Daba et al. Microbial Cell Factories (2025) 24:18 Microbial Cell Factories
https://doi.org/10.1186/512934-024-02631-7

RESEARCH Open Access

Check for
updates

Physicochemical and sensory characterization
of functional synbiotic Labneh fortified

with the bacteriocin-producing
Lactiplantibacillus plantarum strain GA7

and nano-encapsulated Tirmania pinoyi
extract

Ghoson M. Daba'", Waill A. Elkhateeb', Shireen A. A. Saleh', Tarek N. Soliman? and Asmaa Negm EI-Dein’

Abstract

Background Functional foods and dairy products are gaining global attention due to their nutritional value and
health-promoting characteristics. Lactic acid bacteria (LAB) are one of the promising components included in these
products, thanks to their probiotic properties and ability to produce bioactive compounds such as bacteriocins.

On the other hand, ectomycorrhizal wild mushrooms (truffles) are known for their ethnomycological importance.
Hence, we aimed to develop a functional dairy product using a bacteriocin-producing LAB isolate that has probiotic
potentials together with the bioactive extract of a truffle mushroom.

Results Screening for bacteriocin-producing LAB led to the selection of four safe isolates that also showed promising
probiotic potentials. Isolate No. 7 was selected due to its wider antimicrobial spectrum and was identified as
Lactiplantibacillus plantarum strain GA7. Out of resulting bands from Tricine SDS-PAGE analysis, a band (its molecular
mass was approximately 7 kDa) exhibited antimicrobial activity. Amino acid sequencing of this active band detected
62 amino acid residues with 100% identity to plantaricin ASM1 bacteriocin. Simultaneously, an ethyl acetate extract
was prepared from a truffle sample identified as Tirmania pinoyi. Safety of this truffle was confirmed and its extract
exerted promising antioxidant and hypocholesterolemic activity. Prepared functional dairy products (Labneh) fortified
with L. plantarum GA7 and nano-encapsulated T. pinoyi extract exhibited superior physicochemical, sensory and
antioxidant properties compared to control. Moreover, an increase in probiotic count was observed in presence

of T. pinoyi extract. Furthermore, prepared Labneh using the bacteriocin-producing L. plantarum GA7 and nano-
encapsulated T. pinoyi extract remained unspoiled for over 60 days, compared to control, which spoiled after 21 days.
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Conclusion Besides improving Labneh physicochemical, sensory and antioxidant properties, the presence of the
bacteriocin-producing L. plantarum GA7 has contributed in significantly extending its shelf life, while T. pinoyi extract
showed prebiotic influence on probiotic count. As far as we know this is the first study describing production of a
functional synbiotic dairy product fortified with bacteriocin-producing probiotic LAB and bioactive T. pinoyi truffle

extract.
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Background

Functional food and dairy products are gaining global
attention because they combine the usual nutritional
value as well as additional health benefits. Consequently,
companies have shifted their focus to manufacturing such
products and have encouraged researchers to screen for
bioactive components to be employed in their produc-
tion. Out of such components, lactic acid bacteria (LAB)
are ranked among the most beneficial ones. LAB are a
group of bacteria that have been safely used for centuries
in food processing. Several LAB species exhibit stress
tolerance, antioxidant properties, and strong hydropho-
bicity which are associated with their probiotic potential.
These features allow LAB to contribute in regulating gut
microbiota, inhibiting adhesion of pathogenic bacteria
to intestinal mucosa and improving body immunity [1].
Furthermore, some LAB exhibit antimicrobial, antioxi-
dant, cholesterol lowering and antithrombotic potentials
among other biological activities [2]. This is attributed to
LAB’s ability to secrete many bioactive compounds such
as bacteriocins, exopolysaccharides, and organic acids
[3]. Bacteriocins are bacterial small, ribosomally synthe-
sized peptides that are known for exerting antimicrobial
activity which made them nominated as promising natu-
ral biopreservatives and potential supporters/alternatives
to some of the currently used antibiotics [4]. Nowadays,
there is a growing trend of producing synbiotic products
with synergistic combination of useful bacteria (probi-
otic) besides a growth-improving molecules (prebiotic)
[5]. In synbiotic products, probiotic cultures grow bet-
ter in the presence of prebiotics within the digestive sys-
tem providing benefits especially against certain diseases
such as food-borne infections [6]. Therefore, adding LAB
together with a prebiotic to food or dairy products can
contribute in improving consumer’s health. Similarly,
mushrooms are macrofungi rich in bioactive compounds
capable of exerting diverse health related activities such
as anticancer, antioxidant, immunomodulatory, anti-
inflammatory, antiparasitic, anti-proliferative, anti-meta-
static, and antiangiogenic activities [7]. Ectomycorrhizal
wild mushrooms (truffles) that have hypogenous fruiting
bodies are attracting extra attention due to their ethno-
mycological importance and long history of uses and
medical significance [8]. The most famous truffle spe-
cies are those of the Tirmania genus, which are edible
truffles that live in symbiosis with roots of certain trees

and are located in Middle East, North Africa, and coun-
tries surrounding the Mediterranean. Nevertheless, some
Tirmania species are now cultivated worldwide [9]. Tir-
mania species are used by Arab Bedouins in traditional
medicine for treating some skin diseases and increas-
ing fertility [10]. Furthermore, juices of some truffles
are commonly used till now in many Arabian countries
for treating skin and ophthalmic diseases as described
in Islamic prophetic medicine [11]. Many studies have
described classification, morphology and habitat of truf-
fles. However, few studies have highlighted the medical
importance of truffles [12]. Therefore, in this study, we
aimed to develop a health promoting and palatable syn-
biotic functional dairy product fortified with a bacte-
riocin-producing probiotic LAB isolate together with a
nano-encapsulated bioactive and safe truffle extract.

Methods

Sample collection, bacterial isolation and selection of LAB
Different samples to be used as LAB sources were col-
lected in sterile containers and transferred in cool box
(4 °C). Isolation was performed as described by Masuda
et al,, [13]. Resulting isolates (1-6 from pickles, 7-11
from old Egyptian cheese, 12-15 from goat cheese, 16
and 17 from cow milk, 18-21 from camel milk, 22-24
and 25-27 from cow meat and chicken meat, respec-
tively, 28-35 from soil) were stored at -80 °C on MRS
broth medium and 50% glycerol (v/v), then inoculated in
MRS broth medium and incubated for 18 h at 37° C prior
to use. LAB were preliminary chosen based to morpho-
logical characteristics of colony, spore formation, Gram
staining and catalase reaction [14]. Catalase reaction was
tested by adding a drop of hydrogen peroxide solution
(3%) on bacterial cells (24 h old). Immediate formation of
bubbles indicates production of catalase (catalase posi-
tive) [4]. Colonies showing Gram positive, catalase nega-
tive reaction and were non-spore former were initially
considered as LAB.

Antimicrobial activity of LAB isolates and investigating
their proteinaceous nature

In order to evaluate antimicrobial activity, spot on lawn
method was conducted using pH-neutralized cell free
supernatants (CFSs) of isolates as described by Mayr-
Harting et al. [15]. Indicator strains were incubated
at suitable incubation temperatures for 18 h. The agar
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medium representing the top layer in this test was MRS
medium in case of using LAB indicator strains (Latilac-
tobacillus sakei JCM 1157%; Lactiplantibacillus plan-
tarum JCM 1149%; Lactiplantibacillus pentosus ATCC
8041"; Leuconostoc mesenteroides JCM 6124"; Pediococ-
cus pentosaceus JCM 5885; Enterococcus faecium JCM
5804%; Ent. faecalis JCM 5803 and Lactococcus lactis
IL1403), tryptic soy broth medium (Oxoid, Basingstoke,
UK) supplemented with 0.6% yeast extract was used
to grow Kocuria rhizophila NBRC 12708" and Listeria
innocua ATCC 330907 while nutrient broth (Himedia,
India) was employed to culture Heyndrickxia coagulans
JCM 2257" and Escherichia coli ATCC 11775". The pro-
teinaceous nature of activity in promising isolate was
investigated as described by Zhang et al.,, [16]. Enzymes
used in this treatment were proteinase K, pepsin, pro-
nase E (Sigma-Aldrich, St. Louis, USA), a-chymotrypsin
(Fluka, Buchs, Switzerland), trypsin (Fluka, Buchs, Swit-
zerland), lysozyme (HiMedia, Mumbai, India) and cata-
lase (HiMedia, Mumbai, India).

Safety assessment of the selected isolates

The hemolytic activity, antibiotic susceptibility and his-
tidine decarboxylase activity of isolates were tested in
order to confirm their safety. Blood hemolysis assay was
conducted by inoculating Columbia blood agar medium
with the growing bacterial cells, then plates were aero-
bically incubated at 37 °C for 24-48 h [4]. Hemolytic
activity was evaluated through observing appearance
of partial hydrolysis surrounding growing colonies as
a greenish zone (a—hemolysis), a clear zone (f—hemo-
lysis) or no hydrolysis (y—hemolysis) [4]. On the other
hand, disk diffusion assay using the following antibiotic
discs was conducted to check antibiotic sensitivity of the
selected isolates: oxytetracycline (30 pg); vancomycin
(30 pg); amoxicillin-clavulanic acid (20-10 pg); Azithro-
mycin (15 pg); gentamicin (10 pg); trimethoprim-sulpha-
methoxazole, and ampicillin (10 pg) (Bioanalyse limited,
Turkey). After overnight incubation at 37 °C, the size of
obtained inhibition zone has determined the suscepti-
bility to antibiotics as: no inhibition zone (resistant, R),
inhibition zone 15 mm or less (intermediately resistant,
IR), or Inhibition zone more than 15 mm (susceptible,
S) [17]. Also, the ability of bacterial cells to produce his-
tidine decarboxylase was investigated as described by
Daba et al, [17].

Studying probiotic properties of the selected isolates
Stress tolerance

Tolerance of the selected isolates to different stresses
(pH stress, thermal stress, osmotic stress, surfactant
stress, tolerating treatment with bile salts and pancre-
atic enzymes), which is considered to be associated with
probiotic properties, was studied as described by Daba et
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al. [17]. For control, cells were suspended in phosphate
buffer (0.2 M, pH 7.0) and incubated for an hour at 4 °C
(100% viable). Stress tolerance was evaluated by compar-
ing viability of cells in the prepared stress solutions with
control.

Cell surface hydrophobicity

The capability of overnight cultures to adhere to hydro-
carbons was used to indicate hydrophobicity as described
by Vinderola and Reinheimer [18]. Absorbance (ODy)
of the aqueous layer was recorded. Cell surface hydro-
phobicity (%) was calculated as following:

Ao— A

Cell surface hydrophobicity (%) = < > X100

Where A and A are the absorbance readings after and
before n—hexadecane extraction, respectively.

Antioxidant potential of bacterial CFSs

DPPH free radical scavenging action of bacterial CFSs
was evaluated as an indication for the antioxidant action
of the bacterial CFS through vigorously mixing 500 pl of
24 h old CEFS together with 500 ul DPPH ethanolic solu-
tion (0.4 mmol). Ascorbic acid was used as a positive
control while MRS medium was used as a negative con-
trol. Mixtures were kept for an hour in the dark at 37 °C.
Then their absorbance was measured at 517 nm [19]. The
DPPH free radical scavenging activity was calculated as
following:

As — Ab
DPPH free radical scavenging activity % = 1 — (QT> X 100

Where A, A, and A, are the absorbance of blank (CFS
and ethanol), control (DPPH and sterilized deionized
water), and sample (CFS and DPPH), respectively.

Construction of heat map from probiotic properties

In order to illustrate the multivariate data clustering
which contributed in choosing bacterial isolate with
promising probiotic characteristics, a heat map was con-
structed by the help of Graph Pad Prism 8 program.

Molecular identification of the promising bacterial biotype
Molecular identification of isolate No. 7 was con-
ducted as described by Zendo et al. [20] Obtained DNA
sequence was BLASTED on NCBI http://www.ncbi.nlm.
nih.gov/BLAST/ and a phylogenetic tree was constructed
based on 16 S rRNA gene for isolate No. 7 with species
recorded by Zheng et al. [21] in the genus Lactiplantiba-
cillus. Phylogenetic analysis was conducted by neighbor-
joining method using MEGA 11.0 software.
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Determination of antimicrobial activity and studying
stability of antimicrobial activity in the neutralized CFS of
the selected isolate

Antimicrobial activity in AU/ml of neutralized bacte-
rial CFS was assessed using the spot on lawn method as
described previously [15]. All tests were carried out in
triplicates. On the other hand, pH, thermal stabilities and
effect of some surfactants on antimicrobial activity were
evaluated. pH stability was investigated as described by
Daba et al. [4]. Untreated bacterial CFS at pH 6.5 that
was kept at 37 °C for 3 h was considered as control. Ther-
mal stability of antimicrobial activity was tested by heat-
ing neutralized CFS of the selected isolate at different
temperatures (40, 60, 80, 100 °C for 15, 30 min and auto-
claving at 121 °C for 15 min) [22]. Antimicrobial activity
of neutralized CFS which was kept at room temperature
(25 °C) was used as control. For studying effect of sur-
factants on antimicrobial activity, neutralized CFS of the
selected isolate was treated with each of the following
surfactants separately at 1% (v/v): Tween 20, Tween 60,
Tween 80, and Triton X-100 (Sigma) then mixtures were
kept for 3 h at 37 °C. Untreated neutralized CFS that was
kept for 3 h at 37 °C was considered as control [22]. In all
experiments, antimicrobial activity was evaluated against
Ent. faecium JCM 58047,

Characterization of the produced bacteriocin

Tricine-SDS-PAGE (Sigma) gel electrophoresis was
employed to estimate bacteriocin molecular mass. Sam-
ple was prepared by extracting total bacterial proteins
from one gram of bacterial wet biomass as described by
Grillova et al. [23]. Final suspension was filtered, mixed
with non-reducing buffer then kept for an hour at 37 °C
[24]. The molecular mass standard and 20 pL of the
sample were loaded into the gel vertical electrophoresis
system. The gel was divided into halves one of them was
stained with Coomassie brilliant blue R-250 at concen-
tration of 0.125% (w/v) (Fluka, Germany) [25], and the
remaining half was washed, placed in a plate and covered
with MRS agar medium inoculated with Ent. faecium
JCM 5804T to test antimicrobial activity. The plate was
kept at 37 °C for overnight then presence of inhibition
zone was observed. Gel documentation system (Geldoc-
it, UVP, England) in combination with Totallab analy-
sis software (ver.1.0.1) www.totallab.com, were used to
predict molecular mass of the band showing inhibition
zone (corresponding to bacteriocin). On the other hand,
for amino acid sequencing of active band, this band was
immersed and crushed in 1 ml of elution buffer consist-
ing of NaCl (150 mM), Tris-HCl (50 mM), and EDTA
(0.1 mM) at pH 7.5 then incubated overnight at 30°C in
a rotary shaker. Supernatant was collected by centrifu-
gation (10,000 for 10 min, 4°C) and used for sequenc-
ing by protein sequencer (PPSQ51A/53A, Shimadzu
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Corporation, Japan). Resulting sequence was BLASTED
on NCBI for finding homologies.

Preparation of truffle mushroom extract and investigating
its safety

Ethyl acetate extracts of the truffle sample, Tirmania
pinoyi (collected from Jizan desert, Saudi Arabia) was
prepared as described by Aboutabl et al. [12], with some
modifications. Briefly, 1000 g T. pinoyi fruiting bodies
was separately washed with sterilized distilled water, air-
dried, then cut into small pieces, placed in an Erlenmeyer
flask containing ethyl acetate (Sigma Aldrich, St. Louis,
MO, USA) and kept soaked for 48 h at room temperature.
After that, the mixture was filtrated using Whatman No.
4 paper and extraction process was repeated two times.
Resulting filtrate was concentrated using a rotary evapo-
rator (Heidolph, Germany, 40 °C) till complete removal of
ethyl acetate. The concentrated extract of T. pinoyi (TPE)
was then stored in clean closed containers at 4 °C. On the
other hand, cytotoxicity of obtained extract at final con-
centration of 100, 50, 25 and 12.5 pg/ml was evaluated as
described by Mosmann [26] and Ibrahim et al. [27]. Cells
that were incubated alone (without adding extract) are
considered as negative control. DMSO was used to dis-
solve TPE and its final concentration on the cells was less
than 0.2%. The absorbance was measured at 595 nm and
a reference wavelength of 620 nm. Change in viability (%)
was calculated according to the following equation:

Change in viability % = (25 - 1) X 100
n

Where A, is the reading of cells treated with TPE, while
A, is the reading of negative control.

Additionally, the presence of mycotoxins in TPE
was evaluated using LC-ESI-MS/MS with an ExionLC
AC system for separation and SCIEX Triple Quad
5500+ MS/MS system equipped with an electrospray
ionization (ESI). Resulting data were processed using the
SCIEX OS 1.6.10.40973 software. Separation of targeted
analytes was performed using Poroshell 120 EC-C18
(3.0x100 mm, 2.7 um). The mobile phases were con-
sisted of two eluents, A): 5 mM ammonium formate in
0.1% formic acid; B) Methanol. The mobile phase gra-
dient was programmed as follows: 0-2 min, 0-80%
(v/v); 2—6 min, 80-40% (v/v); 6-10 min, 40-10% (v/v),
10-12 min 10% (v/v), 12—16 min, 10-80% (v/v) of elu-
ent A (5 mM ammonium formate in 0.1% formic acid).
The flow rate was 0.3 ml/min and the injection volume
was 5 pl. For MS/MS analysis, positive ionization mode
(+ MRM) was applied with the following parameters:
curtain gas: 20 psi; collision gas: 9 psi; lonSpray volt-
aget: 5500; source temperature: 600 °C; ion source gas
1&2: 60 psi. The investigation was to the following eight
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mycotoxins: aflatoxin B1 (AFB1), aflatoxin B2 (AFB2),
aflatoxin G1 (AFG1) aflatoxin G2 (AFG2), aflatoxin M1
(AFM1), zearalenone (Zon), ochratoxin A (OTA) and
fumonisin B1 (FB1).

Studying biological activities of TPE

Cholesterol reducing activity of TPE

Different concentrations of TPE (50, 100 and 150 mg/
mL) were prepared, then 4 mL of each extract concentra-
tion was mixed with one milliliter of soluble cholesterol
and kept at room temperature for 24, 48, 72 and 96 h.
Cholesterol assay kit (Biodiagnostic, Egypt) was used to
determine the residual amount of cholesterol. Control
was prepared by using sterilized distilled water instead
of the extract. The cholesterol-reducing activity (CRA %)
was calculated as described by Pan et al. [28] using the
following equation:

Ao — As

CRA % = ( 10

)XIOO

Where A, is the absorbance of the control (at 500 nm)
while A is absorbance of TPE treated samples (500 nm).
Tests were carried out in triplicates.

Antioxidant potential of TPE

DPPH free radical scavenging effect was evaluated as
described previously [19], but 500 pl of TPE at different
concentrations (50, 100, 150 and 200 mg/ml) were used
as samples.

Anti-inflammatory action of TPE

In vitro anti-inflammatory potential of TPE was evalu-
ated as described by Vane and Botting [29]. Hemoglobin
content was estimated at 560 nm using spectrophotome-
ter. Hemolysis (%) was calculated by assuming the hemo-
lysis produced in the control as 100% using the following
equation:

As

H lysi =
emolysis % ( o

)XlOO

Protection (%) was calculated using the following
equation:

A
Protection % = <100 _ AS> X100
C

Where A_ and A, are the absorbance of the control and
TPE treated samples, respectively.
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Fabrication of whey protein nanofibrils (WPINF) and
encapsulation of TPE to obtain WPINF-TP

Whey protein isolate used in this study (WPI, BIPRO®,
consisting mainly of a-lactalbumin and p-lactoglobulin)
was purchased from Davisco Foods International, Le
Sueur, USA. WPI was nanofibrillated following descrip-
tion mentioned by Shakoury et al. [30]. To stop fibrilla-
tion process, solution was soaked in ice water bath for
ten minutes. For additional analysis, the WPINF solu-
tion was stored at a temperature of 4 °C. To simulate food
conditions, the pH value of a fully hydrated WPINF solu-
tion with a protein content of 5% was adjusted to pH 7.0
using NaOH (5 M). TPE concentrations in solutions were
100, 200, and 300 mg/ 100 mL (TPE to protein ratio of
2:100, 4:100, and 6:100). All the solutions were stirred in
a dark place for 12 h at room temperature. The obtained
WPINE-TP were freeze-dried for further analysis and
kept at —4°C [31]. The nano-encapsulated TPE samples
were named as follows: 200 mg (T1), 400 mg (T2), and
600 mg (T3). The control sample was also produced iden-
tically without adding TPE.

Characterization of the prepared WPINF-TP

To assess the efficacy of encapsulation, a mixture of
25 mg of nanoparticles and 5 ml of 96% ethanol was sub-
jected to centrifugation at a speed of 4200xg for 15 min at
25°C to remove any non-encapsulated polyphenolic com-
ponents. After phase separation, 0.5 ml of supernatant
was retrieved to investigate phenolic compounds further,
while remaining 4.5 mL of supernatant was homogenized
and placed in a water bath set at 25 °C for 24 h to cause
disruption and subsequent release of the desired com-
pounds from the nanoparticles. The encapsulation effi-
ciency was determined as described by Jansen-Alves et
al. [32] using the equation:

TPC — TP
Encapsulation efficacy (EE) % = (u

TPC ) X 100

Where Total phenolic compounds (TPC) are phenolic
compounds present inside or outside of the particles,
while total phenolic compounds on the surface (TPCy)
are those present only on the surface of the NF particles.

The yield of the nano-encapsulated TPE (Y) was calcu-
lated depending on the solid content of the carrier (whey
protein isolate) and the quantity of TPE material accord-
ing to the following equation.

Final weight of WPINF —TPE
WPINF +TPE

Y%:< >X100

On the other hand, particle size of the prepared nano-
capsules was determined using dynamic light scat-
tering (DLS) equipment (Mastersizer 2000, Malvern
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Instruments, Malvern, UK). The samples (30 pL) were
diluted with distilled water (3 mL) at a temperature of 25
C. The surface-weighted mean diameter (d32), derived
from the whole particle size distribution, was used to
represent the particle size of each sample. Particle micro-
electrophoresis was used to determine the nanocapsules’
droplet charge (zeta potential) (Zetasizer Nano ZS-90,
Malvern Instruments, Worcestershire, UK).

Additionally, transmission electron microscopy (TEM,
JEOL JEM-1400 plus) at a magnification of 200,000 x and
an accelerating voltage of 100 kV was used to study the
morphology of the WPINF and WPINE-TP [33].

Production of functional synbiotic dairy product (Labneh)
Lyophilized direct-vat-set (DVS) mixed bacterial start-
ers Yo-Fastl containing Lactobacillus delbrueckii ssp.
bulgaricus and Streptococcus thermophilus were used
as a yogurt starter. The culture of L. plantarum GA7
and starters were propagated in sterilized reconstituted
skim milk (10%). Labneh was prepared as described
by Khider et al. [34]. Fresh UF- buffalo milk retentate
(obtained from the dairy industry unit, Animal Produc-
tion Research Institute, Ministry of Agriculture, Dokki,
Giza, Egypt) was heated to 90 °C for 3 min and cooled
to 42 °C. Then, UF-retentate was divided into eight por-
tions: the first was inoculated with 3% yogurt starter
(C1), the second part was inoculated with 1.5% yogurt
starter and 1.5% L. plantarum GA7 (C2), and the Third
was inoculated with 3% yogurt starter and 200 mg free
TPE (T1), the fourth was inoculated with 3% L. planta-
rum GA7 and 200 mg free TPE (T2), the fifth was inoc-
ulated with 1.5% yogurt starter and 1.5% L. plantarum
GA7 and 200 mg free TPE (T3), the sixth was inoculated
with 3% yogurt starter and 200 mg TPE nano-encapsu-
lated (T4), the seventh was inoculated with 3% L. planta-
rum GA7 and 200 mg TPE nano-encapsulated (T5), the
eighth was inoculated with 1.5% yogurt starter and 1.5%
L. plantarum GA7 and 200 mg TPE nano-encapsulated
(T6), the added strains were mixed using the electric
blender (Braun blender). The mixture was packaged in
plastic cups (100 mL). All cups were incubated at 42 °C
till coagulation. Treatments were stored in the refrigera-
tor at 5+ 2 °C till the end of the storage period.

Characterizing the prepared dairy product (Labneh)
Physicochemical analysis of the prepared Labneh

Labneh samples were subjected to different chemical
analyses including evaluation of total solids (oven dry-
ing method), fat (Gerber method), titratable acidity
(expressed as lactic acid), total protein contents (macro
Kjeldahal method) calculated by multiplying nitrogen%
by 6.38, lactose content (phenol sulphuric method), total
dietary fibres, and total ash. Thermo Scientific Orion™
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Versa Star Pro™ Benchtop pH meter was used to measure
the pH values of Labneh samples [35].

Evaluation of DPPH radical scavenging of the prepared
Labneh

0.1 ml of each sample was mixed with 3.9 ml of 0.1 mM
DPPH solution at room temperature. The combinations
were stored in a dim environment for 20 min [36]. The
samples’ absorbance at 515 nm was then measured using
a UV-Vis spectrophotometer. Additionally, a control
sample was similarly prepared. The DPPH radical scav-
enging activity was determined as following:

A, — As
Ac

Where: A, and A_ are the absorbance of samples and the
control, respectively.

Evaluation of total phenolic compounds in the prepared
Labneh

Samples were mixed with 0.2 M Folin-Ciocalteu reagent
in a 5:1 ratio. Then, each sample received 2 ml of freshly
saturated sodium carbonate solution. All samples were
then vortexed for about 15s, followed by a 2-hour incuba-
tion in a dark environment at room temperature. Finally,
the absorbance of each sample was measured at 725 nm.
Before this investigation, a calibration curve was gener-
ated using gallic acid at 10-600 g/ml concentration and a
regression coefficient 0.9985. All data, performed in trip-
licate, are given as milligrams of gallic acid equivalent per
gram of dried samples (mg GAE/g dry sample) [32].

Texture profile analysis of the prepared functional Labneh
The textural characteristics of the Labneh samples
were evaluated using the textural analyzer (Mult- test
1dMemesin, Food Technology Corporation, Slinfold, W.
Sussex, UK.) fitted with a 25 mm diameter perplex con-
ical-shaped probe. The Labneh samples were subjected
to the texture profile analysis (TPA) method described by
Soliman et al. [36]. The textural parameters were calcu-
lated from the force-time curve following the definition
provided by IDF [37].

Organoleptic characteristics of the prepared functional
Labneh

Ten panels of employees from the Dairy Department,
National Research Centre, Cairo, Egypt, assessed the
organoleptic qualities of the functional Labneh samples.
The scorecard sheet of Amer et al. [38] with storage
periods fresh and 21 days was used to evaluate Labneh
samples. There were three categories: 50 points for flavor,
40 points for body and texture, and 10 points for appear-
ance, out of 100 points.
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Viability of probiotic strains in the prepared Labneh
Viability of probiotic strains in the prepared Labneh was
evaluated though counting colony forming units (CFU)
every 7 days for 21 days as described by El-Shafei et al.
[39]. Labneh samples were kept in the fridge and mixed
thoroughly with clean sterile spatula prior to preparing
sample for plating on MRS agar media.

Statistical analyses

Tests were performed in triplicates. All data was
expressed as mean + SD. Statistical analyses were carried
out by one way analysis of variance (ANOVA), coupled
with SPSS software. Statistical difference between groups
was considered at p<0.05. Heat map was constructed
using the program Graph Pad Prism ver.8 in order to elu-
cidate clustering of multivariate data.

Results

Isolation and initial identification of LAB

Thirty-five (35) bacterial isolates were isolated from
different sources on MRS medium. Bacterial colonies
appeared convex with creamy to whitish-creamy on
MRS agar plates. Initial selection and presumptive iden-
tification of LAB isolates were based on Gram staining,
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catalase reaction and spore formation (LAB are Gram-
positive, catalase negative, and non-spore formers).
Out of 35 bacterial isolates, 21 were presumptively con-
sidered as LAB and their antimicrobial activities were
investigated.

Antimicrobial activity and its nature

As shown in Table 1, out of twenty-one presumptive
LAB isolates, the neutralized CFS of ten bacterial iso-
lates showed no activity against any of the tested indi-
cator strains, while remaining isolates exerted various
antimicrobial activities The widest antimicrobial spec-
trum was achieved by isolate No. 7 (Table 1). Treating
CFSs of isolates No. 7, 11, 12, and 16 with different pro-
teolytic enzymes resulted in a complete disappearance of
their antimicrobial activity. On the contrary, activity was
not affected by presence of catalase or lysozyme. These
results suggested the proteinaceous nature of the antimi-
crobial activity exerted by these isolates.

Safety of the selected isolates

All tested isolates (No. 7, 11, 12 and 16) showed y—hemo-
lysis (no blood hemolysis) and lack histidine decarbox-
ylase activity, indicating that they don't produce the

Table 1 Antimicrobial spectra of bacterial isolates initially identified as LAB

Isolate No.

Indicator strains”

13 | 14 | 15 | 16 | 17 | 18 [ 19 ( 20 | 22 | 23 | 25 | 28 | 30 | 34

Lactiplantibacillus plantarum JCM
11497

Lactiglanribacillus pentosus ATCC
8041

Latilactobacillus sakei JCM 11577 - - - - - - -

Lactococcus lactis 11.1403 - - - - - |+ -

Leuconostoc mesenteroides JICM
61247

Pediococcus pentosaceus JICM 5885 | - - - - - - -

Enterococcus faecalis JCM 58037 - ++ - - - R S

Enterococcus faecium JCM 58047 -

Kocuria rhizophila NBRC 12708 - I T N T S

Heyndrickxia coagulans JCM 2257° | - - I T R

Listeria innocua ATCC 330907 - + S A

Escherichia coli ATCC 117757 + - ++ | - - - -

e I R e T N S IS [y o) oy B I S

ATCC: American Type Culture Collection (Rockville MD), NBRC: NITE Biological Resource Center (Chiba,
Japan), JCM: Japan Collection of Microorganisms (Wako, Japan). Neutralized cell free supernatants were used for
testing antimicrobial activity, and activity was designated as strong (+++, inhibition zone diameter > 20 mm);
moderate (++,13—-19 mm); weak (+, <12 mm); and no activity (-, no inhibition zone was detected). All experiments

were performed in triplicate.
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Table 2 Antimicrobial spectra of bacterial isolates initially identified as LAB

Antibiotics
Vancomycin | Gentamicin | Ampicillin Sulphamethoxazole | Amoxicillin- Oxytetracycline | Azithromycin
& Trimethoprim Clavulanic
Isolates acid
7 R S S S S S S
11 R R IR R IR IR IR
12 R R IR S IR IR IR
16 R IR IR S S S S

R: Resistant (no inhibition zone); intermediately resistant (IR, inhibition zone 15 mm or less); susceptible (S, inhibition zone
larger than 15 mm). Vancomycin (30 pg); Gentamicin (10 pg); Ampicillin (10 pg); Sulphamethoxazole & Trimethoprim (25
ug); Amoxicillin-Clavulanic acid (30 pg); Oxytetracycline (30 pg); and Azithromycin (15 pg).

350
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@Isolate No. 11
300 mIsolate No. 12
EIsolate No.16
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Stress conditions ]
Fig. 1 Stress tolerance (%) of isolates No. 7, 11, 12 and 16 to the stress conditions: exposure to temperature 55 °C for 30 min, 70 °C for 15 min, pH 2.5 for 3

and 6 h, pH 3.5 for 3.and 6 h, and pH 9.0 for 3 and 6 h, exposure to 3 M NaCl for 3 and 6 h, exposure to 0.2% Tween 80 for 24 h, exposure to 0.05 and 0.1%
bile salts for 24 h, and exposure to 0.15% pancreatic enzymes for 24 h. Error bars represent the mean + SD of three independent experiments

biogenic amine histamine. On the other hand, the iso-
lates showed varying susceptibility to different antibi-
otics, but all isolates were resistant to vancomycin, as
shown in Table 2.

Studying probiotic properties of the selected isolates
Stress tolerance of the selected isolates

As shown in Fig. 1, isolates No. 7 and 16 exhibited the
highest tolerance to the tested stresses, while iso-
lates No. 11 and 12 showed lower responses to differ-
ent tested stresses, except for isolate No. 11, which

demonstrated the highest response to exposure to pH
9.0 for 3 h (298.01 +11.61%). The cell viability of isolate
No.7 was notably enhanced by exposure to thermal stress
at 55 °C for 30 min (216.34+7.43%) or 70 °C for 15 min
(196.45 +7.45). Similarly, upon exposure to osmotic stress
by treatment with 3 M NaCl for 6 h (208.22+5.38%),
surfactants as Tween 80 (219.38 +3.48%), and bile salts
at concentration 0.05% (224.23+4.85%). The highest
viability of isolate No. 7 cells was recorded after expo-
sure to pH 3.5 (267.85+6.86%) for 3 h and to pH 9.0 for
3 h (248.05+1.15%), while the lowest cell viability was
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recorded after exposure to pH 2.5 for 6 h (173.66 + 4.55%)
then to pH 9.0 for 6 h (178.98 +8.03%). Viability of iso-
late No. 16 increased after exposure to pH 2.5 for 3 h
(229.32+5.32%), 3 M NaCl after 3 h (201.20+11.27%)
and after 6 h (218.95+9.36%). The highest cell viability
of the same isolate was observed after treatment with pH
3.5 for 3 h (243.46 +5.10%) (Fig. 1). Comparing responses
of isolates No. 7 and 16 revealed that isolate No. 7 showed
higher tolerance than isolate No.16 after exposure to pH
3.5 for 3 h, pH 9.0 for 3 h, temperature 55 °C for 30 min,
temperature 70 °C for 15 min, Tween 80 and both tested
bile salts concentrations. On the contrary, isolate No. 7
showed higher tolerance after exposure to pH 2.5 for 3
and 6 h, pH 3.5 for 6 h, pH 9.0 for 6 h, NaCl (3 M) for 3
and 6 h and treatment with pancreatic enzymes (0.15%).
However, all isolates didn’t survive treatment with 0.05%
H,0, for 30 min (oxidative stress).

Cell surface hydrophobicity and antioxidant activity

Isolate No. 16 showed the highest hydrophobicity
(88.91+£0.37%) followed by isolate No. 11 and No. 12
(86.55+1.28% and 84.22+1.01%, respectively) then
isolate No. 7 which achieved 81.12+0.54%, On the
other hand, the highest DPPH radical scavenging activ-
ity (antioxidant activity) was achieved by isolate No.
7 (82.35+0.15%), compared with the positive control
(ascorbic acid, 100%) and the negative control (Uninoc-
ulated MRS broth medium, 3.5+1.11%). Isolate No. 12
came second (72.27+0.61%), followed by isolate No. 11
(70.26 £ 0.10%), and finally isolate No. 16 (66.55 + 0.51%).

Isolate 7

Isolate 11

Isolate 12

Isolate 16

RO RN

S S PS
NSO H OIS MAR JO IR
% ole - =
R O OQ\ 6 VS
I R R @ @ & Q° g\e g\e %0 Q
i (\ < N & &
ol 3
N S
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Heat map of probiotic properties of selected bacterial
isolates

As observed from the map (Fig. 2), isolate No. 7 exhibited
the most promising probiotic characteristics, followed
by isolate No. 16. Based on the overall heat map results
expressing probiotic properties besides the previously
mentioned antimicrobial spectrum, isolate No. 7 was
chosen for further investigations.

Molecular identification of the promising bacterial biotype
Molecular identification of isolate No.7 using 16 S rRNA
gene sequencing showed 99.80% identity to Lactiplanti-
bacillus plantarum strain V4495 16 S rRNA gene (Fig. 3).
Therefore, isolate No.7 was identified as Lactiplanti-
bacillus plantarum and its sequence was deposited in
gene bank as Lactiplantibacillus plantarum strain GA7
(accession number OR883836.1). A neighbor-joining
phylogenetic tree was constructed to show position of L.
plantarum strain GA7 (Fig. 3).

Determination of antimicrobial activity and its stability of
antimicrobial activity in the neutralized CFS of L. plantarum
GA7

As shown in Table 3, this isolate exerted varying antimi-
crobial activity against the tested indicator strains, but
the strongest antimicrobial activity (1600 AU/ml) was
recorded against Ent. faecium JCM 5804T. The stability
of antimicrobial activity exerted by the CFS of L. plan-
tarum GA7 revealed a promising thermal stability as full
activity was retained after exposure to 100 °C for 15 min

250

200

150

100

Fig.2 Heat map plot of probiotic characteristics (acid, alkaline, osmotic, temperature, bile, and surfactant resistances, antioxidant activity and hydropho-

bicity) of the tested lactic acid bacteria isolates No. 7, 11,12 and 16
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Lactiplantibacillus pl um strain GA7 (OR883836.1) 4
Lactiplantibacillus pl. um WCFS1 (KC429782.1)
Lactiplantibacillus pl, um strain 2588 (MT611614.1)

6 Lactiplantibacillus plantarum strain (Ne2-11) (PP388282.1)

Lactiplantib um strain HBURS51306 (ORS502334.1)

Lactiplantib um strain 1968 (MT597774.1)

99[ Lactiplantibacillus argentoratensis strain HBUAS68376 (ON908808.1)

Lactiplantibacillus plantarum ATCC 149177 (MH544641.1)

Lactiplantibacillus pentosus ATCC 8041 (D79211.1)
Lacticaseib ATCC 7469a (AF429476.1)
Limosilactobacillus reuteri ATCC 232727 (X76328.1)

9 Lactobacillus gasseri ATCC 33323" (NR 075051.1)

Lactobacillus acidophilus ATCC 4356 (M58802.1)

Escherichia coli ATCC 117757 (X80725.1)

illus pl

illus pl.

illus rh

—
0.05

Fig. 3 Neighbor-joining phylogenetic tree constructed using the 16 S
rRNA gene sequences by MEGA 11.0 and showing position of L. plantarum
strain GA7 (#). The sequence of Escherichia coli ATCC 11775 (X80725) was
used as outgroup. Scale bar represents 0.05 nucleotide substitutions per
site

Table 3 Antimicrobial activity of L. plantarum strain GA7 (AU/ml)

Indicator species Strain Activity (AU/ml)
Lactiplantibacillus plantarum JCM 11497 800
Latilactobacillus sakei Jem 11577 0
Lactiplantibacillus pentosus ATCC 80417 800
Lactococcus lactis 1L1403 0
Heyndrickxia coagulans JCM 22577 0
Enterococcus faecalis JCMm 5803" 800
Enterococcus faecium JCM 58047 1600
Leuconostoc mesenteroides JCM 61247 800
Kocuria rhizophila NBRC 12708" 0
Pediococcus pentosaceus JCM 5885 0
Escherichia coli ATCC 117757 0
Listeria innocua ATCC 330907 200

ATCC: American Type Culture Collection (Rockville MD), NBRC: NITE Biological
Resource Center (Chiba, Japan), JCM: Japan Collection of Microorganisms (Wako,
Japan), Neutralized cell free supernatant was used for testing antimicrobial
activity, and activity was expressed as arbitrary unit per milliliter (AU/ml). AU is
the reciprocal of the highest two-fold dilution resulting in appearance of a clear
inhibition zone on the indicator lawn

0, means no inhibition zone was detected. All tests were performed in triplicate

(Table 4). Activity was reduced after 30 min at 100 °C
and completely abolished upon autoclaving at 121 °C for
15 min. On the other hand, the CFS of L. plantarum GA7
showed good pH stability (from pH 5.0 to 8.5). More
acidic pH values (from 2 to 4.5) reduced the activity into
800 AU/ml, while alkaline pH values (above 8.5 to 12)
had negative impact on activity, which was totally lost at
pH 10 or higher. Investigating the effect of some surfac-
tants on the CFS of L. plantarum GA7 revealed the nega-
tive influence of Tween 20, Tween 60, and Triton X -100
on activity while antimicrobial activity was not affected
by the presence with Tween 80.
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Table 4 Effect of heat, pH and surfactants treatments on activity
of the CFS produced by L. plantarum strain GA7 (AU/ml)
Condition Activity AU/ml"

Control 1600+0
Heat 40°C 15 min 1600£0
30 min 1600+0
60 °C 15 min 1600+0
30 min 1600+£0
80 °C 15 min 1600+0
30 min 1600+0
100 °C 15 min 1600+0
30 min 800+0
121°C 15 min 0
pH 20 800+0
25 800+0
3.0 800+0
35 800+0
4.0 800+0
45 800+0
50 1600+ 0
55 1600+£0
6.0 1600£0
6.5 1600+ 0
7.0 1600+£0
75 1600+ 0
8.0 1600+0
85 1600+0
9.0 40040
9.5 200+0
10.0 0
10.5 0
11.0 0
1.5 0
12 0
Surfactants Tween 20 1% 800+0
Tween 60 800+0
Tween 80 1600+0
Triton X-100 800+0

Activity was determined by spot-on-lawn method and defined as the reciprocal
of the highest dilution causing a clear zone of growth inhibition in the indicator
lawn and expressed in arbitrary units (AU) per milliliter of neutralized CFS using
Ent. faecium JCM 5804 as the indicator strain

Characterization of the bacteriocin produced by L.
plantarum GA7

Tricine SDS-PAGE analysis revealed presence of sev-
eral bands (Fig. 4a). Only one band (around 7 kDa)
showed antimicrobial activity in the unstained gel
overlaid with soft MRS agar inoculated with Ent. fae-
cium JCM 5804" as an indicator strain (Fig. 4b). The
inhibition zone appeared in a position correspond-
ing to the location of the band of the extracted pro-
teins sample of estimated molecular mass 7000 Da
using gel documentation system and Totallab analysis.
Amino acid sequencing of the active band has detected
the presence of 62 amino acid residues which are
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Fig. 4 Tricine-SDS-PAGE analysis of bacteriocin produced by L. plantarum
GA7 (a) Coomassie stained gel. Lane 1: Molecular weight marker; lane 2:
L. plantarum GA7 extracted proteins sample, (b) Inhibition zone caused
by unstained gel overlaid by soft MRS agar inoculated with the indicator
strain Ent. faecium JCM 58047

(MSKLVKTLTVDEISKIQTNGGKPAWCWYTLAM-
CGAGYDSGTCDYMYSHCFGVKHSSGGGGSY). This
sequence displayed high identity to glycoccin F bacterio-
cin (85.48%) and 100% identity with plantaricin ASM1
bacteriocin, as shown from the amino acid alignments
(Fig. 5a). The predicted structure of bacteriocin GA7

a
Glycoccin F
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Fig. 6 Tirmania pinoyi fruiting bodies after collected from soil

was illustrated in (Fig. 5b) depending on its amino acid
sequence.

Collection of truffle sample and investigating safety of TPE
Truffle sample was morphologically identified as Tirma-
nia pinoyi (Fig. 6). The ascocarps of this truffle appeared
subglobose and cracked, with mycelia of basal attach-
ment. The ascospores (eight per asci) were smooth
and globose. A yellowish smooth brown peridium was
observed while gleba appeared whitish and vined.

The cytotoxicity of TPE was investigated against nor-
mal human colon epithelial cells. At concentration of
100 pg/mL TPE caused 2.7% cytotoxicity, compared to
1% cytotoxicity caused by DMSO (control) at the same
concentration. On the other hand, none of the eight
tested mycotoxins were present in TPE.

MSKLVKTLTISEISKAQNNGGKPAWCWYTLAMCGAGYDSGTCDYMYSHCFGIKHHSSGSSSYHC 64

Plantaricin ASM1  MSKLVKTLTVDEISKIQTNGGKPAWCWYTLAMCGAGYDSGTCDYMYSHCFGVKHSSGGGGSYHC 64

Bacteriocin GA7

MSKLVKTLTVDEISKIQTNGGKPAWCWYTLAMCGAGYDSGTCDYMYSHCFGVKHSSGGGGSY-- 62

Rk ckkkdk A dkddkdkdkdkokkkloklok Rk Rk Rk ok kR Rk Rk Rk ok bk ok ok keok

Fig. 5 Amino acid sequences alignment (a) of bacteriocin GA7 with plantaricin ASM1, and glycoccin F, and predicted structure of bacteriocin GA7 (b).
Alignment was performed using ClusteralW software analysis (www.ClusteralW.com). Conserved, conservative, and semiconservative substitutions are
indicated by asterisks, colons, and period, respectively. Structure prediction was performed using the website http://www.swisstargetprediction.ch/
depending on bacteriocin GA7 amino acids sequence


http://www.ClusteralW.com
http://www.swisstargetprediction.ch/
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Table 5 In vitro cholesterol-reducing activity (CRA %) of the ethyl acetate extract of T. pinoyi

Extract conc. (mg/mL) T.pinoyi ethyl acetate extract

24h 48h 72h 96 h
50 19.60°°+1.36 52.80°+262 86.10%°+0.91 95.20"+1.33
100 31.30%°+1.66 60350+ 128 89.408°+0.45 98.10"°+0.44
150 5560P2+1.81 7320 +0.87 90808+ 121 99.74+0.17

Values represent the mean = SD of three independent experiments. Small letters differ significantly (p <0.05) in concentrations and capital letters between times

Table 6 Effect of addition T. pinoyi extract (TPE) to whey protein nanofibrils (WPINF) on particle size, zeta potential, polydispersity

index, encapsulation efficiency, and particle yield of complex

Samples  Particle size distribution (nm)  Polydispersity index (PDI)  Zeta Potential  Encapsulation efficiency (%) Particle yield
(mV) (%)

WPINF 68.540+8.74 0.2499+0.008 19.80°°+9.67 -

2% TPE 7299°+10.32 0479°+0.004 20.50°+9.78 90.45*+1.35 85.98°+2.54

49%TPE 99.11°+15.15 0.446°+0.005 23.70%+2.85 89.29%+1.45 89.08%+1.95

6% TPE 174.00°+6.36 0.677%+0.002 2440°+4.10 80.09°+2.08 80.37°+1.52

Values represent the mean+SD of three independent experiments. Small letters differ significantly (0 <0.05) in treatments

Investigating biological activities of TPE

The in vitro cholesterol reduction activities (CRA %) of
the tested TPE (Table 5) was concentration and incuba-
tion period dependent. TPE caused a potent CRA ranged
between 19.6+1.36% and 99.7+0.17% and the highest
CRA was achieved by the end of the fourth day (96 h).
On the other hand, TPE showed promising in vitro anti-
oxidant activity which was concentration dependent.
TPE at concentration 50 mg/mL caused DPPH free radi-
cal scavenging activity of 11.21 +4.51%. Activity remark-
ably increased reaching 52.78 +3.35% and 77.26 +7.71%
upon using 100 and 150 mg/mL, respectively. The high-
est DPPH free radical scavenging activity (91.77 + 1.45%)
was achieved upon using TPE at concentration 200 mg/
mL. TPE showed low IC;, (about 0.01 mg) which is the
concentration of extract required to scavenge 50% of the
initial DPPH radicals.

Investigating the anti-inflammatory activity of TPE
revealed a weak anti-inflammatory effect as it caused
19.75+3.18, 22.6 £ 0.14, and 22.8 + 6.51% at concentration
50, 100 and 150 mg/mL, respectively.

Characterization of nano-encapsulated TPE in whey
protein nanofibrils (WPINF)

As shown in Table 6, the particle sizes of WPINF
increased by the addition of TPE. On the other hand,
WPINF and WPINF/TPE had a positive charge at pH
7.0 and the zeta potential of WPINF was 19.80+9.67 mV.
The electrokinetic potential ({-potential) of WPINF/TPE
complexes exhibited a greater value than WPINF alone.
Furthermore, the (-potential of WPINF/TPE complexes
above 20 mV. Also, it was noticed that the presence of
TPE impeded the aggregation of WPINF while nanopar-
ticles with higher PDI values showed a wider variety of
sizes. When TPE was added to WPINF nanoparticles at a
volume ratio of 6% (WPINF/TPE 6%), the polydispersity

index (PDI) increased compared to nanoparticles con-
taining just WPINF (0.249). The differences were sub-
stantial (p<0.05) and all formulations had polydispersity
index (PDI) values lower than 0.5, except for the WPINF/
TPE 6% formulation. The freeze-dried particle yield (Y)
and encapsulation efficiency (EE) of WPINE/TPE com-
posites produced with various TPE ratios (Table 6). EE
significantly reduced from 90.45+1.35% of WPINEF/
TPE 2% to 80.09+2.08% of WPINF/TPE 6% as TPE
increased. Nevertheless, the encapsulation efficiency
(EE) of WPINF/TPE 4% did not exhibit a significant
rise compared to WPINF/TPE 2%. Similarly, the yield of
TPE in colloidal dispersions changed as WPINF addition
increased.

Characterization of prepared Labneh

Physicochemical properties of prepared Labneh

The chemical composition of Labneh prepared from UF-
Retentate with traditional starter (yogurt starter) and/
or L. plantarum GA7 and Labneh fortified with free or
nano-encapsulated TPE was listed in Table 7. The results
showed no significant changes between all chemical
parameters of Labneh total solids, fat, protein, and ash
when inoculated with different strains, whether with
the traditional or mixed starter (C1, C2). Also, no sig-
nificant change was noticed in the Labneh fortified with
free TPE (T1, T2, and T3), and C1, and C2. But the Lab-
neh fortified with nano-encapsulated TPE (T4, T5, and
T6) showed significant change about other treatments
(C1, C2 T1, T2, and T3), while no significant differences
between T4, T5, and T6 were observed. This change is
due to the addition of WPINF/TPE 4% nanoparticles.
Concerning the pH values of Labneh treatments, they
were affected by different inoculation strains and fortifi-
cation of free or nano-encapsulated TPE (Table 7). The
obtained results showed that the lowest pH was observed
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Table 7 Physicochemical properties of fresh plain Labneh and Labneh fortified with free T. pinoyi extract (TPE), nano-encapsulated TPE

and L. plantarum GA7

Samples  Total solids (%) Fat Protein Ash pH
(%) (%) (%) C 7 days 14 days 21 days

Q1 2568° +0.22 9.007+0.2 10.09°+0.03 1714005  472°+003 467°+0.04 459°+004  451°°+005
(@) 25.70°+0.19 8.957+0.10 1008°+005  169°+004  470°+0.02 465%+0.03 460°+002  452°+004
T 25.87°+0.20 890°+0.10  1007°+004  170°+005  458°+003 4454002 435°4003  422°+002
T 2590°+0.18 8.95%+0.05 10.09°+0.04 170°4004  455°+002 442°+003 432°4005  426°+003
IE 25.88°+0.22 890°+0.10  1007°+005  1.69°+003  451°+004 4444002 431°4004  4.25°+005
T4 30.79*+0.17 8.60°+0.10 14.132+0.06 17424002  4717+002 465%+0.05 460°+002  4.55°+003
5 30.872+0.09 855°+0.15 14.10°+0.08 17524005  468°+004  463°+002  458°+003  454°+004
Te 30.82*+0.15 855°+0.10 141224007 1754003  4707°+003 4657+0.02 4597+00] 4567+0.05

C1: UF-retentate inoculated with 3% yogurt starter; C2: UF-retentate inoculated with 1.5% yogurt starter and 1.5% L. plantarum GA7; T1: UF-retentate inoculated
with 3% yogurt starter and 200 mg free TPE; T2: UF-retentate inoculated with 3% L. plantarum GA7 and 200 mg free TPE; T3: UF-retentate inoculated with 1.5%
yogurt starter and 1.5% L. plantarum GA7 and 200 mg free TPE; T4: UF-retentate inoculated with 3% yogurt starter and 5 g from WPINF/TPE 4% containing 200 mg
nano-encapsulated TPE; T5: UF-retentate inoculated with 3% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-encapsulated TPE; T6: UF-
retentate inoculated with 1.5% yogurt starter and 1.5% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-encapsulated TPE. Values represent
the mean = SD of three independent experiments. Small letters differ significantly (p <0.05) in treatments

Table 8 DPPH radical scavenging activity of the prepared

Table 9 Total phenolic compounds in the prepared Labneh

Labneh Sam-  Total phenolic compounds (GAE/L)

Sam- DPPH radical scavenging activity (%) ples Fresh 7 days 14 day 21 days

ples  Fresh 7 days 14 days 21 days C1 23517055 3085284 4247°°+291 39.65%+258
Ql 530°+161 60799+276  23.97°°+509 21.10%+238 Q 27.74%°+076 33504407 4554"9+215 4330%+236
(@) 800™+163 119394058 27.16"+727 2411894369 T 426294021 4610°9+805 3899+146 345071349
T 39.05°9+398 63.27%¢+509 67.90°9+1.75 64.185+4.67 ™ 447754007 4935°9+339 444859 +118 33494372
T2 4540°°°+453 7221594407 7829"°+975 76.48%°+785 T3 4796%°+139 5444"+619 3889+173 32.77°+206
T3 58460 +862 7767%°+131 8241%°+364 7870%°+542 T4 4835®°+166 59.00%°°+7.40 6129°°+139 59.10%+257
T4 4932 +484 7428%+262 79734218 7587°°+453 T5 4928%°+104 6350°+445 7193"°+284 6960°°+399
T5 43104446 701694698 7726°°+655 7364%°+£592 T6 533594222 682594453 7539%+208 72.70%+295
T6 66.032+609 8642%+029 88.17°+1.89 8202°+322 C1: UF-retentate inoculated with 3% yogurt starter; C2: UF-retentate inoculated

C1: UF-retentate inoculated with 3% yogurt starter; C2: UF-retentate inoculated
with 1.5% yogurt starter and 1.5% L. plantarum GA7; T1: UF-retentate inoculated
with 3% yogurt starter and 200 mg free TPE; T2: UF-retentate inoculated
with 3% L. plantarum GA7 and 200 mg free TPE; T3: UF-retentate inoculated
with 1.5% yogurt starter and 1.5% L. plantarum GA7 and 200 mg free TPE; T4:
UF-retentate inoculated with 3% yogurt starter and 5 g from WPINF/TPE 4%
containing 200 mg nano-encapsulated TPE; T5: UF-retentate inoculated with
3% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-
encapsulated TPE; T6: UF-retentate inoculated with 1.5% yogurt starter and
1.5% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-
encapsulated TPE. Values represent the mean+SD of three independent
experiments. Small letters differ significantly (p<0.05) in concentrations and
capital letters between times

for T1, T2, and T3 of Labneh fortified with 200 mg free
TPE compared to plain Labneh (C1 and C2) and Lab-
neh fortified with nano-encapsulated TPE (T4, T5, and
T6). Also, no significant effect of starter type (yogurt
starter or L. plantarum GA7) on pH was noticed in all
treatments, whether plain Labneh or fortified with nano-
encapsulated TPE.

Evaluation of DPPH radical scavenging activity of the
prepared Labneh

Radical scavenging activity varied among the tested fer-
mented Labneh after 7, 14 and 21 days (Table 8). The
fresh, 7, 14 and 21 days fermented Labneh using yogurt
starter with L. plantarum GA7 and 5 g from WPINE/
TPE 4% containing 200 mg nano-encapsulated TPE (T6)

with 1.5% yogurt starter and 1.5% L. plantarum GA7; T1: UF-retentate inoculated
with 3% yogurt starter and 200 mg free TPE; T2: UF-retentate inoculated
with 3% L. plantarum GA7 and 200 mg free TPE; T3: UF-retentate inoculated
with 1.5% yogurt starter and 1.5% L. plantarum GA7 and 200 mg free TPE; T4:
UF-retentate inoculated with 3% yogurt starter and 5 g from WPINF/TPE 4%
containing 200 mg nano-encapsulated TPE; T5: UF-retentate inoculated with
3% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-
encapsulated TPE; T6: UF-retentate inoculated with 1.5% yogurt starter and
1.5% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-
encapsulated TPE. Values represent the mean+SD of three independent
experiments. Small letters differ significantly (p<0.05) in concentrations and
capital letters between times

recorded the highest radical scavenging activity com-
pared to the control ones and the remaining treatments
(Table 8). The second best result was achieved by fer-
mented Labneh using yogurt starter with L. plantarum
GA7 and 5 g from WPINF/TPE 4% containing 200 mg
free TPE (T3) indicating that the use of mixed cultures
has positive impact on DPPH radical scavenging activ-
ity of the prepared Labneh. On the contrary, the low-
est activity was observed for the control prepared using
yogurt starter only (C1).

Evaluation of total phenolic compounds in the prepared
Labneh

As shown in Table 9, using mixed starters (includ-
ing L. plantarum GA7) during preparation of Labneh
resulted in a slight increase in total phenolic compounds,
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compared to Labneh prepared using traditional starter
only. On the other hand, the presence of free TPE (T1,
T2, and T3) or nano-encapsulated TPE (T4, T5, and
T6) caused a significant increase in total phenolic com-
pounds in the prepared Labneh. It should be noted that
the highest total phenolic compounds was recorded for
labneh prepared using mixed starters and 200 mg nano-
encapsulated TPE (T6) after 14 days of storage.

Texture profile analysis of the prepared Labneh

As shown in Fig. 7, no significant changes were observed
between C1 and C2 in textural parameters, which shows
that the difference in starter strains does not affect the
structural features of the Labneh. In addition, the Lab-
neh samples fortified with free TPE (T1, T2, and T3)
showed a slight increase in texture profile parameters
(springiness, hardness, gumminess, cohesiveness, and
chewiness). However, the highest springiness, hardness,
gumminess, cohesiveness, and chewiness were recorded
for Labneh fortified with nano-encapsulated TPE (T4,
T5, and T6) with no significant differences between these
treatments (Fig. 7). By increase in cold storage period,
all Labneh samples significantly increased all texture
parameters while maintaining stable changes between
treatments.

Sensory evaluation of the prepared Labneh

The sensory evaluation was conducted by employees of
the Dairy Department, National Research Centre, for
both fresh and cold-stored Labneh samples. The samples
were divided into plain Labneh and fortified with free or
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nano-encapsulated TPE. As shown in Fig. 8, the highest
sensory acceptability values were recorded for Labneh
fortified with nano-encapsulated TPE (T1, T2, and T3)
compared to plain Labneh (C1, C2) that were highest in
all sensory parameters such as flavor, body & texture, and
appearance. In contrast, the Labneh fortified with free
TPE showed the lowest value in appearance. Also, after
the cold storage period, all Labneh samples significantly
decreased all sensory parameters while maintaining sta-
ble changes between treatments.

Viability of probiotic strains in the prepared Labneh

After 21 days, the recorded microbial count in prepared
Labneh using only yogurt starter culture was lower than
the count recorded when L. plantarum GA7 was also
used. Similarly, bacterial count in case of using free TPE
came relatively higher than results recorded when nano-
encapsulated extract was used (Table 10). On the other
hand, control Labneh prepared using yogurt starter only
(C1) spoiled after 21 days while Labneh prepared using
yogurt starter with L. plantarum GA7 and TPE stayed
unspoiled for more than 2 months.

Discussion

Consumers’ awareness has increased in the last few years
of the importance of functional food and dairy prod-
ucts which combine the common nutritional properties
besides additional health benefits. The addition of bio-
active compounds to conventional products enhances
their benefits and is likely to rise their sales. One of the
major components used for such purpose is lactic acid

uTé6
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Chewiness (N*mm) fresh |—— T3
Gumminess (N) 21 days  |— =T2
Gumminess (N) fresh Tl
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Cohesiveness 21 days B c1
Cohesiveness fresh F
Springiness (mm) 21 days :
Springiness (mm) fresh :
Hardness (N) 21 days
Hardness (N) fresh
0 5 10 15 20 25 30 35 40

Fig. 7 Texture profile analysis of plain Labneh and Labneh fortified with free TPE and TPE nanoencapsulated. C1: UF-retentate inoculated with 3% yogurt
starter; C2: UF-retentate inoculated with 1.5% yogurt starter and 1.5% L. plantarum GA7; T1: UF-retentate inoculated with 3% yogurt starter and 200 mg
free TPE; T2: UF-retentate inoculated with 3% L. plantarum GA7 and 200 mg free TPE; T3: UF-retentate inoculated with 1.5% yogurt starter and 1.5% L.
plantarum GA7 and 200 mg free TPE; T4: UF-retentate inoculated with 3% yogurt starter and 5 g from WPINF/TPE 4% containing 200 mg TPE encapsulated;
T5: UF-retentate inoculated with 3% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg TPE encapsulated; T6: UF-retentate inoculated with
1.5% yogurt starter and 1.5% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg TPE encapsulated
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Fig. 8 Sensory acceptability of plain Labneh and Labneh fortified with free TPE and nanoencapsulated TPE. C1: UF-retentate inoculated with 3% yogurt
starter; C2: UF-retentate inoculated with 1.5% yogurt starter and 1.5% L. plantarum GA7; T1: UF-retentate inoculated with 3% yogurt starter and 200 mg
free TPE; T2: UF-retentate inoculated with 3% L. plantarum GA7 and 200 mg free TPE; T3: UF-retentate inoculated with 1.5% yogurt starter and 1.5% L.
plantarum GA7 and 200 mg free TPE; T4: UF-retentate inoculated with 3% yogurt starter and 5 g from WPINF/TPE 4% containing 200 mg TPE encapsulated;
T5: UF-retentate inoculated with 3% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg TPE encapsulated; T6: UF-retentate inoculated with
1.5% yogurt starter and 1.5% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg TPE encapsulated

Table 10 Viability of probiotic strains in the prepared Labneh

Samples Fresh (CFU/mL) 7 days 14 days 21 days
(CFU/mL)  (CFU/mL)  (CFU/mL)
Q1 15%10° 90x10° 57%10° 45x10°
@) 13x10’ 25% 108 20x108 76x107
T 1710 28x108 22x108 88x 107
T2 18x10° 21%x10 17%107 83x10°
T3 19%10° 23x107 20x107 96x10°
T4 13x10° 6.3x10° 48x10° 40x10°
T5 16x10° 1.1%x107 7.7x10° 75%10°
T6 1.7x10° 2.1x10 12x107 6.0x10°

C1: UF-retentate inoculated with 3% yogurt starter; C2: UF-retentate inoculated
with 1.5% yogurt starter and 1.5% L. plantarum GA7; T1: UF-retentate inoculated
with 3% yogurt starter and 200 mg free TPE; T2: UF-retentate inoculated
with 3% L. plantarum GA7 and 200 mg free TPE; T3: UF-retentate inoculated
with 1.5% yogurt starter and 1.5% L. plantarum GA7 and 200 mg free TPE; T4:
UF-retentate inoculated with 3% yogurt starter and 5 g from WPINF/TPE 4%
containing 200 mg nano-encapsulated TPE; T5: UF-retentate inoculated with
3% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-
encapsulated TPE; T6: UF-retentate inoculated with 1.5% yogurt starter and
1.5% L. plantarum GA7 and 5 g from WPINF/TPE 4% containing 200 mg nano-
encapsulated TPE

bacteria (LAB), which are currently involved efficiently
in different food (preservation and fermentation), dairy,
pharmaceutical, medical and industrial fields. This versa-
tility is due to their ability to produce various bioactive
and nutritional metabolites such as exopolysaccharides,
organic acid, and bacteriocins [4]. Also, due to their
nutritional and health promoting characteristics as pro-
biotics and their generally recognized as safe (GRAS)

status [40]. On the other hand, edible mushrooms in gen-
eral and truffles in particular are rich in bioactive com-
pounds presenting the perfect candidates for producing
functional food and dairy products. Truftles are ectomy-
corrhizal wild mushrooms of the orders Tuberales and
Pezizales with hypogeous fruiting bodies that have ethno-
mycological importance [41]. They are found in deserts,
and some truffle can now be cultivated all over the world
due to development in truffles cultivation [41]. Truffles
are used by native people and Bedouin people to treat
many skin, eye and abdominal diseases [11]. Additionally,
studies have mentioned the ability of some truffle spe-
cies to protect from cancer, reduce inflammation, lower
blood sugar and cholesterol and improve fertility [41, 42].
Hence, the aim of this study was to produce a functional
dairy product that combines a lactic acid bacterium that
has promising probiotic properties together with truffle
extract. To achieve this goal, we started by screening for
LAB isolates from different Egyptian sources. Out of 35
bacterial isolates, 21 were initially identified as LAB, and
only four isolates showed strong antimicrobial activities
of proteinaceous nature (as activity was completely lost
after treatment with tested proteolytic enzymes) which
suggests that these isolates could be bacteriocin produc-
ers. Using neutralized CFS excluded the responsibility of
acids for the antimicrobial activity. Furthermore, as the
activity was not affected after exposure to catalase, the
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effect of H,O, was also excluded. Concerning safety of
isolates, they showed no hemolytic activity which is as
one of the safety aspects recommended by FAO/WHO
for selecting probiotic strains [43]. Also, all tested isolates
were not histamine producer which is a critical prop-
erty of probiotics. Biogenic amines (such as histamine)
are responsible of causing food allergy and have serious
health impacts when consumed in high concentrations
[44].

Assessing the antibiotic susceptibility of these isolates
revealed that they were resistant to vancomycin which is
common among some LAB genera due to the presence of
d-alanine, and its ligase-related enzymes [45].

Evaluating the probiotic characteristics of bacteria
requires studying their ability to tolerate stresses simi-
lar to those existing in gastrointestinal tract such as high
stomach acidity (reaches pH 2.5 and 3.5), physiologi-
cal levels of bile salts and osmotic stress [46]. The tested
isolates showed promising stress tolerance capacity as
shown in Fig. 1 and the constructed heat map (Fig. 2).

These results came similar to those reported by Daba
et al.,, [17] who studied the probiotic characteristics of
some Enterococcus strains. On the other hand, all isolates
showed high hydrophobicity through adhering to hydro-
carbons which is related to adhesion to epithelial cells,
hence it is widely used to measure cell surface hydropho-
bicity of bacterial cells [17]. Highly hydrophobic bacterial
cells are capable of binding in a better way to epithelial
cells [27]. Therefore, cell surface hydrophobicity contrib-
utes in improving adhesion ability and the initial interact
between bacteria and cells of the host [47]. These results
came higher than those reported by Vinderola and Rein-
heimer [18] where the in vitro hydrophobicity percentage
of the tested probiotic strains ranged from 10.9 to 67.8%.
Further advantage is recorded for tested isolates, which is
their high DPPH radical scavenging capabilities (antioxi-
dant activities). Radical scavenging abilities protect from
the deleterious effect of free radicals through hydro-
gen donation [48]. Isolate No. 7 showed the strongest
antioxidant activity among the tested isolates (record-
ing 86.84+0.93%). These results came similar to those
achieved by L. plantarum NMP4764Ch, L. NMP4768Ch
and Lacticaseibacillus rhamnosus NMP47610Ch as
reported by Negm El-Dein et al., [49]. Most promising
isolates showing stress tolerance were isolates No.7 and
16. However, due to the stronger antimicrobial activity of
isolate No. 7, it was selected and molecularly identified as
Lactiplantibacillus plantarum GA7 under the accession
number OR883836.

Studying the stability of antimicrobial activity in the
neutralized CFS of L. plantarum GA7 indicated that its
bacteriocin has promising thermal stability but it started
to be affected after 30 min of exposure to 100 °C and
was entirely lost after autoclaving at 121 °C for 15 min
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(Table 4). Moreover, a good pH stability was recorded
at acidic pH while alkaline pH had bad impact on the
antimicrobial activity (Table 4). Similar results were
reported by Daba et al. [4] where activity of L. planta-
rum GCNRC_GA15 decreased dramatically at alkaline
pH (above pH 8.5). The reduced activity at alkaline pH
can be attributed to the alkaline-mediated cleavage of the
bacteriocin, or due to some intermolecular electrostatic
interactions [50]. Stability in a wide pH range and tem-
peratures nominates L. plantarum GA?7 for application in
food and dairy products preservation field.

Surfactants are surface active agents capable of lower-
ing the surface tension that are frequently used in food
industry [51]. In the current study, the presence of sur-
factants had negative impact on the antimicrobial activ-
ity of L. plantarum GA7 CES (Table 4). Tween 80 was an
exception as activity was not suppressed by its presence
which can be regarded as an advantage especially when
this isolate is applied in food production since Tween 80
is a common additive in food industry. Generally, Tween
80 can decrease aggregation of bacteriocin molecules on
membrane of their producing cells [4]. Simultaneously,
Tween 80 can promote the sensitivity of bacterial cells to
bacteriocins through affecting the permeability of their
cell membrane. These results came in agreement with
Todorov and Dicks [52], where Tween 80 didn't affect the
antimicrobial activity of bacteriocin produced by Pedio-
coccus pentosaceus ST18.

Tricine SDS-PAGE analysis of the extracted proteins
from L. plantarum GA7 gave multiple bands. How-
ever, antimicrobial activity was detected for only one
band of molecular mass around 7 kDa (Fig. 4). Amino
acid sequencing of this band (representing the bacte-
riocin produced by L. plantarum GA7) has detected 62
amino acids (Fig. 5a) Bacteriocin GA7 contains remark-
able percentage of hydrophobic amino acids such as
glycine (10 residues), alanine (3 residues), valine (3 resi-
dues), leucine (3 residues), methionine (3 residues), iso-
leucine (2 residues), tryptophan (2 residues) besides a
single proline, and phenylalanine residues. Additionally,
the sequence revealed the presence of 3 lysine residues,
and 7 serine residues. Moreover, 4 cystine residues were
observed which indicate presence of disulfide bonds. No
further residues were detected which could be caused
by wash out of the sample from the sequencer. Amino
acids sequence of bacteriocin GA7 showed high iden-
tity (85.48%) to the bacteriocin glycoccin F and 100%
identity to 62 amino acids of the bacteriocin plantaricin
ASM1 (Fig. 5a). Hence, it is suggested that the bacterio-
cin produced by L. plantarum GA7 could be plantaricin
ASM1 especially that they have similar antimicrobial
spectrum [53]. Plantaricin ASM1 has 64 amino acids
with molecular mass of 6891 Da (which is close to the
estimated molecular mass of the bacteriocin produced by
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L. plantarum GA?7). Plantaricin ASM1 is an orthologue
of glycocin F which is a post translationally modified
S-glycosylated peptide in which a covalent link is formed
between a monosaccharide and a sulfur atom of a cyste-
ine side chain which characterize bacteriocins subclass
glycocins in class I post- transnationally modified bacte-
riocins [54].

Employing natural nutritive sources, which are also
biologically active, in the manufacturing of functional
products will fulfill consumers’ needs for nutritive and
health-boosting products. Hence, besides the isolated
lactic acid bacterium, L. plantarum GA7, we planned
to add truffle mushroom extract to increase nutritional
value and obtain a promising functional dairy prod-
uct. Hence, a truffle sample was collected and morpho-
logically identified as T. pinoyi and safety of its prepared
ethyl acetate extract was confirmed. Then, its antioxi-
dant, anti-inflammatory, hypocholesterolemic potentials
were investigated revealing promising antioxidant and
hypocholesterolemic potentials.

Few studies have described biological activities of T.
pinoyi such as Stojkovi¢ et al. [55] who studied the anti-
microbial and cytotoxic effect of T. pinoyi. Also, Aboutabl
et al. [12] have investigated its sedative, anticonvulsant,
and antinociceptive activities. However, our current
study is the first to describe the hypocholesterolemic
effect of T. pinoyi extract. Safety and bioactivity of T.
pinoyi extract encouraged for incorporating it in the pro-
duction of functional dairy products. Hence, the extract
was nano-encapsulated and characterized. Nanoparti-
cles have been widely used to stabilize phenolic extract
due to their significant stability and the main techniques
employed for evaluating the physical properties of the
prepared WPINF nanoparticles were zeta potential and
particle size which investigated the impact of TPE on the
increases in particle size of WPIN fibrosis (Table 6). The
control WPINF was treated at 85 °C for 6 h with slight
agitation, the smallest particle, 68.54 + 8.74 nm, indicated
that this treatment has significantly increased the degree
of protein fibrosis, forming small particles, which attrib-
uted to the structural changes in the protein [56]. The
increase in the particle size due to increased TPE addi-
tion agrees with results reported by Hamed et al. [57],
who found that the particle size of whey protein isolate
increases with increased fish oil addition. On the other
hand, results of {-potential (Table 6) suggested that more
charged amino acids were exposed due to WPI unfold-
ing during hydrolysis [58]. It has been shown that the sys-
tem was more stable when the protein’s surface had more
charged amino acids [59]. Consequently, WPINF exhib-
ited superior colloidal stability compared to WPI. Addi-
tionally, the presence of TPE impeded the aggregation of
WPINF. Thus, WPINF revealed a higher concentration of
positively charged amino acids, leading to an increased
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electrostatic repulsion [60]. Furthermore, the absorbed
TPE might contribute to the increased steric barrier
between protein fibrils and the electrostatic repulsion.
Thus, WPINF/TPE exhibited favorable colloidal stabil-
ity. As shown from the polydispersity index (PDI) values
for WPINF and WPINF/TPE (Table 6). Nanoparticles
with higher PDI values show a wider variety of sizes, sug-
gesting a higher susceptibility to Ostwald ripening. This
process elucidates the gradual alteration of an irregu-
lar arrangement over time in solid or liquid solutions.
However, a lower PDI value shows a relatively limited
spread with great physical stability [61]. The larger PDI
value at higher TPE concentrations may be attributable
to the increased interaction between WPINF and TPE,
leading to a wider dispersion; this agrees with the find-
ings of Shakoury et al. [30]. All formulations showed PDI
values < 0.5, except for the WPINF/TPE 6% formulation,
which suggested restricted scattering and exceptional
steadiness.

Two essential metrics to assess delivery systems are
freeze-dried particle yield (Y) and encapsulation effi-
ciency (EE). The observed decrease in EE (Table 6) may
be caused by the fact that as TPE increased, more hydro-
phobic residues were present on the surface of WPINF,
providing more TPE than WPINF binding sites [60]. As
noticed from the obtained results, the sample with the
greatest yield across all samples was WPINE/TPE 4%
(89.08 £1.95%), suggesting that most of the TPE con-
tained in WPINF formed a compact particle structure.
The rise in yield indicated indirectly that WPINF would
enhance TPE’s bioavailability. The increasing surface
hydrophobicity of WPINF might be connected to the
increase in encapsulation efficiency. Jones and Mezzenga
[62] found that the formation of a P-sheet by WPINF
relied on the hydrophobic interaction in the interior gap.
Additionally, Hu et al. (2020), mentioned that WPINF
had a greater hydrophobicity than untreated WPIs, and
this hydrophobicity increased with heating time. The
greater surface hydrophobicity leading to an increase
in B-sheet content that might explain why WPINF has
a superior TPE binding capability than untreated WPIL
Also, Hu et al. [63] suggested that the primary binding
sites for curcumin are the hydrophobic groups of WPINF
rather than those on hydrolyzed peptides. The Labneh
fortified with 200 mg of TPE in free or nanoencapsula-
tion form (Table 7) was prepared using the traditional
starter (yogurt starter), our isolate L. plantarum GA7, or
a mixture of them so that any change in the characteris-
tics of the Labneh will be attributed to the change in used
starter, to the TPE or to both TPE and starter. The results
showed no significant changes between all chemical
parameters of Labneh (total solids, fat, protein, and ash)
when inoculated with different strains. On the contrary,
Labneh fortified with nano-encapsulated TPE (T4, TS5,
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and T6) showed significant change (Table 7). This change
is due to the addition of WPINF/TPE 4% nanoparticles.
Soliman et al. [36] found that wheat germ oil nanoencap-
sulation increased the total solids, fat protein, and ash
of functional Labneh. Similarly, pH values of different
Labneh treatments recorded in Table 7 revealed that no
significant effect of starter type on pH in all treatments.
However, pH decreased in all Labneh treatments as the
storage period progressed. This came in accordance with
Basiony et al. [64] who noticed the effect of some nutri-
tional additives’ on pH by decreasing it as the storage
period progressed.

Ability of prepared Labneh to scavenge DPPH free
radicals was evaluated as an indication for its antioxidant
activity. Labneh prepared using yogurt starter with L.
plantarum GA7 and 5 g from WPINF/TPE 4% containing
200 mg nano-encapsulated TPE (T6) recorded the high-
est radical scavenging activity (Table 8). This could be
attributed to the presence of L. plantarum GA7 together
with TPE which have promising DPPH radical scaveng-
ing activity. These results suggested the positive impact of
using mixed cultures on DPPH radical scavenging activ-
ity of the prepared Labneh. Balakrishnan and Agrawal
[65] have described the positive influence of ferment-
ing milk using probiotic bacteria on antioxidant activity
which encourage for using probiotics in functional dairy
products as it will elevate antioxidant potential of the
prepared product. Similarly, using mixed starter and TPE
had positive impact on the total phenolic compounds in
prepared Labneh (Table 9), which could be attributed to
the presence of phenols in TPE. This came in accordance
with Aboutabl et al., [12] who described the richness of
T. pinoyi hydromethanolic extract with polyphenols. Tex-
ture profile analysis simulates the oral circumstances of
a product by double-compressing. As shown in Fig. 7,
changing starter strains had no impact on structural fea-
tures of the Labneh. However, Labneh samples fortified
by nano-encapsulated TPE showed the highest texture
profile parameters among all tested samples. This came
in accordance with Shehata and Soliman [66] who found
that adding nanoparticles to yogurt increased the texture
parameters. All texture parameters were significantly
increased after the cold storage period in all Labneh
samples while maintaining stable changes between treat-
ments which agrees with findings reported by Soliman et
al. [36] in Labneh fortified with wheat germ oil after stor-
age for 21 days. The sensory evaluation of the prepared
Labneh samples revealed that acceptability of product
increased in case of Labneh fortified with nano-encapsu-
lated TPE (Fig. 8). On the contrary, the Labneh fortified
with free TPE showed the lowest value in appearance due
to the flocculation of some of the TPE on the surface of
the Labneh and the color change. By the end of cold stor-
age period, all sensory parameters for all Labneh samples

Page 18 of 20

were significantly decreased while maintaining stable
changes between treatments. The same trend was found
by Soliman et al. [36] in Labneh fortified with wheat
germ oil after storage for 21 days.

Studying microbial quality during storage of the pre-
pared Labneh samples revealed that the presence of
L. plantarum GA7 has improved microbial quality
(Table 10). Additionally, bacterial count in case of using
free TPE came relatively higher than results recorded
when nano-encapsulated extract was used suggesting
that TPE has prebiotic properties that enhance growth
of probiotics especially during its presence directly in
contact with LAB. It should be noted that control Lab-
neh prepared using yogurt starter only (C1) spoiled after
21 days while Labneh samples prepared using yogurt
starter with L. plantarum GA7 and TPE stayed unspoiled
for more than 2 months indicating that our bacteriocin-
producing bacterial isolate and TPE have antimicrobial
activity that prolonged the Labneh validity. This result
agrees with Daba et al.,, [67] where control yogurt (pre-
pared using yogurt starter only) spoiled after two weeks
while validity of yogurt prepared using yogurt starter and
a bacteriocin-producing bacterial isolate together with
Hydnora abyssinica extract was extended for over 21
days.

Conclusion

Understanding market needs is one of the critical
keys of success in any field in general and in scientific
research field in particular. Consumers’ requirements
have changed over the past decade and their products
choice became oriented towards functional products.
In this study, we prepared for the first time a synbiotic
functional dairy product (Labneh) that combines the
nutritional and promising bioactive potentials of a wild
mushroom truffle (7. pinoyi) together with the biopreser-
vative capability of a promising probiotic and bacterio-
cin-producing lactic acid bacterium (L. plantarum GA7).
As far as we know this is the first study describing pro-
duction of functional synbiotic dairy product fortified
with bacteriocin-producing probiotic LAB and bioac-
tive T. pinoyi truffle extract. Some limitations face con-
sumption of probiotic-based products especially in case
of those taking antibiotics or immunosuppressant drugs.
Similarly, probiotic-based products will be ineffective in
case of people having leaky gut, diabetes, or those recov-
ering from an organ transplant. On the other hand, the
short season of harvesting truffles could stand as a limita-
tion in face of applying it in products. However, knowing
their host plant and current improvement in truffle grow-
ing conditions can overcame this obstacle.

Acknowledgements
Not applicable.



Daba et al. Microbial Cell Factories (2025) 24:18

Author contributions

GD: Conceptualization, design, Visualization, Methodology, Interpretation of
data, Writing and Revising; AN: Methodology, interpretation of data, Writing
and Revising; WE: Conceptualization and Methodology; SS: Methodology, TN:
Methodology, interpretation of data, Writing and Revising.

Funding
This work was supported by National Research Centre, Egypt (Project No:
13050222).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

This study was performed according to the guidelines of the Medical Research
Ethics Committee of the National Research Centre, Dokki, Egypt (Ethical
Approval Number: 13050222).

Consent for publication
Not applicable.

Patents

This work has patent registration number EG/P/2024/1094 under the title
(Production of a functional synbiotic dairy products fortified with biologically
active mushroom extracts).

Competing interests
The authors declare no competing interests.

Author details

!Chemistry of Natural and Microbial Products Department, National
Research Centre, El Buhouth St, Dokki, Giza 12311, Egypt

’Dairy Department, Food Industries and Nutrition Research Institute,
National Research Centre, EI-Buhouth St., Dokki, Giza, Egypt

Received: 26 October 2024 / Accepted: 22 December 2024
Published online: 13 January 2025

References

1. Bashir SK, El Moghazy M, Abdel Aal GH, Jakee MKE. Prebiotic and probi-
otic: a Promising Tool in human Colon Cancer Prevention. Egypt J Vet Sci.
2024,55(3):817-24.

2. Chugh B, Kamal-Eldin A. Bioactive compounds produced by probiotics in
food products. Curr Opin Food Sci. 2020;32:76-82.

3. Mathur H, Beresford TP, Cotter PD. Health benefits of lactic acid bacteria (LAB)
fermentates. Nutrients. 2020;12:1679-94.

4. Daba GM, Mostafa FA, Saleh SA, Elkhateeb WA, Awad G, Nomiyama T, Zendo
T, El-Dein AN. Purification, amino acid sequence, and characterization of
bacteriocin GA15, a novel class lla bacteriocin secreted by Lactiplantibacillus
plantarum GCNRC_GAT15. Int J Biolog Macromol. 2022;213:651-62.

5. Peng M, Tabashsum Z, Anderson M, Truong A, Houser AK, Padilla J, Akmel A,
Bhatti J, Rahaman SO, Biswas D. Effectiveness of probiotics, prebiotics, and
prebiotic-like components in common functional foods. Compr Rev Food Sci
Food Saf. 2020;19:1908-33.

6. Cruz-Guerrero A, Herndndez-Sanchez H, Rodriguez-Serrano G, Gémez-Ruiz
L, Garcfa-Garibay M, Figueroa-Gonzélez I. Commercial probiotic bacteria
and prebiotic carbohydrates: a fundamental study on prebiotics uptake,
antimicrobials production and inhibition of pathogens. J Sci Food Agric.
2014;94:2246-52.

7. Al-Fageeh LA, Naser R, Kagne SR, Khan SW. Nutritional values, ethno-medic-
inal uses and antioxidant activity of mushrooms: a review. Eur J Biomed.
2021;8:292-300.

8. ParkashV, Kaundal R, Paul S, Chauhan A, Aggarwal A. Some Uncommon
traditionally and medicinally important Wild Macrofungi of the Garhwal
Himalayas, Uttarakhand, India. Wild mushrooms and health: Diversity, Phyto-
chemistry, Medicinal benefits, and cultivation. CRC; 2024. pp. 261-73.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 19 of 20

Morte A, Honrubia M, Gutiérrez A. Biotechnology and cultivation of desert
truffles. Mycorrhiza. Berlin, Heidelberg: Springer; 2008. pp. 467-83.

El Enshasy H, Elsayed EA, Aziz R, Wadaan MA. Mushrooms and truffles: histori-
cal biofactories for complementary medicine in Africa and in the middle East.
Evidence-Based Complem Alter Med, 2013: 1-11.

Khalifa SA, Farag MA, Yosri N, Sabir JS, Saeed A, Al-Mousawi SM, Taha W,
Musharraf SG, Patel S, El-Seedi HR. Truffles: from islamic culture to chemistry,
pharmacology, and food trends in recent times. Trends Food Sci Technol.
2019;,91:193-218.

Aboutabl ME, Elkhateeb WA, Masoud MA, Daba GM, Afifi AH, Hussein RA.
HPLC and GC-MS-based metabolic profiles and in vivo anticonvulsant,
sedative, and antinociceptive potentials of truffles Tirmania nivea and
Tirmania pinoyi hydromethanolic extracts in mice. Biomed Chromatogr.
2022,36(12):e5481.

MasudaY, Zendo T, Sawa N, Perez RH, Nakayama J, Sonomoto K. Characteriza-
tion and identification of weissellicin Y and weissellicin M, novel bacteriocins
produced by Weissella hellenica QU 13. J Appl Microbiol. 2012;112(1):99-108.
Tanasupawat S, Okada S, Komagata K. Lactic acid bacteria found in fer-
mented fish in Thailand. J Gen Appl Microbiol. 1998;44(3):193-200.
Mayr-Harting A, Hedges AJ, Berkeley RC. Chapter VIl methods for study-

ing bacteriocins. Methods in microbiology. Volume 7. Academic; 1972. pp.
315-422.

Zhang J,YangY,Yang H, Bu Y, Yi H, Zhang L, et al. Purification and partial
characterization of Bacteriocin Lac-B23, a Novel Bacteriocin production by
Lactobacillus plantarum J23, isolated from Chinese Traditional Fermented
Milk. Front Microbiol. 2018;9:1-7.

Daba GM, EI- Dein AN, Saleh SA, Elkhateeb WA, Awad G, Nomiyama T,
Yamashiro K, Zendo T. Evaluation of Enterococcus strains newly isolated from
Egyptian sources for bacteriocin production and probiotic potential. Biocat!
Agric Biotechnol. 2021;35:102058-67.

Vinderola CG, Reinheimer JA. Lactic acid starter and probiotic bacteria: a
comparative in vitro study of probiotic characteristics and biological barrier
resistance. Food Res Int. 2003;36:895-904.

Lee BJ, Kim JS, Kang YM, Lim JH, Kim YM, Lee MS, Jeong MH, Ahn CB, Je JY.
Antioxidant activity and y-aminobutyric acid (GABA) content in sea tangle
fermented by Lactobacillus brevis BJ20 isolated from traditional fermented
foods. Food Chem. 2010;122:271-6.

ZendoT, Eungruttanagorn N, Fujioka S, Tashiro Y, Nomura K, Sera Y, Kobayashi
G, Nakayama J, Ishizaki A, Sonomoto K. Identification and production of a
bacteriocin from Enterococcus mundtii QU 2 isolated from soybean. J Appl
Microbiol. 2005;99:1181-90.

Zheng J, Wittouck S, Salvetti E, Franz CM, Harris HM, Mattarelli P, O'toole PW,
Pot B, Vandamme P, Walter J, Watanabe K. 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 Leuco-
nostocaceae. Int J Sys Evol Microbiol 70(4): 2782-858.

Wang Y, Qin Y, Xie Q, Zhang Y, Hu J, Li P. Purification and characterization

of plantaricin LPL-1, a novel class lla bacteriocin produced by Lactobacillus
plantarum LPL-1 isolated from fermented fish. Front Microbiol. 2018,9:p2276.
Grillova L, Sedlacek |, Pachnikova G, Starikové E, Svec P, Holochové P, Micen-
kova L, Bosék J, Slaninova |, Smajs D. Characterization of four Escherichia
albertii isolates collected from animals living in Antarctica and Patagonia. J
Vet Med Sci. 2018;80:138-46.

Fernandes P, Loureiro D, Monteiro V, Ramos C, Nero LA, Todorov SD, Guerreiro
JS. Lactobacillus plantarum isolated from cheese: production and partial
characterization of bacteriocin B391. Ann Microbiol. 2017,67:433-42.

Van Reenen CA, Dicks LM, Chikindas ML. Isolation, purification and partial
characterization of plantaricin 423, a bacteriocin produced by Lactobacillus
plantarum. J Appl Microbiol. 1998; 84(6):1131-37.

Mosmann T. Rapid colorimetric assays for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods.
1983;65:55-63.

Ibrahim AY, EI-Newary SA, Youness ER, Ibrahim AM, El Kashak WA. Protective
and therapeutic effect of Vitex agnus-castus against prostate cancer in rat. J
Appl Pharmac Sci. 2017;7(12):133-43.

Pan J, Zhang Q Zhang Y, Ouyang Z, Zheng Q, Zheng R. Oxidative stress

in heroin administered mice and natural antioxidants protection. Life Sci.
2005;77(2):183-93.

Vane JR, Botting RM. New insights into the mode of action of anti-inflamma-
tory drugs. Inflamm Res. 1995;44:1-10.



Daba et al. Microbial Cell Factories

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2025) 24:18

Shakoury N, Aliyari MA, Salami M, Emam-Djomeh Z, Vardhanabhuti B,
Moosavi-Movahedi AA. Encapsulation of propolis extract in whey protein
nanoparticles. LWT. 2022;158:113138.

Mohammadian M, Salami M, Momen S, Alavi F, Emam-Djomeh Z, Moosavi-
Movahedi AA. Enhancing the aqueous solubility of curcumin at acidic
condition through the complexation with whey protein nanofibrils. Food
Hydrocolloids. 2019;87:902-14.

Jansen-Alves C, Maia DS, Krumreich FD, Crizel-Cardoso M, Fioravante JB, da
Silva WP, Borges C, Zambiazi RC. Propolis microparticles produced with pea
protein: characterization and evaluation of antioxidant and antimicrobial
activities. Food Hydrocolloids. 2019;87:703-11.

Darwish AM, Soliman TN, Elhendy HA, EI-Kholy WM. Nano-encapsulated iron
and folic acid-fortified functional yogurt enhance anemia in albino rats. Front
Nutr. 2021,8:654624.

Khider M, Nasr NM, Atallah KM, Metry WA. Functional UF-low and full-fat lab-
neh supplemented with Oats (Avena sativa L.) powder and probiotic bacteria.
JUmm Al-Qura Univ Appl Sci. 2022;8(1-2):21-32.

AOAC. Association of Official Analytical Chemists official Methods of Analysis.
21th edition. The Association, Washington DC. USA. 2019.

Soliman TN, Farrag AF, Zahran HA, El-Salam ME. Preparation and properties
nano-encapsulated wheat germ oil and its use in the manufacture of func-
tional Labneh cheese. Pak J Biol Sci. 2019;22(7):318-26.

IDF. Rheological and fracture properties of cheeses. IDF standard 268. Brus-
sels, Belgium: International Dairy Federation; 1991.

Amer PR, Emmans GC, Simm G. Economic values for carcase traits in UK com-
mercial beef cattle. Livest Prod Sci. 1997;51(1-3):267-81.

El-Shafei K, Elshaghabee FM, El-Sayed H, Kassem JM. Assessment the viability
properties of Lactobacillus casei strain using labneh as a carrier. Acta Sci Pol
Technol Aliment. 2018;17(3):267-76.

da Costa R, Voloski F, Mondadori RG, Duval EH, Fiorentini AM. Preservation of
meat products with bacteriocins produced by lactic acid bacteria isolated
from meat. J Food Qual. 2019: 1-12.

Thomas PW, Elkhateeb WA, Daba G. Truffle and truffle-like fungi from conti-
nental Africa. Acta Mycologica. 2019;54(2):1-15.

Wu Z, Jayachandran M, Cheang WS, Xu B. Black Truffle Extract exerts anti-
diabetic effects through inhibition of inflammation and lipid metabolism
regulation. Oxidative Med Cell Long. 2022: 1-10.

FAO/WHO Working Group. Guidelines for the evaluation of Probiotics in
Food. FAO/WHO Working Group, 2002; 1-11.

Barbieri F, Montanari C, Gardini F, Tabanelli G. Biogenic amine production by
lactic acid bacteria: a review. Foods. 2019;8(1):17.

Elisha BG, Courvalin P. Analysis of genes encoding D-alanine: D-alanine
ligase-related enzymes in Leuconostoc mesenteroides and Lactobacillus spp.
Gene. 1995;152(1):79-83.

Negm El-Dein A, Daba GM, Ezzat A, Hassan ME, Farid MA. Selection and
immobilization of the optimal phytase-producing probiotic: a comparative
in silico analyses of five autochthonous lactic acid bacteria. Discover Food.
2024;4(1):122-37.

Kimkes TE, Heinemann M. How bacteria recognise and respond to surface
contact. FEMS Microbiol Rev. 2020;44(1):106-22.

Baumann J, Wurn G, Bruchlausen FV. Prostaglandin synthetase inhibiting O
2-radical scavenging properties of some flavonoids and related phenolic
compounds, naunyn, schmiedebergs. 1979.

Negm EI-Dein A, Daba G, Mostafa FA, Soliman TN, Awad GA, Farid MA.
Utilization of autochthonous lactic acid bacteria attaining safety attributes,
probiotic properties, and hypocholesterolemic potential in the production of
a functional set yogurt. Biocatal Agri Biotechnol. 2022;43:102448.

Guo X, Ma L, Qiao Z, Luo L, Zhang Y, Wang X, LU X. The antibacterial mecha-
nism of the novel bacteriocin LpH25 and the synergistic preservation effect
of this bacteriocin and nisin in fresh milk. LWT. 2024;194:p115766.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 20 of 20

Kralova I, Sjoblom J. Surfactants used in food industry: a review. J Dispersion
SciTechnol. 2009;30(9):1363-83.

Todorov SD, Dicks LM. Pediocin ST18, an anti-listerial bacteriocin produced by
Pediococcus pentosaceus ST18 isolated from boza, a traditional cereal bever-
age from Bulgaria. Process Biochem. 2005;40(1):365-70.

Hata T, Tanaka R, Ohmomo S. Isolation and characterization of plantaricin
ASM1: a new bacteriocin produced by Lactobacillus plantarum A-1.Int J Food
Microbiol. 2010;137(1):94-9.

Villavicencio B, Ligabue-Braun R, Verli H. Structural characteristics of glycocins:
unraveling the role of S-Linked carbohydrates and other structural elements.
J Chem Info Model. 2022,62(4):927-35.

Stojkovi¢ D, Reis FS, Ferreira IC, Barros L, Glamo¢lija J, Ciri¢ A, Nikoli¢ M, Stevi¢
T, Giveli A, Sokovi¢ M. Tirmania pinoyi: Chemical composition, in vitro antioxi-
dant and antibacterial activities and in situ control of Staphylococcus aureus
in chicken soup. Food Res Int. 2013;53:56-62.

Mo H, Li Q Liang J, Ou J, Jin B. Investigation of physical stability of Pickering
emulsion based on soy protein/B-glucan/coumarin ternary complexes under
subcritical water condition. Int J Food Sci Technol. 2021;56(10):5017-24.
Hamed SF, Soliman TN, Hassan LK, Abo-Elwafa G. Preparation of func-

tional yogurt fortified with fish oil-in-water nanoemulsion. Egypt J Chem.
2019;62(Special Issue Part 1 Innovation in Chemistry):301-14.

Mantovani R, de Figueiredo Furtado G, Netto FM, Cunha RL. Assessing the
potential of whey protein fibril as emulsifier. J Food Eng. 2018;223:99-108.
Cabuk M, Yavuz M, Unal HI. Electrokinetic, electrorheological and viscoelastic
properties of polythiophene-graft-Chitosan copolymer particles. Colloids
Surfa.2016;510:231-8.

WeiY, Sun C, Dai L, Zhan X, Gao Y. Structure, physicochemical stability and in
vitro simulated gastrointestinal digestion properties of B-carotene loaded
zein-propylene glycol alginate composite nanoparticles fabricated by
emulsification-evaporation method. Food Hydrocolloids. 2018;81:149-58.
Wang C, Zhou X, Wang H, Sun X, Guo M. Interactions between
B-lactoglobulin and 3, 3'-diindolylmethane in model system. Molecules.
2019;24(11):2151.

Jones OG, Mezzenga R. Inhibiting, promoting, and preserving stability of
functional protein fibrils. Soft Matter. 2012,8(4):876-95.

HuY, He C, Jiang C, Liao Y, Xiong H, Zhao Q. Complexation with whey protein
fibrils and chitosan: a potential vehicle for curcumin with improved aqueous
dispersion stability and enhanced antioxidant activity. Food Hydrocolloids.
2020;104:105729.

Basiony MM, Riad MY, MMI ZE, Nasr M. Effect of some nutritional additives on
Labneh properties. Am J Food Sci Nutr Res. 2017;4(4):137-43.

Balakrishnan G, Agrawal R. Antioxidant activity and fatty acid profile of
fermented milk prepared by Pediococcus pentosaceus. J Food Sci Technol.
2014;51:4138-42.

Shehata S, Soliman T. Preparation and characterization of functional yoghurt
using incorporated encapsulated curcumin by caseinate. Int J Dairy Sci.
2021;,16:11-7.

Daba G, Elkhateeb W, Soliman TN, Negm El-Dein A, Zendo T. Improving the
functionality of Yogurt after Fortification with a Synbiotic combination of a
potential probiotic and bacteriocin-producing Bacteria and Hydnora Abys-
sinica Phytosomes. Processes. 2024;12(4):727-46.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Physicochemical and sensory characterization of functional synbiotic Labneh fortified with the bacteriocin-producing ﻿Lactiplantibacillus plantarum﻿ strain GA7 and nano-encapsulated ﻿Tirmania pinoyi﻿ extract
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Sample collection, bacterial isolation and selection of LAB
	﻿Antimicrobial activity of LAB isolates and investigating their proteinaceous nature
	﻿Safety assessment of the selected isolates
	﻿Studying probiotic properties of the selected isolates
	﻿Stress tolerance
	﻿Cell surface hydrophobicity
	﻿Antioxidant potential of bacterial CFSs


	﻿Construction of heat map from probiotic properties
	﻿Molecular identification of the promising bacterial biotype
	﻿Determination of antimicrobial activity and studying stability of antimicrobial activity in the neutralized CFS of the selected isolate
	﻿Characterization of the produced bacteriocin
	﻿Preparation of truffle mushroom extract and investigating its safety
	﻿Studying biological activities of TPE
	﻿Cholesterol reducing activity of TPE
	﻿Antioxidant potential of TPE
	﻿Anti-inflammatory action of TPE

	﻿Fabrication of whey protein nanofibrils (WPINF) and encapsulation of TPE to obtain WPINF-TP
	﻿Characterization of the prepared WPINF-TP
	﻿Production of functional synbiotic dairy product (Labneh)
	﻿Characterizing the prepared dairy product (Labneh)
	﻿Physicochemical analysis of the prepared Labneh
	﻿Evaluation of DPPH radical scavenging of the prepared Labneh

	﻿Evaluation of total phenolic compounds in the prepared Labneh
	﻿Texture profile analysis of the prepared functional Labneh
	﻿Organoleptic characteristics of the prepared functional Labneh
	﻿Viability of probiotic strains in the prepared Labneh
	﻿Statistical analyses
	﻿Results
	﻿Isolation and initial identification of LAB
	﻿Antimicrobial activity and its nature
	﻿Safety of the selected isolates



