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Abstract. A wide range of bioactive components such as vitamins, bacteriocins, bioactive
peptides and bioactive compounds can be obtained in the process of fermentation with lactic acid
bacteria (LAB), which are commonly used in various fermented food products, including fer-
mented milk products. The ingredients produced in the process of fermentation of raw milk form
the attractiveness of finished products for consumers in the functional products segment due to
the provided usefulness due to their bioactivity and health benefits. To increase the level of use-
fulness, a significant part of fermented milk products are enriched with bioactive ingredients that
can act as activators of starter microflora. The fortificates used are relevant both as in situ com-
ponents and functional additives. Berberine (BB) requires special attention as a fortificate; it has
been used in various formulas for a long time due to its pharmacological action. Berberine has
very limited oral bioavailability, despite a wide range of pharmacological action. Gut microbiota
has become a hot topic in recent years for investigating the modes of action of herbal medicines.
BB has minimal toxicity and provides therapeutic benefits at recommended dosages. Numerous
studies have shown that BB can interact with gut microbiota and exhibit altered pharmacological
effects as a result of its poor bioavailability. The proposed material evaluates the possibility of
using BB in double emulsions for the fortification of fermented milk products using yogurt as an
example, as the most attractive to consumers, as well as an answer to the question regarding its
technological suitability as an activator for the synthesis of gamma-aminobutyric acid in the final
product.
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HOxHo- Ypanbckuli 2ocydapcmeeHHbili yHusepcumem, HYensbuHck, Poccus

Annomayusa. 1lupokuii cekTp OMOAaKTHBHBIX KOMIIOHEHTOB, TAKMX KaK BUTAMHUHBI, OakTe-
PHOLMHBI, OMOAKTUBHBIEC METITH/IBI U OMOAKTHBHBIC COCIMHEHNS, MOKET OBITh TIOJTydeH B IpoIEcce
(hepmeHTanIK MOJIOYHOKUCTBIME OakTepusMu (LAB), KoTopble 0OOBIYHO UCTIONB3YIOTCS B Pa3Ind-
HBIX ()EPMEHTHPOBAHHBIX MHIIEBHIX MIPOIYKTaX, B TOM YHCIIE KHCIOMONIOYHbIX. [Iponynupyemble
B TIpOLiecCe CKBAIIMBAHMS MOJIOYHOTO CHIPbS MHTPEAUEHTHI (DOPMHUPYIOT MPUBIIEKATEIBHOCTh I'0-
TOBBIX W3/IENUI AJs TOTpeOuTeNeil B cerMeHTe pyHKIMOHAIBLHON POAYKIMH 3a c4eT obecreyueH-
HOM TOJIE3HOCTH M3-32 UX OMOaKTUBHOCTH U IPEUMYLIECTB JAJIs 3/0pOBbsl. J{)Isl MOBBIIEHUS] YPOB-
HS TOJIE3HOCTH 3HAYUTENIBHYIO YacTh KHCIOMOJIOYHON HPOAYKIMHM 00O0TaIlaioT OHOAKTUBHBIMU
MHIPEIMCHTaMH, KOTOPbIE MOTYT BBHINOJHATh (DYHKIIMH aKTHBATOPOB 3aKBACOYHOM MHKPO]IOPEL.
IIprmensiempie GpopTHGUKATEI aKTyaTbHBI KaK KOMIIOHEHTHI MPOQIMIAKTHKY in situ, Tak U QyHK-
MUOHANBHBIE 100aBkH. Oco00ro BHIMaHUS B KauecTBe (oprudukarta Tpedyer Oepbepun. bepbe-
puH (BB) ncnons3yercs B pa3nuygHbIX (GOpMyIax ¢ JaBHUX BPEMEH M3-3a €ro (hapMaKoJIOTHYECKO-
ro JEHCTBHUS, IMEET OYECHb OIPAaHMYCHHYIO IEPOPAIBHYI0 OMOJOCTYITHOCTb, HECMOTpPS Ha IIHUPO-
KU CIeKTp (apMaKoJIOrHIecKoro AeiicTBUs. MHUKpOOHOTa KHIIEYHHWKA CTajla Tops4edl TeMoi B
MOCJIeTHUE TOJIBI IS UCCIIeI0OBaHUS CIIOCOOOB NEHCTBUSA PacCTUTEIBHBIX JIEKAPCTBEHHBIX CPEICTB.
BB umeer MUHMMalbHYI0 TOKCHYHOCTh M OOECHEYMBAET TEpaleBTHUECKHE NPEHMYIIECTBA MPU
PEKOMEHIYEMBIX J03UpOBKax. MHOro4ncleHHbIE UCCIIeJOBaHUA MoKa3ainu, yTo BB MoxeT B3au-
MOJICHICTBOBATh ¢ MUKPOOHOTOM KHIIICUYHHKA W MPOSBJIATH U3MCHEHHBIC (hapMaKOJIOTUICCKHEe (-
(exThl B pe3yJbTare ero IjioxoW OuomocTynHocTH. B mpemylaraeMoM Marepualie OLEHHBACTCS
BO3MOXKHOCTh MpuMeHeHuss BB B cocTtaBe MBOMHBIX 3Mynbcuil st GOpTHPHUKAIIMYA KACIOMOIOY-
HBIX TPOJYKTOB Ha IIpUMepe Horypra, Kak Haubosiee NpHBIEKATEIHHOTO Ui TOTpeOuTeNei, a
TaK)Ke OTBETA Ha BOIPOC B YACTH €0 TEXHOJIOTWYECKON MPUTOJHOCTH B KaU€CTBE aKTHBATOPA IS
CHHTEe3a TaMMa-aMuHOMAacIsTHOU KUcIoTH (ITAMK) B KOHEYHOM MIPOAYKTE.

Knrwouegvie cnosa: MonodHoKucisle OakTepun, OepOeprH, 3MyIbcuy, (yHKIMOHAIBHBIE 10-
6aBKH, TOKCHYHOCTH, ONOJJOCTYITHOCTD

brazooapnocmu. ViccnenoBaHus BBIIOJHEHBI PU (PMHAHCOBOM Hoanepkke rpanta PHO 22-
76-10049.

Jna yumuposanus: Anjum V., Kadi A.M.Y., Potoroko 1.Yu. Berberine in emulsions: possi-
bilities to stimulate GABA production in yogurt // Bectauk IOYpI'Y. Cepus «IlumieBbie u 61o-
texnomoruun». 2024. T. 12, Ne 3. C. 12-21. DOI: 10.14529/f00d240302

Introduction

A quaternary ammonium salt belonging to
the protoberberine group of isoquinoline alka-
loids is called berberine (BB) [1]. The latter are
often found in plant roots, bark, and other materi-
als that are used in traditional East Asian treat-
ments. According to Cicero and Baggioni [2],
some examples of these plants are Coptis
chinensis, Berberis aristata, B. petiolaris, B. vul-
garis, B. aquifolium, and B. thunbergii. Plant

groups such as Annonaceae, Berberidaceae,
Menispermaceae, and Papaveraceae are among
those from which BB can be isolated.
Phellodendron amurense and C. chinensis have
been shown to have an abnormally high BB con-
centration [3].

For more than a millennium, humans have
been employing BB in traditional herbal formula-
tions to treat a wide range of illnesses, including
typhoid, gastroenteritis, diabetes mellitus (DM),
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and secretory diarrhoea. These mixtures work in-
credibly well for eliminating heat, drying out
moisture, extinguishing fire, and detoxifying [4,
5]. According to Jin et al. [6], BB and its deriva-
tives exhibit a number of pharmacologic actions
via different pathways. Because of its multiple-
target actions, BB may be therapeutic against a
variety of chronic diseases, including obesity, dia-
betes mellitus, inflammatory bowel disease (IBD),
atherosclerosis, Alzheimer's disease, rheumatoid
arthritis, and cardiovascular disorders [6].

Studies on animals and humans have shown
that BB has the ability to modulate the immune
system, reduce oxidative stress and inflammatory
responses, decrease lipid accumulation, inhibit
steatosis and fibrosis, enhance insulin sensitivity,
and promote insulin secretion [7]. The field of in-
testinal microecology has garnered significant at-
tention due to recent developments in microbial
sequencing technology, metabolomics technology,
and sterile animal models [8]. The host's immune
system, metabolism, digestion and absorption of
nutrients, and the emergence of disease are all sig-
nificantly influenced by the gut microbiota. Regu-
lating the host's health requires preserving the sta-
bility of the intestinal microecological environ-
ment. As a result, maintaining the stability of the
intestinal micro-ecological environment is crucial
for managing the host's health. There is mounting
evidence in recent years that BB can change the
gut microbiota's value and composition in an un-
healthy state. The gut microbiota is a complex sys-
tem that is revealing new factors that influence the
onset and course of a number of disorders.

A fermented food high in nutrients, yogurt is
created from milk and contains lactic acid bacte-
ria, peptones, peptides, and other trace activators.
According to Park et al. [9], yogurt has an intes-
tine-cleaning effect by encouraging the growth of
intestinal lactic acid bacteria. Korean yogurts
occasionally contain ingredients including non-
fat dry milk, soy protein, vegetables, sweet pota-
toes, pumpkins, plums, etc [9]. One excellent
source of plant protein is soybean. One of the
most prevalent amino acids in legumes, including
soybean, red bean, and mung bean, is glutamic
acid (Glu).

Microorganisms known as lactic acid bacte-
ria (LAB) are commonly found in the intestine
and play a role in the host's physiological metab-
olism (Table 1). Numerous metabolites are pro-
duced by LAB, including as vitamins, amino ac-
ids, bacteriocin, organic acids, and exopoly-

saccharides. Numerous metabolites, such as or-
ganic acids, bacteriocin, amino acids,
exopolysaccharides, and vitamins, can be pro-
duced by LAB. These metabolites are fundamen-
tal to LAB activity and have a significant effect
on host health.

Numerous gut bacteria with a wide variety of
species inhabit the intestine. By supporting the
preservation of the intestinal epithelial barrier,
fending off infections, and controlling immuno-
logical responses — all of which have an addition-
al impact on the host's nutrition, metabolism, and
behavior — metabolites of LAB can maintain the
stability and balance of the gut microbiota. Re-
cent LAB research has mostly concentrated on
the influence of probiotics on gut microbiota and
host health. By generating metabolites, LAB, as
members of the gut microbiota, have positive
effects on the intestinal lining.

LAB in yogurt preparation

The primary agent in yogurt fermentation is
Lactobacillus delbrueckii, and most frequently a
particular subspecies (Lactobacillus delbrueckii
subsp. bulgaricus). This strain is the only one
used to ferment some yogurts. At the normal
temperature of 42-46 °C for yogurt fermentation,
L. delbrueckii flourishes and can quickly eat a
significant portion of the lactose in the yogurt,
turning it into lactic acid. Numerous chemicals
responsible for the distinct flavors and fragrances
of yogurt are also produced by L. delbrueckii.

The other bacterium is Streptococcus
thermophilus has a small role in the big scheme
of yogurt fermentation. However, it is also essen-
tial because most yogurt fermentations cannot be
finish without this microorganism. While it does
create some of the acidity and flavorings seen in
yogurt, S. thermophilus mostly functions as a
support system for L. delbrueckii. It's interesting
to note that S. thermophilus was probably absent
from early yogurt because genetic data suggests
that it developed to its current state over the last
3,000 years, possibly from a pathogenic species.
Together, these two bacteria can break down
milk proteins far more quickly than S.
thermophilus can, resulting in the production of
free amino acids and short peptides. By trans-
forming them into new proteins and a variety of
other substances required for its growth, S.
thermophilus needs them to sustain its own
growth. In exchange, S. thermophilus generates
significant amounts of folic acid and ornithine,
essential for L. delbrueckii's capacity to synthesis
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Table 1
Beneficial characteristics and harmful infections of LAB species in the gut
LAB species Beneficial characteristics Harmful infection types | Reference

Lactobacillus Probiotic characteristics; used for Dental abscess/caries; [10, 11]
acidophilus dairy products and biomedical Endocarditis;

treatment Bacteremia
Lacticaseibacillus Probiotic characteristics; used to Bacteremia; [11,12]
casei ferment dairy products; applied in Endocarditis

food, biotechnology and medical

fields
Lactiplantibacillus Probiotic characteristics; ecological | Bacteremia; [11, 13]
plantarum and metabolic adaptability; high Cholecystitis

acid tolerance response; bile salt

hydrolysis ability
Lacticaseibacillus Probiotic characteristics; acid- and Endocarditis; [14]
rhamnosus bile-stability; great avidity for hu- Bacteremia

man intestinal mucosal cells
Lacticaseibacillus Probiotic characteristics; modulate | Endocarditis; [15, 16]
paracasei gut microbiota composition and pancreatic necrosis

improve gastrointestinal function
Lactobacillus Probiotic characteristics; interact N/A [17]
johnsonii with a great diversity of immune

cells; increase the levels of long

chain fatty acids
Lactobacillus Probiotic characteristics; bile salt | Urinary tract infection [18, 19]
del-brueckii hydrolysis ability
Limosilactobacillus | Probiotic characteristics; widely | Bacteremia [20]
reuteri used to prevent and treat numerous

gastrointestinal disorders
Ligilactobacillus Probiotic  characteristics;  anti- | Bacteremia [21, 22]
salivarius microbial activity; innate immune

responses in epithelial cells
Lactobacillus Probiotic characteristics; used in | Liver abscesses [23, 24]
gasseri food industry as supplements; in-

hibit increase in body weight and

adipose tissue weight
Ligilactobacillus Probiotic characteristics; modulate | N/A [25]
ruminis inflammatory cytokines and gut

microbiota modulation

DNA, but which the latter unable to create in suf-
ficient quantities (Figure 1). As a result, these
two species are able to thrive in milk significant-
ly more effectively than either could by ferment-
ing together.

Important amino acid metabolites of LAB

The branched chain amino acid (BCAA) me-
tabolism, the glutamate decarboxylase (GAD)
system, the arginine deiminase (ADI) route, and
the aromatic amino acid metabolism are the four
amino acid metabolic processes found in LAB

[26]. Arginine deiminase (ArcA) in the ADI
route converts arginine to citrulline and ammo-
nia, and ornithine transcarbamylase then converts
citrulline to ornithine and carbamoyl phosphate
(Fig. 1). According to Majsnerowska et al. [27],
the arginine/ornithine antiporter is in charge of
bringing external arginine into the cells and re-
moving ornithine from them. One characteristic
of bacteria that is particularly prevalent in
Lactobacillales is the ADI pathway. It has been
observed that amino acids implicated in these
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Fig. 1. Synthesis of amino acids, organic acids and vitamins in LAB

pathways are beneficial to human health. One
non-essential amino acid that has been utilized to
alleviate intestinal irritation is citrulline. An nec-
essary amino acid, ornithine has a number of
physiological roles, including promoting muscle
growth, stimulating hormone growth, and acting
as an anti-obesity agent. A neuroinhibitory mole-
cule known as y-Aminobutyric Acid (GABA),
which is a non-protein amino acid often present
in plants, animals, and microbiota, is one of the
amino acid metabolites of LAB.

In the mammalian central nervous system,
GABA is a significant inhibitory neurotransmit-
ter [28]. In order to prevent nerve cells from
overheating, lower blood pressure, and reduce
neuronal activity, GABA is widely utilized in the
treatment of psychiatric illnesses such epilepsy,
convulsions, and Parkinson's disease. In LAB,
pyridoxal 5'-phosphate (PLP)-dependent GAD
decarboxylates L-glutamate under anaerobic cir-
cumstances, irreversibly activating GABA in the
process and consuming an H+ (Figure 1). Fol-
lowing intracellular synthesis, extracellular glu-
tamate is transported inside by the GIu/GABA
anti-porter GadC, while intracellularly generated
GABA is sent to the exterior [29, 30].

Metabolites participate in the modulation
of the gut microbiota

Numerous host regulators, including the
immune system, neurological system, and food,
work together to maintain the gut microbiota's
homoeostasis. It is generally acknowledged that

the most significant host-dependent regulation
that determines individual variances in gut flora
is diet. Additionally, the immune system is a ma-
jor player in controlling the gut microbiota. De-
fects in Paneth cell secretion of antimicrobial
peptides, changes in innate immune system sen-
sors, and the endoplasmic reticulum stress re-
sponse are all critical regulators of the gut micro-
bial ecology [31]. Another important mechanism
controlling the gut microbiota is the neurological
system. It has been demonstrated that the gut-
brain axis (GBA) serves as a conduit for the gut
microbiota and the central nervous system (CNS)
(Fig. 2).

Neuronal circuits of the enteric nervous sys-
tem (ENS) receive signals directly from the cen-
tral nervous system (CNS), and these circuits are
important in the regulation of the gut microbiota
[32]. The brain can communicate with the gut
microbiota in both directions through a variety of
pathways, including bacterial metabolites (such
as SCFAs, folate, and EPS), neurotransmitter
production (such as GABA and 5-hydroxy-
tryptamine (5-HT)), enteroendocrine cell activa-
tion (such as glucagon-like peptide 1), immuno-
modulation (such as IL-6 and tumor necrosis fac-
tor-alpha (TNF-a)), and stimulation of the vagal
nerve and the ENS [33].

The intricate regulatory network of the intes-
tinal flora is influenced by a variety of factors,
including the stability of the intestinal environ-
ment, the invasion of pathogenic bacteria, phar-
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macological therapy, emotional shifts, and other
factors. Because of its substantial impact on gut
microbiota, LAB is a popular probiotic for pre-
serving both human and animal health. These
benefits stem from the chemical and physical
characteristics of the surface elements and me-
tabolites. The effects of LAB metabolites on the
gut microbiota have only been the subject of a
few number of investigations to yet. Neverthe-
less, among the numerous metabolites of LAB,
some function as dietary substrates for intestinal
bacteria or cells, while others are antibacterial
agents that prevent the growth of dangerous bac-
teria or neurotransmitters involved in brain regu-
lation. These characteristics suggest that the me-
tabolites of LAB play a significant role in the gut
microbiota's control.

Effect of berberine on gut microbiota

It is recognized that the gut microbiota influ-
ences drug metabolism in a direct and indirect
manner, especially when it comes to oral medica-
tions. By modulating the makeup of the gut
microbiota among other multi-target processes,
BB lowers blood levels of glucose and fats [34].
Additionally, BB has been shown to decrease gut
microbiota diversity and alter the relative abun-
dance of Bacteroides, Eubacterium, and
Desulfovibrio [35]. The colon and terminal ileum
of mice (C57BL/6) given BB treatment also re-
vealed an enrichment of Bacteroides; however,
the populations of Ruminococcus gnavu (Genus
of Mediterraneibacter), Ruminococcus schinkii
(Genus of Blautia), Lactobacillus acidophilus
(Genus of Lactobacillus), Lactobacillus murinus
(Genus of Ligilactobacillus), and Lactococcus
lactis (Genus of Lactococcus) were decreased as
a result of BB treatment [36].

According to recent research, BB influences
the expression of multiple intestinal immunity
components and has positive effects on the im-
mune cells that make up the intestinal immune
system. It has also been demonstrated that BB
reduces low-grade inflammation and inhibits the
MRNA expression of MIF, TNF-q, IL-10, IL-1b,
and macrophage migration inhibitory factor
(MIF) [37]. By decreasing the activity of Clos-
tridium cluster XIVa and 1V and their bile salt
hydrolase (BSH), short-term exposure to BB
modifies the populations of gut bacteria and
causes taurocholic acid (TCA) to accumulate.
The intestine farnesoid X receptor (FXR), when
activated by TCA, can mediate the metabolism of
glucose, lipids, and bile acids. An anaerobic bac-

terium found in the gastrointestinal tract ferments
fibers and other substrates to create butyrate, a
short-chain fatty acid (SCFA) [38]. Additionally,
it has been demonstrate that BB increases the
number of butyrate-producing bacteria in the gut
microbiota, which facilitates the acetyl CoA-
butyryl CoA-butyrate pathway and the synthesis
of butyrate. The butyrate then enters the blood-
stream and lowers the glucose and fat levels [39].
Metabolic diseases known to be significantly in-
fluence by the gut flora. The application of BB
treatment supported, among other things, by BB's
capacity to speed up cellular glucose uptake and
metabolism [40].

Berbeine as supplement with probiotics

Metabolic homoeostasis is merited by ac-
tions that modify the gut microbiota, such as tak-
ing probiotics or BB, a bacteriostatic drug, orally.
In dairy goats, supplementing with BB during the
transition phase can decrease plasma biochemical
indications of negative energy balance and plas-
ma biomarkers of inflammation (positive APPs),
while also increasing intakes of dry matter, ener-
gy balance, net energy of lactation, and metabo-
lized protein. Supplementing with BB improved
antioxidant markers in blood, colostrum, and
milk and enhanced colostrum and milk produc-
tion; these findings suggest that BB may have a
beneficial impact on transition dairy goat produc-
tivity, immunity, and antioxidative ability [41].

Another hot topic in gut microbiome re-
search is the possibility of employing probiotics
to treat metabolic or other illnesses. The variety
of the target population, the uneven application
of strains and formulas, and the disparate attrib-
utes and validity across the studies could be the
causes of the debatable outcomes of probiotic
intervention [42]. It's interesting to note that re-
search has shown that native probiotics with gen-
era like Lactobacillus and Bifidobacterium are
more abundant in the feces of diabetes patients
following antidiabetic treatment with a single
dose of metformin or acarbose [43]. These probi-
otics are linked to an antidiabetic effect, but have
also been shown to be inhibited by BB admin-
istration. So, it raises the question of whether
administering probiotics in addition to a medica-
tion like BB could have greater antidiabetic ef-
fects than probiotics or BB alone.

Therefore, a number of research were planned
and carried out to determine the impact of probiot-
ics and the BB trial in treating various diesease in
an effort to change gut microbiota dysbiosis. The
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principal aim of these investigations was to ascer-
tain and juxtapose the effectiveness of probiotics
plus BB (Prob + BB), BB + placebo (BB), or pro-
biotics + placebo (Prob) against placebo (Plac) in
diminishing glycaemic haemoglobin (HbAlc) in
individuals with diabetes. Additionally, the groups'
secondary outcomes — such as clinical metabolic
measurements — are assessed and contrasted. The
potential for controlling the gut microbiota of BB
and/or probiotics therapies is investigated, as well
as how these microbial alterations in the gut linked
with the antidiabetic impact in time-dependent
antibiotic pretreatment, using comprehensive
metagenomics and metabolomics analysis.

Conclusion

Till the time of this compiling data, no re-
search have been published with addition of
berberine fortified in yogurt investigating in-
creased GABA production by LAB. Various
research studies have been conducted where
berberine showed to play very significant role
in gut microbiota through various pathways
and help in releasing GABA for its important
function to be performed in brain. Hence, con-
sidering its pharmacological effect, berberine
can be used as potent ingrediant in diary prod-
uct like yogurt to perform its medicinal and
nutritional fuction in food.
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