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Abstract:  Six lactic acid bacterial (LAB) strains were isolated from traditionally fermented Xinjiang cheese and
evaluated for functional and probiotic properties and potentials as starter cultures. The isolated six LAB strains com-
prised Lactobacillus rhamnosus (one strain), Lactobacillus helveticus (one strain), and Enterococcus hirae (four
strains). All of the six strains were tolerant to acidic and bile salt conditions. Among which, the L. rhamnosus R4 strain
showed more desirable antimicrobial, auto-aggregation, and hydrophobic activity. In addition, the strain L. rhamnosus
R4 exhibited the highest level of free radical scavenging activity (53.78% of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free
radicals and 45.79% of hydroxyl radicals). L. rhamnosus R4 also demonstrated cholesterol and triglyceride degrada-
tion by 50.97% and 28.92%, respectively. To further examine the health-promoting effects of these LAB strains on host
lifespan, Caenorhabditis elegans was used as an in vivo model. Worms fed LAB as a food source had significant
differences in lifespan compared to those fed Escherichia coli OP50 (as a negative control). Feeding of L. rhamnosus
R4 extended the mean lifespan of C. elegans by up to 36.1% compared to that of the control. The results suggest that
the strains isolated from Xinjiang fermented dairy products have high potential as starter cultures in the cheese
industry.
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1 Introduction mented dairy products such as cheese and fermented

milk. Some like Lactobacillus, Streptococcus, Pedi-

Lactic acid bacterial (LAB) strains belong to
beneficial bacteria. They are normal inhabitants of the
healthy gut microbiota and present in numerous fer-
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ococcus, and Enterococcus are cultivable and pre-
dominant microbes in fermented dairy products, and
exert a positive role in human health following oral
administration. They improve the balance of the mi-
crobial community in the intestine, confer protection
against potential pathogenic bacteria, and prevent
and/or cure intestinal diseases (Schiffrin et al., 1997,
Gionchetti et al., 2000). These effects are mediated by
production of antimicrobial metabolites such as or-
ganic acids (for example lactate, acetate, and butyr-
ate), hydrogen peroxide, and bacteriocins, and com-
petition with harmful bacteria for nutrients or adhe-
sion receptors (Hudault et al., 1997; Fons et al., 2000).
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The therapeutic effects of the beneficial microorgan-
isms include, but are not limited to, enhanced immune
function, maintenance of anti-tumor activity, reduc-
tion of the population of harmful microorganisms,
improvement of the balance of microflora in the colon,
prevention against some intestinal infection, in-
creased tolerance to lactose-containing foods, and
possibly prevention of cancer (Martini et al., 1987;
Wang et al., 2010; Amadou et al., 2013).

The local fermented dairy products in Xinjiang
Uygur Autonomous Region of China are made by
nomadic people with a natural fermentation process
without any starter culture. The production of Xin-
jiang cheese includes fermenting, drying, and forming
into blocks. One of the oldest and most popular
cheeses in Xinjiang is the Kurut. As a semi-hard re-
gional cheese, the production environment of Kurut is
very similar to that of a Polish cheese, Oscypek
(Alegria et al., 2012), which is frequently produced
not with the use of starter cultures, but only by the
autochthonous microbiota present in milk and the
environment. Kurut is manufactured from unpas-
teurized cow’s milk, and fermented spontaneously by
microorganisms from the air, raw milk, and the
equipment used during the production. The main
process of Kurut production is to increase the acidity
of milk by cold maturation at room temperature. The
soured milk is then mixed with sweet milk and rennet
is added. The formed coagulum is beaten and settled
in order to remove the whey after coagulation. The
cheese knots are then pressed into forms and
smoothed. Finally the cheese is dried with facultative
cold-smoking (Sip et al., 2012).

Xinjiang cheese is often a dry cheese with a
rough skin. The texture can be hard, semi-hard, or soft
with a sour or sweet taste. The sweet type is made of
milk fat with much aroma while the sour type is less
fatty and fragrant but still milky. Sour cheeses are
commonly used to make local flour food, such as
noodles and bread. The Xinjiang cheese has a
high-acid, sharp milky flavor and is thicker and
darker than ordinary cheese.

Xinjiang cheese is distinctive, high in nutrients,
and always is considered a good staple food. However,
the cheese is only consumed in limited areas in China,
such as Xinjiang Uygur, Inner Mongolia, and Tibet
Autonomous Regions. Furthermore, microbial re-
sources, especially the LAB, in various dairy products

have not been well characterized, which potentially
negatively impacts cheese industries and application
in human health promotion.

Caenorhabditis elegans is a small, soil nematode,
which has been extensively used as a model organism
to evaluate longevity extension of LAB strains (Kurz
and Tan, 2004). Ikeda et al. (2007) have reported that
LAB may contribute to host defenses and prolong the
lifespan of C. elegans. In this study, we wished to
evaluate potential traits of probiotic strains selected
from Xinjiang cheese products using in vitro tests and
the in vivo C. elegans model.

2 Materials and methods
2.1 Sample collection

Four traditionally fermented cheese products
were collected from Xinjiang Uygur Autonomous
Region of China to isolate the lactic acid bacteria in
MC, M17, and MRS (de Man, Rogosa, and Sharpe,
Sinopharm Chemical Reagent Company (SCRC),
Shanghai, China) broth or MRS agar plates. All four
cheese samples (30 d ripened) were made of raw
cow’s milk and made by the nomadic people in Xin-
jiang with natural fermentation processes without any
starter culture. Samples were transported at 4 °C to
the laboratory for analysis.

2.2 Isolation and identification of lactic acid bacteria

We used the MC, M17, and MRS agar plates for
microflora composition analysis. Appropriate ten-fold
dilutions of the samples were prepared with sterile
water. The MC, M17, and MRS agar plates sup-
plemented with 0.01 g/ml CaCO; were mixed with
100 pl of sample. The plates were incubated at 37 °C
in an anaerobic incubator for 2-3 d. Single colonies
were picked up based on the calcium-dissolving ring
(Tamang et al., 2005). Strains were identified mor-
phologically and biochemically, e.g. the morphology,
Gram staining, catalase activity, growth rate at 45 °C,
and carbohydrate fermentation.

The genomic DNA of each isolate was extracted
from pure overnight cultures grown in MRS broth at
37 °C by the phenol-chloroform extraction method
(Schmidt et al., 1991). Each extracted DNA was
dissolved in 50 pl distilled water and stored at —20 °C
for further analysis.
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All cultivable isolates were identified by 16S rDNA
sequencing analysis. The genomic DNA was used as
a template for polymerase chain reaction (PCR) am-
plification of a segment of its 16S rDNA gene for
each isolate. Two primers were designed as described
previously (Mora et al.,, 2003; Yu et al, 2011),
namely 27f (5'-AGAGTTTGATCCTGGCTCAG-3")
and 1492r (5'-CTACGGCTACCTTGTTACGA-3").
The amplification products obtained from the PCR
reaction were analyzed by 1.0% (0.01 g/ml) agarose
(Hydragene, Xiamen, China) gel electrophoresis be-
fore they were sequenced. DNA sequencing was
performed by the Shanghai Sangon Bio-sciences
Corporation (China). The sequencing data were aligned
using DNAMAN software (ver. 7.0 DNAMAN,
Lynnon Biosoft Company, Foster City, CA, USA),
and sequence homology was examined by comparing
the obtained sequences by the BLAST program in the
National Center for Biotechnology Information (NCBI)
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
accession numbers of these six strains were as follows:
Enterococcus hirae H4, KU198310; E. hirae K4-8,
KU198311; E. hirae K4-9, KU198312; E. hirae RS,
KU198313; Lactobacillus rhamnosus R4, KU198314;
and, Lactobacillus helveticus S4, KU198315.

2.3 Acid and bile tolerance tests

The acid resistance was performed by the viable
plate count method (Maragkoudakis et al., 2006).
Bacterial cells grown in MRS broth at 37 °C over-
night were harvested (10000 r/min, 10 min, 4 °C),
washed twice with phosphate buffer saline (PBS) of
pH 7.2 and resuspended in PBS of pH 3.0. The viable
colony counts were enumerated on MRS agar after
incubation at 37 °C for 0 and 3 h simulating the acidic
environment in the human stomach. The experiment
was repeated three times. The survival rate (SR) was
calculated according to the equation below:

SR=(N/No)*100%,

where N; (log CFU/ml) is the total viable count of
selected strains after treatment and N, (log CFU/ml)
represents the total viable count of selected strains
before treatment. CFU is colony-forming unit.

The bile tolerance test was carried out in 96-well
plates (Walker and Gilliland, 1993). Briefly, cells of
the selected strains were grown in MRS broth at 37 °C
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overnight, and then subcultured in MRS broth con-
taining 0.1%, 0.2%, and 0.3% (1%=0.01 g/ml) bile
salts (SCRC, Shanghai, China). The growth rate of
each strain was measured by its absorbance at 600 nm
after 24 h.

The ability of isolates to tolerate the bile salt
condition was also determined by the viable plate
count method. Bacterial cultures were grown at 37 °C
overnight and the bacterial cells were harvested
(10000 r/min, 10 min, 4 °C), washed twice with PBS
of pH 7.2 before being resuspended in PBS solution
containing 0.3% bile salts. The viable counts were
enumerated on MRS agar after incubation at 37 °C for
0 and 4 h. The survival rate is calculated according to
the above-mentioned equation.

2.4 Antimicrobial activity

The Oxford cup assay was used as reported
(Wang et al., 2009). The indicator strains of antimi-
crobial activity included Escherichia coli O157
882364, Salmonella typhimurium S50333, Shigella
flexneri CMCC (B)51592, Staphylococcus aureus
ATCC 1448, and Listeria monocytogenes C53-3,
which were obtained from our laboratory and cultured
in Luria-Bertani (LB) medium, nutrient broth (NB)
medium, tryptic soytone broth (TSB), and broth
brain-heart infusion agar (BHI), respectively. All
LAB strains were subcultured twice prior to being
used in the experiments. Strains were incubated with
the MRS medium for 24 h at 37 °C. The bacterial
cultures were centrifuged at 10000 r/min for 10 min.
Supernatants were filtered through a 0.22-pm filter.
The inoculum of indicator (pathogen) strains was then
spread on the surface of solid nutrient agar (NA)
plates. A total of 200 pl bacterial cultures of each
LAB strain were added to the Oxford cups which
were placed on the agar plates. The plates were in-
cubated for 24 h at 37 °C and the zone of inhibition
was determined. The inhibitory effect of MRS was
tested as a negative control on each plate. The inhi-
bition zones were measured in millimeter (mm).

2.5 Auto-aggregation activity and hydrophobicity

Auto-aggregation activity was measured as de-
scribed by Collado et al. (2008). Overnight cultures
were centrifuged and washed twice with PBS and
resuspended in the same buffer. Equal volumes of
each of the microbial suspensions were combined in
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sterile test tubes and mixed for 10 s on a vortex mixer,
and then incubated anaerobically at 37 °C for 24 h
without agitation. The auto-aggregation activity (AA)
was calculated using the equation:

AA=(1-Aime/ Ainitia1) < 100%,

where Ajniia and Agme are the culture absorbance be-
fore and after incubation, respectively.
Hydrophobicity assay was carried out according
to the study of Collado et al. (2008). Overnight bac-
terial cultures were harvested by centrifugation at
5000 r/min for 15 min at 4 °C and washed twice in
PBS. The absorbance of cell suspensions was meas-
ured at 600 nm. A total of 1 ml cell suspension was
mixed with an equal proportion of hydrocarbons
(xylene), and the aqueous phase was removed after
30 min at room temperature for the determination of
absorbance (at 600 nm). The hydrophobicity (H) was
calculated according to the following formula:

H:(A()_A 1)/A0>< 100%,

where 4y and 4, represent the absorbance before and
after mixing with xylene, respectively.

2.6 Antioxidant activity

2.6.1 Preparation of the intact cells and the cell-free
extracts

The strain was grown in MRS broth at 37 °C for
18-24 h. Cells were suspended in PBS. The bacterial
cell pellets were adjusted to 10° CFU/ml, which was
determined as the preparation of intact cells. Cell-free
extracts were prepared according to the method de-
scribed by Lin and Yen (1999). The cells were ad-
justed to 10 CFU/ml followed by ultrasonic disrup-
tion three times, and had 2-min intervals in an ice bath
using an ultrasonic cell crusher (Ningbo Scientz bio-
technology Company, China). After centrifugation
(10000 r/min, 15 min, 4 °C), the supernatant was
obtained as the cell-free extract of the strains.

2.6.2 DPPH radical scavenging activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radi-
cal scavenging activity was measured by the method
of Kao and Chen (2006) with modifications. Reaction
mixtures containing 1.0 ml of 10° CFU/ml bacterial
cells and 1.0 ml of 50 pmol/L DPPH (Aladdin In-

dustrial Corporation, Aladdin, Reagent Company,
China) in ethanol (SCRC, Shanghai, China) were
incubated at 37 °C in the dark for 30 min. The ab-
sorbance of the resulting solution at 517 nm was
measured in triplicate. The DPPH scavenging activity
(SApppn) was defined as:

SADPPH:[ 1 _(A Sample_Ablank)/ Acomrol] x100%,

where Agamplc 18 the absorbance of bacterial cells, Apiank
is the absorbance of only cells and ethanol, and A ool
is the absorbance of the deionized water and DPPH
solutions.

2.6.3 Hydroxyl radical scavenging activity

The hydroxyl radical scavenging activity was
determined by a sulfosalicylic acid method (He et al.,
2004), also known as the Fenton type reaction method.
The reaction mixture including 1.0 ml of salicylic
acid, FeSQ,4, and H,0; (6, 2, and 6 mmol/L, respec-
tively, all from SCRC, Shanghai, China), and 1.0 ml
of bacterial cell or cell-free extract with the concen-
tration of 10° CFU/ml was incubated at room tem-
perature for 20 min, and the absorbance was deter-
mined at 510 nm. Hydroxyl radical scavenging ac-
tivity (SAnydroxyt) 1 €xpressed as:

SAnydroxy=[1—(A4s—A)/4:]*100%,

where A is the absorbance in the presence of the
sample, A4 is the absorbance without H,O,, and A4, is
the absorbance of the control in the absence of the
strain sample.

2.7 Determination of cholesterol and triglycerides

Bacterial cholesterol lowering capability was
determined by the ferric ammonium sulfate method
with slight modification (Feng et al, 1973). MRS
broth containing 0.1% (1 g/L) cholesterol (Solarbio,
Beijing, China) was prepared as MRS-CHOL broth.
Overnight cultures were inoculated (2%, v/v) into the
MRS-CHOL broth and incubated anaerobically at
37 °C for 48 h. An uninoculated sample was used as a
control. After incubation, 0.2 ml cultures were mixed
with 4.8 ml ethanol. Then the cells were removed
after centrifugation (3000 r/min, 10 min, 4 °C). A
total of 2 ml of ferric ammonium sulfate color reagent
(Aladdin, Shanghai, China) was slowly added to the
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2 ml supernatant. The absorbance was determined at
560 nm. The cholesterol removal rate (CRR) from
growth media was calculated according to the fol-
lowing formula:

CRR= [(A uninoculaled_A inoculated)/ A uninoculated] x100% P

where Aupinoculated ANd Ainoculated are the absorbance of
uninoculated and inoculated samples, respectively.

Triglyceride micelles were prepared by mixing
Tween-80 and triglycerides (both from SCRC,
Shanghai, China) at a ratio of 1:5 (v/v), and sterilized
for 15 min at 121 °C before determination. The mi-
celles were added to the MRS broth containing bile
salt. Isolates were inoculated (2%, v/v) into 5 ml of
the above MRS broth and incubated at 37 °C for 36 h.
A culture without triglyceridewas used as a control.
After centrifugation for 10 min at 3000 r/min, the
supernatant of the cultures was used for testing the
triglyceride reducing activity using the acetylacetone
method (Fossati and Prencipe, 1982; Saravanan and
Ponmurugan, 2012).

Three isolates were selected for further investi-
gation to see their anti-aging effects on C. elegans.

2.8 C. elegans Kkilling assay

The effect of selected LAB strains on longevity
in C. elegans was examined using the killing assay as
described by Ikeda et al. (2007), with slight modifi-
cations. Briefly, the synchronized worms were grown
at 20 °C until they reached L4 stage. The worms were
then transferred onto treatment plates. The treatment
plates were prepared using nematode growth medium
(NGM) covered with lawns of standard food resource
E. coli OP50 (control group) and LAB strains (ex-

perimental group) at the concentration of 10® CFU/ml.

The worms were transferred to fresh treatment plates
every 2—4 d and grown at 20 °C. The number of live
worms was counted every other day. Worms that
failed to respond to a light touch with a platinum wire
would be scored as dead and excluded from the
lifespan assay. In the present study, all treatment
plates were prepared on Day 0 of adulthood of the
worms. This test was carried out at least three times.

2.9 Statistical analysis

Statistical analysis of the obtained data was car-
ried out using SPSS (ver. 16.0 SPSS, Chicago, IL,

USA). The comparisons of differences between the
means of the treatments were tested by one-way
analysis of variance (ANOVA) at a significance level
of P<0.05.

3 Results
3.1 Isolation and identification of strains

More than 40 strains were preliminarily isolated
from four traditionally fermented Xinjiang cheese
products, and six LAB strains from them were se-
lected for further analysis. Based on the biochemical
tests, those six isolates showed Gram-positive, catalase-
negative characteristics, and colony morphologies of
the isolates were rod and coccus (Table S1). The
species of the isolates were determined on NCBI by
comparing with 16S rDNA sequences of the standard
strains. The representative strains and their related
type strains were selected to construct a phylogenic
tree using the DNAMAN software to show their
identities and diversities (data not shown). R4 and S4
were classified as L. rhamnosus and L. helveticus,
respectively, while H4, K4-8, K4-9, and R5 were
classified as E. hirae. The strains named with H and K
refer to the samples collected from Narat Pastureland,
S refers to Ili City, and R refers to Urumgqi City.

3.2 Acid tolerance test

The viable counts and survival rates of the se-
lected six LAB strains are shown in Table 1. All
tested strains showed resistance to low pH. The viable
counts of all strains were found to be >10° CFU/ml
after incubation at pH 3.0 for 3 h and in the presence
of bile salt at 0.3%. Overall, all strains showed
higher resistance to low pH at the range from 74.6%
to 87.1%. The differential survival rates of LAB
strains suggested that the survival activity was
strain-specific.

3.3 Bile tolerance test

The growth capabilities of six previously selected
strains under 0.1%, 0.2%, and 0.3% bile salt condi-
tions were determined by the absorbance at 600 nm
after 24 h incubation. As shown in Fig. 1, four strains
E. hirae K4-8, K4-9, L. helveticus S4, and L. rham-
nosus R4 showed good growth rates at all bile salt
concentrations. The results of determination of viable
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counts and survival rates also showed that all tested
strains were found to be resistant to bile salt of high
concentration (Table 1). The strains L. helveticus S4 and
E. hirae K4-8, K4-9, RS had higher bile salt resistance.

3.4 Antimicrobial activity

All six strains presented antimicrobial activity
against Escherichia coli (with an inhibition zone
6.3-10.5 mm in diameter), Staphylococcus aureus
(4.0-8.2 mm), Salmonella typhimurium (2.5-8.5 mm),

14
B 0.10% bile salt

0 0.20% bile salt
1.0 B 0.30% bile salt

1.2

0.8

ODgoo

0.6
0.4
0.2

0

R5 R4 H4 S4
Strains

K4-8 K4-9

Fig. 1 Tolerance of six strains to different bile salt conditions
Each value is expressed as meantstandard deviation (SD) of
three replicates. There were significant differences (P<0.05)
among different strains under three bile salt concentrations

Listeria monocytogenes (4.0-8.5 mm), and Entero-
coccus faecalis (5.0-7.1 mm). However, L. rhamno-
sus R4 exhibited the most effective inhibition (Table 2),
while E. hirae K4-8 and K4-9 strains did not inhibit
the growth of Listeria monocytogenes and Entero-
coccus faecalis, respectively. The control (MRS me-
dia alone) showed no inhibitory effect against the
pathogens tested (data not shown).

3.5 Auto-aggregation and hydrophobicity analysis

As shown in Table 3, all tested strains showed
increased auto-aggregation activity ranging from
23.33% to 45.83%. L. rhamnosus R4 was the best
auto-aggregating strain among those tested, resulting
in 45.83% auto-aggregation over a period of 24 h
incubation at 37 °C. Additionally, the cell surface
hydrophobicity of all strains was tested, and the re-
sults (Table 3) showed that L. rhamnosus R4 exhib-
ited the highest cell surface hydrophobicity in xylene
(83.22%).

3.6 DPPH radical scavenging activity

The DPPH scavenging activities of the intact
cells and cell-free extracts of selected six strains are
shown in Fig. 2. L. rhamnosus R4, L. helveticus S4,

Table 1 Survival rate of six strains at pH 3.0 and 0.3% bile salt in MRS medium

Acid tolerance at pH 3.0

Bile tolerance with 0.3% bile salt

Strain  Viable count after Viable count after

Survival rate

Viable count after  Viable count after Survival rate

0 h (log CFU/ml) 3 h (log CFU/ml) (%) 0 h (log CFU/ml) 3 h (log CFU/ml) (%)
R4 8.29+0.22° 7.22+0.19 87.1 8.99+0.13° 6.73+0.03° 74.9
H4 7.92+0.27° 6.89+0.11° 87.0 8.84:+0.20° 6.77+0.214 76.5
S4 7.86+0.37¢ 6.72+0.35¢ 85.5 8.20+0.14° 6.99+0.02° 85.2
R5 8.11+0.32° 6.92+0.53° 85.3 8.13+0.07¢ 6.96+0.03" 85.1
K4-9 8.2240.63% 6.59+0.01¢ 80.2 8.14+0.01¢ 6.86+0.04° 84.2
K4-8 7.21£0.30¢ 5.38+0.12f 74.6 7.88+0.06° 6.79+0.08° 86.1

Viable counts are presented as the mean+SD from the mean of triplicate determinations, and the values followed by different lowercases

in the same column are significantly different (P<0.05)

Table 2 Antimicrobial activities of six selected strains on pathogens

Inhibition zone (mm)

Strain Escherichia Staphylococcus Salmonella Listeria Enterococcus

coli aureus typhimurium monocytogenes faecalis

L. rhamnosus R4 10.5+0.5° 8.2+0.5° 8.5+0.0° 8.5+0.3° 7.1+0.0°

L. helveticus S4 10.0+0.2° 8.0+0.3% 8.0+0.1° 7.240.0° 6.8+0.4°

E. hirae H4 8.0+0.3° 6.5+0.4° 6.2+0.3¢ 6.240.1° 6.5+0.1°

E. hirae RS 8.2+0.2° 6.420.1° 7.1£0.0° 7.0£0.2° 5.5+0.3¢

E. hirae K4-8 6.5+0.0¢ 4.340.0° 5.0£0.2¢ NI 5.0£0.2°

E. hirae K4-9 6.3+0.59 4.0+0.2¢ 2.5+0.5" 4.00.5¢ NI

NI: no inhibition. Data are presented as the mean+SD from the mean of triplicate determinations. The values followed by different

lowercases in the same column are significantly different (P<0.05)
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Table 3 Auto-aggregation and hydrophobicity activities
of six selected strains

. Auto-aggregation  Hydrophobicit
Strain %i) g Y (Il)%) Y

L. rhamnosus R4 45.83+5.60° 83.224+0.57*
L. helveticus S4 34.55+0.88° 75.4241.35°
E. hirae H4 30.48+4.39° 67.08+5.42¢
E. hirae RS 33.65+2.82° 70.98+3.53°
E. hirae K4-8 26.83+5.37¢ 54.14+8.16°
E. hirae K4-9 23.33+1.46° 48.57+6.16"

Values are expressed as mean+SD of three replicates. The values
followed by different lowercases in the same column are signifi-
cantly different (P<0.05)

60 o DPPH-IC
s DPPH-CFE

50 8 Hydroxyl-IC
;\B‘ = Hydroxyl-CFE
© 40
[
230
[S)
e
g 20
©
Q
]

10

0 L.

R5 R4 H4 S4 K4-8 K4-9
Strains

Fig. 2 DPPH free radical and hydroxyl radical scavenging
abilities of six strains

IC: intact cell; CFE: cell-free extract. Each value is expressed
as mean+SD of three replicates. There were significant dif-
ferences (P<0.05) among the DPPH and hydroxyl radical
scavenging rates of IC and CFE of different strains

and E. hirae H4, RS had higher scavenging activity
than others by measuring the intact cells. Among
them, L. rhamnosus R4 showed the highest scav-
enging activity (53.78%), whereas the scavenging
activity of the cell-free extract was significantly lower
than that of the intact cells. However, E. hirae K4-8
showed a different behavior in that the scavenging
activity of cell-free extract (32.11%) was higher than
that of intact cells (18.95%).

3.7 Scavenging of hydroxyl radicals

Among the six tested strains, L. rhamnosus R4
showed the highest hydroxyl radical scavenging activ-
ity (45.79%), verifying the result of DPPH scavenging
activity (Fig. 2). All measured strains exhibited higher
scavenging activity of the intact cells than that of the
cell-free extract. As can be seen from the results, both
DPPH radicals and hydroxyl radicals can be scavenged
by these tested strains, which showed the significant
free radical degradation activity of these strains.

3.8 Degradation of cholesterol and triglycerides

The degradation rates of cholesterol and tri-
glycerides of the isolated strains are shown in Fig. 3.
The results revealed that all examined strains were
able to degrade cholesterol and triglycerides, though
the cholesterol and triglyceride degradation rates of
supernatants of strains were significantly higher than
that of intact cells of strains. Among the tested strains,
the degradation rates of the supernatants of L. rham-
nosus R4 (50.97%, 28.92%) and L. helveticus S4
(52.85%, 24.56%) showed the highest cholesterol and
triglyceride reducing activities compared to those of
intact cells during growth. The supernatant of E. hirae
H4, RS also exhibited better degradation activity than
the intact cells.

60
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T o Cholesterol of supernatant
50 = Triglycerides of IC
o Triglycerides of supernatant

40

20

Fat degradation rate (%)
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Fig. 3 Cholesterol and triglyceride degradation activities
of six selected strains

IC: intact cell. Each value is expressed as mean+SD of three
replicates. There were significant differences (P<0.05) among
cholesterol and triglyceride degradation rates of IC and su-
pernatants of different strains

3.9 C. elegans Kkilling assay

Wild-type adult C. elegans have an average
lifespan of approximately 20 d at 20 °C. In our la-
boratory conditions, wild-type control worms lived
for an average of (18.47+0.30) d (maximum of 25 d).

Here, the effect of LAB strains on lifespan of C.
elegans was determined to further evaluate the health
promoting effects of the isolates. Three out of the six
strains were able to enhance the health-span of C.
elegans. The results (Fig. 4) showed that feeding
worms with L. rhamnosus R4 increased the average
lifespan compared to the E. coli OP50 feeding group.
The lifespan of worms supplied with L. rhamnosus
R4 was (31.05+0.54) d, which was 36.1% greater than
that of the control worms ((22.81+0.62) d; P<0.05).
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Fig. 4 Survival curves of C. elegans fed with L. rham-
nosus R4, L. helveticus S4, E. hirae H4, and E. coli OP50,
respectively

Day 0 represents the first day that the L4 stage worms were
transferred to NGM plates

4 Discussion

In this study, six LAB strains isolated from
cheese samples were investigated for their probiotic
properties. Tolerance to acidic condition is the most
commonly used method to detect the viability and
activity of probiotic bacteria in the small intestine and
stomach. According to a previous study (Usman and
Hosono, 1999), the survival rate at pH 3.0 is consid-
ered as optimal acid tolerance for selected probiotic
strains. All strains from this study were able to toler-
ate pH 3.0 with a survival percentage of more than
70%, and therefore they can be considered as acid-
tolerant LAB strains. This tolerance capacity of lactic
acid bacteria warranted the production of various
antimicrobial substances which might create unfa-
vorable conditions for the growth of pathogens as
well as toxigenic and spoilage organisms in humans
and/or animals (van der Meulen et al., 2007).

Tolerance to bile salts is usually considered a
basic property for LAB strains to survive in the small
intestine. In the human gastrointestinal tract, the mean
bile concentration is about 0.3% and is considered
crucial and high enough to screen resistant strains
(Gilliland et al., 1985). In this study, there was ex-
treme variability of resistance to bile salts in E. hirae
K4-8, R5 and L. rhamnosus R4 isolates. Lactobacillus
strains, which grow and metabolize in normal physi-
cal bile concentration, could survive in gastrointesti-
nal transit (Sanders et al., 1996). All six tested strains
indicated a proportion of growth above 65% in the

presence of bile salt, which demonstrated good bile
salt tolerance. These results were consistent with a
previous study (Turchi et al., 2013).

To further investigate the safety and functional
characteristics of these strains as probiotics, several
tests were also conducted to assess their antimicrobial
activity, auto-aggregation capability, and cell surface
hydrophobicity.

As a potential probiotic, antimicrobial activity is
one important property to avoid gastrointestinal in-
fection (Kanmani et al., 2013). In the present study,
the antimicrobial activities of six selected strains were
assayed. Isolate L. rhammosus R4 inhibited the
growth of all tested pathogens, and these pathogens
are commonly found in fermented foods, making
these products potentially hazardous (Ferreira ef al.,
2007). The ability to inhibit the pathogens of tested
strains could be explained by the production of anti-
microbial compounds. According to the study of
Amenu (2013), the antimicrobial effect of LAB is due
to the production of metabolites, such as lactic acid,
acetic acid, diacetyl, fatty acids, aldehydes, bacteri-
ocins, and other compounds, among which, lactic acid,
acetic acid, and bacteriocins are the most powerful
antimicrobial agents and are the production of the
probiotics. The inhibition of pathogens’ growth sug-
gests that the presence of LAB microorganisms in the
Xinjiang cheese might influence the reduced survival
of bacterial pathogens in spite of the simple and crude
home-based fermenting preparation process, and
these tested isolates may also have potential applica-
tion in food preservation.

The aggregation capability of LAB may be of
interest for both food preservation and therapeutic
impact on gut microbiota. In the auto-aggregation test,
all tested strains indicated various auto-aggregation
abilities. L. rhamnosus R4 strain showed the highest
percentage of auto-aggregation, namely 45.83%. This
result suggested that the R4 strain possessed a pro-
portionally high potential capability to adhere to ep-
ithelial cells and mucosal surfaces. Previous studies
(Pelletier et al., 1997; Dunne et al., 2001) stated that
the aggregation abilities of LAB might enable them to
form a barrier that prevents pathogenic colonization.

Cell surface hydrophobicity analysis is also a
key step for selection of functional probiotic LAB
strains. For all tested strains, a significant difference
in cell surface hydrophobicity was observed, ranging
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from 48.57% to 83.22%. Cell surface hydrophobic
activity is one of the physical-chemical characteristics
that promote the first contact among the host tissues
and microorganisms. Hydrophobicity was found to be
correlated to auto-aggregation properties as most of
the strains with higher adhesion to hydrocarbons
showed high auto-aggregation activity. The present
study was consistent with the results of Collado ef al.
(2008), which showed that bacterial strains with
higher adhesion to hydrocarbon (xylene) showed high
auto-aggregation activity. The hydrophobic proper-
ties of the cell surface of microorganisms have been
related to the attachment of bacteria to host cell. This
may confer a competitive advantage and be important
for bacterial maintenance in the human gastrointes-
tinal tract (Schillinger et al., 2005).

After screening a number of potential bacteria
based on their above-mentioned important selection
criteria, we tested the antioxidant activity of the six
isolates using free radical scavenging assays. The
DPPH radicals were generally used to determine the
scavenging activities of natural compounds. All tested
six strains exhibited potent scavenging activities of
cellular toxic substances DPPH and hydroxyl radicals
to various degrees, indicating detoxificative effects
by reactive oxygen species (ROS) removal. The intact
cell of L. rhamnosus R4 was found to be the most
effective in removal of the DPPH radicals. The
scavenging activities of the intact cells of L. helvet-
icus S4, E. hirae H4, R5 exhibited better behavior for
scavenging the DPPH radicals than those of cell-free
extracts, indicating that cell integrity was a factor that
affected scavenging activity.

The intact cells exhibited higher hydroxyl radi-
cal scavenging activity than the cell-free extracts. It is
probably due to their extracellular antioxidant com-
ponents, such as polysaccharide, peptidoglycan, and
teichoic acid. These basic cell-wall components play
an essential role when the host suffers oxidative
damage by the free radicals. Their main function is to
re significant differences (P<0.05) among cholesterol
ol and triglyceride degradation rates of IC and

Interestingly, E. hirae K4-8 showed a different
behavior in DPPH radical scavenging activity of the
cell-free extract (32.11%) compared to that of intact
cells (18.95%). We inferred that some intracellular
enzymes such as NADH-oxidase, NADH-peroxidase,
and superoxide dismutase (SOD) were likely to be

obtained after breaking up the bacterial cells into
cell-free extracts that indicated the antioxidant activ-
ity of lactic acid bacteria (Kullisaar et al., 2002).

The antioxidant activities of lactic acid bacteria
would be helpful in the dairy food industry. They
could beneficially influence the customer by provid-
ing LAB with the potential of producing antioxidants
during the period of growth in the intestinal tract or
providing another dietary source of antioxidants.

In this study, in vitro assay results showed that
cultures of L. rhamnosus R4, L. helveticus S4, and E.
hirae H4, R5 lowered both cholesterol and triglycer-
ide levels. It is interesting to note that the supernatant
of the bacterial cells reduced more cholesterol com-
pared to the intact cells of the bacteria during its
growth, especially the strains of L. rhamnosus R4 and
L. helveticus S4. This result implies that the choles-
terol reduction activities of L. rhamnosus R4 and L.
helveticus S4 may be due to the activity of certain
components in the supernatant of the bacterial culture,
in addition to those existing in the live cells.

There have been a few reports regarding cho-
lesterol reduction (Ooi and Liong, 2010) by the ex-
tracellular components generated by LAB, which
indicated that certain components or specific extracts
in the supernatants of LAB were responsible for the
reduction of cholesterol (Nguyen et al., 2007; Kim
et al.,2008).

Our data in Fig. 3 may explain that supernatant-
related cholesterol degradation was not induced by
acidic co-precipitation and support a previous study
reported by Liong and Shah (2005) who proposed that
the co-precipitation of cholesterol was less than 5% of
the total cholesterol utilized. Therefore, in this study,
one possible mode for the cholesterol degradation
activity of the supernatant produced from the tested
strains could be mostly mediated by direct activity,
including action for cholesterol degradation or inac-
tivation, rather than by an indirect mechanism such as
the deconjugation of bile salts and co-precipitation of
cholesterol with the bile salts (Kim et al., 2008).

Triglycerides were also decreased by LAB
strains in this study. The results revealed that tri-
glycerides inhibited the growth of the strains. This
may be due to the fact that triglycerides can be com-
bined with peripheral bacteria for enhancing the pe-
ripheral hydrophobicity of bacteria to restrict the
entry of some essential nutritive elements into the cell.
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From this study, we found that not only the intact cell
but also the supernatant of the strains had a triglyc-
erides’ degrading activity in a strain-specific manner,
which is consistent with the research of Kim et al.
(2008).

Our results also demonstrated the anti-aging role
of LAB in the C. elegans model system. Feeding of
L. rhamnosus R4 has effectively increased the mean
lifespan of C. elegans, and the life extension rate
reached a maximum of 36.1%. This is in accordance
with the results described by Ikeda et al. (2007), in
which feeding nematodes with bifidobacteria or lac-
tobacilli caused increased average lifespans compared
to those fed with OP50 and the life extension rates
ranged from 17% to 33%. These results suggested
that different strains show diverse impacts on lifespan
extension. Further molecular research is required to
elucidate the precise mechanism of the longevity in C.
elegans. Nevertheless, our results suggested that these
newly isolated LAB strains may have health promoting
impacts to the host. They also offer additional support
for the use of the nematode as an appropriate in vivo
model system for screening functional probiotics.

The six strains in this study were also selected
through the evaluation of acidification capacity,
diacetyle-producing activity and autolysis according
to the method described by Scatassa et al. (2015). The
strains of L. rhamnosus R4 and L. helveticus S4 were
those which displayed the highest acidifying activity,
showing an acidity of around 0.40 g/100 ml lactic acid

after 6 h and 0.58-0.72 g/100 ml after 12 h (Table S2).

After 24 h, the acidity reached values around 0.73—
0.86 g/100 ml. L. rhamnosus R4 showed an acidifying
capacity similar to that of L. helveticus S4 strain
throughout the incubation time. These LAB strains
isolated from Xinjiang cheese showed an acidifying
activity after 24 h of incubation similar to that de-
tected for LAB strains isolated from Tunisian dairy
products (Fguiri et al., 2015).

L. rhamnosus is a heterolactic acid bacterium,
which can be used to produce flavor compounds like
diacetyl and acetoin (Jyoti ef al., 2003). The results on
the diacetyl-producing activities of these six strains
showed that during the cold storage step, the desired
fermentation temperature and storage time for
reaching a maximum of the diacetyl concentration
varied in the final product of cheese. The maximum
diacetyl concentration is between 0.68 and 1.76 pg/ml

(Table S3), and the diacetyl-producing activities of
Lactobacillus strains were stronger than those of En-
terococcus strains. The active strong-to-weak sequence
of producing diacetyl of these six strains is L. rham-
nosus R4>L. helveticus S4>E. hirae H4>E. hirae R5>
E. hirae K4-8>F. hirae K4-9, which indicated that these
strains possess better aroma-producing capability.

The autolysis of the Lactobacillus strain has
been studied in Cheddar cheese (Hannon et al., 2003),
showing increased proteolysis and improved flavor.
In this study, with the extension of incubation time,
the autolysis of these six strains has increased. After
the incubation of 4 h, the autolysis of L. rhamnosus
R4 and L. helveticus S4 reached 12.70% and 11.80%,
respectively (Table S4), which were higher than that
of the other four strains. The L. rhamnosus R4 strain
showed high autolysis during all three time periods.
There was a great difference of autolysis among these
six strains even after 48 h of inoculation. The L.
rhamnosus R4 strain had a higher rate of autolysis.
This is in agreement with the result reported by
Kennya et al. (2006) who demonstrated that the
presence of Lactobacillus strains resulted in a better
flavor in cheese.

Salmonella sp., Listeria sp., and Shigella sp.
were not detected in the cheese samples, which indi-
cated that the local cheese samples from Xinjiang are
generally safe to eat. Moreover, the nutritional value
of cheese varies according to the fat content of the
liquid used (milk, cream). Xinjiang cheeses always
use cows’ milk as the liquid. We have determined the
nutrient constituents of Xinjiang cheese (data not
shown) and compared that with raw milk according to
the “National Food Safety Standard of Raw Milk (GB
19301-2010)” (Ministry of Health of the People’s
Republic of China, 2010; Jia et al., 2014).

In this study, Xinjiang cheeses contain 23.00%
of fat and 25.02% of protein, which were 7.4 times the
fat and 8.9 times the protein of raw milk, respectively.
In addition, Xinjiang cheeses contain 471.2 mg of
calcium per 100 g, and also contain 438.5 mg of
phosphorus per 100 g, which were more than 4 times
of both the calcium and phosphorus in raw milk. The
total sugar content (2.17%) of Xinjiang cheeses is less
than 50% compared to that of raw milk. Therefore,
Xinjiang cheeses are nutritious foods with very low
sugar content, high acidity, and various probiotic
microorganisms.
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5 Conclusions

In summary, of the six different tested strains,
L. rhamnosus R4 and L. helveticus S4 were the more
desirable health-promoting bacteria with better acid
and bile resistance, antimicrobial activity and aggre-
gation, hydrophobic capability, prominent antioxi-
dant activity, and cholesterol and triglyceride reduc-
tion activity. Moreover, these strains were also able to
extend the lifespan of C. elegans, and the possible
mechanism might be that LAB strains could directly
scavenge free radicals and protect the C. elegans from
exogenous stress. This study provides some important
knowledge for functional properties of probiotics in
Xinjiang cheeses. Therefore, this conventionally fer-
mented dairy product could be considered a valuable
resource for probiotic strain screening and starter
culture application.
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