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Abstract
Traditional fermented products and human intestines are rich sources of Lactobacillus 
strains which may have remarkable probiotic properties. In the present study, the pro-
biotic properties of 40 Lactobacillus strains isolated from intestinal tracts of longevity 
population and traditional fermented food in China were determined, including the 
survival rates in simulated gastric acid and bile salt, aggregation, hydrophobicity, ad-
hesion rate, antioxidant ability (ferric reducing antioxidant power), and antimicrobial 
ability. The differences between human strains and nonhuman strains were compared 
via t-test and principal component analysis (PCA). The significant differences were 
found in the survival rate at 0.3% bile salt, adhesion ability of the strains, and antioxi-
dant ability of the fermentation broth (p < .05). The results of PCA showed that the 
first principal component (PC1) score of human strains was significantly higher than 
that of nonhuman strains (p < .01). And some probiotic Lactobacillus were selected for 
further application based on the unsupervised clustering algorithm, heat-map analy-
sis, and K-means algorithm. Four strains, CS128, CS39, CS01, and CS1301, along with 
Lactobacillus rhamnosus GG (LGG) were divided into cluster I. The four strains, all iso-
lated from human tracts, have been selected. Thus, human Lactobacillus has better 
probiotic potential and application prospects than strains from the nonhuman source. 
PCA, the unsupervised clustering algorithm, and heat-map analysis can be used to 
analyze and select Lactobacillus visually and effectively.
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1  |  INTRODUC TION

Probiotics are live microorganisms that provide health benefits to 
the host via changing the gut microbiota when administered in an 
adequate amount (Liu et al., 2007; Park et al., 2002). Lactobacillus 
comprise an important group of fermentative bacteria widely used 
for the production of fermented foods in both household and in-
dustry as starter cultures and are also a part of normal intestinal 
microflora. The study on the probiotic spectrum of Lactobacillus, 
including nutritional, physiological, and antibacterial effects, 
pushes the development of Lactobacillus for humans and animals 
(Boricha et al., 2019). For the application of probiotic Lactobacillus, 
it is recommended to value some properties such as acid and bile 
tolerance, antimicrobial and antioxidant activity, cell surface hydro-
phobicity, adhesion ability to epithelial cells, and so on (Mallappa 
et al., 2019).

In order to develop probiotic Lactobacillus, researchers obtained 
Lactobacillus from human sources, such as feces (Wang et al., 2020), 
breast milk (Kang et al.,  2020), mouth (Bazireh et al.,  2020), and 
natural fermented food sources, such as fermented milk (Vasiee 
et al., 2020), pickles (Qian et al., 2018), and cheese (Domingos-Lopes 
et al.,  2020). The previous studies have proved that Lactobacillus 
screened from human and natural fermented food both had cer-
tain probiotic characteristics (Shokryazdan et al., 2017). In addition, 
many studies have shown that the strains will undergo a variety of 
changes such as growth kinetic, enzyme production, the expression 
of specific proteins, and so on due to changes in their growth envi-
ronment. (Maresca et al., 2018; Mbye et al., 2020; Wu et al., 2011). 
Therefore, Lactobacillus strains from different sources may have dif-
ferent abilities due to different growth environments.

Unsupervised clustering algorithms and heat-map analysis have 
been proposed as alternative approaches for reproducible cluster-
ing of different datasets (Panahi, Mohammadi, et al., 2019) and this 
approach recognizes commonalities within the information. And it 
identifies anomalous data focuses that do not fit into either bunch 
(Panahi et al., 2020). This feature allows us to divide a large number 
of experimental strains into different clusters rather than comparing 
each property individually. In many cases, the probiotic properties of 
a candidate strain are not always outstanding. When screening pro-
biotic strains via conventional methods, strains with good probiotic 
properties but slightly poorer viability may be missed. This feature 
allows us to take all properties into account and make compari-
sons. Principal component analysis (PCA) is a well-known method 
for dimensionality reduction and data representation (Wang, Gao, 
et al.,  2018) and has been considered crucial for the selection of 
parameters that elucidates the differentiation of strains by a small 
number of linear combinations of the variabilities among assays 
(Sharma et al., 2019). The lack of a high probability of target sources 
usually makes the screening process more time-consuming and 
labor-consuming (Agarbati et al.,  2021; Boricha et al.,  2019; Nami 
et al., 2020; Shen et al., 2011). In this regard, the focus of the present 
study was to determine and compare the properties of Lactobacillus 
from human and natural fermented food, select some probiotic 

Lactobacillus visually, and find out which is the source of high proba-
bility of obtaining high-quality probiotic Lactobacillus.

2  |  MATERIAL S AND METHODS

2.1  |  Isolation and identification

Fermented dairy samples and vegetables were purchased freshly 
from local market in Yunnan Province and in Jiangsu Province sepa-
rately. Human source strains were isolated from intestinal tracts of 
longevity population in Guangxi province. As much as 0.1 g sample 
was taken and cultured in 10 ml in Man Rogosa Sharpe (MRS) me-
dium at 37°C for 24 h. The loopful of enriched culture was streaked 
on MRS agar and incubated at 37°C. The colonies with morphologi-
cal characteristics of lactic acid bacteria (LAB) were subcultured until 
purified on MRS agar (Boricha et al., 2019). Finally, the strains were 
characterized by morphological examination using light microscopy 
and using Gram stain tests.

The strains were further identified on the basis of 16S rDNA 
sequence analysis using primers of 27F (5′-AGAG​TTTG​ATCCTG​
GCTCAG-3′) and 1492R (5′-TACG​GCTACCT​TGTTACGACTT-3′) 
(Kang et al.,  2020). For identification of Lactobacillus plantarum 
(Kostelac et al., 2021), Lactobacillus paraplantarum, and Lactobacillus 
pentosus, the recA loci (Torriani et al., 2001) were amplified and se-
quenced with primers LbrecA-f (5′-TTGG​CTGATGCACGGAAA-3′) 
and LbrecA-r (5′-GCGAGGATT​ATACCGAAAACATTCAT-3′) de-
signed in this study. The PCR products were sequenced by Sangon 
Biotech Co., Ltd. (Shanghai, China) and compared with the National 
Center for Biotechnology Information (NCBI) BLAST sequence data-
base (https://blast.ncbi.nlm.nih.gov/Blast.cgi) to identify the strains 
(Ding et al., 2017).

2.2  |  Microorganisms and culture conditions

A total of 40 Lactobacillus strains isolated from traditional fermented 
dairy samples, fermented vegetables, and human intestine tracts 
were cultured in MRS medium at 37°C for 24 h. Lactobacillus rham-
nosus GG (LGG) obtained from the Shanghai Bioresources Collection 
Center was cultured under the same condition and used as the refer-
ence strain.

The indicator strains Bacillus subtilis CICC10012, Escherichia coli 
CICC10899, and Salmonella WX29 obtained from China Center of 
Industrial Culture Collection (CICC) were cultured in Luria-Bertani 
(LB) medium at 37°C for 12 h.

2.3  |  Cell lines and culture condition

The intestinal Caco-2 cell line obtained from the Institute of Cell 
Research, Chinese Academy of Sciences was cultured in high-
glucose minimum essential medium (MEM; Gibco) supplemented 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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with 20% (v/v) inactivated (56°C, 30 min) fetal bovine serum (FBS) 
(Gibco) and 100 U of penicillin-streptomycin (Gibco). The cells were 
incubated at 37°C with 5% CO2 (Damodharan et al., 2015).

2.4  |  Tolerance to simulated gastric acid and 
bile salt

The tolerance to simulated gastric acid and bile salt was deter-
mined by the previous method (Leandro et al., 2021) with modifica-
tions. As much as 0.3 g pepsin (Sigma) and 0.5 g NaCl (Sinopharm) 
were dissolved in 100 ml deionized water. As much as 1 mol/L HCl 
(Sinopharm) was added to set its pH at 3.0 and 2.0. The overnight-
cultured (37°C, 24 h) strains were harvested by centrifugation (4°C, 
6000 g, 5 min). The strains were washed three times with phosphate-
buffered saline (PBS; pH 7.2) and then were added into simulated 
gastric acid.

The washed strains were added into the MRS medium contain-
ing 0.3% and 0.1% (w/v) bile salt (Solarbio). The number of viable 
bacteria at 0 and 3 h was checked. The tolerance of the strains to 
simulated gastric acid and bile salt was determined as follows:

2.5  |  Hydrophobicity and auto-aggregation

The aggregation ability and cell surface hydrophobicity were de-
termined by the previous method (Krausova et al., 2019) with some 
modifications. The strains were grown in MRS at 37°C for 24 h, har-
vested by centrifugation (4°C, 6000 g, 5 min), and washed twice with 
PBS (pH 7.2). For aggregation, the strains were resuspended in PBS 
(pH 7.2). The absorbance at 600 nm (OD1) was measured. After incu-
bation at the room temperature for 6 h, the absorbance of the super-
natant was measured again (OD2). The aggregation was calculated 
with the following equation:

For hydrophobicity, the strains were harvested by centrifuga-
tion (4°C, 6000 g, 5 min), washed three times, and resuspended in 
PBS (pH 7.2) to obtain OD600 (A1) = 0.7 ± 0.02. Then, 4 ml solution 
and 0.4 ml n-hexadecane (Merck) were mixed and incubated for 3 h 
at 37°C. The absorbance of the aqueous phase was read at 600 nm 
(A2). The value was calculated with the following equation:

2.6  |  Adhesion ability

The adhesion ability was determined by the fluorescent probe 
(Lee et al.,  2004). Lactobacillus strains (1010 CFU/ml) and 50 μM 

carboxyfluorescein diacetate-succinimidyl ester (cFDA-SE; 
Beyotime) were mixed and incubated in water bath at 37°C in the 
dark for 20 min. The strains were centrifuged (4°C, 6000 g, 5 min) 
and washed with PBS (pH 7.2) three times. The percentage of 
fluorescence-labeled live cells was 99.74% with the determination 
of the labeled strains.

The cultured Caco-2 cells were digested and diluted with high-
glucose minimum essential medium (MEM) solution to a concentra-
tion of 5 × 105 cells/ml. The 1 ml cell suspension was added into a 
12-well cell culture plate and cultured in a monolayer at 37°C with 
5% CO2. One milliliter of the labeled strains (108 CFU/ml) in PBS 
(pH 7.2) was added into the cells. After incubation at 37°C with 5% 
CO2 for 3 h, the cells were washed with PBS (pH 7.2) to remove the 
unadhered strains. The adhered strains were collected with 1 ml PBS 
(pH 7.2). Then the fluorescent intensity of the fluid was measured 
after adhesion using a fluorescence spectrophotometer (Shimadzu 
Corporation) with an excitation (EX) wavelength of 450 nm, an emis-
sion (EM) wavelength range starting at 470 nm and ending at 650 nm, 
and a slit width EX at 3 nm and EM at 5 nm. The adhesion ability was 
calculated with the following equation:

2.7  |  Antimicrobial ability of fermented broth

The antimicrobial ability of Lactobacillus strains was determined using 
the agar well diffusion method (Hai et al., 2021). Briefly, 100 μl of 
cultured Bacillus subtilis, Salmonella, and Escherichia coli was poured 
and separated evenly on the LB agar plates. The holes of 9-mm di-
ameter were bored on a plate with a sterile hole punch. Then, 200 μl 
of fermentation broth (37°C, 24 h) was shaken and added to the hole. 
The plates were incubated at 37°C for 12 h and then the diameter of 
bacteriostatic zone was measured.

2.8  |  Antioxidant ability

The antioxidant ability of Lactobacillus strains and their fermenta-
tion broth was determined by using the antioxidant ability assay 
kit (Jiancheng, China). The fermentation broth (37°C, 24 h) was 
reprepared. The cultured strains were harvested by centrifugation 
(4°C, 6000 g, 5 min) and resuspended in PBS (pH 7.2). Different 
concentrations (0.15, 0.3, 0.6, 0.9, 1.2, and 1.5 mM) of FeSO4-
7H2O solutions were prepared with distilled water. Five microlit-
ers of different concentrations of the standard solution, the strains 
(108CFU/ml), and the fermentation broth were added into 96-well 
plates. Then, 180 μl of FRAP fluid was added. After incubation at 
37°C for 3–5 min, the absorbance at 593 nm was measured. The 
standard curve of the concentration and absorbance values were 
plotted. The absorbance of the samples was determined and sub-
stituted into the curve. The antioxidant ability was shown as the 
concentration of FeSO4-7H2O.

The survival rate (%) =
the number of viable bacteria at 3h

the number of viable bacteria at 0h
.

Aggregation(%) =

(

OD1 −OD2

)

(

OD1

) .

Hydrophobicity(%) =

(

A1 − A2

)

A1

.

Adhesion(%) =
fluorescence intensity of adhered cells

total fluorescence intensity of cells
.
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2.9  |  Statistical analysis

Data were presented as Box & Whisker's plot with 5%–95% per-
centile by using Origin 2018. Statistical differences in the results 
were analyzed by one-way analysis of variance (ANOVA) and sig-
nificant differences between different sources by t-tests using IBM 
SPSS Statistics 22 at p < .05 for the determination of significance. 
Principal component analysis (PCA) and cluster analysis were per-
formed to discriminate samples on the basis of probiotic properties 
by Origin 2018. The heat map was generated using Euclidean dis-
tance and complete linkage algorithm implemented in the Heat-Map 
Dendrogram of Origin 2018 software. For the unsupervised cluster-
ing of samples, the K-means algorithm was used in this study. This 
algorithm uses kernels to estimate the distance between objects and 
clusters (Panahi, Frahadian, et al., 2019).

3  |  RESULTS AND DISCUSSION

3.1  |  Isolation and identification of Lactobacillius

Forty strains isolated from human sources and nonhuman sources 
including pickles, spicy sauce, pickled cucumber, fan-like cheese, and 
cheese were identified as Lactobacillus by the 16s rDNA sequence 
analysis (Table 1). These isolates were identified as L. plantarum (12 
human isolates and 10 nonhuman isolates), L. fermentans (six human 

isolates and three nonhuman isolates), and L. rhamnosus (four human 
isolates and five nonhuman isolates).

3.2  |  Tolerance to simulated gastric acid and 
bile salt

The tolerance to simulated gastric acid and bile salt of the strains 
from different sources was determined and the result of compari-
son is shown in Figure 1. At pH 2.0, the highest survival rate, average 
survival rate, and the survival rate of the top 25% of human strains 
were higher than those of nonhuman strains, but there was no signifi-
cant difference (p > .05) (Figure 1a). However, the survival rate of 19 
human strains (86.36%) was more than 50%, while that of nonhuman 
Lactobacillius was only 12 (66.67%) at pH 3.0. The maximum survival 
rate, minimum survival rate, the top 25%, the later 25%, and average 
survival rate of human source were higher than those of a nonhuman 
source but there was no significant difference (p > .05) (Figure 1b).

For 0.1% bile salt, the survival rate of human strains over 50% 
was eight (36.36%) and that of nonhuman strains was six (33.33%). 
There was no significant difference (p > .05; Figure 1c). For 0.3% bile 
salt, the survival rate of nonhuman Lactobacillus was centralized, 
and all of them were lower than 10%. There was a significant differ-
ence in survival rate between human and nonhuman strains (p < .05; 
Figure  1d). Human Lactobacillius has better tolerance to 0.3% bile 
salt than nonhuman Lactobacillius.

TA B L E  1  List of experimental strains

Strains Origin Species Strains Origin Species

CS39 Human L. plantarum pA Pickles L. plantarum

CSS7 Human L. plantarum pm Pickles L. plantarum

CS11 Human L. plantarum pg Pickles L. plantarum

CS4 Human L. plantarum pk Pickles L. plantarum

CS5 Human L. plantarum x3 Spicy sauce L. plantarum

CS1 Human L. plantarum p10 Pickles L. plantarum

CS90 Human L. plantarum x7 Spicy sauce L. plantarum

CS97 Human L. plantarum pd Pickles L. plantarum

CS113 Human L. plantarum h5 Pickled cucumber L. plantarum

CS69 Human L. plantarum hc Pickled cucumber L. plantarum

CS128 Human L. plantarum B02 Fan-like cheese L. fermentans

CS154 Human L. plantarum xN Spicy sauce L. fermentans

CS56 Human L. fermentans p8 Pickles L. fermentans

CS57 Human L. fermentans B19 Fan-like cheese L. rhamnosus

CS54 Human L. fermentans g7 Cheese L. rhamnosus

CS07 Human L. fermentans g10 Cheese L. rhamnosus

CS08 Human L. fermentans g13 Cheese L. rhamnosus

CS10 Human L. fermentans B22 Fan-like cheese L. rhamnosus

CS01 Human L. rhamnosus CS1301 Human L. rhamnosus

CS108 Human L. rhamnosus CSLYO Human L. rhamnosus
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3.3  |  Adhesion ability in vitro

Auto-aggregation represents the ability to form biofilms. The abil-
ity of aggregation has been proved to be related to the ability of 
bacteria to adhere to intestinal mucosa and epithelial cells (Ferreira 

et al., 2011). The auto-aggregation ability of Lactobacillus is shown 
in Figure 2a. The auto-aggregation ability of human strains ranged 
from 4.07% to 71.11%, while that of nonhuman strains ranged from 
0.73% to 57.48%. The auto-aggregation ability of human strains was 
significantly higher than that of nonhuman strains (p < .05).

F I G U R E  1  Comparison of the survival 
rate in simulated gastric acid and bile 
salt of strains from different sources. a: 
pH 2.0, b: pH 3.0, c: 0.1% bile salt, and d: 
0.3% bile salt. All the data were tested 
three times and averaged. * represents 
significance (p < .05).

F I G U R E  2  Comparison of the adhesion ability of strains from different sources. a: Aggregation. b: Hydrophobicity. c: Adhesion ability. All 
the data were tested three times and averaged. * represents significance (p < .05).

F I G U R E  3  Comparison of the antimicrobial ability of strains from different sources. a: Escherichia coli. b: Salmonella. c: Bacillus subtilis. All 
the data were tested three times and averaged.
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The initial contact between an organism and the host cells was 
contributed by hydrophobicity, a measure of the relative tendency 
of a substance to prefer a nonaqueous environment (Shobharani & 
Agrawal, 2011). The hydrophobicity of human strains ranged from 
2.02% to 71.81%, while that of nonhuman strains ranged from 
1.48% to 49.38% (Figure 2b). The hydrophobicity of human strains 
was significantly higher than that of nonhuman strains (p < .05).

The adhesion ability of human strains to Caco-2 cells was 
4.69%–50.11%, while that of nonhuman strains was 1.08%–32.89% 
(Figure 2c). The adhesion ability of human strains was significantly 
higher than that of nonhuman strains (p < .05) via t test.

3.4  |  Antimicrobial ability

The antimicrobial ability of the fermentation broth of strains from 
different sources is shown in Figure 3. The inhibition zone diameter 
of human Lactobacillus fermentation broth against Escherichia coli 
ranged from 2.36 to 3.76 cm, while that of nonhuman Lactobacillus 
fermentation ranged from 2.00 to 3.78 cm. The inhibition zone di-
ameter of human strains fermentation broth against Salmonella 
was 1.74–4.70 cm, and the inhibition zone diameter of nonhuman 
Lactobacillus fermentation was 1.92–4.34 cm. The inhibition zone 
size of human strains fermentation broth against Bacillus subtilis was 
1.83–3.68 cm, and that of nonhuman strains fermentation broth was 
1.79–3.49 cm. The inhibition zone size of different strains fermenta-
tion broth was different, there was no significant difference in the 
antimicrobial ability of the strains from different sources (p > .05).

3.5  |  Antioxidant ability

The standard curve of the concentration and absorbance values and 
the comparison of antioxidant capacity is shown in Figure  4. The 
standard curve is y  =  0.3864x + 0.0545 (R2  =  0.9993) (Figure  4a). 
The antioxidant capacity of human strains fermentation broth 
was 1.32 mmol FeSO4–2.28 mmol FeSO4, of which 17 strains 
were more than 1.5 mmol FeSO4, accounting for 77.27%. The an-
tioxidant capacity of nonhuman fermentation broth was 0.94 mmol 
FeSO4–2.13 mmol FeSO4, of which five strains were more than 

1.5 mmol FeSO4, accounting for 27.78%. The antioxidant capacity of 
human strains fermentation broth was significantly higher than that 
of nonhuman fermentation broth (p < .05; Figure 4b), indicating that 
antioxidant capacity of fermentation broth was higher than that of 
the strain itself.

The comparison of antioxidant capacity of different strains is 
shown in Figure 4c. The antioxidant capacity of human strains was 
0.42 mmol FeSO4–0.57 mmol FeSO4, while that of nonhuman strains 
was 0.40 mmol FeSO4–0.57 mmol FeSO4. There was no significant 
difference in the antioxidant capacity of the strains (p > .05).

3.6  |  Principal component analysis of Lactobacillus 
characteristics

Principal component analysis (PCA) was used to analyze the toler-
ance of human and nonhuman strains to 0.3% bile salt, pH 3.0 simu-
lated gastric acid, adhesion ability, antioxidant ability of fermentation 
broth, and antibacterial ability to Escherichia coli (Figure 5). The first 
principal component (PC1) explained 35.6% of the total change. 
The second principal component (PC2) explained 18.9% of the total 
change. Except that the antibacterial activity was in the negative re-
gion of PC1, the other characteristics were in the positive region. 
Seventeen human strains (72.27%) and fourteen nonhuman strains 
(77.78%) were separated in the positive and negative regions of PC1. 
The PC1 score of Lactobacillus from different sources showed that 
the human Lactobacillus strains had better properties than the non-
human Lactobacillus strains (p < .01). There was no significant differ-
ence in PC2 score (p > .05).

3.7  |  Probiotic isolates selection

In order to distinguish appropriate candidate probiotic isolates for 
future studies and figure out which was a better source for probi-
otics isolation, the relationship between the probiotic isolates was 
surveyed based on the important probiotic properties. The results 
obtained from the heat-map analysis of the candidate isolates are 
shown in Figure  6. It was clear that 40 Lactobacillus isolates and 
reference strain LGG were clustered into two main clusters and 

F I G U R E  4  Comparison of the antioxidant ability of strains from different sources. a: The standard curve. b: Fermentation broth. c: Strain. 
All the data were tested three times and averaged. * represents significance (p < .05).
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F I G U R E  5  Probiotic properties of the 
strains from different sources via principal 
component analysis (PCA). a: Score plot. b: 
Loading plot. c: First principal component 
(PC1) score of strains from different 
sources. d: Second principal component 
(PC2) score of strains from different 
sources. Differences between sources 
were calculated via t-test. ** represents 
significant differences (p < .01).

F I G U R E  6  The heat-map and cluster 
analysis.
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four subclusters. Four strains from human sources including CS39, 
CS128, CS01, CS1301 and LGG belonged to cluster I, while all 18 
strains from nonhuman sources belong to cluster II via hierarchical 
agglomerative clustering. Cluster analysis based on the K-means al-
gorithm, belonging to partitioning clustering, grouped isolates into 
five distinct clusters and the results are shown in Table 2. More in-
terestingly, cluster analysis of isolates based on unsupervised algo-
rithms also clustered CS39, CS128, CS01, CS1301 and LGG in the 
same cluster, highlighting the efficiency and feasibility of applied 
approaches in the detection of probiotic isolates based on the phe-
notypic data.

4  |  DISCUSSION

Human tracts and traditional fermented food are important sources 
for screening lactic acid bacteria (LAB) with probiotic potential 
(Boricha et al., 2019; Masco et al., 2007; Qu et al., 2018). Previous 
researches showed that Lactobacillus strains have better toler-
ance to harsh environment than other kinds of lactic acid bacteria 
(LAB), especially low pH. Therefore, many Lactobacillus strains can 
be screened from traditional fermented food and human intestines 
(Chervinets et al., 2018; Devirgiliis et al., 2009). However, few stud-
ies compared the characteristics of Lactobacillus from different 
sources and screened probiotic Lactobacillus via an effective and ef-
ficient method. In this study, 40 strains of Lactobacillus from human 
intestines and traditional fermented food were compared in physi-
ological characteristics, antioxidant and antibacterial ability. It was 
found that there were significant differences between Lactobacillus 
from human intestinal tracts and traditional fermented food in bile 
salt tolerance, adhesion to Caco-2 cells, and antioxidant capacity of 

fermentation broth (p < .05). The PCA indicated human strains had 
better abilities and four probiotic strains CS39, CS128, CS01, and 
CS1301, had been selected for further application based on the 
heat-map analysis with cluster analysis.

Tolerance to simulated digestion, especially low pH and bile salt, 
is the first step in the study of probiotic Lactobacillus (Klaenhammer 
& Kullen, 1999). In this study, the acid and bile salt tolerance of 40 
strains from different sources were tested. The results showed that 
the tolerance of the strains to acid and bile salt was strain specific, 
which was consistent with the previous study (Bazireh et al., 2020). 
All the strains could maintain a survival rate of 10% at pH 3.0. 
However, Mulaw et al. (2019) found that only 16.07% of the strains 
from traditional Ethiopian fermented Teff injera dough, Ergo, and 
Kocho products could survive for 3 h at pH 3.0. In the present study, 
there was no significant difference between human and nonhuman 
strains at pH 2.0, 3.0 and 0.1% bile salt (p > .05). It may be that pickle, 
spicy sauce, and pickled cucumber provide a high osmotic pressure 
environment for the strains making the strains produce protective 
molecules (mainly proteins) to protect cells from damage (Mercedes 
Palomino et al., 2016). Thus, the nonhuman strains in this study had 
better tolerance. However, for 0.3% bile salt, the strains from human 
had better tolerance. The previous study found that low pH value 
of the growth environment would improve its resistant mechanism 
(Wang, Cui, & Qu, 2018). Lactobacillus strains isolated from human 
intestine must have experienced the adverse environment of human 
digestion, so they may have better tolerance. Different from the 
strains in traditional fermented food, human strains suffered from 
the gastric acid, intestinal juice, and bile salt, leading to greater 
adaptability and tolerance.

In addition to the acid and bile salt tolerance, the adhesion to 
intestinal tract is the premise of probiotic function and would help 
to promote immunomodulatory effects, as well as stimulate gut bar-
rier and metabolic functions (Monteagudo-Mera et al.,  2019). The 
40 strains in this study could adhere to Caco-2 cells, enabling the 
strains to confer their probiotic functions before the gastrointestinal 
peristalsis removes the organisms (Byakika et al., 2019). However, 
different strains have different adhesion abilities, which are consis-
tent with those given in a previous study (Lahteinen et al.,  2010). 
The adhesion ability of isolated bacteria depends on the strain and is 
highly variable. However, t test on the adhesion ability of 40 strains 
of Lactobacillus showed that the adhesion ability of human strains 
was significantly higher than that of nonhuman strains (p < .05) 
(Figure 3). Chauviere et al. (1992) shared the same result that strains 
isolated from human have higher adhesion to intestinal cell lines. 
Human strains in this study were selected from the fecal samples of 
longevity elderly, indicating their ability to adhere to the gut in vivo. 
Therefore, the auto-aggregation, hydrophobicity, and the ability to 
adhere to Caco-2 cells of human strains were significantly higher 
than those of nonhuman (p < .05).

Oxidation is a major cause of many diseases, such as cardio-
vascular disease, inflammatory disease, cerebrovascular disease, 
degenerative disease, aging, and cancer (Grajek et al.,  2005; 
Vasquez et al.,  2019). Antioxidant capacity is one of the main 

TA B L E  2  Cluster analysis based on K-means algorithm
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probiotic properties (Wang et al., 2017). The total antioxidant ca-
pacity of 40 strains of Lactobacillus and their fermentation broths 
was tested. The results showed that the antioxidant capacity of 
the fermentation broth was much stronger than that of the strain 
itself, sharing the same results with those of the previous study 
(Shen et al.,  2011). It may be that the metabolites, such as exo-
polysaccharides (Polak-Berecka et al.,  2013) and organic acids 
(Wu et al., 2021), are enriched in the fermentation broth making 
the fermentation broth have strong antioxidant capacity (Vasquez 
et al.,  2019). In addition, it was found that human Lactobacillus 
strains had higher antioxidant capacity of fermentation broth 
(p < .01) and there was no significant difference in antioxidant ca-
pacity of strains (Figure 4), indicating that the metabolites of dif-
ferent strains were different.

Principal component analysis (PCA) and heat-map analysis give 
a good overview of massive data and have been widely used in 
the visualization of metagenomic (Wintermans et al., 2015), meta-
transcriptomic (Mansfeldt et al.,  2014), meta-proteomic and me-
tabolomics data (Vahedi et al., 2018). Divide the strains into some 
groups based on the probiotic properties and some studies have 
used this method to select candidate probiotic strains. In the pres-
ent study, most strains were divided into two groups based on some 
properties via PCA while the classification was not completely 
clear-cut, indicating that the strains from different sources had dif-
ference in properties but properties were based on specific strains. 
More interesting, significant difference has been found between 
scores of human and nonhuman strains (p < .05), meaning human 
tracts are a good source for isolating probiotic strains. The results 
of the heat-map and unsupervised clustering algorithm analysis 
showed that four human strains and LGG were clustered into the 
same cluster, indicating that four strains, CS128, CS39, CS01, and 
CS1301, had better probiotic properties in 40 strains. The heat-map 
analysis and the unsupervised clustering algorithm analysis shared 
the same result indicating their efficiency and scientificalness.

5  |  CONCLUSION

The PCA results showed that human strains have better probiotic 
properties. And four strains, CS128, CS39, CS01, and CS1301, from 
human tracts had been isolated for future application in functional 
foods based on their probiotic properties via the unsupervised clus-
tering algorithm and heat-map analysis.
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