/10.1128/AEM.03837-13
17. Dagdemir, E, Ozdemir, S (2008). Technological characterization of the natural lactic acid bacteria of artisanal Turkish White
Pickled cheese. International Journal of Dairy Technology, 61, 133-140. https://doi.org/10.1111/].1471-0307.2008.00394.X
18. Dako, E et al. (1995). Autolytic properties and aminopeptidase activities of lactic acid bacteria. Food Research International,
28, 503-509. https://doi.org/10.1016/0963-9969(95)00032-1
19. Dalca, S H et al. (2018). Selection of autolytic lactic acid bacteria as potential adjunct cultures to accelerate ripening of white-
brined cheeses. Mljekarstvo, 68, 320-330. https://doi.org/10.15567/MLJEKARSTVO.2018.0407
20. Darwish, A et al. (2022). Functional products fortified with probiotic LAB isolated from Egyptian dairy sources showed
hypolipidemic effects in Albino rats. PLoS ONE, 17. https://doi.org/10.1371/journal.pone.0263241
21. Du, X et al. (2024). Identification of proteolytic bacteria from Yunnan fermented foods and their use to reduce the
allergenicity of B-lactoglobulin. Journal of dairy science. https://doi.org/10.3168/jds.2024-25055
22. El Soda, M., Desmazeaud, M. J. 1982. Les peptide-hydrolases des lactobacilles du
23. Elzeini, H et al. (2021). Probiotic capability of novel lactic acid bacteria isolated from worker honey bees gut microbiota.
FEMS microbiology letters. https://doi.org/10.1093/femsle/fnab030
24. Flambard, B et al. (1998). The Contribution of Caseins to the Amino Acid Supply for Lactococcus lactis Depends on the
Type of Cell Envelope Proteinase. Applied and Environmental Microbiology, 64, 1991 - 1996.
https://doi.org/10.1128/AEM.64.6.1991-1996.1998
25. Folin, O., & Ciocalteu, V. (1927). On tyrosine and tryptophane determinations in proteins. J. biol. Chem, 73(2), 627-650.
26. Fransen, N. G., O'Connell, M. B., & Arendt, E. K. (1997). A modified agar medium for the screening of proteolytic activity
of starter cultures for meat fermentation purposes. International journal of food microbiology, 36(2-3), 235-239.
27. Gagnon, M et al. (2020). Prevalence and abundance of lactic acid bacteria in raw milk associated with forage types in dairy
cow feeding. Journal of dairy science. https://doi.org/10.3168/jds.2019-17918
28. Graham, K et al. (2020). Safety, beneficial and technological properties of enterococci for use in functional food applications
- a review. Critical Reviews in Food Science and Nutrition, 60, 3836 - 3861. https://doi.org/10.1080,/10408398.2019.1709800
29. groupe Thermobacterium. I. Mise en évidence de ces activités chez Lactobacillus
30. Harper, A R et al. (2022). Fermentation of plant-based dairy alternatives by lactic acid bacteria. Microbial Biotechnology, 15,
1404 - 1421. https://doi.org/10.1111/1751-7915.14008
31. helveticus, Lactobacillus acidophilus, Lactobacillus lactis et Lactobacillus bulgaricus.
32. Hernandez-Valdes, ] A et al. (2020). Development of Lactococcus lactis Biosensors for Detection of Diacetyl. Frontiers in
Microbiology, 11. https://doi.org/10.3389/fmicb.2020.01032
33. Hoorde, K et al. (2008). Molecular identification and typing of lactic acid bacteria associated with the production of two
artisanal raw milk cheeses. Dairy Science & Technology, 88, 445-455. https://doi.org/10.1051/DST:2008011
34. Jaouani, [ et al. (2015). Safety and technological properties of bacteriocinogenic enterococci isolates from Tunisia. Journal of
Applied Microbiology, 119. https://doi.org/10.1111/jam.12916
35. Khalid, N M, Marth, E H (1990). Lactobacilli - their enzymes and role in ripening and spoilage of cheese: a review. Journal
of Dairy Science, 73, 2669-2684. https://doi.org/10.3168,/]JDS.S0022-0302(90)78952-7
36. King, N. 1948. Modification of Voges-Proskauer test for rapid colorimetric determination
37. Kishilova, S et al. (2025). Advanced Biotechnological Solutions for Lactic Acid Bacteria in Dairy Industry: From Strain
Selection to Probiotic Products. Food Processing: Techniques and Technology. https://doi.org/10.21603/2074-9414-2025-3-
2596
38. Langsrud T. Landaas A. Castberg HB (1987) Autolytic properties of different strains of group N streptococci.
Milchwissenshafta'l, 556-560
39. Latreche, B et al. (2025). Unveiling the potential of lactic acid bacteria from Algerian dromedary camel milk: diversity,
technological applications, and antimicrobial insights. Frontiers in Nutrition, 12. https://doi.org/10.3389/fnut.2025.1647344
40. Leuschner, R et al. (1999). Formation of biogenic amines by proteolytic enterococci during cheese ripening. Journal of the
Science of Food and Agriculture, 79, 1141-1144. https://doi.org/10.1002/(SICI)1097-0010(199906)79:8<1141::AID-
JSFA339>3.0.CO;2-0
41. Liu, M et al. (2010). The proteolytic system of lactic acid bacteria revisited: a genomic comparison. BMC Genomics, 11, 36 -
36. https://doi.org/10.1186/1471-2164-11-36
42. Macovei, L et al. (2009). Enterococcus faecalis with the gelatinase phenotype regulated by the fsr operon and with biofilm-
forming capacity are common in the agricultural environment. Environmental microbiology, 11(6), 1540-7.
https://doi.org/10.1111/§.1462-2920.2009.01881.x
43. of acethyl methyl carbinol plus diacetyl in butter. Dairy. Ind, 13 : 860-866.
44. Pereira, A P et al. (2023). Unraveling Enterococcus susceptibility to quaternary ammonium compounds: genes, phenotypes,
and the impact of environmental conditions. Microbiology Spectrum, 11. https://doi.org/10.1128/spectrum.02324-23

880


https://www.semanticscholar.org/paper/9fb8d3ff6c9a7154f19fe32fbc814d02e2a60170
https://doi.org/10.3168/jds.2015-10579
https://doi.org/10.1017/S0022029997002185
https://doi.org/10.1128/AEM.03837-13
https://doi.org/10.1128/AEM.03837-13
https://doi.org/10.1111/J.1471-0307.2008.00394.X
https://doi.org/10.1016/0963-9969(95)00032-1
https://doi.org/10.15567/MLJEKARSTVO.2018.0407
https://doi.org/10.1371/journal.pone.0263241
https://doi.org/10.3168/jds.2024-25055
https://doi.org/10.1093/femsle/fnab030
https://doi.org/10.1128/AEM.64.6.1991-1996.1998
https://doi.org/10.3168/jds.2019-17918
https://doi.org/10.1080/10408398.2019.1709800
https://doi.org/10.1111/1751-7915.14008
https://doi.org/10.3389/fmicb.2020.01032
https://doi.org/10.1051/DST:2008011
https://doi.org/10.1111/jam.12916
https://doi.org/10.3168/JDS.S0022-0302(90)78952-7
https://doi.org/10.21603/2074-9414-2025-3-2596
https://doi.org/10.21603/2074-9414-2025-3-2596
https://doi.org/10.3389/fnut.2025.1647344
https://doi.org/10.1002/(SICI)1097-0010(199906)79:8
https://doi.org/10.1186/1471-2164-11-36
https://doi.org/10.1111/j.1462-2920.2009.01881.x
https://doi.org/10.1128/spectrum.02324-23

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 12 No. 1, 2026
https://www.theaspd.com/ijes.php

45. Pulido, R P et al. (2005). Microbiological Study of Lactic Acid Fermentation of Caper Berries by Molecular and Culture-
Dependent Methods. Applied and Environmental Microbiology, 71, 7872 - 7879. https://doi.org/10.1128/AEM.71.12.7872-
7879.2005

46. Rampanti, G et al. (2024). Technological and Enzymatic Characterization of Autochthonous Lactic Acid Bacteria Isolated
from Viili Natural Starters. Foods, 13. https://doi.org/10.3390/foods13071115

47. Sakoui, S et al. (2024). Exploring Technological, Safety and Probiotic Properties of Enterococcus Strains: Impact on
Rheological Parameters in Fermented Milk. Foods, 13. https://doi.org/10.3390/foods13040586

48. Santiago-Lopez, L et al. (2018). Invited review: Bioactive compounds produced during cheese ripening and health effects
associated with aged cheese consumption. Journal of dairy science, 101(5), 3742-3757. https://doi.org/10.3168/jds.2017-13465
49. Suzzi, G et al. (2000). A survey of the enterococci isolated from an artisanal Italian goat's cheese (semicotto caprino) Journal
of Applied Microbiology, 89. https://doi.org/10.1046,/j.1365-2672.2000.01120.x

50. the lytic behavior and proteolytic activity of lactococcal strains in cheese. J. Dairy Sci. 81 : 2321-2328.

51. Thivierge, K., Mathew, R. T., Nsangou, D. M., Da Silva, F., Cotton, S., Skinner-Adams, T. S., ... & Dalton, J. P. (2012). Anti-
malaria drug development targeting the M1 alanyl and M17 leucyl aminopeptidases. Arkivoc.

52. Thomas T. D. Turner K. W. (1977) Preparation of skim milk to allow harvesting of starter cells from milk cultures.N. Z. J.
Dairy Sci. Technol.12:15-21.

53. Tlais, A Z A et al. (2023). Fermented Whey Ewe’s Milk-Based Fruit Smoothies: Bio-Recycling and Enrichment of Phenolic
Compounds and Improvement of Protein Digestibility and Antioxidant Activity. Antioxidants, 12.
https://doi.org/10.3390/antiox12051091

54. Tuncer, Y (2009). Some technological properties of phenotypically identified enterococci strains isolated from Turkish tulum
cheese. African Journal of Biotechnology, 8, 7008-7016. https://doi.org/10.4314/AJB.V8124.68788

55. Tzora, A et al. (2021). Microbiota “Fingerprint” of Greek Feta Cheese through Ripening. Applied Sciences.
https://doi.org/10.3390/app11125631

56. Vincent, D et al. (1998). Characterization of bifidobacteria by random DNA amplification. International journal of food
microbiology, 43(3), 185-93. https://doi.org/10.1016,/S0168-1605(98)00109-3

57. Wilkinson, M, LaPointe, G (2020). Invited review: Starter lactic acid bacteria survival in cheese: New perspectives on cheese
microbiology. Journal of dairy science. https://doi.org/10.3168/jds.2020-18960

58. Worsztynowicz, P et al. (2019). Identification and partial characterization of proteolytic activity of Enterococcus faecalis
relevant to their application in dairy industry. Acta biochimica Polonica, 66(1), 61-69. https://doi.org/10.18388/abp.2018_2714
59. Yu, J et al. (2011). Diversity of lactic acid bacteria associated with traditional fermented dairy products in Mongolia. Journal
of dairy science, 94(7), 3229-41. https://doi.org/10.3168/jds.2010-3727

60. Zeid, A F et al. (2025). Biotechnological potential and genomic analysis of the Leuconostoc mesenteroides F17 and F18
strains isolated from camel milk. BMC Microbiology, 25. https://doi.org/10.1186,/512866-025-04349-x

61. Zhang, K et al. (2025). Mechanism of salt effect on flavor formation in Lactiplantibacillus plantarum fermented tilapia:
integrated multiple intelligent sensory and flavor omics analyses. Food & function. https://doi.org/10.1039/d4f005224b

62. Zuleta, M M D et al. (2023). Growth Kinetics of Autochthonous Lactic Acid Bacteria Isolated from Double Cream Cheese
as Potential Starter Culture. TecnoLogicas. https://doi.org/10.22430/22565337.2657

63. Zuleta, M M D et al. (2023). Growth Kinetics of Autochthonous Lactic Acid Bacteria Isolated from Double Cream Cheese
as Potential Starter Culture. TecnoLogicas. https://doi.org/10.22430/22565337.2657

Results

WER
W2ah

4,00

A,
[ B
3,00 (]
E
F

200 G
1,00

; a b [ o

s q f

- Bmililrrm|mr
! r

0D {480nm)

- I
| =]
- . a -
- il mlm W
m o oom moom o m Mmoo E E
oTH (28] e TR oTH e [t s’ . -
E E g & = w G & = =
=3 =3 =3 i =3 W’ o i’ @ £
T [ (] [ T [ (9} Ca ] [
1T 1 - = - L =L =L 4 E
= = = = = = = = = ]
2 = E = = . = !
= - r\s = --: = 'tb_'r b;-_; I::

Lactie acid bacteria strains

Figure 1. Growth of lactic acid bacteria strains in skimmed milk at 30°C after 6h and 24h
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Figure 2. pH variation of skimmed milk inoculated with lactic acid bacteria strains at 30°C
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Figure 3. Acidification capacity of lactic acid bacteria strains in skimmed milk at 30°C
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Figure 4. Proteolytic activity of lactic acid bacteria strains in milk-agar (4%) at 30°C
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Figure 5. Evaluation by Folin-Ciocalteu titration of the milk proteins degradation by lactic acid bacteria
strains at 30°C
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Figure 6. Leucyl-aminopeptidase activity of lactic acid bacteria strains at 30°C
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Figure 7. Autolytic activity of lactic acid bacteria strains measured at 30°C after 24h
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