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Abstract: Enrichment of  yoghurt with probiotic bacterial strains and prebiotic plant substrates has gained increasing 
interest among both consumers and food manufacturers. In this study, limited growth and fermentation activity of the 
commercial probiotic strain Lactiplantibacillus plantarum 299v were observed when cultured in ultra-high temperature 
(UHT) milk. Electron microscopy revealed the strain's ability to adhere to the surface of prebiotically active plant particles, 
specifically quinoa, lucuma, and baobab powders. Supplementation of these plant substrates at a concentration of 1% (w/v) 
slightly enhanced the growth of L. plantarum 299v in UHT milk and improved its viability over a 28-day storage period 
at 5 ± 1 °C. Co-cultivation of L. plantarum 299v with the yoghurt starter culture YC-381 (in a 1 : 0.5 ratio), along with 
the addition of 1% (w/v) of lucuma, quinoa, or baobab powders to UHT milk, was successfully achieved. These substrates 
positively influenced the stability of L. plantarum 299v during the 28-day storage and in the case of quinoa of Lactobacillus 
delbrueckii subsp. bulgaricus during 21-day storage at 5 ± 1 °C. Moreover, the addition of 1% (w/v) plant powders slightly 
stimulated the production of lactic and acetic acids in yoghurt containing L. plantarum 299v.
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Lactiplantibacillus plantarum probiotic strains 
are currently of  significant interest to both the sci-
entific community and consumers due to  their 
beneficial effects on human health and diverse func-
tional properties (Echegaray et al. 2023). L. planta-
rum is a facultatively heterofermentative lactic acid 
bacterium that forms non-motile rods occurring 
singly, in pairs, or in short chains. Its genomic DNA 
has a  G+C content ranging from 44% to  46%. This 
species efficiently ferments glucose, raffinose, xylose, 
cellobiose, mannitol, sucrose, and sorbitol. It is clas-
sified as  a  mesophilic organism, capable of  growth 
at 15 °C, but not at 45 °C (Hammes and Hertel 2009). 
L.  plantarum is  a  highly adaptable species found 
in  a  wide range of  environments, including fer-
mented plant materials, meat, fish or dairy products 

(Seddik et al. 2017), and also the human gastrointes-
tinal tract (Zheng et al. 2020). It holds 'Qualified Pre-
sumption of Safety' status from the European Food 
Safety Authority and 'Generally Recognized as Safe' 
status from the United States Food and Drug Admin-
istration (Echegaray et al. 2023).

This species is well characterised in terms of its oc-
currence, applications in  the food industry, as  well 
as  its production of  functional metabolites and pro-
biotic properties (Behera et al. 2018; Nath et al. 2020; 
Hang et  al.  2022; Liu et  al.  2022). The most well-
known probiotic strain, L. plantarum 299v, has been 
extensively studied over the past three decades for 
its health-promoting effects and application in  both 
dairy and non-dairy fermented products (Arvidsson 
Nordström et al. 2021). This strain was originally iso-
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lated from the intestinal mucosa of  a  healthy adult 
and was successfully re-isolated after consumption 
(Molin 2001).

The use of dairy products as a matrix for L. planta-
rum is limited due to its relatively poor ability to me-
tabolise lactose and its weak proteolytic activity, which 
is essential for releasing free amino acids and peptides 
from milk proteins to support bacterial growth (Hang 
et al. 2020). As a result, co-cultivation with other lactic 
acid bacteria (LAB) that thrive in milk is often neces-
sary. For instance, the probiotic strain L.  plantarum 
NUC08 has been successfully used in synergy with tra-
ditional yoghurt starter cultures (Cai et al. 2023). 

Previous studies have explored various additives 
aimed at enhancing L. plantarum viability in milk, 
with varying degrees of  success. Examples include 
the addition of  pineapple powder to  influence fer-
mentation dynamics and improve rheological 
and textural properties (Sah et  al.  2016), the use 
of  sea buckthorn as  a  prebiotic substrate (Gunenc 
et al. 2016), or  the application of  fresh and freeze-
dried apples, raisins, and wheat grains to  extend 
bacterial viability during yoghurt storage (Bosnea 
et al. 2017). Other studies have investigated pineap-
ple and mung bean juice (Zhang et al. 2024), as well 
as  a  variety of  plant-based meals such as  walnut, 
sweet corn, peanut, soybean meal, malt extract, and 
oat extract (Hang et al. 2020).

Some plant substrates have also demonstrated pro-
tective effects on  probiotics during storage or  upon 
exposure to  harsh gastrointestinal conditions (Eche-
garay et  al.  2023). This protection is  often attributed 
to the immobilisation of bacterial cells on the substrate 
surface (Terpou et  al.  2017). A  recent study by  Pare-
des-Toledo (2021) reported improved viability and 
gastrointestinal resistance of L. plantarum 299v when 
immobilised on edible seeds such as almonds, pump-
kin seeds, and roasted chickpeas.

The combination of  fermented dairy products with 
probiotics and plant-based substrates rich in fibre, vita-
mins, essential amino acids, and fatty acids is increas-
ingly popular among health-conscious consumers. This 
trend is driven by the growing belief that food can play 
a preventative role in maintaining health and prevent-
ing disease (Hang et al. 2020).

The aim of  this study was to  enhance the growth 
of  L.  plantarum 299v using selected non-traditional 
plant substrates with presumed prebiotic effects, and 
to propose a symbiotic yoghurt formulation incorpo-
rating this well-known probiotic strain alongside bene-
ficial plant ingredients.

MATERIAL AND METHODS

Microorganisms. L. plantarum 299v – commercial 
probiotic strain (Probi AB, Lund, Sweden) was routine-
ly cultivated in MRS broth (pH 5.6, Merck, Darmstadt, 
Germany), using 2% v/v inoculum, for 18  h at  37  °C 
in 5% v/v CO2 atmosphere. It was also inoculated into 
milk from MRS broth (2% v/v) and cultured aerobically 
at 37 °C for 18 h. Yoghurt culture YC-381 – commercial 
culture (Ch. Hansen, Horsholm, Denmark) was culti-
vated at UHT skim milk, aerobically at 30 °C for 16 h.

Plant substrates. Lucuma bio powder 100% from 
Pouteria lucuma (Biovita bvba–Purasana, Gullegem, 
Belgium).

Quinoa flour from Chenopodium quinoa (Adveni 
Medical, Mělčany, Czech Republic).

Baobab bio powder 100% from Adsonia digitatis 
(Iswari Superfoods Ltd., Setúbal, Portugal).

HPLC analysis of  organic acids. Determination 
of  lactic and acetic acids was performed using Poly-
mer IEX H (205 mm × 8 mm) column with pre-column 
(50 mm × 8 mm, Watrex, Prague, Czech Rep.) connect-
ed to  DAD detector (210  nm, Agilent Technologies, 
Waldbronn, Germany). Nine mmol·L–1 H2SO4 was 
used as mobile phase, flow 0.6 mL·min–1. The column 
temperature was 60 °C.

Adhesion of L. plantarum 229v cells to plant sub-
strates. To evaluate the adhesion of cells to plant sub-
strates, scanning electron microscopy (VEGA3 LMU, 
TESCAN, Brno, Czech Rep.) equipped with an  EDS 
analyser (INCA 350, Oxford Instruments, Abingdon, 
UK) was used. The strain was cultivated in MRS broth 
with 1 % (w/v) plant substrate at 37 °C for 18 h at 5 % 
(v/v) CO₂ atmosphere. After incubation, cells were 
centrifuged (8 784 × g, 5 min, 4 °C), applied onto glass 
slides, and fixed with 3% (v/v) glutaraldehyde at 4 °C for 
2 h. Prior to microscopy, the samples were coated with 
a 3 μm gold layer.

Model fermented milk and yoghurt preparation. 
Model fermented milk products were prepared using 
UHT milk supplemented with 1% (w/w) plant sub-
strates. After heat treatment at 90  °C for 10 minutes, 
the milk was inoculated with either 1% (v/v) L. planta-
rum 299v alone, or with a mixture of 1% (v/v) L. plan-
tarum 299v and 0.5% (v/v) yoghurt culture YC-381. 
Fermentation was carried out at  30  °C for 16  h, fol-
lowed by storage at 5 ± 1 °C for up to 28 days. 

Microbial counts. Microbial counts of  L.  planta-
rum, Streptococcus thermophilus, and Lactobacillus 
delbrueckii subsp. bulgaricus, as  well as  pH values, 
were assessed immediately after fermentation and 
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at the end of the storage period. The value of pH was 
measured using a pH meter Jenway 3020 (Jenway Ltd., 
UK) provided with a combined electrode. The fermen-
tation process was performed in  duplicate with two 
parallel replicates (n = 4). Microbial enumeration was 
carried out using standard plate count methods based 
on decimal dilutions. For the cultivation of L. planta-
rum 299v alone in UHT milk, MRS agar (Merck, Ger-
many) was used. Plates were incubated at  37  °C for 
48 h in a 5% (v/v) CO₂ atmosphere. For the co-culti-
vation of L. plantarum 299v with the yoghurt culture, 
microbial differentiation and enumeration were per-
formed according to  the method described by Veselá 
et al. (2019). This approach allows the selective and ac-
curate quantification of L. plantarum, S. thermophilus, 
and L. delbrueckii subsp. bulgaricus in mixed cultures.

RESULTS AND DISCUSSION

Initially, the growth and organic acid production 
of L. plantarum 299v were evaluated in UHT milk (ini-
tial pH 6.4). The results are presented in Figure 1 and 
Table  1. The strain exhibited only moderate growth 
in milk, with an increase of less than 1 log CFU·mL–1 
observed after 16 h of incubation at 37 °C. Lactic acid 
production reached 2.5  g·L–1, while acetic acid levels 
remained negligible.

The limited growth of L. plantarum strains in milk 
has been reported previously. For instance, Veselá 
et  al.  (2021) assessed the milk fermentation perfor-
mance of  11  L.  plantarum strains of  various ori-
gins and found that, after 24  h of  aerobic cultivation 
at  37  °C, the cell counts increased by  approximately 
1  log CFU·mL–1. Lactic acid production ranged from 

1.6 g·L–1 to 4.8 g·L–1, while acetic acid remained at neg-
ligible levels.

This low growth performance in  milk has been at-
tributed to  the high nutritional demands of  L.  plan-
tarum, particularly its requirement for free amino 
acids, which are not sufficiently released by its limited 
proteolytic system. However, the species does possess 
a robust set of intracellular peptidases, which supports 
its use as an adjunct culture for accelerating cheese rip-
ening (Duan et al. 2019). 

More recently, a  combined supplementation strat-
egy, for example involving mung bean and pineapple 
has shown promising results in promoting the growth 
of  the probiotic strain L.  plantarum STIII in  milk 
(Zhang et al. 2024). It  is widely accepted that plant-
based substrates can enhance the survival of probiotic 
bacteria during product manufacturing and storage. 
This protective effect is  primarily attributed to  the 
immobilisation of bacterial cells on the plant matrix 
(Terpou et  al.  2017). The subsequent phase of  this 
study focused on  evaluating the potential adhesion 
of L. plantarum 299v to plant-derived substrates. The 
plant substrates lucuma, baobab, and quinoa pow-
ders were selected from an initial screening of twelve 
plant-derived materials based on several criteria: the 
ability of  L.  plantarum 299v to  adhere to  their sur-
faces, their capacity to  stimulate the strain's growth 
and fermentation activity in milk, and their cholester-
ol-binding potential in the medium (data not shown, 
Veselá 2021).

Electron microscopy was used to assess the adhesion 
of bacterial cells to particles of lucuma, baobab, or quinoa 
powders. In addition, the growth of L. plantarum 299v 
in UHT milk supplemented with 1% (w/v) of each plant 

Figure 1. Cell count of L. plan-
tarum 299v after cultivation 
in  ultra high temperature 
(UHT) milk and in UHT milk 
w i th  1% (w/w)  addi t ion 
of lucuma, quinoa and baobab 
powder at  37  °C, 18  h and 
during storage at 5 ± 1 °C
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substrate, along with the stability of viable cells during 
28 days of storage at 5 ± 1 °C, was investigated. Electron 
microscopy results (Figure 2) revealed that L. plantarum 
299v exhibited notable adhesion to the surfaces of lucu-
ma and baobab powder particles, which were significant-
ly larger than those of quinoa powder. This suggests that 
particle size and surface structure may play important 
roles in facilitating microbial attachment.

The effect of  plant substrates addition into milk 
on the growth and storage stability of L. plantarum 
299v in UHT milk is presented also in Figure 1 and 
Table  1. As  was concluded above, bacterial growth 
in  non-supplemented UHT milk was minimal. 
However, the addition of  1% (w/v) plant substrates 
significantly enhanced cell proliferation, resulting 
in  an  approximate 1.5  log  CFU·mL–1 increase after 
16 h of fermentation at 37 °C. Among the substrates 
tested, lucuma and quinoa powders were particularly 
effective in  supporting post-fermentation cell 
viability, as there was no significant decline in viable 
counts during refrigerated storage at  5  ±  1  °C for 
28  days. These findings indicate that certain plant-
based additives, in  this case especially lucuma and 
quinoa powders, can serve dual roles as  prebiotic 
substrates and protective matrices. They enhance not 
only the initial growth but also the long-term surviv-
al and metabolic stability of probiotic L. plantarum 
299v in dairy systems.

As illustrated in  Table  1, the fermentation activity 
in  milk supplemented with plant substrates, particu-

Table 1. Organic acid production (g·l–1) and pH after cultivation of L. plantarum 299v in UHT milk and in UHT milk 
with 1% (w/w) addition of lucuma, quinoa and baobab powders at 37 °C, 18 h and during storage at 5 ± 1 °C

Fermentation Storage
0 h 18 h 7 days 14 days 28 days

Milk
pH 6.5 ± 0.0 5.5 ± 0.1 5.5 ± 0.0 5.5 ± 0.0 5.5 ± 0.0

lactic acid nd 2.5 ± 0.0 2.5 ± 0.1 2.5 ± 0.0 2.5 ± 0.1
acetic acid nd nd nd nd nd

Milk + lucuma
pH 6.4 ± 0.1 5.1 ± 0.1 5.2 ± 0.0 4.9 ± 0.0 4.9 ± 0.1

lactic acid nd 3.5 ± 0.4 3.3 ± 0.1 3.3 ± 0.4 4.7 ± 0.3
acetic acid nd 0.7 ± 0.1 0.6 ± 0.1 0.7 ± 0.2 0.9 ± 0.1

Milk + quinoa
pH 6.4 ± 0.0 5.2 ± 0.0 4.9 ± 0.1 4.8 ± 0.1 4.6 ± 0.1

lactic acid nd 3.8 ± 0.2 4.5 ± 0.4 4.6 ± 0.2 5.2 ± 0.1
acetic acid nd 0.7 ± 0.1 1.8 ± 0.1 1.5 ± 0.1 1.7 ± 0.1

Milk + baobab
pH 6.4 ± 0.1 5.0 ± 0.0 5.1 ± 0.1 5.2 ± 0.1 4.7 ± 0.0

lactic acid nd 3.5 ± 0.2 3.0 ± 0.4 3.0 ± 0.2 4.5 ± 0.1
acetic acid nd 1.6 ± 0.1 2.2 ± 0.2 1.8 ± 0.4 2.1 ± 0.1

nd – not detected

Figure 2. Microscopic imaging of L. plantarum 299v adhe-
sion on plant powder substrates: A, B – lucuma powder; 
C, D – baobab powder; E, F – quinoa powder
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larly quinoa, was stimulated. The results demonstrate 
that, following fermentation, the pH values of  milk 
samples supplemented with plant substrates were 
0.3–0.5 units lower than those of the control (fermented 
milk by  L.  plantarum 299v without plant additions). 
All samples enriched with plant substrates exhibited 
enhanced lactic acid production. Notably, the sample 
containing baobab powder showed increased acetic 
acid production compared to the other substrates. Ace-
tic acid was not detected during fermentation in milk 
without the addition of  plant substrates. All samples 
containing plant powders exhibited greater post-acidi-
fication during storage compared to the control.

The compositional richness of these three substrates 
suggests they may serve not only as  prebiotic carri-
ers for probiotic bacteria but also as  functional food 
ingredients capable of  enhancing the nutritional and 
sensory profiles of  fermented dairy products. Their 
roles in  promoting cell adhesion, improving fermen-
tation dynamics, and contributing to  product stabili-
ty highlight their potential for use in the development 
of novel synbiotic formulations (Kwon et al. 2019; Foltz 
et al. 2021; Glez et al. 2025).

To develop a functional yoghurt incorporating above 
mentioned prebiotic plant substrates and combination 

of L. plantarum 299v with the yoghurt culture YC-381 
(in a 1 : 0.5 ratio) was tested.

The effect of adding 1% (w/w) plant substrate to UHT 
milk was evaluated based on LAB growth during 16 h 
of  fermentation and on  the viability of  L.  plantarum 
299v, S. thermophilus, and L. delbrueckii subsp. bulgar-
icus during 28 days of storage at 5 ± 1 °C (Figure 3). The 
addition of plant substrates had no  significant impact 
on yoghurt culture growth during fermentation; how-
ever, it clearly contributed to the stability of L. planta-
rum 299v and L.  delbrueckii subsp. bulgaricus during 
cold storage for 28 resp. 14 or  21  days. Even after 
28 days of storage, L. plantarum 299v counts remained 
1 to 1.5 log CFU·mL–1 higher in the samples with add-
ed plant powders compared to the control yoghurt. The 
plant substrates had no adverse effect on  the number 
of L. delbrueckii subsp. bulgaricus, although its counts 
decreased by approximately two log units in all samples 
during storage. The growth and stability of S. thermoph-
ilus were not affected. In this case, the symbiotic effect 
between the yoghurt culture and L.  plantarum 299v, 
as previously reported in the study by Cai et al. (2023), 
could not be  confirmed. However, the possibility 
of  combining L.  plantarum with yoghurt culture has 
been verified by other authors (Dan et al. 2019).

Figure 3. Cell count of L. plantarum 299v and yoghurt culture after co-cultivation in UHT milk and in UHT milk with 
1% (w/w) addition of lucuma, quinoa or baobab powders at 30 °C, 16 h and during storage at 5 ± 1 °C
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Although the active acidity (Table 2) of all samples 
was similar, slightly higher lactic acid production was 
observed in  the samples supplemented with plant 
powders. In this case, no post-acidification changes oc-
curred during storage. 

CONCLUSION

Novel synbiotic fermented milk products in-
corporating non-traditional probiotics and plant-
based prebiotics represent an  emerging trend, 
offering health-conscious consumers a valuable alter-
native. Based on  the present findings, the combina-
tion of L. plantarum 299v and yoghurt culture YC-381 
in  UHT milk supplemented with 1% (w/w) lucuma, 
quinoa, or baobab powders shows promise for the de-
velopment of synbiotic products with improved func-
tional and stability characteristics.
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Milk + quinoa

pH 6.4 ± 0.0 4.2 ± 0.0 4.2 ± 0.0 4.2 ± 0.1 4.1 ± 0.1

lactic acid nd 11.8 ± 0.1 11.7 ± 0.1 11.5 ± 0.2 11.4 ± 0.1

acetic acid nd 1.0 ± 0.1 0.9 ± 0.1 0.9 ± 0.0 0.9 ± 0.0

Milk + baobab
pH 6.4 ± 0.1 4.2 ± 0.1 4.2 ± 0.0 4.2 ± 0.0 4.1 ± 0.0

lactic acid nd 10.8 ± 0.2 10.3 ± 0.3 10.3 ± 0.1 10.8 ± 0.2
acetic acid nd 1.1 ± 0.1 0.9 ± 0.1 1.0 ± 0.1 1.0 ± 0.1

https://cjfs.agriculturejournals.cz/


364

Original Paper	 Czech Journal of Food Sciences, 43, 2025 (5): 358–364

https://doi.org/10.17221/93/2025-CJFS

A  comprehensive analysis of  the nutritional value, anti-
oxidant potential and fatty acid composition of Lucuma 
(Pouteria lucuma) fruit, grown in the high-altitude valleys 
of  Bolivia. Anais da Academia Brasileira de Ciencias, 
97: e20241017.

Gunenc A., Khoury C., Legault C., Mirrashed H., Rijke J., 
Hosseinian F. (2016): Seabuckthorn as  a  novel prebiotic 
source improves probiotic viability in yogurt. LWT – Food 
Science and Technology, 66: 490–495. 

Hammes W.P., Hertel  C. (2009): Lactobacillus Beijerinck 
1901, 212. In:  De Vos  P., Garrity G.M., Jones  D., Krieg 
N.R., Ludwig  W., Rainey F.A., Schleifer K.H., Whitman 
W.B. (eds.): Bergey's Manual of Systematic Bacteriology, 
Volume 3. New York, Springer: 465–495. 

Hang F., Jiang Y., Yan L., Hong Q., Lu W., Zhao J., Zhang H., 
Chen  W. (2020): Preliminary study for the stimulation 
effect of plant-based meals on pure culture Lactobacillus 
plantarum growth and acidification in milk fermentation. 
Journal of Dairy Science, 103: 4078–4087. 

Hang S., Zeng L., Han J., Zhang Z., Zhou Q., Meng X., Gu Q., 
Li  P. (2022): Lactobacillus plantarum ZJ316 improves 
the quality of Stachys sieboldii Miq. pickle by  inhibiting 
harmful bacteria growth, degrading nitrite and promot-
ing the gut microbiota health in vitro. Food & Function, 
13: 1551–1562.

Kwon H.C., Bae H., Seo H.G., Han S.G. (2019): Chia 
seed extract enhances physiochemical and antioxi-
dant properties of  yogurt. Journal of  Dairy Science, 
102: 4870–4876.

Liu D.-M., Huang Y.-Y., Liang M.-H. (2022): Analysis of the 
probiotic characteristics and adaptability of  Lactiplan-
tibacillus plantarum DMDL 9010 to  gastrointestinal 
environment by complete genome sequencing and corre-
sponding phenotypes. LWT – Food Science and Technol-
ogy, 158: 113129.

Molin  G. (2001): Probiotics in  foods not containing milk 
or  milk constituents, with special reference to  Lactoba-
cillus plantarum 299v. The American Journal of Clinical 
Nutrition, 73: 380S–385S.

Nath S., Sikidar J., Roy M., Deb B. (2020): In vitro screening 
of probiotic properties of Lactobacillus plantarum isolated 
from fermented milk product. Food Quality and Safety, 
4: 213–223.

Paredes-Toledo J. (2021): Roasted chickpeas as a probiotic 
carrier to  improve L.  plantarum 299v survival during 
storage. LWT – Food Science and Technology, 146: 111471.

Sah B.N.P., Vasilijevic T., McKechnie S., Donkor O.N. (2016): 
Physicochemical, textural and rheological properties 
of probiotic yogurt fortified with fibre-rich pineapple peel 
powder during refrigerated storage. LWT – Food Science 
and Technology, 65: 978–986. 

Seddik H.A., Bendali F., Gancel F., Fliss I., Spano G., Drider D. 
(2017): Lactobacillus plantarum and its probiotic and 
food potentialities. Probiotics and Antimicrobial Proteins, 
9: 111–122.

Terpou A., Bekatorou A., Kanellaki  M., Koutinas A.A., 
Nigam P. (2017): Enhanced probiotic viability and aromatic 
profile of  yogurts produced using wheat bran (Triticum 
aestivum) as cell immobilization carrier. Process Biochem-
istry, 55: 1–10. 

Veselá  K., Kumherová  M., Klojdová  I., Solichová  K., 
Horáčková Š., Plocková M. (2019): Selective culture medi-
um for the enumeration of Lactobacillus plantarum in the 
presence of  Lactobacillus delbrueckii subsp. bulgaricus 
and Streptococcus thermophilus. LWT – Food Science and 
Technology 114: 108365. 

Veselá K. (2021): Characterisation and functional properties 
of Lactobacillus plantarum. Habilitation [thesis], Univer-
sity of Chemistry and Technology, Prague. (in Czech)

Zhang  H., You  C., Wang  Y. (2024): Metabolomics study 
on fermentation of Lactiplantibacillus plantarum ST-III 
with food-grade proliferators in  milk. Journal of  Dairy 
Science, 107: 9005–9014. 

Zheng  J., Wittouck  S., Salvetti  E., Franz C.M.A.P., Harris 
H.M.B., Mattarelli P., O'Toole P.W., Pot B., Vandamme P., 
Walter J., Watanabe K., Wuyst S., Felis G.E., Gänzle M.G., 
Lebeer S. (2020): A taxonomic note on the genus Lactoba-
cillus: Description of 23 novel genera, emended description 
of  the genus Lactobacillus Beijerinck 1901, and union 
of Lactobacillaceae and Leuconostocaceae. International 
Journal of  Systematic and Evolutionary Microbiology, 
70: 2782–2858. 

Received: June 19, 2025 
Accepted: August 5, 2025 

https://cjfs.agriculturejournals.cz/

