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PE3OME

Mne4dHokncenmte GakTtepum ca
nobpe nosHaTM OoT YoBeyecTBOTO. Morat
Oa 6bgaTr OTKPUTM KaKTO B CTOMALLHO-
YPEBHMS TPaKT Ha Xopa W XMBOTHM, Taka
N B npupogaTa. TSXHOTO M3non3BaHe ce
pas3BvBa Obp30 B NPOMMULUIIEHOCTTA, KaTo
Ce Lenn OTKPUBAHETO Ha HOBM LLIAMOBE,
CUMBMOTUYHN KyNTYypW WU ApYyrn, C uen
nponsBoACTBOTO Ha no- p[obpu u
OYHKUMOHAMNHN NPOJYKTU.

M3cnensaHeTo Ha
MreYHokucenute Gaktepun, npuaasalim
NIBTHOCT, KUCENUHHOCT, BKYC, apomar u

no- Obps3a koarymauusi, € BaXHO OT
Hay4yHO-MpUIIOXHa rnedHa Todka. 3a
uenta ca MNpPOyYeHN CbBPEMEHHM
nuTepaTypHW U3TOYHMLM Ha aBTopM,

paboTnnn no pasnuyHM pogoBe, BUOOBE
n LamoBe MITe4YHOKMCENn
MUWUKPOOPTraHNU3MM. JlutepartypHata
crnpaBka oOxBaw,a npeacTaBATENM Ha
popoBeTe Streptococcus, Lactobacillus,
Lacticaseibacillus n Lactococcus.
Pesyntatnte oT nutepatypHata
crnpaBka MokasBar, Ye ce OTKpUBaT HOBU
lamMoBe, OT u3crefBaHuTe BWOOBeE, C

SUMMARY

Lactic acid bacterias are well
known by mankind. They can be found in
the gastrointestinal tract of humans and
animals as well as in nature.

Their use is developing rapidly in
industry, with the aim of discovering new
strains, symbiotic cultures, etc., with main
goal- production of better and more
functional products.

The study of lactic acid bacterias,
which contains density, acidity, flavour,
aroma and faster coagulation, is
important from a scientific and applied
point of view.

For this purpose, contemporary literature
of authors who have worked on different

species and strains of lactic acid
microorganisms  were studied. The
literature review covers the species

Streptococcus, Lactobacillus,
Lacticaseibacillus and Lactococcus.

The results of the literature review
show that new strains are being
discovered, from the studied species,

529



Han- pasHoobpasHM CBOWCTBA Cnep
NMpOBEAEHOTO MpPOYYBaHE € BBb3MOXHO
OOMbIHWUTENHO M3cneaBaHe Ha PasnnyHm
NpoyYBaHyN MUKPOOPTraHU3MMU.

KnouyoBu  aymu:mnevHokucenu
NPOAYKTMH, MUKPOOPTraHn3mu,
TEPMOUITHU, ME3OGUITHN

yBO[
Peouvua ydyeHn ca yctaHoBunm, ye,

Mrie4yHoKucenuTe BakTepun (MKB)
npeacrtaensieaTt rpyna rpam-
nonoxntenHu Gaktepuu, obeguHeHn oT
MOPdOMOrMYHM, MeTabonNnTHN "

m3MonormyHn xapakrepuctnkn (Hayek
and Ibrahim, 2013).

lpaHnumMTe Ha Ta3m  rpyna
OakTepun ca OGUNKM 4ecTo noanaraHn Ha
obcbxOgaHe, HO rpyna wuscnegoBaTenu
TBbPOAT, Ye WUCTOPUYECKM pPOLOBETE
Lactobacillus, Leuconostoc, Pediococcus
n Streptococcus obpasyBaT OCHOBHaTa

yact Ha rpynata (Von Wright and
Axelsson, 2012).

Zheng et al, (2020) npasar
OOCTOMHO rEeHOTMMHO WM3cnegBaHe U

[oKa3BaT pasnuku, Ypes3 KoeTo pasgensrt
pog Lacobacillus Ha:

1. Lactobacillus;

2. Lacticaseibacillus;

3. Limosilactobacillus;

4. Lactiplantibacillus;

5. Ligilactobacillus.

B HacToswarta paspabotka e
NpOBELEHO NUTEPATYPHO M3CrneLBaHe 3a
HOBOCTMTE NPW Hal- YeCcTo U3MNonN3BaHUTe
B MIeyHata WHAYCTpWUS NpeacTaBUTENU
oT poaoBseTe Lactobacillus,
Streptococcus, Lactococcus 7
Lacticaseibacillus.

MATEPWAIN U METOOU

M3BbpLUeHa e nuteparypHa
crnpaBka Ha CbBPEMEHHU W3TOYHULM,
OTHOCTHO  HOBOOTKPWUTW  LLlAaMOBE  OT
pasfnMyHN BUOOBE U TEXHU pasHOObpasHm
cBoWCTBAa.

with diverse properties. After the study, it
is possible to make further investigation
of different studied microorganisms.

Keywords: lactic acid products,
microorganisms, thermophilic, mesophilic

INTRODUCTION

A number of scientists have
established that, lactic acid bacterias
(LAB) are a group of gram-positive

bacterias united by morphological,
metabolic and physiological
characteristics (Hayek, and Ibrahim,
2013)

The boundaries of this group have
often been debated, but a group of
researchers proved that historically the
genus: Lactobacillus,  Leuconostoc,
Pediococcus and Streptococcus form the
bulk of the group (Von Wright, and
Axelsson, 2012).

Zheng et al., (2020) performed a
comprehensive genotyping study and
demonstrated differences, dividing the
genus Lacobacillus into:

1. Lactobacillus;

2. Lacticaseibacillus;

3. Limosilactobacillus;

4.Lactiplantibacillus;

5. Ligilactobacillus.

In the present work, a literature
survey was conducted on novelty in the
most commonly used representatives of
the genus Lactobacillus, Streptococcus,
Lactococcus and Lacticaseibacillus, used
in the dairy industry.

MATERIAL AND METHODS

A literature review of contemporary
sources was performed on newly
discovered strains of different species
and their diverse properties.
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PE3YNTATU U OBCBHXXOAHE

1. Popg Lactobacillus

Pasnnynun BMOOBE OT  poA
Lactobacillus ce n3nonaeart BbB
(OYHKUMOHANMHN  XpaHMW U HamnuTKW.

MpoOobmKMTENHOTO MYy WU3cnegBaHe B
nocnegHvuTe decetunetus ro oboraTsiBa
noctosiHHo. Zheng et al., (2020) npassat

RESULTS AND DISCUSSION

1. Genus Lactobacillus

Various species of the genus
Lactobacillus are used in functional foods
and beverages. Its continuous research
in the last decades has enriched it
constantly.
Zheng et al., (2020) revised the taxonomy

peBM3nsi Ha TakCOHOMMUSTA U NPOMeHsT | and changed the  nomenclature,
HOMEHKNaTypaTa, OTAensarkum  HAKou | separating some species from the genus.
BugoBe oT popa. Pesyntatute ca | The results are presented in Table 1.

npeacTtaeeHun B Tabnuua. 1.

Ta6nuua 1. Tabnuua ¢ HoMeHKNaTypHUTe NpoMeHu 3a popa Lactobacillus (Health
Canada, 2024)
Table 1. Table of nomenclature changes of eligible Lactobacillus species (Health
Canada, 2024)

Ctapo HavmeHoBaHue/
name

(pog, Bua/genus, species)
Lactobacillus acidophilus
Lactobacillus casei
Lactobacillus fermentum
Lactobacillus gasseri
Lactobacillus johnsonii

Old | HoBo HammeHoBanve/ New
name

(poa, Bua/genus, species)
Lactobacillus acidophilus
Lacticaseibacillus casei
Limosilactobacillus fermentum
Lactobacillus gasseri

Lactobacillus johnsonii

HomeHknaTypeH ctaTtyc/
Nomenclature status

Bes npomsiHa/No change
MpomexeHo/Changed
Bes npomsiHa/Changed
Bes npomsia/No change
Bes npomsiHa/No change

Lactobacillus paracasei Lacticaseibacillus paracasei MNpomeneHo/Changed
Lactobacillus plantarum Lactiplantibacillus plantarum MNMpomeHeHo/Changed
Lactobacillus rhamnosus Lacticaseibacillus rhamnosus MNpomeneHo/Changed
Lactobacillus salivarius Ligilactobacillus salivarius MNMpomeHeHo/Changed

Crtpannuara Health Canada (2024)
CcboOLLlaBa, Ye TaKCOHOMUYHUTE PEBU3UN,
HanpaBeHW B HOMEHKMatypara Wumm
Hay4yHOTO HaMMeHOBaHue (T.e. pod, BuA)
Ha Lactobacillus, o3Ha4yaBaT, Ye B MHOro
cryyan MMeHata Ha pogoBeTe ca
NPOMEHEHN, HO MMeHaTa Ha BWOOBeTe-
He. [Npu onpenensiHe CbObPXaAHNETO Ha
Lactobacillus B xpaHu, KOMTO ca 0OeKT Ha

30paBHa MNpeTeHuusl, Moxe Jga ce
HanoxaT npoOMeHM BbpPXy ETUKeTUTe
uvim B peknamata. [lpomeHnte B

HOMeHKnaTypata Ha Lactobacillus ce
oTpassiBaT Ha HAKOM OT JOonycTUMuUTe
Bugose Lactobacillus, 3a konto moraTt ga
ce MpaBsT WHCNEKUMM N KOUTO He ca
cneundnyHN 3a gageH wam.

OT perynupaHute CTpaHuM ce
ovakBa Aa npuBenaTt eTUKETMPaHeTo CU B

The Health Canada page (2024)
reports that taxonomic revisions were
made to the nomenclature or scientific
name (i.e. genus, species) of
Lactobacillus mean that in many cases
the genus names have been changed,
but the species names have not.

When determining the Lactobacillus
content of foods that are the subject of a
health claim, changes may be required
on labels and/or in advertising.

Changes in the nomenclature of
Lactobacillus affect some of the eligible
Lactobacillus species for which
inspections can be made and which are
not strain specific.

Regulated countries are expected
to bring their labelling into line with the
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CbOTBETCTBUE ¢ aKTyanuaupaHuTe
NpOMEHN B HOMeHKaTyparta go 1 aHyapu
2028 r. 3a npomuwneHoctTa €
npeaBvMaeH MpexodeH nepvo, 3a ga ce
ocurypm AOCTaTbyHO Bpeme 3a
N3BbPLUBAHE HA €BEHTYyasnHW NPOMEHN B
€TUKETUTE 1 pekriamaTta Ha XpaHuTe.

Mo BpemMe Ha npexogHus nepuog
BbpXy €TUKETUTE Ha XpaHute U1 B
peknamara MoOXe [fa ce u3nucea Wnu
CTapoTO MMM HOBOTO HaMMEHOBAHWE Ha
Buga Lactobacillus, konTto e 06ekT Ha
3gpaBHa  uHcnekuus.  Perynupanute
CTpaHu TpsAibBa Aa M3nonseaTt caMo efHa
OT crnegHuTe  Bb3MOXHOCTM  BbpXY
eTUKeTa Ha XxpaHaTa WM B pekramara,
3a fa rapaHTupar, 4e HsemMa jJa ce

cb3gane NorpeLHo BrieyaTneHve
OTHOCHO CbAabpXaHMeTo Ha Lactobacillus
B XpaHara:

a) Crapoto ume Ha Buga
Lactobacillus, katTo ce n3nons3ea
dopmMaTbT:

e [poa] [Bua] wam [X];

olpumep: Lactobacillus casei
ABC123

b) HoBoTO HaumeHoBaHue
Ha Buaga Lactobacillus 3aegHo c
NMpeauHoTo B CKOBM €  TepMuHa:

LApeaun’, kato ce nanonssa opMaTbT:

¢ [pog] [Bua] wam [X] (npeam [pop]
[BuA] wam [X]); nnm

olpumep: Lacticaseibacillus casei

ABC123 (npegm Lactobacillus casei
ABC123)
C) HoBoTO  HammeHoBaHWe

Ha Buaa Lactobacillus:

e [pog] [Bua] wam [X]

olpumep: Lacticaseibacillus casei
ABC123 (Health Canada, 2024).

ABTOpUTE npenopbyBart npu
BbBEXOAHETO Ha MPOMEHWTE pfa ce
n3nonsBa camo efHa nocriegoBaTernHa
onuus 33 HaMMeHOBaHWE  BbpXY
eTMKETUTE N B peknamarta, BMECTO Ja ce
M3non3eat  pasfiM4HM  HauMHM  3a
HaMMeHyBaHe. He ce npenopbyBa ga ce
n3nonaea egHa onuusi 3a
naeHtTudmumpaHe Ha BMOoOBETE
Lactobacillus.

updated nomenclature changes by 1
January 2028.

A transition period is foreseen for the
industry to allow sufficient time to make

any changes to food labelling and
advertising.
During the transitional period,

either the old or the new name of the
Lactobacillus species subject to health
inspection may appear on food labels and
in advertising.

Regulated countries should use only one
of the following options on the food label
or in advertising to ensure that no

misimpression is given about the
Lactobacillus content of the food:

d) The old species name
Lactobacillus, using the format:

¢ [genus] [species] strain [X];

oExample: Lactobacillus casei
ABC123

e) The new species name of

Lactobacillus along with the former in

parentheses with the term: ‘formerly'
using the format:
e [genus] [species] strain  [X]

(formerly [genus] [species] strain [X]); or
oExample: Lacticaseibacillus casei
ABC123 (formerly Lactobacillus casei
ABC123)
f)The
Lactobacillus:

¢ [genus] [species] strain [X

oExample: Lacticaseibacillus casei
ABC123 (Health Canada, 2024).

The authors recommend that only
one consistent naming option should be
used on labels and in advertising when
introducing changes, rather than using
different naming options.

new  species name

It is not recommended to use a single
option to identify Lactobacillus species.
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1.1. Lactobacillus bulgaricus
B no- HoBo u3cnegsaHe Liu et al.,
(2014) pokasBaT OTHOBO TBBbPAEHUETO,
ye wamoBeTe Ha L. bulgaricus
npoayuupart NpoTEONNTUYHN EH3MMM MPU
NMPOM3BOACTBO HAa KUCESO MIISIKO.
CkopolwHO wu3cnegBaHe MOKa3Ba,
ye wamoBeTe 2214 n 1932 nokassart
0obpo pasBuTME M MNOOKUCIISIBAHE Ha
rpaxoBa emyricua (Alinovi et al.,, 2025).
MpegHn wn3cnegBaHUA Ha  BbNPOCHUTE
LlaMOBe paskpuBaT, 4Ye Te MokassaT
passutne n npogyuupart
eksononusaxapuan B MRS Broth cpena
(Bancalari et al., 2022) n cbLo passutme
BbB dhepmeHTMpanu mreka (Tang et al.,
2017; Zhang et al., 2018). Alinovi et. al.,
(2025) TBBbPASAT, Ye MOXe Aa ce Hanpasu
XvMnotesa OTHOCHO nNpoAyuMpaHeTo Ha
Tean wmetabonuTtM TEeXHUA MNPUHOC 3a
PEeONornMYHOTO pasBUTME Ha [paxoBo-
€MYIICUOHHWUTE TrenoBe Mo Bpeme Ha
depmeHTaumara. Monica et al., (2025)
OTKpMBaT B [ApPYro wu3cnegBaHe, 4e
wamoeeTe L. bulgaricus 2214 n 1932 ca
c Han-0oopu nokasatenu npwu
KynTMBMpPaHe B Opu3, KOHOM U, cosa ap. B
OOMbIlHEHNE aBTOPUTE KOHCTaTMpaT, ye
wamoBeTe 2214 un 1932 nposiBaABaT
OMONPOTEKTOPHU PYHKUUKN B N3OpoOeHUTE
XpaHuTenHun cpegun. Monica et al., (2025)
ycTaHoBsBaT CbLLIECTBEHM
TpaHccopmaumm 7 NpOMeHn B
apomaTtHusl nNpochuri, ¢ HamansiBaHe Ha
HMBaTa Ha XeKkcaHan W XeKcaHoBa
KNcenuHa BbB PEPMEHTMpanMTe npobu,
KoeTo nogobpsiBa  OpraHONEenTUYHUTE
CBOWCTBA Ha KpaWHWA NpOAYKT, KaTo
HamansBaHe Ha HeXenaHuTe neTnMBu
CbedVHEeHNs nogdeptaBa 3HA4YEHUETO U
noTeHumana Ha MrievyHokucenara
depmMeHTaumsa 3a nogobpsiBaHe KakTo Ha
opraHonenTu4HuTe, Taka " Ha
MUKpOBMonormyHuTe CBOWCTBa Ha
NPOTENHWTE Ha pacTUTENHa OCHOBA.
Alinovi et. Al., (2025) TBbpANAT, Ye
MMa 3Ha4YuTenHa npomsHa B LBETOBUTE
nokasatenu Ha emyncusaTta. Mefleh et al.,
(2022) HabniogaBaT yBenUYeHME Ha
napameTpuTe Ha uBeTa L* n a* nopagm

1.1. Lactobacillus bulgaricus

In a recent study, Liu et al., (2014)
again proved the claim that L. bulgaricus
strains produce proteolytic enzymes in
yoghurt production.

A recent study showed that strains
L. bulgaricus 2214 and 1932 showed
good development and acidification of
pea emulsion (Alinovi et al.,, 2025).
Previous studies of the strains in question
revealed that they show development and
produce exopolysaccharides in MRS
Broth medium (Bancalari et al., 2022) and
also development in fermented milks
(Tang et al., 2017; Zhang et al., 2018).
Alinovi et. al.,, (2025) argue that a
hypothesis can be made regarding the
production of these metabolites their
contribution to the rheological
development of pea-emulsion gels during
fermentation.
Monica et al., (2025) found in another
study that the strains were L. bulgaricus
2214 and 1932 had the best performance
when cultured in rice, hemp and, soybean
etc.
In addition, the authors found that strains
2214 and 1932 exhibited bioprotective
functions in the listed food environments.
Monica et al., (2025) found significant
transformations and changes in the
aroma profile, with a reduction in hexanal
and hexanoic acid levels in fermented
samples, which improved the
organoleptic properties of the final
product, with a reduction in unwanted
volatile compounds highlighting the
importance and potential of lactic acid
fermentation in improving both
organoleptic and microbiological
properties of plant-based proteins

Alinovi et. al., (2025) claim that
there is a significant change in the colour
performance of the emulsion. Mefleh et
al., (2022) observed an increase in L*
and a* colour parameters due to the
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npoueca Ha chepMeHTauuss Ha HanuTKu,
MPOVM3BEAEHN OT 4YepeH HaxyT MU
depMeHTUpanM ¢ pasnuyHu  LWaMoBe

MKB (Streptococcus thermophilus,
Lactococcus lactis wn  Lactobacillus
plantarum). 3a pasnuka oT

nscrnegBaHusita B pacTUTENHU EMYICuMK,
topusiewicz et al., (2022) nokasear
HamansiBaHe Ha CTOMHOCTUTE Ha a* Ha
nogobGHa Ha MIleyHoKkMcena HanuMTka oT
nMpecoBaHM cemMeHa Ha KamenvHa
(Camelina sativa L.), depmeHTMpana c
MOMOLLITA Ha 3aKBacka 3a KMCEeNo MISKO
(Streptococcus salivarius subsp.
thermophilus n Lactobacillus delbrueckii
subsp. bulgaricus).

1.2 Lactobacillus helveticus

Lactobacillus helveticus- rpam-
nonoxuTenHa mrneyHokncena 6Gakrepus,
€ BaXeH npobuMOoTMK, KOWTO € LUMPOKO
pasnpocTpaHeH B pasnuyHn
depMeHTUpanM XpaHu KaTo  Kuceno
MIISIKO M CUpPEHE U KMa 3HAYUTESHU
CTUMynMpaLLy eeKkTn BbpXy YOBELLKOTO
3apaee. BnarogapeHnue Ha
M3KMKuMTENHaTa cu  crnocobHocT 3a
XMApOnu3a Ha npoTenHu Tasu baktepus
MOXe [a YCKOPW 3peeHeTo Ha CUMpPEHEeTo
M pga nogobpu BKyca Ha MIeyHUTEe
NPOAYKTU Ype3 Xxuapornumsa Ha npoTenHU
(Begunova et al.,, 2021). Pegnua yyeHu
ca [jokasanu, 4Ye HAKOM OnoakTUBHU
nentugn Ha L. helveticus wmorat pa

NHXnbupat AHMMOTEH3WH-
KOHBEpTMpaLLns €H3NM (ACE),
TpaHcmembpaHHa LMHKOBA

MeTanonenTugasa, KOATO € CBbp3aHa C
xvnepToHnata (Seppo et al.,, 2003;
Beermann and Hartung, 2013;
Zoumpopoulou, 2016). Lactobacillus
helveticus u B yacTtHoCcT wambT H9 nma
pa3Hoobpa3sHu npeguMMmcTBa npwm
MrieyHaTta epMeHTauuss B CpaBHEHUE
CbC CTaHOAPTHU CTapTEPHU KyNTypw,
KaTO CbKpallaBaHe Ha BpeMeTo Ha
depMeHTaLmsa U yBENUYEHO CbAbpKaHWe
Ha NeTNMBMA apoOMaTUYHN U CbeAUMHEHMS,
no-cneunanHo OeH3angexva W aueToH.
depmMeHTUpanu NpoaykTu ¢ To3u LWam ca
ounu ctabunHu no Bpeme Ha xnagurHo

fermentation process of beverages
produced from black chickpea and
fermented with different strains of IBC
(Streptococcus thermophilus,
Lactococcus lactis and Lactobacillus
plantarum).

In contrast to studies in plant emulsions,
topusiewicz et al.,, (2022) showed a
decrease in a* values of a lactic acid-like
beverage made from pressed camelina
(Camelina sativa L.) seeds fermented
using a yoghurt starter (Streptococcus

salivarius subsp. thermophilus and
Lactobacillus delbrueckii subsp.
bulgaricus).

1.2 Lactobacillus helveticus

Lactobacillus helveticus, a gram-

positive lactic acid bacteria, is an
important  probiotic that is widely
distributed in various fermented foods

such as yogurt and cheese and has
significant stimulatory effects on human
health.

Due to its exceptional protein hydrolysis
ability, this bacterium can accelerate
cheese ripening and improve the taste of
dairy products by hydrolyzing proteins
(Begunova et al., 2021).

A number of researchers have shown

that some bioactive peptides of L.
helveticus can inhibit angiotensin-
converting enzyme (ACE), a

transmembrane zinc metallopeptidase
that has been linked to hypertension
(Seppo et al.,, 2003; Beermann and
Hartung, 2013; Zoumpopoulou, 2016).

Lactobacillus helveticus and in particular
the H9 strain has various advantages in
lactic acid fermentation compared to
standard starter cultures, such as
shortened  fermentation time and
increased content of volatile aromatic and
compounds, in particular benzaldehyde
and acetone.

Products fermented with this strain were
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stable during cold storage for 28 days at
t= 2-4°C (Tingting et al., 2019).

cbXxpaHeHue 3a 28 aHu npu t= 2-4°C
(Tingting et al., 2019).
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Water holding capacity (%
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ABCDETFGH. ABCDETFGH

Groups Groups

®dur. 1. (A) CbabpxkaHue Ha Al-2 B Kucenoto Mnsiko B pasnuyHure rpynu. (B) pH
Ha KMCenoTo MInsiko B pasnuyHute rpynu. (C) KucennMHHOCT Ha KMCenoTo MIsKo
B pa3nuyHuTte rpynu. (D) Bpon kun3Hecnocob6HN GaKkTepun B KACENOTO MIISIKO B
pasnuuHute rpynu. (E) Boposaabpxawia cnocoOOGHOCT Ha KUCENoTO MIISIKO B
pasnuyHuTe rpynu. (F) CTeneH Ha NPOTEMHOBA XMAPONU3a Ha KMCENOTO MIISIKO B
pa3nuyHuTe rpynu. (G) CTeneH Ha xupgponusa Ha 6enTbUUTE B KUCENOTO MIISIKO
B pasnuyHute rpynu. (H) [lpoTteMHoBa Xxuaponusa Ha KACENO MIISIKO B
pas3nu4yHuTe rpynu. a, b, ¢, d npegcraBnaBart s3Hauumu pasnukm (P < 0,05) mexay
pasnuyHuTe rpynu kucenu mneka. S16 h: cbxpaHsasaHu npu 4°C B npoabkeHue
Ha 16 h. MKB (LAB) = mne4yHokucenu 6aktepum (Zhang et al., 2025)

Fig. 1. Determination of basic indexes of yogurt. (A) The Al-2 content of yogurt in
different groups. (B) The pH of yogurt in different groups. (C) Acidity of yogurt in
different groups. (D) Number of viable bacteria in yogurt in different groups. (E)
Water-holding capacity of yogurt in different groups. (F) Degree of protein
hydrolysis of yogurt in different groups. (G) Protein hydrolysis of yogurt in
different groups. (H) Protein hydrolysis of yogurt in different groups. a, b, ¢, d
represent significant differences (P < 0.05) between the different groups of
yogurts. S16 h: stored at 4°C for 16 h. LAB = lactic acid bacteria (Zhang et al.,
2025)

Groups

B ckopollHo npoy4BaHe Ha Zhang
et al., (2025) uscneggat edekta Ha luxs,
KNOYOB reH 3a KBOpyM ceH3op (QS),
BbpPXY XapaKTepHMsi BKYC Ha KMCENoTo
MIISIKO M MOMEKYNSAPHUSE MY MEXaHU3bM
npu KoghepMeHTaLMATa Ha KUCENO MIISIKO
¢ L. acidophilus CICC 6074 wn
Lactobacillus helveticus R0052.

In a recent study, Zhang et al.,
(2025) investigated the effect of luxS, a
key quorum sensing (QS) gene, on the
characteristic taste of yogurt and its
molecular ~ mechanism in  yogurt
cofermentation with L. acidophilus CICC
6074 and Lactobacillus helveticus R0052.
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M3nonsearkn nnasmuga pMG36e kato
BEKTOP W U3MON3Baniky TexHomnorvsTa 3a
pedaktmpaHe Ha  FeHW,  aBTopuTe
MbpPBOHAYanHoO KOHCTpyMpaT LamMoBe 3a
cBpbxekcrnpecna Ha reHa luxS - L.
acidophilus CICC6074- pMG36e-luxS wu
L. helveticus  R0052-pMG36e-luxS.
TAXHOTO Bb3OENCTBUE BbPXY Ka4eCcTBOTO
Ha KUCENnoTO MMSKO, BKIOYMTENHO pH,
TUTpyema KMCENWUHHOCT, Opon
XKM3HECTNOCOOHN  KMeTkM,  TekcTyparta,
KanauuTeTta 3a 3agbpaHe Ha Boda U
Xvgponusata  Ha  NpoTeuHute, €
OOMbIHUTENHO NPOYYEHO U NPEACTAaBEHO
Ha ®urypa 1.

Zhang et al., (2025) vycnsaBaT
yCMEeLWHO fa KOHCTpyupaT LamoBe 3a
cBpbxekcnpecusa Ha L. acidophilus CICC
6074-pMG36e-luxS un L. Helveticus
R0052-pMG36e-luxS. Ekcnpecusara Ha
reHa luxS e nosuweHa CbOTBETHO 2,25
netM n 3,16 nbtn. B cpaeHeHue ¢
iamMoBeTe OT npwupodaTa, KUCenoto
Mnsiko, 3akBaceHo oOT L. acidophilus
CICC6074-pMG36e-luxS un L. helveticus
R0O052 pMG36e-luxs, nokassa
3HAYMTENHO MOBMWLUEHO CbAbpXXaHWE Ha
Al-2, kKncenmHHocT, 6pon Xn3HecrnocobHn

KNETKM W XMAPONM3a Ha NpPOTEUHN,
jokarto pH, BOAO3aAbprKallarta
CnocobHoCT 7 TBbpAOCTTA ca
3HaYUTENHO MOHWKEHM.
MpoeHtndunumpann ca obwo 31 netnmeun
apomartHu BeLllecTBa. Cpen TaX
OeH3anaexnabT, 2,4-apnmeTnn-

anbytundgpranarbT 7] n-gekaHoBaTta
KMcenuHa ca UAeHTUULMPaHN  KaTo
KMoYoBM  AudpepeHumaniHM  apoMaTHM
BELLEeCTBa, MeauuMpaHu OT reHa luxS.
MeTabonoMUYHNAT aHanua nokasea, 4ye
reHbT luxS onpocTsaBa npogyLMpaHeTo
Ha OpraHW4YHW KUCENWHW B KWUCENOTO
MIISIKO Ype3 MeTabonmama Ha aprmHMHa K1
NponuHa, mMeTabonuama Ha
deHnnanaHuHa u  MmeTabonuama  Ha
TpuntodpaHa. C ToBa nmpoy4yBaHe Zhang
et al., (2025) nogyepTasar BaxHaTa pons
Ha wMexaHnama LuxS/Al-2 QS npu
depmeHTaLumMsATa Ha KUCENOTO MIISIKO,
OONpUHaCSNKM 3a nopobGpsiBaHe

Using the pMG36e plasmid as a vector
and using gene editing technology, the
authors initially constructed strains to
overexpress the luxS gene, L. acidophilus
CICC6074- pMG36e-luxS and L.
helveticus R0O052-pMG36e-luxS.

Their effects on yoghurt quality, including
pH, titratable acidity, viable cell number,
texture, water holding capacity and
protein hydrolysis, are further
investigated and presented in Figure 1.

Zhang et al., (2025) were able to
successfully construct overexpression
strains of L. acidophilus CICC 6074-
pMG36e-luxS and L. Helveticus R0052-
pMG36e-luxS. The expression of
luxS gene was increased 2.25-fold and
3.16-fold, respectively. Compared with
the wild-type strains, yogurt fermented by
L. acidophilus CICC6074-pMG36e-luxS
and L. helveticus R0052 pMG36e-luxS
showed significantly increased Al-2
content, acidity, viable cell count and
protein hydrolysis, while pH, water
holding capacity and firmness were
significantly decreased.

A total of 31 volatile aromatics were
identified. Among them, benzaldehyde,
2,4-dimethyl-dibutylphthalate and n-
decanoic acid were identified as key
differential aromatics mediated by the
luxS gene.

Metabolomic analysis shows that the luxS
gene simplifies the production of organic
acids in yoghurt through arginine and
proline metabolism, phenylalanine
metabolism and tryptophan metabolism.
With this study, Zhang et al., (2025)
highlighted the important role of the
LuxS/AlI-2 QS mechanism in the
fermentation of yogurt, contributing to its
guality improvement.
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HEroBOTO KA4YeCTBO.
1.3. Lactobacillus acidophilus
Lactobacillus acidophilus ce

Xapaktepusaupa kato B4 C BUCOKA

CNoCcOBGHOCT 3a  NpPOM3BOACTBO  Ha

ek3ononmsaxapuan. YyeHu ca nposenu

nacrnegsaHe Ha L. acidophilus n Herosute
ek3ononmsaxapuam BbPXY MHOXECTBO
3[paBOCMOBHN (DYHKUUWN, C M3KIOYeHue

Ha edeKkTa cpelly 3aTnbCTABaHETO

(Werning et al., 2022). CKoOpoOLHO

npoy4saHe Ha Zhao et al., (2025) Ha wam

Lactobacillus acidophilus YLO - HOB wiam,

n3onMpaH oOT TPaaWUMOHHO KMTaWCKO

KACENO MIISIKO, MOKa3Ba MHOro Jobpwu

XapaKkTepPUCTUKN Ha pacTex 7

NHXNOMpaLLm

amunasHaTa/rnoko3ngasHarta

AKTUBHOCTW Ype3 UH BUTPO EKCNEPUMEHT.

OcBeH ToBa HeroBuTe
eK3ornonusaxapuau ca
oxapakTepuaupaHm U  cnyxaTt KaTo

OCHOBHO CbeguHeHMe, OTroBOPHO 3a
bopba CbC 3aT/TbCTABAHETO n
WHCynnHoBaTa PE3NCTEHTHOCT  Mpu
3aTNBbCTENN MULUKW, NPEeau3BUKaHW OT
OMeta C BUCOKO CbAbpXaHWe Ha
Ma3HuHM (Zhao et al., 2025).

Opyro CKOPOLLIHO npoy4BaHe
(Davarzani et al.,, 2024) noka3sa 4e
noctoumotmumte ot L. acidophilus
npuTexasar 3HAYUTENHU
aHTMbakTepuanHm edekTn, KoUTo morat
Aa yBenu4yaTt ctabunHocTTa M cpoka Ha
FOAHOCT Ha XpaHUTENHUTE NPOAYKTU, KbM
kouto ca [pgobaseHn. [lo-Bucokarta
aKTUBHOCT npu oTcTpaHaBaHe Ha DPPH
(2,2-gncenHnn-1-
nuKpunxugpasvnpagvkan) pagukanute
Ha nocTbmoTUuMTe B CpaBHEHME C
OBMKHOBEHO KMCEMNO MIISIKO nokassar
dyHkumoHanHocTTa Ha L. acidophilus u
pes3ynTaTuTe OT eKCrepMMEHTanHMs nnax
BbpXY nibxoBe nokasaar, ye
N3MON3BaHETO Ha MOCTOMOTMYHO KUCENOo
MIISIKO MOXe Jda HamanuM 3HauYnTerHo
HMBOTO Ha LDL (nmowwmsat xonectepon) B
KPBBHUS cepym (P<0,05) "
cneposaTenHo ga obae OT 3HayeHue 3a
3gpaBeto Ha cbpueto. OcBeH ToBa e

1.3. Lactobacillus acidophilus

Lactobacillus acidophilus is
characterised as a species with a high
capacity for exopolysaccharide
production. Scientists have conducted
research on L. acidophilus and its
exopolysaccharides on multiple health
functions, with the exception of the effect
against obesity (Werning et al., 2022).

A recent study by Zhao et al., (2025) on
Lactobacillus acidophilus strain YLO-a
novel strain isolated from traditional
Chinese yogurt showed very good growth
characteristics and inhibitory
amylase/glucosidase activities by in vitro
experiment.

Furthermore, its exopolysaccharides
have been characterized and serve as a
major compound  responsible  for
combating obesity and insulin resistance
in obese mice induced by a high-fat diet
(Zhao et al., 2025).

Another recent study (Davarzani et
al., 2024) showed that postbiotics from L.
acidophilus have significant antibacterial
effects that can increase the stability and
shelf life of the food products to which
they are added.

The higher DPPH (2,2-diphenyl-1-
picrylhydrazyl radical) radical scavenging
activity of postbiotics compared to plain
yogurt indicates the functionality of

L. acidophilus, and the results of the
experimental design on rats suggest that
the use of postbiotic yogurt may
significantly reduce the level of LDL (bad
cholesterol) in blood serum (P<0.05) and
therefore be relevant to heart health.

Furthermore, any potential long-term
adverse effects on human health need to
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HeobOxoouMO [fJa ce B3emaT npeasva
BCMYKM  MOTEHUMANHW  ObIFOCPOYHM
HebraronpuaTHW ecpekTm BbPXY
yoBelwkoTo 3gpaBe (Davarzani et al.,
2024).

Bpown Ha L. acidophilus ATCC 4356
B cupeHata Kasar no Bpeme Ha
NpoM3BOACTBOTO Ha CMpPEHe nepuoja Ha
NpOM3BOACTBO U 3pEeHe ca Nokas3aHu Ha
durypa 2.

mSLA e
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be considered (Davarzani et al., 2024).

The number of L. acidophilus
ATCC 4356 in Kasar cheeses during the
cheese production period of manufacture
and ripening are shown in Figure 2.
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Ha L. acidophilus ATCC 4356 no Bpeme Ha Npou3BOACTBOTO U

3peeHeTo (AeH) Ha cupeHata Kacap. SLA: nacTbopu3upaHo 4ype3 gobaBsiHe Ha
cTapTepHa Kyntypa u L. acidophilus, LA: nacTbopu3npaHo 4ype3 go6aBsiHe Ha L.
acidophilus (Giirmerig et al., 2024)

Fig. 2. L. acidophilus ATCC 4356 counts during manufacturing and ripening (day)
of Kasar cheeses. SLA: pasteurized by adding starter culture and L. acidophilus,

LA: pasteurized by adding L. acidophilus (Giirmerig et al., 2024)

Gurmeric et al., (2024)
ycTaHoBaABaT 6Opos Ha L. acidophilus
ATCC 4356 B cnpeHata Kasar no Bpeme
Ha nNpou3BOACTBOTO HA CUPEHETO MU
nepuoauTe Ha 3peeHe, MOKasaHuW Ha
®urypa. 2. [No BpeMe Ha NPOU3BOACTBOTO
Ha cupeHe Kasar 6posaT Ha L. acidophilus
ATCC 4356 Bapupa ot 5,85 no 8,68 log
cfu/mL-g. bpoaT Ha L. acidophilus ATCC
4356 HamansBea cpeaHo ¢ 2,33 log cfu/mL
cneg  WHOKynupaHe B Mmnsikoto. Ot
nepuoga npegu  UHKyGauuATa  Oo
n3napBaHeTo 6poAT Ha npobuoTnuuTe ce
e ysenuuun cpegHo c¢ 1,74 log cfu/g.
Cnepq kaTto cupeHata Kasar ca nanapenu,

Glmeric et al., (2024) detected
the number of L. acidophilus ATCC 4356
in Kasar cheese during cheese
production and the ripening periods
shown in Figure 2.
During the production of Kasar cheese,
the number of L. acidophilus ATCC 4356
ranged from 5.85 to 8.68 log cfu/mL-g.

The number of L. acidophilus ATCC 4356
decreased by an average of 2.33 log
cfu/mL after inoculation into the milk.
From the pre-incubation period to
farrowing, probiotic counts increased by
an average of 1.74 log cfu/g.
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opoat Ha L. acidophilus ATCC 4356
Hamansa cpegHo ¢ 1,57 log cfu/g. B
3aKnioyeHme Ha OTKpUTMETO, rpynata
ydeHn  TBBPAAT, 4Ye  OpoAT  Ha
npobuotuyHnte OGaktepum B SLA ce
yBenu4aBa 3a Mo-kpaTko Bpeme B
cpaBHeHne ¢ LA. Moxe pa ce kaxe, ye
nanona3eaHeto Ha L. acidophilus cbc
cTapTepHa KynTypa Bnusie BbpXxy 6pos Ha
NpobroTMYHMTE BakTepun B CUPEHETO No
Bpeme Ha 3peeHeto (Gurmeric et al.,

2024).

2. Pop Streptococcus

L. delbrueckii subsp. bulgaricus,
obcbaeH no-rope, u  Streptococcus

thermophilus - BuagoBe, KOUTO YecTo ce
n3nonseat KaTto CTapTepHW KynTypu 3a
Npon3BOACTBO Ha kuceno mnsiko (Aryana
and Olson, 2017), nokassaT Han-gobpa
aganTUBHOCT MpPU  BCUYKU  pacTUTENHU
cpeau, KakTo U Hal-BMCOKa BbTpeBuaoBa

BapMabuiHocT.
S. thermophilus e rpam-
MonoXuTenHa, dhakynTaTMBHO

aHaepobHa bakTepusi cbC cepryHa unm
anueBngHa dopma, KoATO OOBUKHOBEHO
ce cpella no ABOMKM WNW BbB BEpUTN,
KaTo KOJTOHMMTE ca Marku, ¢ rmagka bsna
UK XbnTeHuKaBa noBbpxHOCT (Miclo et
al., 2012). S. thermophilus e egnH ot
OCHOBHWTE  LIAMOBE Ha  MIeyvyHuTe
depMeHTaTopu 1 ce cunTa 3a BTOpus Mo
BaXKHOCT NPOMMLLIIEH MIieveH
depmeHTatop (Adolfsson et al., 2004;
lyer et al.,, 2010). Ton e egHa OT Ham-
BaXXHWTE B  TbProBCKO  OTHOLLUEHWne
XOMOepMeHTaTMBHM MIEeYHOKMCeNnn
BakTepun n €OUHCTBEHUAT BMA
Streptococcus, LWMPOKO M3Nos3BaH npu
depMeHTaumaTa Ha MNSKO, KbAETO YECTo
Ce M3nomns3Ba KaTto cTapTep 3a Kuceno
Mnsiko 3aedHo ¢ Lactobacillus delbrueckii
subsp. bulgaricus (lyer et al, 2010; Xia et
al., 2023; ZzZhao et al, 2023). S.
thermophilus e eguHCTBEHMAT Wam
MrievyHokucena 6aktepus, 3a KOMTO e
JokasaHo, 4Ye npou3sBexaa ypeasa, KoAaTo
MOXe [a OCUTypU M3TOYHWMK Ha asoT 3a
DakTepmanHua pactex no BpemMe Ha
depmeHTaumaTa (Zotta et al.,, 2008).

After the Kasar cheeses were
evaporated, the number of L. acidophilus
ATCC 4356 decreased by an average of
1.57 log cfu/g. Concluding the discovery,
the group of scientists claimed that the
number of probiotic bacteria in SLA
increased in a shorter time compared to
LA. It can be said that the use of L.
acidophilus with starter culture affects the
number of probiotic bacteria in cheese
during ripening (Gurmerig et al., 2024).

2. Genus Streptococcus

L. delbrueckii subsp. bulgaricus,
discussed above, and Streptococcus
thermophilus, species commonly used as
starter cultures for yogurt production
(Aryana and Olson, 2017), show the best
adaptability in all plant environments, as
well as the highest intraspecific variability.

S. thermophilus is a gram-positive,
facultatively anaerobic bacterium with a
spherical or ovoid shape that usually
occurs in pairs or chains, with small
colonies with a smooth white or yellowish
surface (Miclo et al, 2012).

S. thermophilus is one of the major
strains of lactic acid fermenters and is
considered the second most important
industrial lactic acid fermenter (Adolfsson
et al., 2004; lyer et al., 2010).

It is one of the most commercially
important homofermentative lactic acid
bacteria and the only Streptococcus
species widely used in milk fermentation,
where it is often used as a starter for
yoghurt together with Lactobacillus
delbrueckii subsp. bulgaricus (lyer et al,
2010; Xia et al., 2023; Zhao et al., 2023).

S. thermophilus is the only lactic acid
bacteria strain that has been shown to
produce urease, which can provide a
source of nitrogen for bacterial growth
during fermentation (Zotta et al., 2008).
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CbobuwiaBa ce, 4e cTeneHta Ha
noakucnsasaHe " oposar Ha
»KN3HECnocobHuTe KNeTKu BbB
hepPMEHTUPaAnoTO MASIKO ca  CUMHO

HamaneHn B YCMOBUA Ha HeOOCTUr Ha
ypeasa, Taka ye ypeasata € MHOro BaXxHa
3a pactexa Ha S. thermophilus BbB
depmeHTUpanoto mnsko (Yamauchi et
al., 2019). Pasnuynnte wWwamoBe Ha
S.thermophilus nmat pasnu4yHmn
NMPON3BOACTBEHW  XapaKTepUCTUKN  W”
N3nCKBaHUSA KbM XpaHuTenHute
BewlectBa (Cui et al., 2016). YcTtaHoBEHO
e, 4e Streptococcus thermophilus
obnekyaBa cuMnTomMuTe Ha
HEMoHOCMMOCT KbM fakTosa W uma
noTuckaw, edpekt BbpXy pacTexa Ha
Tymopn  (Li et al, 2021), a
ek3ononmsaxapuabT, npomssedeH ot S.
thermophilus, moxe pa perynupa
yoBellKkaTa UMyHHa cucTema M rnokassa
NpOTMBOBBL3NANUTENHO U BaKkTepuunaHo
gencteue (Linares et al., 2017).

CKOpoOLLUHM uM3credBaHus Ha Lwam
S. Thermophilus C4 ycraHoBsaBaT, 4e
MMa no-BMCOK MNPOLEHT Ha pacTex B
nakTosa OT KOMKOTO B ranaktosa u uma
no-kpaTbk nepuvog Ha  MaTeHTHOCT.
Onpegens ce cbuwo, 4e Apyr wam- S.
thermophilus S3 vma Han-BUCOK NPOLEHT
Ha u3nons3BaHe Ha nakTo3a B cpefa, B
KOATO WM3TOYHWKBT Ha BbITIeBOAOPOAUN €
nakto3a (Song et al.,2022 ; Su et al,
2017). To-BMCOKUTE KOHLUEHTpauun Ha
nakTosa MoraT Aa nosuLLaT CKOpoCTTa Ha
rnvMKonuaara, ocurypsiBanky eHeprus 3a
pactexa. Bwbnpekn TOBa, npekaneHo
BUCOKWTE HMBa Ha NakTto3a moraTt Aa
gosegat go obpaTtHa perynaums Ot
MEXONHHU NPOAYKTM u MeTabonuTn Ha
rnvMKkonu3ara, KOeTo Moxe ga nosnvse
HeraTMBHO Ha pactexa. 1o To3n HauyuH
KOHUEeHTpaumaTa Ha nakto3a Tpsbea Aa
ce onTuMM3Mpa B AmanasoH, KOMTO Aa
HanaHcypa Npon3BOACTBOTO Ha MakTaTt u
kneTbyHaTa noHocumocTt (Bendig et al.,
2023; Gasser et al., 2024).

B cnomeHato no- rope nacnegsaHe
(Monica et al., 2025) pesyntatm oOT
KynTvBaumMs B pPasfivMyHM  pacTUTENHM

It has been reported that the degree of
acidification and the number of viable
cells in fermented milk are severely
reduced under urease-deficient
conditions, so urease is very important for
the growth of S. thermophilus in
fermented milk (Yamauchi et al., 2019).

Different strains of S. thermophilus have
different production characteristics and
nutrient requirements (Cui et al., 2016).

Streptococcus thermophilus has been
found to alleviate symptoms of lactose
intolerance and have a suppressive effect
on tumor growth (Li et al., 2021), and the
exopolysaccharide produced by S.
thermophilus can regulate the human
immune system and shows anti-
infammatory and bactericidal effects
(Linares et al., 2017)

Recent studies of S. Thermophilus
strain C4 found that it has a higher
growth rate in lactose than in galactose
and has a shorter latency period. Another
strain- S. thermophilus S3 has also been
determined to have the highest lactose
utilization rate in environments in which
the hydrocarbon source is lactose (Song
et al.,2022 ; Su et al., 2017).

Higher lactose concentrations can
increase the rate of glycolysis, providing
energy for growth.

However, excessively high levels of
lactose can lead to feedback regulation
by  glycolysis intermediates and
metabolites, which can negatively affect
growth.

Thus, lactose concentration should be
optimized within a range that balances
lactate production and cellular tolerance
(Bendig et al., 2023; Gasser et al., 2024).

In the study mentioned above
(Monica et al., 2025), the best performing
strain was S. thermophilus 410 in the
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cpean Han-gobpe npenctaBunuAT  ce
wam e S. thermophilus 410.

CkopolwHO mnpoy4yBaHe wu3cneasa
perynmpaiwimMte MexaHu3mu, OTrOBapALLM
3a CMHTE3a Ha eKsononusaxapuau npwu
wam S. thermophilus CS6 4ype3 meToga
Ha CPaBHUTENHUS  TPAHCKPUMNTOM U
andepeHumnanHus BbInexvapareH
MeTabonnabm. MpooyunpaxeTo Ha
aHTUOKCMOAHTHN €eK3oMmonu3axapuam oT
S. thermophilus CS6 e 3aeucumo oT
perynauusata Ha  KTbCTEpUTE  Ha
ranakTto3Hus MeTabonuabm "
eK3ornonuaaxapuaHusi. Hacrtosiwoto
npoydBaHe MNpenopbYBa HOB MOAXOA 3a
nogobpsiBaHe Ha nNpoayumMpaHeTo Ha
ek3ononuaaxapuam ypes
TPAHCKPUNTOMHO perynupaHe 3a no-
HaTaTbWHOTO MM  MNPUNOXEeHne B
XpaHUTENHO-BKycOBaTa MPOMULLIIEHOCT U
3gpaeeonasBaHeTo. (Yang et al., 2022).

Peouua ydeHn ca wscnegsanu
wam S. thermophilus S10, m3BecTeH c

nobpute cn depMeHTaLMOHHN
XapaKTepucTuMkN, BUCOKaTa CKOPOCT Ha
npogyuvMpaHe Ha MIedyHa KMCEnuHa,

npobuotnyHnTe ceonctBa (Bae et al,
2016). [Opymm  wuacnegosBatenu  ca
YCTaHOBUIIN, Y€  COEBOTO  MIISIKO,
depmeHTUpano cbc S10 B komOMHauus ¢
L. plantarum P8, nma no-H1CK/M HMBa Ha
apoMaTu4HM BELLleCTBa Ha COEBa OCHOBA
M npugasa Ha (EPMEHTUPANIOTO MIISKO
OTNMYNTENeH apomMaTr B CpaBHEHMe C
TbproBckuTe epMeHTupanm mneka ot
aopyrm  cypoBuHn (Guo et al.,, 2020).
CKOpOLLUHM n3cneaBaHns CbLLO NOKa3Bar,
ye S10 nposiesiea OTNNYHN
hepMEHTaALMOHHM XapaKTepUCTUKK,
BKIMIOYMTENHO npodyumpaHe Ha mMnedHa
KMCenuHa, BMCKO3UTET, KaTo AonpuHacs
3a OTNINYMTENHMSA BKYC Ha
depMeHTNpanoTo MISAKO KaTo
MOHOKYNTypa u B kombuHaumn (Li et al.,
2022; Bai et al., 2024). HoBo n3cnegeaHe
Ha Zhou et al., (2025) ycTaHoBsBa
nomoLura Ha €0HOaKTOpPHN
€KCMEPUMEHTU U 4Ype3 MEeTOoZoNorvs Ha
pearmpawiata noBbpxHocT (RSM) ca
onpegenunn OonTUMAnHWTE YCroBus 3a

results of cultivation in different growth
media

A recent study investigated the
regulatory mechanisms responsible for
exopolysaccharide synthesis in S.
thermophilus strain CS6 using the
comparative transcriptome and
differential  carbohydrate = metabolism
method.
The production of antioxidant
exopolysaccharides by S. thermophilus
CS6 is dependent on the regulation of the
galactose metabolism and
exopolysaccharide metabolism clusters.
The present study recommends a novel
approach to improve exopolysaccharide
production by transcriptome regulation for
their further application in food and
healthcare (Yang et al., 2022).

A number of scientists have

studied S. thermophilus strain S10,
known for its good fermentation
characteristics, high lactic acid production
rate, probiotic properties (Bae et al,
2016).
Other researchers have found that soy
milk fermented with S10 in combination
with L. plantarum P8 has lower levels of
soy-based flavour compounds and
imparts a distinctive flavour to the
fermented milk compared to commercial
fermented milks from other raw materials
(Guo et al., 2020).

Recent studies have also shown that S10
exhibits excellent fermentation
characteristics, including lactic acid
production, viscosity, contributing to the
distinctive flavor of fermented milk as a
monoculture and in combinations (Li et
al., 2022; Bai et al., 2024).

A new study by Zhou et al., (2025)
established using single-factor
experiments and through response
surface methodology (RSM) they
determined the optimal fermentation
conditions and the optimal environment
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depMeHTauma 1 onTuManHaTta cpega 3a
S. thermophilus S10. B cbwoto
nacregBaHe, 4pe3 ONTMMM3MpaHe Ha
Temnepatypata Ha WHKyOupaHe U
BanMAmMpaHe Ha HSAKOMKO WHAWMKaTOopa,e
onpefeneHa ontMMmanHarta Temneparypa
Ha WHKyBupaHe- 38°C. ABTOpUTe cumuTar,
ye Te3nM pe3ynTtatm  NpedocTaBAT
pedepeHTHa CTOWMHOCT 3a onpegensHe
Ha CbCTaBa Ha cpefara 3a KynTuBuMpaHe
n Temnepartypata Ha WHKybuMpaHe 3a
n3nonssaHe Ha S10 KaKTo B
€eKCMepUMEHTANHN n3cneaBaHvsi, Taka u
B Npom3BoAcCTBeHn ycnosus. (Zhou et al.,
2025). PesyntatuTe OT u3crnegBaHeTo UM
ca npegcTtaeeHn Ha ®Purypa 3. NogobHo
Ha TexHuTe pe3ynTatn, MNpPeguLIHU
npoy4BaHns Noka3ear, 4Ye Mo OTHOLLUEeHne
Ha MUKpOenemeHTuTe OCHOBHUTE
M3NCKBaHUA Ha apyr wam- S.
thermophilus MN-ZLW-002(ST-MZ-2) ca
Mg®* u Ca** cnensaHm ot Mn®* (Liu et al.,
2018).

3. Popa Lacticaseibacillus

3.1. Lacticaseibacillus
paracasei

Lacticaseibacillus paracasei e
BML C MOTEHUMANHO  NPOBMOTUYHM
dyHKUMUN, CBbpP3aHu c rpynata
Lacticaseibacillus (L. paracasei u L.
rhamnosus) (Huang, 2018).
Lacticaseibacillus paracasei Hamwupa
LLMPOKO npunoxeHne npu
NPOM3BMACTBOTO Ha npobuotuum K
dhepMeHTnpanm MIIEYHM NPOAYKTW.
OTkpvBa Ce B YOBELIKUS CTOMAaLLHO-
ypeBeH TpakT M ycTHaTa KyxuHa (Hill,
2018; Ju, 2009). [okaszaHo e, ue
Lacticaseibacillus paracasei npucbcTBaT
B uyepBata Ha 6ozanHnunte (Ahmed,
2019; Xu, 2019) u ce oTkpuBa B MHOro
depmeHTUpanu xpaHu (Sornsenee, 2021;
Liu, 2020). N3BecTHO € , Ye ce nanonsear
LUMPOKO B CTApTEPHM KyNTYpu 3a MAEYHM
NpoayKTWM, 4ecTo 3a nopobpsiBaHe Ha
BKYCa 1 TEKCTypaTa Ha NpoaykTuTe, KakTo
W 30paBHUTE MNOM3W OT MpUMEMA UM
(Huang, 2018; Hill, 2018).

for S. thermophilus S10.

In the same study, by optimizing the
incubation temperature and validating
several indicators,the optimal incubation
temperature- 38°C was determined.

The authors believe that these results
provide a reference for determining
culture  medium  composition  and
incubation temperature for the use of S10
in both experimental studies and
production conditions (Zhou et al., 2025).

The results of their study are presented in
Figure 3. Similar to their results, previous
studies showed that in terms of trace
elements, the main requirements of
another strain- S. thermophilus MN-ZLW-
002(ST-MZ-2) were Mg* and Ca*
followed by Mn?* (Liu et al., 2018).

3. LacticaseibacillusGenus

3.1 Lacticaseibacillus
paracasei

Lacticaseibacillus paracasei is a
species  with  potentially  probiotic
functions related to the Lacticaseibacillus
group (L. paracasei and L. rhamnosus)
(Huang, 2018).
Lacticaseibacillus paracasei finds wide
application in the production of probiotics
and fermented dairy products. It is found
in the human gastrointestinal tract and
oral cavity (Hill, 2018; Ju, 2009).

Lacticaseibacillus paracasei has been
shown to be present in the mammalian
gut (Ahmed, 2019; Xu, 2019) and is
found in many fermented foods
(Sornsenee, 2021; Liu, 2020).

It's used extensively in starter cultures for
dairy products, often to improve the taste
and texture of the products as well as the
health benefits of their intake (Huang,
2018; Hill, 2018).
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XU3HecnocoGHUTe 6akTepumn BLB hepmeHTUpanoTo mnsko (Zhou et al., 2025)

Fig. 3. Comparison of yogurt fermentation by Streptococcus thermophilus S10 between different
incubation temperatures. (A) Changes in elasticity index. (B) Changes in macroscopic viscosity
index. (C) Changes in solid-liquid balance. (D) Changes in pH. (E) Changes in titratable acidity (TA).
(F) Viable bacterial counts of fermented milk (Zhou et al., 2025)
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YyeHu ca nsonupanu
NnoTeHUManHn  NpoOMOTUYHM  KIETKK
Lacticaseibacillus paracasei ot 3bpHa
kedbvp M ca M NPUIOKUNN  MNpK

Npon3BoOACTBOTO Ha cupeHe Tun "dera"
(Mantzourani, 2018).

M3nonsea ce B CTapTepHW KynTypu
32 WHTEeH3MdMKaUMa U ycKopsiBaHe
pasBUTMETO Ha BKYCOBMTE W apoOMaTHU
xapaktepuctukm (Reale et al., 2016) BbB
depMeHTUpanM MreYHu NpoaykTn u 3a
TAXHOTO NpobuoTMyHo pencTteue (Reale
et al., 2015).

Lacticaseibacillus paracasei
(M3BECTEH ©M  CbC  CTapoTo  CuU
TakCOHOMUYHO uMme Lactobacillus casei)
Shirota (LcS) e TakbB npobuoTuk, 3a
KOWTO B MHOXECTBO MpOy4YBaHUs €
[AoKa3aHo, Ye ouensisa Npu npemMMHaBaHe
npe3 CTOMAaLUHO-YPEBHUA TPaKT Ha
HSIKOMKO PasfiMYHM  YOBELUKM pacu U
etHocn (Yuki et al. 1999; Tuohy et al.
2007; Sakai et al. 2010; Tiengrim et al.
2012;Utami et al. 2015; Wang et al. 2015;
Mai et al. 2017; Cox et al. 2019; Khine et
al. 2019).

[lokazaHo e, 4ye pacTexbT Ha
Lacticaseibacillus paracasei wusucksa
pasHoobpa3HM XpaHWUTENHW BeLLECTBa,
KOUTO BKIHOYBAT aMUHOKUCENNHM,
BUTAMWHW, MeTanHu WoHu, Gydepn wu
apyrm ceegnHenus (Aller et al., 2014).

MpoyuBaHuss ca [Jokasanu, uJe
3axaposaTa e Han-A4oOpusaT BbrepogeH
M3TOYHMK MNpXM  MPOU3BOACTBOTO  Ha
MIleYHa KMCEenuHa, CbLLO U 3a pacTexa
Ha Lacticaseibacillus paracasei
(Behbahani and al., 2016). JobaBsHeTo
Ha Mn?* MOXe na yBenu4u
TonepaHTHOCTTa My Ha Lacticaseibacillus
paracasei KbM kucenarta cpefga, kato no
TO3N Ha4YMH Ce yBenu4yaBa CKOpOCTTa Ha
depmeHTaums (Ricciardi and al., 2018).

B nocnegHo BpeMe Osaxa
pas3paboTeHN W MPUIOXKEHN pPa3fUYHU
wamoBe Ha Lacticaseibacillus, «kaTo
Lacticaseibacillus paracasei YIT 9029,
depmMeHTUpawm coeso Mnsiko (Kaga et
al., 2024), nnogoBe W  3eneH4YyLM,

Scientists have isolated potential
probiotic Lacticaseibacillus paracasei
cells from kefir grains and applied them to
the  production of feta cheese
(Mantzourani, 2018).

It is used in starter cultures to
intensify and accelerate the development
of flavor and aroma characteristics (Reale
et al., 2016) in fermented dairy products
and for their probiotic action (Reale et al.,
2015).

Lacticaseibacillus paracasei (also
known by its old taxonomic name
Lactobacillus casei) Shirota (LcS) is one
such probiotic that has been shown in
multiple studies to survive passage
through the gastrointestinal tract of
several different human races and
ethnicities (Yuki et al. 1999; Tuohy et al.
2007; Sakai et al. 2010; Tiengrim et al.
2012; Utami et al. 2015; Wang et al.
2015; Mai et al. 2017; Cox et al. 2019;
Khine et al. 2019).

Growth of Lacticaseibacillus
paracasei has been shown to require a
variety of nutrients that include amino
acids, vitamins, metal ions, buffers, and
other compounds (Aller et al., 2014).

Studies have shown that sucrose is
the best carbon source in lactic acid

production, also for the growth of
Lacticaseibacillus paracasei (Behbahani
et. al., 2016).

Addition of Mn®* can increase its

tolerance of Lacticaseibacillus paracasei
to acidic medium, thus increasing the
fermentation rate (Ricciardi et. al., 2018).

different  strains  of
Lacticaseibacillus such as
Lacticaseibacillus paracasei YIT 9029
have been developed and applied
fermenting soy milk (Kaga et al., 2024),
fruits and vegetables, vegetable juices,

Recently,
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3eneHYyKoBM cokoBe, Meco, xnsb (Pinto,
2020; Nguyen, 2019).

OcBeH TOBa, y4YeHU ca
yCTaHOBUIH, ye Lacticaseibacillus
paracasei Shirota Hamarnsiea
obpasyBaHeTo Ha onodunm oT
Streptococcus mutans BbPXY
MOBLPXHOCTUTE Ha  3bbute  upes

HamansBaHe Ha auugoreHHocTTa Ha
ovnodmnma u nesusiTa Ha emanna B
avnboyvMHa, 3a pa ce npegoTBpatu
obpasyBaHeTo Ha KyxuHa (Yadav et al.,
2014).

lMpoyusaHeTo Ha Cox et al., (2019)
nokasea, ye YKM3HECNOCOOHM
npobuotnyHn Oaktepun L. paracasei
Shirota ce Bb3CTaHOBABAT B
N3NpaxxHeHNsTa Ha npegcTaBuTernHa
nonynaums OT 0OOWO B3eTO 34pasu
Bb3pacTHn B CALl cnen exegHeBHa
KOHCyMauusa Ha depmeHTupana mnedHa
HanuTka B NpoAabivkeHne Ha 14 aHw,
KOSITO CbLUO Taka ce noHacst gobpe. Teau
KOHCTatauun nokassaT ouensiBaHeTo Ha
LcS B cTOMaLLHO-4YPEBHMS TPAKT Ha Ta3u
nonynaumsi, KOETO € B CbOTBETCTBUE C

n3crneaBaHnaTa, npoBedeHn B Asus,
Espona wn ABcTpanusa, BKnodBaLm
HaMUTKN OT  depMeHTUpano  Mrsiko,

cbabpxawm LcS.

3.2. Lacticaseibacillus
rhamnosus

YyeHn ca  ycTaHoBMNM,  4e
Lacticaseibacillus rhamnosus e
reHeTU4Ho cBbp3aH c Lacticaseibacillus
casei (Rodriguez et al., 2023). Ton e
4YeCTO  CpelaHa  BMCOKOKadecTBeHa
MrevyHokucena Gaktepusi, KoATO €
LUMPOKO pasnpocTpaHeHa B CTOMAaLUHO-
YpEBHMS TPaKT W  PEnpPoOayKTUBHUTE
nbTULLA Ha 6o3anHuyuTe,
depMeHTUpanMTe MIEeYHU MPOAYKTU W
KopeHuwata Ha pactenusaTta (Ito et al.,
2021; Patel et al., 2021). YcraHoBeH e
KaTo eguH OT  HauW-uscnegBaHuUTe
NpodMOTMLUM B KITUHUYHU WU3NUTBAHWS U
npuTexaeBa CuIHa CMOCcOOHOCT fa ce
pasBsBa B 4epBaTa M ga NoHacd Ha
XpaHocmunartenHarta cpega (Drago et al.,
2020; Yin et al.,, 2021). Ton moxe pa

meat, bread (Pinto, 2020;,
2019).

Furthermore, researchers have
found that Lacticaseibacillus paracasei
Shirota reduces biofiim formation by
Streptococcus mutans on tooth surfaces
by reducing biofilm acidogenicity and
enamel lesion in depth to prevent cavity
formation (Yadav et al., 2014)

Nguyen,

The study by Cox et al., (2019)
showed that viable probiotic bacteria L.
paracasei Shirota recovered in the stool
of a representative population of
generally healthy US adults after daily
consumption of a fermented milk drink for
14 days, which was also well tolerated.

These findings indicate the survival of
LcS in the gastrointestinal tract of this
population, which is consistent with
studies conducted in Asia, Europe and
Australia involving fermented milk drinks
containing LcS.

3.2.Lacticaseibacillus

rhamnosus
Scientists have found that
Lacticaseibacillus rhamnosus is

genetically related to Lacticaseibacillus
casei (Rodriguez et al., 2023).

It is a common high-quality lactic acid
bacterium that is widely distributed in the
gastrointestinal tract and reproductive
tracts of mammals, fermented dairy
products, and plant rhizomes (Ito et al.,
2021; Patel et al., 2021).

It has been identified as one of the most
studied probiotics in clinical trials and has
a strong ability to grow in the gut and
tolerate the digestive environment (Drago
et al., 2020; Yin et al., 2021).

It can enter the body with a high survival
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HaBne3e B OpraHM3Ma C BUCOKa CTeneH
Ha NPexunBaeMoCT U ga urpae ponsa 3a
noBuLLIaBaHe Ha UMyHuTETa Ha
opraHuama, nogobpsiBaHe Ha NUNUOHUSA
MeTabonnabM 1 NO3UTUBHO Bb3AENCTBUE
BbpXY HepBHaTa cuctema Ha
roctonpuemHuka (Olimpio et al., 2022;
Park et al., 2018; Sabbatini et al., 2020).
BnarogapeHne Ha npobUOTUYHUTE CU
kadyecTBa Lacticaseibacillus rhamnosus e
NPUBNSIKbI TONAMO BHUMaHWE KakTo B
obnactta Ha HayyHUTE WU3cCnegBaHus,
Taka U B TbProBCKOTO MPOM3BOACTBO (Su
et al., 2025).

rate and play a role in enhancing host
immunity, improving lipid metabolism and
positively impacting the host nervous
system (Olimpio et al., 2022; Park et al.,
2018; Sabbatini et al., 2020).

Due to its probiotic properties,
Lacticaseibacillus rhamnosus has
attracted much attention in both research
and commercial production (Su et al.,
2025).
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mununutbp (CFU/mL) Ha Lacticaseibacillus rhamnosus SMHA30 B 3aBucumocT
OT pas3nuyHurte. (a) HUBa Ha KucenuHHo pH u (6) KOHUeHTpauMn Ha XnbuKaTa.
Mpobute, KoMTOo ca OOO3HayeHW C pas3nNU4HM OYKBU, NMOKa3BaT 3HAYMTESTHU
pa3nuku npum p &lt; 0,05. (Behbahani et al. 2025)

Fig. 4. Survival (log colony forming unit (CFU/mL) of Lacticaseibacillus
rhamnosus SMHA30 was assessed in relation to different (a) acidic pH levels
and (b) bile

concentrations. Samples that are labeled with different
significant differences at p <0.05. (Behbahani et al. 2025)

letters indicate
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CKOpOLUHO MpoyyBaHe TBbpaW, Ye
L. rhamnosus ce wu3nonsea B

Tbproeckata Mpexa npu
pa3paboTBaHeETO Ha NPOBUOTNYHM
npogyktu. (Behbahani et al.,, 2025).
ABTOpUTE nscneasar pasnnyHn
YHKUMOHaANHOCTM Ha  Wama, KaTo
Hanpumep HeroBuTe NpoBMOTUYHM

CBOWCTBa, aHTMbakTepuanHa akTUBHOCT,
NpexmBaemMocT B pasnuMyHa Kucena
cpena, nokasaHa Ha durypa 4a,b.
Behabani et al., (2025) TBbPAAT,
ye L. rhamnosus SMHA30 nposiBsBa
3HaunTeneH npobuMoTMYEH noTeHuman,
XapakTepuaupall, ce C BUCOKa KNeTb4YHa
»Xn3HecnocobHocT npu Bapupawm pH
cpean, Kakto U CcbC  cTabunHu
CnocobHOCTM 3a agxesvst M arperauusi.

LLlambT  edektMBHO  MHXxMbupa L.
monocytogenes. OcBeH ToBa TOM
nputexaea 3abenexuTenHu

aHTUOKCUOAHTHN CBOWCTBA U 3HaYUTENeH
aHTMpakoB edpeKkT cpewy MHOXECTBO
kKnetbdHM nmHMKM. CbC CcTeneH Ha
acMMmunaums Ha xonectepona ot 52,95
%, L. rhamnosus SMHA30 moxe pa
JornpuHece 3a NUNUOHUS MeTabonmuabM.
B o0606wenne, wambT L. rhamnosus
SMHA30 npegctaensiBa  obellaBaly
kaHanoaT 3a pa3paboTBaHe Ha
npobuoTruM 1 cTpaTermm, HacodeHn KbM
ynpaerneHne Ha buocunma, 3acnyxaeary,
No-HaTaTbLUIHO NPOYy4YBaHE.

B gpyro ckopollHo npoyyBaHe Su
et al.,, (2025) uscnegeat 54 wama Ha
Lacticaseibacillus rhamnosus c
noTeHUManHn npobuoTu4HM CBOWCTBA
(Purypa. 5), kKato OT TAX Ce OTKposiBa
wam X9C17, konto wuMa Han-gobpa
NpexmBaeMocT cnej pasrpaxgaHe B
CUMyInUpaH CcToMalleH cok 3a 3 vaca
(81,08%), KOETO € 3HaYNTENHO NO-BUCOKO
oT OpymmTe wamoBe Lacticaseibacillus
rhamnosus n koHTponHusa wam (P<0,05),
KOeTO noka3Ba, 4e TOM uMMa CurHa
TONEPAHTHOCT KbM CTOMAlUeH  COK.
MpoueHTbT Ha npexuBsaemMocT e 54% (4
yaca crnef CMWUNaHe Ha YPEBHUSA COK) U
48% (8 4aca cnep cmmnaHe Ha YpeBHUSA
COK).

A recent study claims that L.
rhamnosus is used commercially in the

development of probiotic  products
(Behbahani et al., 2025).
The authors investigated various

functionalities of the strain such as its
probiotic properties, antibacterial activity,
survival in different acidic environments
shown in Figure 4 a,b.

Behabani et al., (2025) claim that
L. rhamnosus  SMHA30  exhibits
significant probiotic potential
characterized by high cell viability at
varying pH environments, and with stable
adhesion and aggregation capabilities.

The strain effectively inhibits L.
monocytogenes. Furthermore, it
possesses remarkable antioxidant
properties and significant anticancer
effect against multiple cell lines.

With a cholesterol assimilation rate of

52.95%, L. rhamnosus SMHA30 can
contribute to lipid metabolism. In
summary, the L. rhamnosus SMHA30

strain represents a promising candidate
for the development of probiotics and
strategies targeting biofilm management
worthy of further investigation.

In another recent study, Su et al.
(2025) investigated 54 strains of
Lacticaseibacillus rhamnosus with
potential probiotic properties (Figure 5),
and of these, strain X9C17 stood out as
having the best survival after digestion in
simulated gastric juice for 3 h (81.08%),
which was significantly higher than the
other strains of Lacticaseibacillus
rhamnosus and control strain (P<0.05),
indicating that it has a strong tolerance to
gastric juice.

The survival rate was 54% (4 hours after
digestion of intestinal juice) and 48% (8
hours after digestion of intestinal juice).
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Fig. 5. Evaluation of 54 Lacticaseibacillus rhamnosus strains with potential
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screening test; b: delay time histogram of acid-tolerant strains growing at 0.3 %
bile salt concentration; c: survival rate under simulated gastric juice digestion
for 3 h; d: survival rate under simulated intestinal juice digestion for 4 h; e:
survival rate under simulated intestinal juice digestion for 8 h. Error bars
represent SD.
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B pesyntatr Ha oTnuyHaTa
TONEPaHTHOCT KbM CTOMALLHUTE COKOBE
Ha Lacticaseibacillus rhamnosus X9C17
€ n3bpaH kaTo noTeHumaneH nNpobuoTuk
3a Mo-HaTaTblWHO npoyyBaHe. X9C17
nokasa OTfMYHA TONEPaHTHOCT KbM
CTOMALLHO-YPEBHUS TPaKT M MMa CUIeH
noTeHuMan 3a  4YpeBHa  agxesus,
aHTMoKcngauma n bakrepuocTasa, CbLLo
n ypes  Oenykums Ha BMCOKM
KOHLUEHTpaUUM  Ha  AMUHOKUCENWHM,
HeoOXoOUMM Ha YOBELUKUS OpraHun3bM,
KaTo acnaparMHoBa KMCenuHa U MposvH.
B cbwoto Bpeme TOM MOXe [fa
depMeHTUpa MITeYHU MNpPoAyKTM M fa
npygage Ha EePMEHTMPANoTo MISKO
YHUKaneH BKyC U apomaT U edeKTMBHO
yKpenesaHe Ha 3gpaBeTo, KOeTo uMma
ronaM noTeHuwan 3a pasBuTMEe MU
NPOCTPaHCTBO B obnactta Ha
Npon3BOACTBOTO Ha NpoBMOTNYHK
MUKPOOHM npenapatn 1 yHKLUUOHAITHU
depmeHTUpanu xpaHu. (Su et al., 2025)

MpoyuBaHe Ha Lu et al., (2025)
NnpeacTaBsa HOBa TEXHMKA 3a OLBETABAHE,
KOATO MO3BOMsiBa pasrpaHMyaBaHETO Ha
L. rhamnosus wun S. xylosus B
MUKpocdepu, KancynMpaHn C HaTpueB
anrMHaT,  KOeTo  Mo3BonsiBa  fAcHa
noeHtTudmkaumMa Ha wama, 6e3 pga ce
HapylaBa CTPyKTypHata USAnoCT Ha
HaTpueBus  anrvHar. CbB™MecTHaTa
depMeHTaumMas B CBMHCKA  OynbOH
Josexa 40 3Ha4YUTernHo yBenuyeHue Ha
OpraHN4yHUTE  KUCENMUHW  (MredHa 1
oueTHa), HeobBXoaAMMNTE aMUHOKNCENMNHMN
(rmyTammHOBa M [MUUMH) M NETNuBUTE
cbeguHennsa (M30opoH, 1-oKkTaHomnm u

OeH3angexva), KOUTO KONEKTUBHO
nogobpsieat CEH30pHUTE
XapakTepPUCTUKN  KaTO  KMUCEJTMHHOCT,
ymamMu 1 apomar. Te3um npomeHu

JOMPUHACAT 3a nogobpsiBaHe KaKTo Ha
XpaHWTenHata CTOWHOCT, Taka W Ha
BKYCOBUS MpOnn Ha CBUHCKMS OYnboH.
OcBeH TOBa KarcynupaHeTo C HaTpues
anrmHat, Lu et al, (2025) otkpusart
Bb3MOXHOCT aa ce 3anasu
Xu3HecnocobHocTTa Ha npobuoTuka Mo

As a result of its excellent
tolerance to gastric juices,
Lacticaseibacillus rhamnosus X9C17 was
selected as a potential probiotic for
further investigation.

X9C17 has shown excellent tolerance to
the gastrointestinal tract and has strong

potential  for intestinal  adhesion,
antioxidation and bacteriostasis, also
through the deduction of high

concentrations of amino acids required by
the human body, such as aspartic acid
and proline.

At the same time, it can ferment dairy
products and give fermented milk a
unique taste and flavor and effectively
strengthen health, which has great
development potential and space in the
field of probiotic microbial preparations

and functional fermented foods
production.(Su et al., 2025)
A study by Lu et al, (2025)

presents a novel staining technique that
allows differentiation of L. rhamnosus and

S. xylosus in sodium alginate-
encapsulated microspheres, allowing
clear strain identification  without

compromising the structural integrity of
the sodium alginate.

Co-fermentation in porcine broth resulted
in a significant increase in organic acids
(lactic and acetic), essential amino acids
(glutamic and glycine) and volatile
compounds (isophorone, 1-octanol and
benzaldehyde), which collectively
improve sensory characteristics such as
acidity, umami and aroma.

These changes contribute to improving
both the nutritional value and the flavour
profile of the pork broth.

Furthermore, encapsulation with sodium
alginate, Lu et al., (2025) found an
opportunity to maintain probiotic viability
during prolonged fermentation, and
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Bpeme Ha npoabkMTenHaTa
depmeHTaumns, a B3aMMogenCcTBUATa
mMexay KancynvmpaHuite LamoBe
OOMbINMHUTENHO oborarsaeaTt

XPaHUTENHUTE W CEH30PHUTE Ka4vecTBa
Ha CBMHCKUSA OynboOH. Te3n KoHcTaTauuu
nogyeptaBaT MoOTeHUMana Ha HoBata
TEeXHMKa 3a ouBeTABaHe "
KancynumpaHeTo Ha HaTtpueB anrmHat (Lu
et al., 2025).

4. Poa Lactococcus

YcraHoBeHO e, 4e Lactococcus
lactis uepae Ba)kHa ponsi 3a
perynupaHeTo Ha YpEeBHUS
MUKpOeKonormyeH 6anaHc Ha XUBOTHUTE
n 3a nogobpsBaHe Ha MMyHHaTa 3awuTa
Ha roctonpuemHuka (Wu et al., 2023).
Penytaunatra My kato ©6esonacHa
XpaHuTenHa pgobaBka m ponaTa My B
XpaHuTenHarta depMeHTaums ro
npeBpbLUaT B LWUMPOKO npueT GesonaceH
MMKPOOPraHN3bMm 7] obeLlaBall
NpobuoTMK nopagn Bb3MOXHUTE MY
3gpaBHm npegumcTtea (Pessione, 2012;
Song et al., 2017; Behbahani and
Noshad, 2024). L. lactis e n3BecTeH cbC
CBOSl MKOHOMMYECKM BaXKeH MNPUHOC 3a
Npon3BOACTBOTO Ha BaKCWHMU,
depMeHTaumsTa Ha MITSIKO n
oborataBaHeTo Ha dypaxu (Wu et al,
2023). Y4yeHu ca yctaHoBumnu, ye L. lactis
e npobnoTudeH BuO U e npusHaT 3a
€CTEeCTBEH KaHOuaaTt 3a 3aMecTBaHe Ha
aHTMOnoTMUMTE, N3Morn3BaHn
0BMKHOBEHO 3a neveHne Ha bakrtepuantm
WMHEKUUN NpU  xopata W KUBOTHUTE
(Rabetafika et al.,2023).

CkopolwHo npoy4yBaHe Ha Maaty et
al., (2025) wuscnegea nNpPoBGMOTMYHUSA
noTeHuman Ha ocemMm uaonaTta Ha L. lactis
MSH-08, «kouto ce B3emar OT
TPaOULMOHHU MIIEYHU NPOAYKTWU, KaTo e
JajeHa OueHKa Ha yCTOMYMBOCTTa My
KbM XMbYHM cokoBe, pH n NaCl, kakto un
Ha  aHTUMUKpobHuTe  (Purypa  6),
AHTMOKCUOAHTHUTE U MPOTUBOPaKOBUTE
My KadecTBa.

interactions between encapsulated
strains further enrich the nutritional and
sensory qualities of pork broth.

These findings highlight the potential of
the new technique for the staining and
encapsulation of sodium alginate (Lu et
al., 2025).

4. Genus Lactococcus
Lactococcus lactis has been found
to play an important role in regulating the
intestinal microecological balance of
animals and in improving host immune
defense (Wu et al., 2023).

Its reputation as a safe food additive and
its role in nutrient fermentation make it a
widely accepted safe microorganism and
a promising probiotic due to its possible
health benefits (Pessione, 2012; Song et
al., 2017; Behbahani and Noshad, 2024).

L. lactis is known for its economically
important  contribution to  vaccine
production, milk fermentation and feed
fortification (Wu et al., 2023).

Scientists have found that L. lactis is a
probiotic species and has been
recognized as a natural candidate to
replace antibiotics commonly used to
treat bacterial infections in humans and
animals (Rabetafika et al.,2023).

A recent study by Maaty et al,
(2025) investigated the probiotic potential
of eight isolates of L. lactis MSH-08 taken
from traditional dairy products, and
evaluated its resistance to bile juice, pH
and NaCl, as well as its antimicrobial
(Figure 6), antioxidant and anticancer
properties.
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®Pur.6. AHTUMUKPOOHA aKTMBHOCT Ha U3OpaHWTe M30MaTU CNPSAMO Pa3fUYHMU
natoreHu (Staphylococcus aureus, Escherichia coli, Salmonella typhimurium u
Listeria monocytogenes). lnameTpuTe Ha 30HaTa Ha UHXMOUpaHe ca U3MepeHu B
MRS arapoBu nnaku (Maaty et al., 2025)

Fig. 5. Antimicrobial activity of selected isolates to different pathogens
(Staphylococcus aureus, Escherichia coli, Salmonella typhimurium, and Listeria
monocytogenes). The diameters of inhibition zone were measured in MRS agar
plates (Maaty et al., 2025)

Tesn wamoBe OeMoHcCTpupart These strains demonstrate
3HauymTenHa aHTMoOKcmAaaHTHa, | significant antioxidant, antibacterial and
aHTMbakTepnanHa W NpoTMBOpakoBa | anticancer  activity. They  exhibit

aKTMBHOCT. Te nposiBABaT aHTUMUKPOOHO
aencteue kakTo cpewly G, Taka n cpelty
Gjnartorenn, BKIMIOYMUTENHO Staph.
aureus, L. monocytogenes, S.
typhimurium un E. coli. OceeH TOBa
wamoBete ca 6unM B CbCTOsHWE QAa
oueneaT B ycnoBuss Ha Hucko pH wu
XITbYHU CONMW, KOUTO Ca KPUTUYHW 3a

npemMnHaBaHeTo npes CTOMaLLHO-
YpPEBHUS TPaKT.

n3sogu

O6G3opHaTa cTaTusi OTKpMBa MU

obobLlaBa CbBpPEMEHHM MPOYyYBaHUA 3a
LaMoBe oT pasnuyHm BUAOBE
MIEYHOKUCENU MUKPOOPraHU3Mu, KaTto
HoBaTa HOMeHKNaTypa, pasgenswia pog

antimicrobial activity against both Gp and
Gjpathogens, including Staph. aureus, L.
monocytogenes, S. typhimurium and E.
coli.

In addition, the strains were able to
survive in conditions of low pH and bile
salts, which are critical for passage
through the gastrointestinal tract.

CONCLUSIONS
The review article discovers and
summarizes recent studyings on strains

of different species of lactic acid
microorganisms, such as the new
nomenclature  dividing the genus
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Lactobacillus Ha HAKOMKO  4YacTu,
onTMMarnHa cpefja 3a KynTuMBMpaHe Ha
wamoBe, uaeHTudukaumata Ha LuxS-
reHa, npPoOMOTUYHMS MOTeHuMan npu
HSAKOW BUOOBE U Ap. Te3n nscnegBaHns u
n3BbplleHaTa nuTtepaTypHa crpaeka B
HacToswaTta pabora pgaeBaT [pgobpa
OCHOBa 3a MoO- JlecHa paspaboTka Ha
NPOAYKTU 1 Hay4YHW TpydoBe ¢ 0006 eHo
NpeacTaBeHUTe pesyntaru.

BNArOAAPHOCTU
ToBa wu3cnegsaHe e nogkperneHo

Lactobacillus into several parts, optimal
culture medium for strains, identification
of the LuxS gene, probiotic potential in
some species, etc.

These studies and the literature review
carried out in this work provide a good
basis for easier product development and
scientific  papers, summarizing the
presented results.

ACKNOWLEDGEMENTS
This research was supported by

oT MuHucTepcTBO Ha obpasoBaHueTo u | the Ministry of Education and Science

HaykaTa Mo HauuoHarnHa nporpama | under the national program "Young
»,Mnaan y4eHu 1 NoCTAOKTOpaHTu- 2°. Scientists and Postdoctoral Researchers-
2",
JINTEPATYPA /| REFERENCES
1. Adolfsson, O., S. N. Meydani, and R. M. Russell, 2004. Yogurt and gut
function. The American Journal of Clinical Nutrition, 80 (2), 245-256.
2. Ahmed, Z.,, M. S. Vohra, M. N. Khan, A. Ahmed and T. A. Khan, 2019.
Antimicrobial role of Lactobacillus species as potential probiotics against

enteropathogenic bacteria in chickens. The Journal of Infection in Developing
Countries, 13 (2), 130-136.

3. Alinovi, M., E. Bancalari, S. Monica, L. Del Vecchio, M. Cirlini, E.
Chiavaro and Fr. Bot, 2025. Tailoring the physicochemical properties and VOCs of
pea-based fermented beverages through Lactobacillus delbrueckii subsp. bulgaricus
and Streptococcus thermophilus fermentation. Food Research International 209,
116250.

4, Aller, K., K. Adamberg, V. Timarova, A. Seiman, D. FestSenko, and R.
Vilu, 2014, Nutritional requirements and media development for Lactococcus lactis
IL1403. Applied Microbiology and Biotechnology, 98 (13), 5871-5881.

5. Aryana, K. J. and D. W. Olson, 2017. A 100-Year Review: Yogurt and other
cultured dairy products. Journal of Dairy Science, 100 (12), 9987-10013.
6. Bae, J. J., S. J. Yeon, W. J. Park, G. E. Hong and C. H. Lee, 2016.

Production of sesaminol and antioxidative activity of fermented sesame with
Lactobacillus plantarum P8, Lactobacillus acidophilus ATCC 4356, Streptococcus
thermophilus S10. Food Science and Biotechnology, 25 (1), 199-204.

7. Bai, M., S. Yang, Q. Zhao, D. Wang, T. Zhang, L.Y. Kwok and Z. Sun,
2024. Fermentation characteristics of Lactobacillus delbrueckii subsp. bulgaricus T50
and Streptococcus thermophilus S10 complex starter: Enhancing fermentation
performance, metabolic interaction, and storage stability. Lebensmittel-Wissenschaft
and Technologie, 208, 116716.

8. Bancalari, E., M. Gatti, B. Bottari, D. Mora and S. Arioli, 2022. Disclosing
Lactobacillus  delbrueckii ~ subsp.  bulgaricus intraspecific  diversity in
exopolysaccharides production. Food Microbiology, 102, 103924.

9. Beermann, C. and J. Hartung, 2013. Physiological properties of milk
ingredients released by fermentation. Food and Function, 4 (2), 185-199.

10. Begunova, A. V., O. S. Savinova, O. A. Glazunova, K. V. Moiseenko, I. V.

552



Rozhkova, and T. V. Fedorova, 2021. Development of antioxidant and
antihypertensive properties.

11. Behbahani, B. A. and M. Noshad, 2024. An investigation into the probiotic,
antibacterial, anti-biofilm, and safety properties of Lactococcus lactis NJ414. LWT-
Food Science and Technology, 116251.

12. Behbahani, B. A., H. Barzegar and M. Taki, 2025. Isolation of
Lacticaseibacillus rhamnosus SMHA30 from traditional yogurt: A probiotic with
antimicrobial, anti-biofilm, and safety attributes. Applied Food Research, 5, 100882.
13. Behbahani, M., S. Davoody, E. Shirani and H. Mohabatkar, 2016. Influence
of sucrose, glucose, stevia leaf and stevioside on growth and lactic acid production by
Lactobacillus plantarum, Lactobacillus brevis and Lactobacillus casei. Iranian Journal
of Science & Technology Transactions A Science, 40 (4), 275-279.

14, Behera, S.S., R.C. Ray and N. Zdolec, 2018. Lactobacillus plantarum with
Functional Properties: An Approach to Increase Safety and Shelf-Life of Fermented
Foods. BioMed Research International, 1-18.

15. Bendig, T., A. Ulmer, L. Luzia, S. Miiller, S. Sahle, F.T. Bergmann, M.
Losch, F. Erdemann, A. A. Zeidan, S. N. Mendoza, B. Teusink, R. Takors, U.
Kummer and A. S. Figueiredo, 2023. The pH-dependent lactose metabolism of
Lactobacillus delbrueckii subsp. bulgaricus: An integrative view through a mechanistic
computational model. Journal of Biotechnology, 374, 90-100.

16. Cox, A., H. Makino, A. W. Cripps and N. P. West, 2019. Recovery of
Lactobacillus casei strain Shirota (LcS) from faeces with 14 days of fermented milk
supplementation in healthy Australian adults. Asia Pacific Journal of Clinical Nutrition,
28 (4), 734-739

17. Cox, A. J., H. Makino, A. W. Cripps and N. P. West, 2019. Recovery of
Lactobacillus casei strain Shirota (LcS) from faeces with 14 days of fermented milk
supplementation in healthy Australian adults. Asia Pacific Journal of Clinical Nutrition,
28 (4), 734-739.

18. Cui, Y., T. Xu, X. Qu, T. Hu, X. Jiang and C. Zhao, 2016. New insights into
various production characteristics of Streptococcus thermophilus strains. International
Journal of Molecular Sciences, 17 (10), 1701.

19. Davarzani, S., M.R. Sanjabi, N. Mojgani, S. Mirdamadi and M. Soltani,
2024. Investigating the Antibacterial, Antioxidant, and Cholesterol-lowering Properties
of Yogurt Fortified with Postbiotic of Lactobacillus acidophilus and Lactiplantibacillus
plantarum in the Wistar Rat Model. Journal of Food Protection, 87, 100408.

20. Drago, L., G. Meroni, A. Chiaretti, N. Laforgia, S. Cucchiara and M. E.
Baldassarre, 2020. Effect of Limosilactobacillus reuteri Ire02—Lacticaseibacillus
rhamnosus Ir04 combination on antibiotic-associated diarrhea in a pediatric
population: A national survey. Journal of Clinical Medicine, 9 (10), 3080.

during growth of Lactobacillus helveticus, Lactobacillus rhamnosus and

21. Gasser, C., J. M. Faurie and F. Rul, 2024. Regulation of lactose, glucose
and sucrose metabolisms in S. thermophilus. Food Microbiology, 121, 104487.

22. Guo, S., Z. Han, M. Bai, Z. Sun, H. Zhang and J. Wang, 2020. Analysis of
fermented soybean milk produced by Streptococcus thermophilus S10 compound
Lactobacillus plantarum P-8 by SPME-GC-MS. Journal of Chinese Institute of Food
Science and Technology, 20 (10), 268-279.

23. Gurmerig, H. E., M. Sengiil and T. Erkaya-Kotan, 2024. Assessment of the
antioxidant and ACE-inhibitory activities and some quality characteristics of Kasar
cheese produced by probiotic Lactobacillus acidophilus. Food Bioscience, 59,
103812.

553



24. Hayek, S. A. and S. A. Ibrahim, 2013. Current Limitations and Challenges
with Lactic Acid Bacteria: A Review. Food and Nutrition Sciences, 4, 73-87.

25. Hill, D., I. Sugrue, C. Tobin, C. Hill, C. Stanton and R.P. Ross, 2018. The
Lactobacillus casei group: history and health related applications. Frontiers in
Microbiology, 2107.

26. Huang, C. H., S. W. Li, L. Huang, L. and K. Watanabe, 2018. Identification
and classification for the Lactobacillus casei group. Frontiers in Microbiology, 9, 1974.
27. Ito, R., Y. Mine, Y. Yumisashi, R. Yoshioka, M. Hamaoka, T. Taji, T.
Murayama, and H. Nikawa, 2021. In vivo efficacy of Lacticaseibacillus rhamnosus
L8020 in a mouse model of oral candidiasis. Journal of Fungi, 7 (5), 322.

28. lyer, R., S. K. Tomar, T. U. Maheswari and R. Singh, 2010. Streptococcus
thermophilus strains: Multifunctional lactic acid bacteria. International Dairy Journal,
20 (3), 133-141.

29. J. Yin, W. Sun, X. Yu, X. Xiao, B. Li, Z. Tong, L. Ke, W. Mao and W. Li,
2021. Lacticaseibacillus rhamnosus TRO8 alleviated intestinal injury and modulated
microbiota dysbiosis in septic mice. BMC Microbiology, 21, 1-10.

30. Ju, X. and X. Kou, 2009. Review on the functions of Lactobacillus paracasei
and application in food industry. China Dairy Industry, 37 (8), 48-50.

31. Kaga, C., T. Nagino, A. Gomi, A. Takagi, K. Miyazaki, Y. Yoshida and K.
Shida, 2024. Effects of fermented soymilk with Lacticaseibacillus paracasei YIT 9029
on gut microbiota and defecation habits: a randomised, double-blind, placebo-
controlled study. Beneficial Microbes journal, 15 (2), 127-143.

32. Khine, W. W. T., X. J. Ang, Y. S. Chan, W. Q. Lee, S. Y. Quek, S. H. Tan, H.
T. A. Teo, J. K. B. Teo, Q. C. Lau and Y. K. Lee, 2019. Recovery of Lactobacillus
casei strain Shirota (LcS) from faeces of healthy Singapore adults after intake of
fermented milk. Beneficial Microbes, 10 (7), 721-728.

Lactobacillus reuteri on cow's milk: Fermentation and peptidomics study. Foods, 10
1), 17.

33. Li, D., J. Peng, L. Kwok, W. Zhang and T. Sun, 2022. Metabolomic analysis
of Streptococcus thermophilus S10-fermented milk. Lebensmittel-Wissenschaft and
Technologie, 161, 113368.

34. Li, Q., W. Hu, W. X. Liu, L. Y. Zhao, D. Huang, X. D. Liu, H. Chan, Y.
Zhang, J. D. Zeng, O. O. Coker, W. Kang, S.S.M.L. Zhang, S. H. Wong, T. Gin, M.
T. V. Chan, J. L. Wu, J. Yu and W. K. K. Wu, 2021. Streptococcus thermophilus
inhibits colorectal tumorigenesis through secreting B-galactosidase. Gastroenterology,
160 (4), 1179-1193.

35. Linares, D. M., S. Arboleya, R. P. Ross and C. Stanton, 2017. Complete
genome sequence of the gamma-aminobutyric acid-producing strain Streptococcus
thermophilus APC151. Genome Announcements, 5 (17), 00205.

36. Liu, G., Y. Qiao, Y. Zhang, C. Leng, J. Sun, H. Chen, Y. Zhang, A. Li and
Z. Feng, 2018. Profiles of Streptococcus thermophilus MN-ZLW-002 nutrient
requirements in controlled pH batch fermentations. Microbiology Open, 8(2), Article
€00633.

37. Liu, N., S. Miao and L. Qin, 2020. Screening and application of lactic acid
bacteria and yeasts with L-lactic acid-producing and antioxidant capacity in traditional
fermented rice acid. Food Science Nutrition, 8 (11), 6095-6111.

38. topusiewicz, k., P. Kwiatkowski and E. Droztowska, 2022. Production and
characterization of yogurtlike fermented beverage based on camelina (Camelina
sativa L.) seed press cake. Applied Sciences, 12 (3), 1085.

39. Lu, C.-L., H.-X. Li, F.C. Mgomi and Z.-Q. Yang, 2025. Encapsulation of

554



Lacticaseibacillus rhamnosus and Staphylococcus xylosus using sodium alginate
improves flavour and the nutritional value of pork broth. Food Bioscience, 66, 10626.
40. Maaty, S. E., M. M. A. Elashtokhy, M. K. Amin, A. S. Hassan, N. M.
Zabermawi, S. Y. A. Qattan, M. E. Shaf, U. B. Algopishi, G. A. El-Shaboury, R. M.
Farsi and S. Mahgoub, 2025. Probiotic potential and bioactive properties of
Lactococcus lactis MSH-08 isolates from fermented dairy products: Antimicrobial,
antioxidant, and anticancer activities. Applied Food Research, 5, 100763.

41. Mai, T. T., D. V. Hop, T. T. Anh and N.T. Lam, 2017. Recovery of
Lactobacillus casei strain Shirota (LcS) from the intestine of healthy Viethamese
adults after intake of fermented milk. Asia Pacific Journal of Clinical Nutrition, 26 (1),
72-77.

42. Mantzourani, I., A. Terpou, A. Alexopoulos, P. Chondrou, A. Galanis, A.
Bekatorou, E. Bezirtzoglu, A. A. Koutinas and S. Plessas, 2018. Application of A
Novel potential probiotic Lactobacillus paracasei strain isolated from Kefir grains in the
production of feta-type cheese. Microorganisms, 6 (4).

43. Mefleh, M., M. Faccia, G. Natrella, D. De Angelis, A. Pasqualone, F.
Caponio and C. Summo, 2022. Development and chemical-sensory characterization
of chickpeas-based beverages fermented with selected starters. Foods, 11 (22), 3578.
44, Miclo, L., E. Roux, M. Genay, E. Brusseaux, C. Poirson, N. Jameh, C.
Perrin and A. Dary, 2012. Variability of hydrolysis of 3-, as1-, and as,- caseins by 10
strains of Streptococcus thermophilus and resulting bioactive peptides. Journal of
Agricultural and Food Chemistry, 60 (2), 554-565.

45, Monica, S., E. Bancalari, L. Siroli, I. H. Tekiner, M. Tainsa, S. Ennahli, G.
Bertani and M. Gatti, 2025. Lactic acid fermentation of non-conventional plant-based
protein extract. Food Research International, 208, 116174.

46. Nguyen, B. T., E. Bujna, N. Fekete, A. T. M. Tran, J. M. Rezessy-Szabo, R.
Prasad and Q. Nguyen, 2019. Probiotic beverage from pineapple juice fermented
with Lactobacillus and Bifidobacterium strains. Frontiers in Nutrition, 6 (54).

47. Olimpio, F., J. R. M. D.Silva, R. P. Vieira, C. R. Oliveira and F. Aimbire,
2022. Lacticaseibacillus rhamnosus modulates the inflammatory response and the
subsequent lung damage in a murine model of acute lung inflammation. Clinics, 77,
100021.

48. Park, S., J. Kang, S. Choi, H. Park, E. Hwang, Y. Kang, A. Kim, W.
Holzapfel and Y. Ji, 2018. Cholesterol-lowering effect of Lactobacillus rhamnosus
BFE5264 and its influence on the gut microbiome and propionate level in a murine
model. PLoS One, 13 (8), e0203150.

49. Patel, M., W. Prasad, H. Naithani, B. H. Nataraj, S. Arora and P. V. Behare,
2021. Comparative evaluation of in situ and ex-situ iron-complexing ability of
exopolysaccharides producing lactic acid bacteria in whey medium. LWT - Food
Science and Technology, 147, 111598.

50. Pessione, E., 2012. Lactic acid bacteria contribution to gut microbiota,
complexity: Lights and shadows. Frontiers in Cellular and Infection Microbiology, 2,
86.

51. Pinto, A., J. Barbosa, H. Albano, J. Isidro and P. Teixeira, 2020. Screening
of Bacteriocinogenic lactic acid bacteria and their characterization as potential
probiotics. Microorganisms, 8 (3).

52. Rabetafika, H. N., A. Razafindralambo, B. Ebenso and H. L.
Razafindralambo, 2023. Probiotics as antibiotic alternatives for human and animal
applications. Encyclopedia, 3 (2), 561-581.

53. Reale, A., R. G. lanniello, F. Ciocia, T. Di Renzo, Fl. Boscaino, A.

555



Ricciardi, R. Coppola, E. Parente, T. Zotta and P. L. H. Mcsweeney, 2016. Effect
of respirative and catalase-positive Lactobacillus casei adjuncts on the production and
quality of Cheddar-type cheese. International Dairy Journal, 63, 78-87.

54, Reale, A., T. Di Renzo, F. Rossi, T. Zotta, L. lacumin, M. Preziuso, E.
Parente, E. Sorrentino and R. Coppola, 2015. Tolerance of Lactobacillus casei,
Lactobacillus paracasei and Lactobacillus rhamnosus strains to stress factors
encountered in food processing and in the gastro-intestinal tract. LWT-Food Science
and Technology, 60, 721-728.

55. Ricciardi, A., R. G. lanniello, E. Parent and T. Zotta, 2018. Factors affecting
gene expression and activity of heme- and manganese-dependent catalases in
Lactobacillus casei strains. International Journal of Food Microbiology, 280, 66-77.

56. Rodriguez, C., D. Ramlaoui, N. Georgeos, B. Gasca, C. Leal, T. Subils,
M.R. Tuttobene, R. Sieira, N.T. Salzameda, R.A. Bonomo, R. Raya and M.
Ramirez, 2023. Antimicrobial activity of the Lacticaseibacillus rhamnosus CRL 2244
and its impact on the pHenotypic and transcriptional responses in carbapenem
resistant Acinetobacter baumannii. Scientiffic Reports, 13, 14323.

57. Sabbatini, S., C. Monari, N. Ballet, A. C. Decherf, S. Bozza, B. Camilloni
and A. Vecchiarelli, 2020. Anti-biofilm properties of Saccharomyces cerevisiae
CNCM |- 3856 and Lacticaseibacillus rhamnosus ATCC 53103 probiotics against G.
Vaginalis. Microorganisms, 8 (9), 1294.

58. Sakai, T., K. Oishi, T. Asahara, T. Takada, N. Yuki, K. Matsumoto, K.
Nomoto and A. Kushiro, 2010. M-RTLV agar, a novel selective medium to
distinguish Lactobacillus casei and Lactobacillus paracasei from Lactobacillus
rhamnosus. International Journal of Food Microbiology,139 (3), 154-160.

59. Seppo, L., T. Jauhiainen, T. Poussa and R. Korpela, 2003. A fermented
milk high in bioactive peptides has a blood pressure—lowering effect in hypertensive
subjects. The American Journal of Clinical Nutrition, 77 (2), 326-330.

60. Song, A. AL.,, L. L. A. In, S. H. E. Lim and R. A. Rahim, 2017. A review on
Lactococcus lactis: From food to factory. Microbial Cell Factories, 16, 55.

61. Song, X., C. Hou, Y. Yang, L. Ai, Y. Xia, G. Wang, H. Yi and Z. Xiong,
2022. Effects of different carbon sources on metabolic profiles of carbohydrates in
Streptococcus thermophilus during fermentation. Journal of the Science of Food and
Agriculture, 102 (11), 4820-4829.

62. Sornsenee, P., K. Singkhamanan, S. Sangkhathat, P. Saengsuwan and C.
Romyasamit, 2021. Probiotic properties of Lactobacillus species isolated from
fermented palm sap in Thailand. Probiotics and Antimicrob Proteins, 13, 957-969

63. Su, D., S. Liu, Y. Ma, Y. Wang, W. Yn, G. Sy, Y. Zb, and M. Zs, 2017. The
analysis of utilization of carbohydrates in milk and the predition of their cross-feeding
of starter strains. China Dairy Cattle, 4, 48-52.

64. Su, X., S. Chang, H. Dong, H. Duan, W. Liu, and B. Menghe, 2025. The
revelation of high-yield amino acids and probiotic characteristics of an intestinal
Lacticaseibacillus rhamnosus X9C17. Food Chemistry, 467, 142245,

65. Tang, W., M. Dong, W. Wang, S. Han, X. Rui, X. Chen, M. Jiang., Q.
Zhang, J. Wu and W. Li, 2017. Structural characterization and antioxidant property of
released exopolysaccharides from Lactobacillus delbrueckii ssp. bulgaricus SRFM-1.
Carbohydrate polymers, 173, 654-664.

66. Tiengrim, S., A. Leelaporn, S. Manatsathit and V. Thamlikitkul, 2012.
Viability of Lactobacillus casei strain Shirota (LcS) from feces of Thai healthy subjects
regularly taking milk product containing LcS. Journal of the Medical Association of
Thailand, 95 (2), 42-47.

556



67. Tingting, Z., R. Huo, L. Y. Kwok, C. Li, Y. Ma and Z. Mi, 2019. Effects of
applying Lactobacillus helveticus H9 as adjunct starter culture in yogurt fermentation
and storage. Journal of Dairy Science, 102 (1), 223-235.

68. Tuohy, K.M., M. Pinart-Gilberga, M. Jones, L. Hoyles, A. L. McCartney,
and G. R. Gibson, 2007. Survivability of a pro-biotic Lactobacillus casei in the
gastrointestinal tract of healthy human volunteers and its impact on the faecal
microflora. Journal of Applied Microbiology, 102 (4), 1026—-1032.

69. Utami, T., M. Chayanto, M. Juffrie and E. Rahayu, 2015. Recovery of
Lactobacillus casei strain Shiorta (LcS) from the intestine of healthy Indonesian
volunteers after intake of fer-mented milk and its impact on the Enterobacteriaceae
faecal microbiota. International Journal of Probiotics and Prebiotics, 10, 77-84.

70. Von Wright, A. and L. Axelsson, 2012. Lactic Acid Bacteria: An Introduction.
In: Lahtinen, S., Ouwehand, A.C., Salminen, S. and von Wright, A., Eds., Lactic Acid
Bacteria: Microbiological and Functional Aspects, 4th Edition, Tayor and Francis
Group LLC, CRC Press, Boca Raton, 1-16.

71. Wang, R., S. Chen, J. Jin, F. Ren, Y. Li, Z. Qiao, Y. Wang and L. Zhao,
2015. Survival of Lactobacillus casei strain Shirota in the intestines of healthy Chinese
adults. Microbiology and Immunology, 59 (5), 268-276.

72. Werning, M. L., A. M. Hernandez-Alcantara, M. J. Ruiz, L. P. Soto, M. T.
Duenas, P. Lopez and L. S. Frizzo, 2022. Biological functions of exopolysaccharides
from lactic acid Bacteria and their potential benefits for humans and farmed animals.
Foods, 11 (9).

73. Wu, F., X. Xie, T. Du, X. Jiang, W. Miao and T. Wang, 2023. Lactococcus
lactis, a bacterium with probiotic functions and pathogenicity. World Journal of
Microbiology and Biotechnology, 39(12), 325.

74. Xia, W., J. Han, S. Zhu, Y. Wang, W. Zhang and Z. Wu, 2023. Structural
elucidation of the exopolysaccharide from Streptococcus thermophilus XJ53 and the
effect of its molecular weight on immune activity. International Journal of Biological
Macromolecules, 230, 123177.

75. Xu, Y., Y. Tian, Y. Cao, J. Li, H. Guo, Y. Su, Yu. Tian, C. Wang, T. Wang
and L. Zhang, 2019. Probiotic properties of Lactobacillus paracasei subsp. paracasei
L1 and its growth performance-promotion in chicken by improving the intestinal
microflora. Frontiers in Physiology, 10, 937.

76. Yadav, M., P. Poornima, N. Roshan, N. Prachi, M. Veena and I. Neena,
2014. Evaluation of probiotic milk on salivary mutans streptococci count: an in vivo
microbiological study. Journal of Clinical Pediatric Dentistry, 39 (1), 23—-26.

77. Yamauchi, R., E. Maguin, H. Horiuchi, M. Hosokaw and Y. Sasaki, 2019.
The critical role of urease in yogurt fermentation with various combinations of
Streptococcus thermophilus and Lactobacillus delbrueckii ssp. Bulgaricus. Journal of
Dairy Science, 102(2), 1033-1043.

78. Zhang, H., W. Ren, Q. Guo, Z. Xiong, G. Wang, Y. Xia, P. Lai, B. Ying and
L. Ai, 2018. Characterization of a yogurt-quality improving exopolysaccharide from
Streptococcus thermophilus AR333. Food hydrocolloids, 81, 220-228.

79. Zhang, R., Z. Shi, X. Fan, T. Zhang, M. Tu, Z. Wu, X. Zeng, W. Bao, B.
Chen and D. Pan, 2025. The key quorum sensing gene luxS in Lactobacillus
acidophilus CICC 6074 and Lactobacillus helveticus R0052 mediates organic acid
production and promotes protein hydrolysis in yogurt. Journal of Dairy Science, In
Press, Journal Pre-proof.

80. Zhao, Ch., L. Xie, J. Shen, H. He, T. Zhang, L. Hao, C. Sun, X. Zhang, M.
Chen, F. Liu, Z. Li and N. Wang, 2025. Lactobacillus acidophilus YLO1 and its

557



exopolysaccharides ameliorate obesity and insulin resistance in obese mice via
modulating intestinal specific bacterial groups and AMPK/ACC signaling pathway.
International Journal of Biological Macromolecules, 300, 140287.

81. Zhao, R., Z. Chen, J. Liang, J. Dou, F. Guo, Z. Xu and T. Wang, 2023.
Advances in genetic tools and their application in Streptococcus thermophilus. Foods,
12(16), 3119.

82. Zheng, J., S. Wittouck, E. Salvetti, C. M. A. P. Franz, H. M. B. Harris, P.
Mattarelli, P.W. O'Toole, B. Pot, P. Vandamme, J. Walter, K. Watanabe, S. Wuyts,
G. E. Felis, M. G. Géanzle and S. Lebeer, 2020. A taxonomic note on the genus
Lactobacillus: 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 (4), 2782-2858.
83. Zhou, R., X. Zong, H. Wu, K. Liu, S. Shen, G. Yao and J. Yu, 2025, Study
on the preparation technology of Streptococcus thermophilus S10 starter for
enhancing quality. Food Bioscience, 66, 106240

84. Zhou, Y., Y. Cui and X. Qu, 2022. Comparative transcriptome analysis for the
biosynthesis of antioxidant exopolysaccharide in Streptococcus thermophilus CS6.
Journal of the Science of Food Agriculture, 102 (12), 5321-5332.

85. Zotta, T., A. Ricciardi, R. Rossano and E. Parente, 2008. Urease
production by Streptococcus thermophilus. Food Microbiology, 25 (1), 113-119.

86. Zoumpopoulou, G., 2016. Production of bioactive peptides and probiotic
potential of lactic acid bacteria isolated from traditional Greek dairy products. In:
Megaron Athens International Conference Center, Athens, Greece, 2-26.

87. https://www.canada.ca/en/health-canada/services/food-nutrition/food-
labelling/health-claims/microorganisms-term-probiotic/nomenclature-changes-
lactobacillus.html#a3.

558



