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The primary cause of metabolic syndrome is obesity, a state in which the body accumulates stockpiles of fat. Lessening of assimilation of
dietary fats via suppression of lipase enzyme of the pancreas may incite weight loss. In this work, 21 isolates of lactic acid bacteria (LAB)
were monitored for potential novel probiotic traits by means of in vitro methods, comprising of bile salt and acid tolerance, adhesion and
lipase inhibitory activity. The findings illustrated that L. fermentum sp D9, L. fermentum sp S14 and L. fermentum sp S8, L. paracasei S11
and L. brevis S15 demonstrated prominent potential probiotic features as well as lipase inhibitory activity in vitro. The traits of opted

isolates were as good as to those of L. rhamnosus PTCC 1637, a similar strain to L. rhamnosus GG, which possessed an antidiabetic
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aptitude. These findings offered that the abovementioned isolates could be administrated as potent anti-obesity probiotics. It should be
noted that, more investigations are necessary to evaluate the inhibitory activity of lipase from these strains.
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INTRODUCTION

One of the chief contributing factors to the metabolic syndrome is obesity and
overweight, a set of interconnected metabolic circumstances that impressively
escalate the hazard of emerging coronary heart disease illness (Ashoori et al.,
2020; Jung et al., 2014; Sadraeian et al., 2022b). These circumstances comprise
of resistance to insulin (and type 2 diabetes mellitus), hypertension, non-alcoholic
and dyslipidaemia steatohepatitis (Azarang et al., 2020; Chen et al., 2014;
Martin et al., 2015a, 2015b) which are strictly associated with an imbalance
among energy consumption and spending (J. S. Lee et al., 2021). Recently, obesity
has been categorized as an illness instead of a symptom (McGee et al., 2005;
Sadraeian et al., 2022a). Globally, over 310 million individuals are regarded
obese, and the present corpulence ratio in Iran has elevated from 30.2% in 2007 to
36.7% in 2016 for adults 18 years of age and older (Moghimi-Dehkordi et al.,
2020).

The most significant pathogenic aspect of obesity is the overgrowth of adipose
tissue. It is generally believed that overgrowth is caused by an augmented number
of adipocytes (hypertrophy) as well as by the growth of new adipocytes
(hyperplasia) via stromal preadipocyte differentiation (adipogenesis) (McGee et
al., 2005). Adipocytes are accountable for maintaining an appropriate level of
energy, for instance, the storage of calories in the form of lipids, the mobilization
of energy resources upon hormonal elicitation, and modulating body operations via
secretion. It has been demonstrated in recent studies that adipose tissue plays a
more significant role than previously believed in regulating animal physiology and
metabolism, as well as that most obesity-associated pathogenic events can be
attributed to the activity of adipocytes. As a result, modifying hypertrophy and
hyperplasia to reduce adipose tissue overgrowth could be a useful method of
treating obesity (McGee et al., 2005).

Most of the drugs that are administrated for obesity treatment possess side effects
like hypertension, stomachache, constipation, anxiety, headaches, and insomnia
(Gholami et al., 2020; D.-J. Kim et al., 2011; Y. Lee et al., 2008). In this regard,
the replacement for medicines are functional foods that attracts much of interest
(S.-J. Lee et al., 2014). The development of probiotics as a functional food has
opened new era in medicine and health being. They are alive microorganisms that
deploy several advantageous impacts on the host (de Melo Pereira et al., 2018;
Waulandari et al., 2020). The typical heterogeneous community of lactic acid
bacteria (LAB) consists of genus Lactobacillus, which are commonly utilized as
probiotics (Kariyawasam et al., 2020; Montazeri-Najafabady et al., 2021). In
this context, various investigations have confirmed the role of LAB in regulation
of gene expression, including in energy homeostasis to subside obesity (Miyazawa
etal., 2012; Ommati et al., 2022).

Dietary supplements have become increasingly popular in recent years as a means
of controlling weight gain without dieting, thereby encouraging the development
of healthy food products and their production (Kearney, 2010). One of the most
prominent probiotic products available on the worldwide market is fermented milk
because of the buffering properties that allow bacteria to grow and survive
(Mazloom etal., 2019). It is believed that most probiotic bacteria nowadays belong
to the genera Lactobacillus and Bifidobacterium (Marissen et al., 2019), but other
genera, such as Lactococcus, Enterococcus and Propionibacterium, are also
regarded as probiotic bacteria (Mazloom et al., 2019). Furthermore, Lactobacillus
delbrueckii subsp. bulgaricus (LDB) along with Streptococcus thermophilus have
been proposed as prospective probiotics, and Lactobacillus has been utilized in
order to foster human healthiness in fermented foods since ancient times (Duc et
al., 2004).

The digestion of dietary lipid endures various multifaceted processes before
mucosal absorption in the bowel. The crucial enzyme for lipid assimilation is
pancreatic lipase due to the most of lipid hydrolysis by pancreatic lipase that is
taken placed in the duodenum, which breaks down dietary fats (dietary
triacylglycerol) to fatty acids and glycerol (Golkar et al., 2021; Kumar et al.,
2021). Dietary triacylglycerol, the major source of dietary fat, is not directly
absorbed in the intestine unless it is hydrolyzed by pancreatic lipase. The
pancreatic lipase serves as a catalyst in the hydrolysis and digestion of fat,
cholesterol esters, and fat-soluble vitamins by transporting them to the duodenum
after being excreted by the pancreas. A significant source of dietary fat,
triacylglycerol, is not directly absorbed in the intestine unless it has been
hydrolyzed by pancreatic lipase. Thus, inhibition of lipase-mediated fat digestion
is a highly effective strategy to reduce dietary intake of triacylglycerol (Irajie et
al., 2016; Tucci et al., 2010).

One of the strategies to avoid the administration of dietary supplements or drugs is
the consumption of foods that are natural or functional (including fermented dairy
products) to decrease lipid intake (Buchholz et al., 2016; Ishimwe et al., 2015;
Marrelli et al., 2014). The anti-obesogenic influence of numerous palatable fruits
and herbal extracts has been demonstrated over the past few years, and the key
mods of action are recognized as an escalation in spending of energy, repression
of appetite, inhibition of lipase and regulating of lipid metabolic process and
differentiation of adipocyte (Gholami et al., 2022; Sun et al., 2016). The role of
probiotics and fermented dairy products in inhibiting and decreasing obesity has
also been extensively inspected in human and animal models, and several modes
of action have been suggested (Barengolts, 2016; Mazloom et al., 2019;
Sadraeian et al., 2013). However, as far as we know, there are a few studies about
LAB lipase suppressor in native dairy products. In this study, we evaluated the
prospect of ant-lipase activity effects of 13 isolates of lactic acid bacteria (LAB)
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from native Iranian dairy products by studying the inhibiting pancreatic lipase in
vitro that could be helpful for curing obesity via inhibitory activity against lipase
enzyme.

MATERIAL AND METHODS
Isolation of Lactobacillus strains

A total of 40 samples of traditional dairy products, including milk, yoghurt and
dough (Iranian fermented milk product) were collected from 23 different place of
Fars province, Iran. One gram of every dairy specimen was dispersed in 2% wi/v
peptone water and vortexed for 30 seconds. One mL of each sample was
transferred to ten mL of MRS broth media (Merck, Germany) in a microaerobic
environment at 5% CO,. These dilutions (0.01 mL) were poured on MRS agar
plates (Merck, Germany) followed by incubation at 48 hours. After choosing the
colonies on the growth agar plate, they were moved to a broth culture medium
followed by incubation at 37°C for 24 hours. For further analysis, the isolates were
maintained with 10% skim milk (w/v) and 30% glycerol (w/v) at 70 °C (Mohkam,
Nezafat, et al., 2016).

Pancreatic lipase inhibitory activity

The method of Lee et al. (1993) for lipase activity assay was applied with a few
modifications (Y. P. Lee et al., 1993). A porcine pancreatic lipase was used to
measure pancreatic lipase activity (Sigma). 0.1 mg/mL of a solution of the sample
was solubilized in water and 0.061 M (pH 8.5) Tris-HCI buffer and 0.167 mM p-
Nitrophenylpalmitate (PNP) buffer were added together in the chamber of a plate,
and 0.3 mg/mL of the lipase sample was then introduced to initiate the enzymatic
reaction. The absorbance of the solution was calculated by means of a microplate
reader following incubation at 25 °C for 10 minutes.

Identification of Lactobacillus strains

The isolate identification was initially established by examining their
morphological, cultural, and biochemical traits using the microtechnique method
developed by Gusils et, al (Gusils et al., 2004). Then after,16s rRNA analysis was
performed in order to confirmation of isolates using the universal 16s rRNA
primers (RW01 5 -AACTGGAGGAAGGTGGGGAT-3° DG74 5’
AGGAGGTGATCCAACCGCA-3’) (Mohkam, Rasoul-Amini, et al., 2016).
Preliminary denaturation was performed for 20 min at 95°C. Then after, 35 cycles
denaturation was done for 1 min at 94°C, annealing at 58°C for 50 sec and
extension at 72°C for 1 min. The ultimate extension was done for 1 min at 72°C.
PCR amplicons were purified and then sequenced at Cinnagen, Iran. Sequences
were aligned with formerly available bacterial 16S rRNA sequences by means of
Blast in the databases of NCBI reference.

Acid and bile salt tolerance

The endurance of LAB isolates to acid and bile salts was evaluated using the
method described by Duc et al. 2004, with some minor modifications (Duc et al.,
2004). Briefly, MRS broth with a pH of 2.5 was created and seeded with bacterial
suspensions of all the bacterial isolates. Samples of 0.5 mL were investigated at 0
and 3 hours to determine cell viability and total cell count. Enumeration on MRS
agar plates was performed at 37 °C for 24 hours at pH 6.

For the purpose of assaying bile salt endurance, MRS broth containing Oxgall 0.2-
1% was prepared and inoculated with 1 ml of 48-hold culture. Aliquots were taken
at 1, and 3-hour intervals and then cultured onto MRS agar plates. After incubating
these plates at 37 °C for 24 hours, colonies were qualitatively determined (+ for
the lowest colony observation and 4+ for the highest colony observation).

Adhesion studies of LAB isolates

Strains were cultivated in MRS broth (Himedia, India) at 37 °C for 18-24 h and
rinsed twice with PBS. A suspension of bacteria was then prepared up to 107 — 108
CFU ml-1 in RPMI 1640 cell culture media enriched with HEPES (as determined
by optical density reading to estimate CFU). The adhesion to HT29 cell line [an
epithelial cell line that secretes mucus] was investigated in accordance with the
procedures provided by Rowan et al. (2001) with some minor amendments
(Rowan et al., 2001). In brief, cells were inoculated in 24-well cell culture plates
(205 cells per well). The monolayers of cells were cultivated for at least 20 days in
5% CO;, at 37°C, by utilizing an all-inclusive minimum standard medium
(RPMI1640) comprising 10% fetal calf serum. Prior to this, HT-29 cell line was
purchase from Pasteur Institute cell bank (Tehran branch, Iran). The cells were
cultivated in RPMI 1640 cell culture media enriched with 10% in activated fetal
calf serum following by incubation in 5% CO, for 2 h at 37°C. after reaching to
70% confluency, the cells were scratched from flasks and subcultured again if
needed. For maintain long-term preservation, 1% DMSO was added to each tube
containing appropriate number and stored them at liquid nitrogen.

Following the preparation of the monolayers for the assays, the cell monolayers
were rinsed a single time with a complete culture medium and subsequently seeded

with 1 ml of 107-10® CFU bacteria in each well (by preparing a bacterium to cell
fraction of 100: 1) using a complete culture medium containing HEPES (0.01 mol
I 1) in three replicates, followed by a period of incubation in 5% CO, for 2 h at
37°C. The control chambers (not containing cell lines) were filled with the
corresponding quantity of bacteria and kept incubating in a parallel manner. At the
end of incubation, the cell monolayers were meticulously rinsed four times with a
culture broth to eliminate residual unattached bacteria. The entire number of
attached bacteria in every chamber was calculated by the lysis of cells using 1 ml
of 0.10 % Triton X-100 in water at 37 °C for 5 min. Following this, the survival
determination was undertaken on nutrient agar. The ratio of attached bacteria was
computed by analogizing CFU with control groups. L. rhamnosus PTCC 1637 was
chosen as a positive control.

Statistical analysis

All tests were executed three times, and statistics were provided as mean + SD. All
comparisons were conducted via one-way ANOVA and significant variations (P <
0.05) among means were examined by Duncan’s test procedures by means of SPSS
19 (SPSS Inc., Chicago, IL, USA).

RESULTS
Acid and bile salt tolerance

At first, acid and bile salts tolerance patterns of the isolated Lactobacillus were
assessed in vitro. The rates of survival of the eight Lactobacillus isolates were
close to 100% at pH 3.0 (Table 1). These outcomes demonstrated
that Lactobacillus sp. S8 had greater acid resistance than other isolates. Therefore,
the uppermost acid tolerance isolates (13 isolates) were opted for bile salts
tolerance examination. All chosen isolates were stable in different bile salts
concentrations (0.2%-1%) (Table 2). In this context, isolates M10, M16 and S12
demonstrated acceptable tolerance to bile salts at 1% concentration in comparison
to other isolates.

Table 1 The results of isolates to acid tolerance.

Isolate Description Acid tolerance
D1 Iranian fermented milk isolate 99%
D3 Iranian fermented milk isolate 92%
D9 Iranian fermented milk isolate 83%
M1 Yogurt isolate 79%
M3 Yogurt isolate 0
M8 Yogurt isolate 0
M5 Yogurt isolate 0
M7 Yogurt isolate 80%
M10 Yogurt isolate 99%
M16 Yogurt isolate 98%
M17 Yogurt isolate 98%
S1 Raw milk isolate 0
S7 Raw milk isolate 98%
S8 Raw milk isolate 100%
S9 Raw milk isolate 96%
S11 Raw milk isolate 98%
S12 Raw milk isolate 89%
S14 Raw milk isolate 95%
S15 Raw milk isolate 99%
Y4 Yogurt isolate 0
Y6 Yogurt isolate 81%
Table 2 The results of isolates to bile salts tolerance
Bile salt tolerance
0.2% 0.4% 0.6% 0.8% 1.0%
S14 +4 +3 +3 +2 +1
S8 +4 +3 +3 +2 +1
M17 +4 +3 +3 +2 +1
S9 +4 +3 +2 +2 +1
D1 +4 +3 +3 +2 +1
D3 +4 +3 +3 +2 +1
D9 +4 +3 +3 +2 +1
S12 +4 +4 +4 +3 +2
S7 +4 +3 +3 +2 +1
S11 +4 +3 +3 +2 +1
S15 +4 +3 +3 +2 +2
M16 +4 +3 +3 +2 +2
M10 +4 +4 +4 +3 +2

Adhesion studies of LAB isolates

All the selected isolates were capable of attaching to HT-29 cells; however, there
were significant differences between the LAB isolates (Figure 1). The adhesion
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levels fluctuated from 3.5% + 0.60 till 9.9% + 0.70. In this context, the isolates S8
and S7 exhibited higher adherence (9.3% = 0.35 and 9.9%+0.70) to HT-29 cell line
in comparison to standard strain L. rhamnosus PTCC 1637 (10.10 % + 0.40). The
isolates D1, S15 and M10 showed moderate adhesion to HT-29 cell line (5.2% +
0.51, 5.3% + 0.50 and 5.1% =+ 0.25). Moreover, the isolates S9 and S12 depicted
low adhesion feature with per cent adhesion value of 3.5 + 0.60 and 3.9 + 0.53 to
HT-29 cell line, respectively in comparison to other isolates as well as control
culture. All isolates except for S8 and S7, exhibited significant differences
(P<0.0001) from the positive control.

15

10

Adhesion (%)

Bacterial Isolates

Figure 1 Adhesion of isolates to HT-29 cell lines. L. rhamnosus PTCC 1637 is as
positive control. The bars show the SD. * showed the significant levels at P < 0.05
and P <0.0001.

Lipase inhibitory assay

The outcomes of rat intestinal lipase inhibitory activity are depicted in Figure 2.
The inhibitory activities of bacterial supernatants fluctuated from 33.6 + 5.7 to
80.55 + 6.8%, with the topmost value in isolate S11 (80.55 + 6.8%) followed by
isolate S8, D9 and Sa4 (80.55 + 6.8%, 80.2 = 6.8% and 80.10 + 6.8%) which are
comparable to L. rhamnosus PTCC 1637 75.10 & 6.4%) as a standard strain as well
as orlistat although they were not statistically significant. In contrast, the lowest

lipase inhibitory activity was observed for S9 isolate with the value of 35.30 +
3.2% in contrast to standard strain.

100

-
>
@
3
]
o
»
c
»

S14
S8
M17
S9
D1
D3
D9
S12
S7
S11
S15
M16
M10

80 *

60 *

40

Lipase Inhibition (%)

Bacterial Isolates

Figure 2 The lipase activity inhibition by selected isolates and L. rhamnosus PTCC
1637 as standard strain. Orlistat is as positive control. The bars show the SD. *
showed the significant levels at P < 0.05.

Identification and selection of isolates

A total of 21 Gram positive bacilli-shaped and negative catalase activity bacteria
were selected from traditional dairy products. After initial screening for probiotics
capabilities, including lipase activity inhibition, further identification was
performed. In this regard, the DNA extraction was performed followed by
amplification with universal 16s rDNA primers, and each isolates producing a
single PCR amplicon of approximately 480 bp. Finally, the individuality of
Lactobacillus isolates to species level was recognized by DNA sequencing
followed by morphological, cultural and biochemical traits using microtechnique
method (Table 3). In this context, the isolates named S14, S8, D9, S11 and S15
that had highest lipase activity inhibition were recognized as L. fermentum (S14,
S8, D9). L. paracasei (S11) and L. brevis (S15).

Table 3 The biochemical analysis of isolates M2 and M6 using microtechnique approach

Galactose Lactose Arabinose Cellobiose Gluconate Glucose Melibiose
S14 + + + - + + +
S8 + + + - + + +
D9 + + + - + + +
S11 + + - + + + +
S15 + + + - - + +
Raffinose Ribose Sorbitol Saccharose Xylose Rhamnose
S14 + + + + + -
S8 + + + + + -
D9 + + + + + -
s11 - + + " N )
S15 + + - + + -
DISCUSSION digestive tract (Daoudou et al., 2011; Hyronimus et al., 2000). Consequently, the

Pancreatic lipase is responsible for hydrolyzing lipid triacylglycerol into fatty acids
and 2-monoacylglycerols (Fave et al., 2004; Mohkam et al., 2022). Orlistat as a
common suppressor of pancreatic lipase, possesses outstanding potency and
prohibits nearly 30% hydrolysis of the consumed fat; though, orlistat possesses
several adverse reactions, including irritability, gastrointestinal illness, bile
excretion illness, and hindrance of lipid-soluble vitamin absorption (Borazjani et
al., 2019; Bray, 2009). Therefore, the pancreatic lipase hydrolysis suppression in
the gut is an efficacious tactic for hindrance of hyperlipidemia and obesity. The
inhibitors for pancreatic lipase like orlistatare presently administrated clinically as
pharmaceutical drugs (Hill et al., 1999).Moreover, it has been described that
dietary agents, comprising of saponin (Qishi et al., 2007), chitosan (Han et al.,
1999), and oolong tea polyphenols) Nakai et al., 2005, prevent pancreatic lipase,
leading to repress of dietary lipid absorption without side effects. In this research,
the isolates L. fermentum sp D9, L. fermentum sp S14 and L. fermentum sp S8, L.
paracasei S11 and L. brevis S15, suppressed lipase activity in vitro higher than
orlistat and L. rhamnosus PTCC 1637 as standard probiotic. In agreement with our
outcomes, Zhou et al. (Zhou et al., 2013), and Matsumura (Matsumura, 2010)
depicted that particular Lactobacillus strains obstruct pancreatic lipase. There are
two mechanisms for inhibition of lipid hydrolysis: a: direct interaction among the
repressor and enzyme, b: alteration of lipid emulsion features. It was realized that
orlistat prohibited lipase activity using p.nitrophenyl.acetate as a substrate, which
implies that it has directly suppression effects on enzyme rather than acting on lipid
emulsion of substrate. In this regard, the isolated Lactobacillus strains had direct
lipase inhibition activity that provided well inhibitory impact on lipase activity.

The primary host parameters that may influence probiotic bacteria are the
excessive pH level in the stomach and the excessive levels of bile salts in the

ability to tolerate acidic environments is a vital gauge for consideration when it
comes to selecting potent probiotic strains to ensure their functionality and
viability. Furthermore, probiotic bacteria demonstrate varying levels of tolerance
to acidic conditions, which is species and strain dependent (Fontana et al., 2013).
The rates of survival of the eight Lactobacillus isolates were close to 100% at pH
3.0 (Table 1). In accordance with our results, Fontana et al. (Fontana et al., 2013)
stated that Lactobacillus spp. isolates demonstrated to be vastly able to withstand
acidic conditions, showing superior endurance at pH 3.0 for 1 hr. Instead,
researches have demonstrated that Bifidobacterium spp. isolates are more
vulnerable to acidic conditions than to Lactobacilli spp.. (Fontana et al., 2013). In
general, LABs are acidophilic, which implies their capability to tolerate acidic
circumstances. Nonetheless, this requires to be discriminated from a situation of
elevated free acids (H*) concentration, as the free acids may lead to growth
hindrance (Amrane et al., 2001). Probiotic bacteria should remain alive during
transit through the stomach at a pH of 1.5 to 2.0 (Dunne et al., 2001), and sustain
themselves for at least 3 hours or longer (Daoudou et al., 2011) until they reach
the bowel. In this regard, the rate of food transit for humans is slower when
compared with other animals, particularly birds; thus, the ability of bacteria to
endure acid is a vital factor in humans (Boonkumklao et al., 2006). In this context,
13 lactobacilli isolates showed excellent acid tolerance (above 85%) in comparison
to others.

Primarily, the ability to tolerate bile salts was regarded as a situation for bacteria
to reside in the host and to perform metabolic activities within the bowel
(Havenaar et al., 1992). They can act as antimicrobial molecules, affecting the
intestinal microflora (Fontana et al., 2013). Therefore, when assessing the efficacy
of the administration of LAB as a probiotic, it is generally imperative to assess
their aptitude for tolerating bile salts (Mohkam, Rasoul-Amini, et al., 2016).
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According to Table 2, out of the isolated Lactobacilli, isolates M10, M16, and S12
had acceptable tolerance of bile salt concentrations of up to 1% at 24 hours of
incubation. Bile salt levels in the small intestine are normally between 0.2% and
0.3%, and in some cases, may reach 2% (w/v), depending on the individual and the
dietary regime (Mohkam et al., 2016). In consistent with Mohkam et al.
(Mohkam et al., 2020), tolerance to bile salts differs greatly among the LAB
species as well as among strains themselves. The resistant to bile of some strains
is correlated to the bile salt hydrolase (BSH) activity that contributes to catalyze
conjugated bile, leading to reduction of its toxic influence (Bustos et al., 2012).
Therefore, BSH activity was the most frequently observed in bacterial isolated
from the bowel or feces of human and animals (Wang et al., 2021).

The ability of probiotic bacteria to adhere to epithelial cells in the gastrointestinal
tract following colonization is a feature that provides an excellent benefit to
probiotic bacteria and makes them successfully compete and express ideal
functionality, including lipase secretion. Hence, this is an appropriate trait for
seeking the isolation of novel probiotic strains. For the determination of adhesion
features in vitro, cell cultures of a mucus-excreting HT-29 cell line is the most
frequently used (J. Kim et al., 2015; Sadraeian et al., 2009). Adhering of bacteria
is on the basis of non-specific electrostatic interactions among surfaces, and
consequently, it is generally related to the traits of the cell surface. The mucosa of
the intestine is distinguished by mucin production, a smarmy glycoprotein that
shapes a shielding layer in the intestine. In the current research, the numbers of
isolates attaching to the HT-29 cell line were enumerated by colony count on MRS
agar. The frequency of adherence to the HT-29 cell line was moderately superb
between the strains isolated from the milk and fermented milk samples than those
isolated from yogurt; this implied that adhesive LAB isolates have host-residential
features distinctive from their populace of origin. Hence, our indigenous LAB
isolates will have a surplus favorable impact on the Iranian populace rather than
common strains available commercially on the international or national markets,
which were in agreement with the previous researches on the adhesion. Adherence
of LAB isolates to HT-29 varied between strains and differed within similar
species, which was consistent with the findings of Duary et. al (2011) (Duary et
al., 2011).

CONCLUSION

We examined whether LAB isolated from the native dairy products illustrate any
pancreatic lipase (PL) inhibitory activity. The selected strains were identified as L.
fermentum sp D9, L. fermentum sp S14 and L. fermentum sp S8, L. paracasei S11
and L. brevis S15 by means of the microtechnique biochemical test and16S rDNA
sequence. These isolates could survive in harsh gastrointestinal conditions,
including bile salts and acid. Moreover, they had an appropriate ability to attach to
the HT-29 cell line, which simulates the adhesion to hosts’ intestine tract. These
findings suggest that these isolates could be considered outstanding strains for anti-
obesity activity.

Acknowledgments: This work was supported by Research Council of Shiraz
University of Medical Sciences, Shiraz, Iran.

REFERENCES

Amrane, A., & Prigent, Y. (2001). Effect of the main culture parameters on the
growth and production coupling of lactic acid bacteria Appl Microbiol (pp. 101-
108): Springer.

Ashoori, Y., Mohkam, M., Heidari, R., Abootalebi, S. N., Mousavi, S. M.,
Hashemi, S. A., ... Gholami, A. (2020). Development and in vivo characterization
of probiotic lysate-treated chitosan nanogel as a novel biocompatible formulation
for wound healing. BioMed Res Int, 2020, 1-9.
doi:https://doi.org/10.1155/2020/8868618

Azarang, A., Farshad, O., Ommati, M. M., Jamshidzadeh, A., Heidari, R.,
Abootalebi, S. N., & Gholami, A. (2020). Protective role of probiotic supplements
in hepatic steatosis: a rat model study. BioMed Res Int, 2020.
doi:https://doi.org/10.1155/2020/5487659

Barengolts, E. (2016). Gut microbiota, prebiotics, probiotics, and synbiotics in
management of obesity and prediabetes: review of randomized controlled trials.
Endocr Pract, 22(10), 1224-1234. doi:https://doi.org/10.4158/EP151157.RA
Boonkumklao, P., Kongthong, P., & Assavanig, A. (2006). Acid and bile tolerance
of Lactobacillus thermotolerans, a novel species isolated from chicken feces.
Kasetsart J, 40(5), 13-17

Borazjani, N., Jarrahpour, A., Rad, J. A., Mohkam, M., Behzadi, M., Ghasemi, Y.,
.. . Batta, G. (2019). Design, synthesis and biological evaluation of some novel
diastereoselective B-lactams  bearing 2-mercaptobenzothiazole  and
benzoquinoline. Med Chem Res, 28(3), 329-339.
doi:https://doi.org/10.1007/s00044-018-02287-0

Bray, G. A. (2009). Medications for obesity: mechanisms and applications. Clin
Chest Med, 30(3), 525-538. doi:https://doi.org/10.1016/j.ccm.2009.05.014
Buchholz, T., & Melzig, M. F. (2016). Medicinal plants traditionally used for
treatment of obesity and diabetes mellitus—screening for pancreatic lipase and -
amylase inhibition. Phytother Res, 30(2), 260-266.
doi:https://doi.org/10.1002/ptr.5525

Bustos, A. Y., Saavedra, L., de Valdez, G. F., Raya, R. R., & Taranto, M. P. (2012).
Relationship between bile salt hydrolase activity, changes in the internal pH and
tolerance to bile acids in lactic acid bacteria. Biotechnol lett, 34(8), 1511-1518.
doi:https://doi.org/10.1007/s10529-012-0932-5

Chen, J., He, X., & Huang, J. (2014). Diet effects in gut microbiome and obesity.
J Food Sci, 79(4), R442-R451. doi:https://doi.org/10.1111/1750-3841.12397
Daoudou, B., Leopold, T. N., Augustin, M., & Moses, M. C. (2011). Assessment
of physiological properties of some lactic acid bacteria isolated from the intestine
of chickens use as probiotics and antimicrobial agents against enteropathogenic
bacteria. Innov Rom Food Biotechnol(8), 33-40

de Melo Pereira, G. V., de Oliveira Coelho, B., Junior, A. I. M., Thomaz-Soccol,
V., & Soccol, C. R. (2018). How to select a probiotic? A review and update of
methods and criteria. Biotechnol adv, 36(8), 2060-2076.
doi:https://doi.org/10.1016/j.biotechadv.2018.09.003

Duary, R. K., Rajput, Y. S., Batish, V. K., & Grover, S. (2011). Assessing the
adhesion of putative indigenous probiotic lactobacilli to human colonic epithelial
cells. Indian J Med Res, 134(5), 664-671. doi:https://doi.org/10.4103/0971-
5916.90992

Duc, L. H., Hong, H. A, Barbosa, T. M., Henriques, A. O., & Cutting, S. M.
(2004). Characterization of Bacillus probiotics available for human use. Applied
and environmental microbiology, 70(4), 2161-2171

Dunne, C., O'Mahony, L., Murphy, L., Thornton, G., Morrissey, D., O'Halloran,
S., ... Daly, C. (2001). In vitro selection criteria for probiotic bacteria of human
origin: correlation with in vivo findings. Am J Clin Nutr, 73(2), 386s-392s.
doi:https://doi.org/10.1093/ajcn/73.2.386s

Fave, G., Coste, T., & Armand, M. (2004). Physicochemical properties of lipids:
new strategies to manage fatty acid bioavailability. Cell Mol biol, 50(7), 815-832
Fontana, L., Bermudez-Brito, M., Plaza-Diaz, J., Munoz-Quezada, S., & Gil, A.
(2013). Sources, isolation, characterisation and evaluation of probiotics. Br J Nutr,
109(S2), S35-S50. doi:https://doi.org/10.1017/s0007114512004011

Gholami, A., Dabbaghmanesh, M. H., Ghasemi, Y., Koohpeyma, F., Talezadeh,
P., & Montazeri-Najafabady, N. (2022). The ameliorative role of specific probiotic
combinations on bone loss in the ovariectomized rat model. BMC Complement
Med Ther, 22(1), 1-11. doi:https://doi.org/10.1186/s12906-022-03713-y
Gholami, A., Dabbaghmanesh, M. H., Ghasemi, Y., Talezadeh, P., Koohpeyma,
F., & Montazeri-Najafabady, N. (2020). Probiotics ameliorate pioglitazone-
associated bone loss in diabetic rats. Diabetol Metab Syndr, 12(1), 1-10.
doi:https://doi.org/10.1186/s13098-020-00587-3

Golkar, N., Ashoori, Y., Heidari, R., Omidifar, N., Abootalebi, S. N., Mohkam,
M., & Gholami, A. (2021). A novel effective formulation of bioactive compounds
for wound healing: preparation, in vivo characterization, and comparison of
various postbiotics cold creams in a rat model. Evid Based Complement Alternat
Med, 2021, 8577116. doi:https://doi.org/10.1155/2021/8577116

Gusils, C., Chaia, A. P., Oliver, G., & Gonzéalez, S. (2004). Microtechnique for
identification of lactic acid bacteria Public Health Microbiology (pp. 453-458):
Springer.

Han, L., Kimura, Y., & Okuda, H. (1999). Reduction in fat storage during chitin-
chitosan treatment in mice fed a high-fat diet. Int J Obes, 23(2), 174-179.
doi:https://doi.org/10.1038/sj.ij0.0800806

Havenaar, R., Ten Brink, B., & Huis, J. H. (1992). Selection of strains for probiotic
use Probiotics (pp. 209-224): Springer.

Hill, J. O., Hauptman, J., Anderson, J. W., Fujioka, K., O'Neil, P. M., Smith, D.
K., ... Aronne, L. J. (1999). Orlistat, a lipase inhibitor, for weight maintenance
after conventional dieting: a 1-y study. Am J Clin Nutr, 69(6), 1108-1116.
doi:http://dx.doi.org/10.1093/ajcn/69.6.1108

Hyronimus, B., Le Marrec, C., Sassi, A. H., & Deschamps, A. (2000). Acid and
bile tolerance of spore-forming lactic acid bacteria. Int J Food Microbiol, 61(2-3),
193-197. doi:https://doi.org/10.1016/s0168-1605(00)00366-4

Irajie, C., Mohkam, M., Nezafat, N., Hosseinzadeh, S., Aminlari, M., & Ghasemi,
Y. (2016). In silico analysis of glutaminase from different species of Escherichia
and Bacillus. Iran J Med Sci, 41(5), 406

Ishimwe, N., Daliri, E. B., Lee, B. H., Fang, F., & Du, G. (2015). The perspective
on cholesterol-lowering mechanisms of probiotics. Mol Nutr Food Res, 59(1), 94-
105. doi:https://doi.org/10.1002/mnfr.201400548

Jung, U. J., & Choi, M.-S. (2014). Obesity and its metabolic complications: the
role of adipokines and the relationship between obesity, inflammation, insulin
resistance, dyslipidemia and nonalcoholic fatty liver disease. Int J Mol Sci, 15(4),
6184-6223. doi:https://doi.org/10.3390/ijms15046184

Kariyawasam, K. M. G. M. M., Yang, S. J., Lee, N.-K., & Paik, H.-D. (2020).
Probiotic properties of Lactobacillus brevis KU200019 and synergistic activity
with fructooligosaccharides in antagonistic activity against foodborne pathogens.
Food Sci Anim Resour, 40(2), 297. doi:https://doi.org/10.5851%2Fkosfa.2020.e15
Kearney, J. (2010). Food consumption trends and drivers. Philos Trans R Soc Lond
B Biol Sci, 365(1554), 2793-2807. doi:https://doi.org/10.1098/rsth.2010.0149
Kim, D.-J., Jung, J.-H., Kim, S.-G., Lee, H.-K,, Lee, S.-K., Hong, H.-D., . . . Lee,
O.-H. (2011). Antioxidants and anti-obesity activities of hot water and ethanolic
extracts from Cheonnyuncho (Opuntia humifusa). Korean J Food Pres, 18(3), 366-
373. doi:https://doi.org/10.11002/KJFP.2011.18.3.366

Kim, J., Shin, E., & Park, H. (2015). Fructooligosaccharides decreased the ability
of probiotic Escherichia coli Nissle 1917 to adhere to co-cultures of human



https://doi.org/10.1155/2020/8868618
https://doi.org/10.1155/2020/5487659
https://doi.org/10.4158/EP151157.RA
https://doi.org/10.1007/s00044-018-02287-0
https://doi.org/10.1016/j.ccm.2009.05.014
https://doi.org/10.1002/ptr.5525
https://doi.org/10.1007/s10529-012-0932-5
https://doi.org/10.1111/1750-3841.12397
https://doi.org/10.1016/j.biotechadv.2018.09.003
https://doi.org/10.4103/0971-5916.90992
https://doi.org/10.4103/0971-5916.90992
https://doi.org/10.1093/ajcn/73.2.386s
https://doi.org/10.1017/s0007114512004011
https://doi.org/10.1186/s12906-022-03713-y
https://doi.org/10.1186/s13098-020-00587-3
https://doi.org/10.1155/2021/8577116
https://doi.org/10.1038/sj.ijo.0800806
http://dx.doi.org/10.1093/ajcn/69.6.1108
https://doi.org/10.1016/s0168-1605(00)00366-4
https://doi.org/10.1002/mnfr.201400548
https://doi.org/10.3390/ijms15046184
https://doi.org/10.5851%2Fkosfa.2020.e15
https://doi.org/10.1098/rstb.2010.0149
https://doi.org/10.11002/KJFP.2011.18.3.366

J Microbiol Biotech Food Sci / Mohkam et al. 2023 : 12 (6) 9357

intestinal cell lines. J Korean Soc Appl Biol 45-52.
doi:https://doi.org/10.1007/s13765-015-0002-5

Kumar, A., & Chauhan, S. (2021). Pancreatic lipase inhibitors: The road voyaged
and successes. Life Sci, 271, 1-23. doi:https://doi.org/10.1016/j.1fs.2021.119115
Lee, J. S., Hyun, I. K, Yoon, J.-W., Seo, H.-J., & Kang, S.-S. (2021).
Bioconversion products of whey by lactic acid bacteria exert anti-adipogenic
effect. Food Sci An Res, 41(1), 145. doi:https://doi.org/10.5851/kosfa.2020.e78
Lee, S.-J,, Park, H. J., Song, Y., Jang, S.-H., Goo, A. J., Ko, Y.-G., & Cho, J.-H.
(2014). Antioxidant activity and anti-obesity effect of Coprinus comatus in Zucker
rat (fa/fa). Korean J Vet Ser, 37(2), 51-58.
doi:https://doi.org/10.7853/kjvs.2014.37.1.51

Lee, Y., & Kim, M.-H. (2008). The effect of sea tangle extract on serum lipid level
in  ovariectomized rats.  Journal Life  Sci, 18(2), 249-254.
doi:https://doi.org/10.5352/JL.S.2008.18.2.249

Lee, Y. P., Chung, G. H., & Rhee, J. S. (1993). Purification and characterization
of Pseudomonas fluorescens SIK W1 lipase expressed in Escherichia coli. Bba-
Lipid Lipid Met, 1169(2), 156-164. doi:https://doi.org/10.1016/0005-
2760(93)90200-s

Marissen, J., Haiss, A., Meyer, C., Van, T. R., Buente, L. M., Frommhold, D., . ..
Hudalla, H. (2019). Efficacy of Bifidobacterium longum, B. infantis and
Lactobacillus acidophilus probiotics to prevent gut dysbiosis in preterm infants of
28+ 0-32+ 6 weeks of gestation: a randomised, placebo-controlled, double-blind,
multicentre trial: the PRIMAL Clinical Study protocol. BMJ open, 9(11), e032617-
€032617. doi:https://doi.org/10.1136/bmjopen-2019-032617

Marrelli, M., Loizzo, M. R., Nicoletti, M., Menichini, F., & Conforti, F. (2014). In
vitro investigation of the potential health benefits of wild Mediterranean dietary
plants as anti-obesity agents with o-amylase and pancreatic lipase inhibitory
activities. J Sci Food Agr, 94(11), 2217-2224.
doi:https://doi.org/10.1002/jsfa.6544

Martin, K. A., Mani, M. V., & Mani, A. (2015a). New targets to treat obesity and
the metabolic ~ syndrome. Eur J Pharmacol, 763, 64-74.
doi:https:/doi.org/10.1016/j.ejphar.2015.03.093

Martin, K. A., Mani, M. V., & Mani, A. (2015b). New targets to treat obesity and
the metabolic syndrome. European journal of pharmacology, 763, 64-74.
doi:https://doi.org/10.1016/j.ejphar.2015.03.093

Matsumura, A. (2010). Inhibitory effects of probiotics on pancreatic lipase. J Intest
Microbiol, 24(4), 287-292. doi:https://doi.org/10.11209/jim.24.287

Mazloom, K., Siddiqi, I., & Covasa, M. (2019). Probiotics: how effective are they
in the fight against obesity? Nutrients, 11(2), 258.
doi:https://doi.org/10.3390%2Fnu11020258

McGee, D. L., & Collaboration, D. P. (2005). Body mass index and mortality: a
meta-analysis based on person-level data from twenty-six observational studies.
Ann Epidemiol, 15(2), 87-97.
doi:https://doi.org/10.1016/j.annepidem.2004.05.012

Miyazawa, K., He, F., Yoda, K., & Hiramatsu, M. (2012). Potent effects of, and
mechanisms for, modification of crosstalk between macrophages and adipocytes
by lactobacilli. Microbiol Immunol, 56(12), 847-854.
doi:https://doi.org/10.1111/].1348-0421.2012.00512.x

Moghimi-Dehkordi, B., Safaee, A., Vahedi, M., Pourhoseingholi, M. A.,
Pourhoseingholi, A., & Zali, M. R. (2020). The prevalence of obesity and its
associated demographic factors in Tehran, Iran. Child Care Health Dev, 1(1), 22-
30

Mohkam, M., Firoozabadi, S. G., Ghasemi, Y., & Gholami, A. (2022). The
Probiotic and Nutritional Content of Souro, An Iranian Traditional Food. J
Microbiol Biotechnol Food Sci, 11(4), €2627.
doi:https://doi.org/10.55251/jmbfs.2627

Mohkam, M., Nezafat, N., Berenjian, A., Mobasher, M. A., & Ghasemi, Y. (2016).
Identification of Bacillus probiotics isolated from soil rhizosphere using 16S
rRNA, recA, rpoB gene sequencing and RAPD-PCR. Probiotics Antimicro, 8(1),
8-18. doi:https://doi.org/10.1007/s12602-016-9208-z

Mohkam, M., Nezafat, N., Berenjian, A., Zamani, M., Dabbagh, F., Bigharaz, R.,
& Ghasemi, Y. (2020). Multifaceted toxin profile of Bacillus probiotic in newly
isolated Bacillus spp. from soil rhizosphere. Biologia, 75(2), 309-315.
doi:https://doi.org/10.2478/s11756-019-00357-1

Mohkam, M., Rasoul-Amini, S., Shokri, D., Berenjian, A., Rahimi, F., Sadraeian,
M., ... Ghasemi, Y. (2016). Characterization and in vitro probiotic assessment of
potential indigenous Bacillus strains isolated from soil rhizosphere. Minerva
Biotecnol, 28(1), 19-28

Montazeri-Najafabady, N., Ghasemi, Y., Dabbaghmanesh, M. H., Ashoori, Y.,
Talezadeh, P., Koohpeyma, F., ... Gholami, A. (2021). Exploring the bone sparing
effects of postbiotics in the post-menopausal rat model. BMC Complement Med
Ther, 21(1), 1-12. doi:https://doi.org/10.1186/512906-021-03327-w

Oishi, Y., Sakamoto, T., Udagawa, H., Taniguchi, H., Kobayashi-Hattori, K.,
Ozawa, Y., & Takita, T. (2007). Inhibition of increases in blood glucose and serum
neutral fat by Momordica charantia saponin fraction. Biosci Biotechnol Biochem,
71(3), 735-740. doi:https://doi.org/10.1271/bbb.60570

Ommati, M. M., Li, H., Jamshidzadeh, A., Khoshghadam, F., Retana-Marquez, S.,
Lu, Y., ... Heidari, R. (2022). The crucial role of oxidative stress in non-alcoholic
fatty liver disease-induced male reproductive toxicity: The ameliorative effects of

Chem, 58(1),

Iranian indigenous probiotics. Naunyn Schmiedebergs Arch Pharmacol, 395(2),
247-265. doi:https://doi.org/10.1007/s00210-021-02177-0

Rowan, N. J., Deans, K., Anderson, J. G., Gemmell, C. G., Hunter, I. S., &
Chaithong, T. (2001). Putative virulence factor expression by clinical and food
isolates of Bacillus spp. after growth in reconstituted infant milk formulae. Applied
and environmental microbiology, 67(9), 3873-3881

Sadraeian, M., & Molaee, Z. (2009). Bioinformatics analyses of Deinococcus
radiodurans in order to waste clean up. Paper presented at the 2009 second
international conference on environmental and computer science.

Sadraeian, M., Rasoul-Amini, S., Mansoorkhani, M. J. K., Mohkam, M.,
Ghoshoon, M. B., & Ghasemi, Y. (2013). Induction of antitumor immunity against
cervical cancer by protein HPV-16 E7 in fusion with ricin B chain in tumor-bearing
mice. Int J Gynecol Cancer, 23(5), 809-814.
doi:http://dx.doi.org/10.1097/IGC.0b013e3182907989

Sadraeian, M., Zhang, L., Aavani, F., Biazar, E., & Jin, D. (2022a). Photodynamic
Viral Inactivation Assisted by Photosensitizers. Mater Today Phys, 100882
Sadraeian, M., Zhang, L., Aavani, F., Biazar, E., & Jin, D. (2022b). Viral
inactivation by light. Elight, 2(1), 1-18

Sun, N.-N., Wu, T.-Y., & Chau, C.-F. (2016). Natural dietary and herbal products
in anti-obesity treatment. Molecules, 21(10), 1351.
doi:https://doi.org/10.3390/molecules21101351

Tucci, S. A, Boyland, E. J., & Halford, J. C. (2010). The role of lipid and
carbohydrate digestive enzyme inhibitors in the management of obesity: a review
of current and emerging therapeutic agents. Diabetes Metab Syndr Obes, 3, 125-
143. doi:https://doi.org/10.2147/dmsott.s7005

Wang, G., Yu, H., Feng, X., Tang, H., Xiong, Z., Xia, Y., ... Song, X. (2021).
Specific bile salt hydrolase genes in Lactobacillus plantarum AR113 and
relationship ~ with  bile  salt  resistance. LWT, 145,  111208.
doi:https://doi.org/10.1016/j.1wt.2021.111208

Waulandari, E., Yurmiati, H., Subroto, T., & Suradi, K. (2020). Quality and
probiotic lactic acid bacteria diversity of rabbit meat Bekasam-fermented meat.
Food Sci Anim Resour, 40(3), 362. doi:https://doi.org/10.5851%2Fkosfa.2020.e16
Zhou, Y., Inoue, N., Ozawa, R., Maekawa, T., Izumo, T., Kitagawa, Y., . . . Ikeda,
I. (2013). Effects of heat-killed Lactobacillus pentosus S-PT84 on postprandial
hypertriacylglycerolemia in rats. Biosci Biotechnol Biochem, 77(3), 591-594.
doi:https://doi.org/10.1271/bbb.120830



https://doi.org/10.1007/s13765-015-0002-5
https://doi.org/10.1016/j.lfs.2021.119115
https://doi.org/10.5851/kosfa.2020.e78
https://doi.org/10.7853/kjvs.2014.37.1.51
https://doi.org/10.5352/JLS.2008.18.2.249
https://doi.org/10.1016/0005-2760(93)90200-s
https://doi.org/10.1016/0005-2760(93)90200-s
https://doi.org/10.1136/bmjopen-2019-032617
https://doi.org/10.1002/jsfa.6544
https://doi.org/10.1016/j.ejphar.2015.03.093
https://doi.org/10.1016/j.ejphar.2015.03.093
https://doi.org/10.11209/jim.24.287
https://doi.org/10.3390%2Fnu11020258
https://doi.org/10.1016/j.annepidem.2004.05.012
https://doi.org/10.1111/j.1348-0421.2012.00512.x
https://doi.org/10.55251/jmbfs.2627
https://doi.org/10.1007/s12602-016-9208-z
https://doi.org/10.2478/s11756-019-00357-1
https://doi.org/10.1186/s12906-021-03327-w
https://doi.org/10.1271/bbb.60570
https://doi.org/10.1007/s00210-021-02177-0
http://dx.doi.org/10.1097/IGC.0b013e3182907989
https://doi.org/10.3390/molecules21101351
https://doi.org/10.2147/dmsott.s7005
https://doi.org/10.1016/j.lwt.2021.111208
https://doi.org/10.5851%2Fkosfa.2020.e16
https://doi.org/10.1271/bbb.120830

