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Abstract: In order to study the probiotic characteristics of Lactobacillus obtained from Bama centenarians, improved MRS+CaCOs and
MRS+X-gal solid culture media were used to isolate and culture the Lactobacillus from the feces of 10 Guangxi centenarians. After culturing, 19
strains of Lactobacillus were selected. Three of these strains (GU-L3, GU-P132, and GU-G23) with high tolerance to adverse gastrointestinal
environments and good adhesiveness were obtained through physiological and biochemical experiments, sugar fermentation experiments,
simulated gastrointestinal transit experiments, and auto-aggregation and hydrophobicity screening. Sequencing of 16S rDNA revealed that
GU-L3 was Lactobacillus casei, GU-P132 was Lactobacillus fermentum, and GU-G23 was Lactobacillus gasseri. After the simulated
gastrointestinal transit experiment, the survival rates of the L. casei, L. fermentum, and L. gasseri were found to be above 107 cfu/mL, while the
auto-aggregation rates were 12.43+0.03%, 78.88+0.01%, and 35.92+0.02%, respectively, and the hydrophobicity rates were 6.38+0.02%,
81.77+0.02%, and 10.58+0.05%, respectively. The adhesiveness of these strains was already known to be higher than that of the other strains.
Compared with the reports of related domestic and international probiotic strains, the GU-L3, GU-P132, and GU-G22 intestinal Lactobacillus
strains from Bama centenarians had better probiotic characteristics and development potential.
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Table 1 Results of the physiological and biochemical tests of the 19 strains
A FELREE BRSO kot AEREHER BESfM 100C 45°C  pH4S pH70  pHO.0
GU-P131 + - . - + n " n n +
GU-P132 + - . - + n " n n +
GU-P133 + - . - + n " n n +
GU-P134 + - - - + + + + + +
GU-P135 + - . - + n " n n +
GU-P136 + - . - + n " n n +
GU-P137 + - . - + n " n n +
GU-P138 + - . - + n " n n +
GU-L3 + - - - + + + + + +
GU-L69 + - - - + + + + + +
GU-L612 + - . - + n n n n +
GU-L613 + - . - + n n n n +
GU-L614 + - - - + + + + + +
GU-L616 + - . . + n n n n +
GU-G21 + - - - + + + + + +
GU-G22 + - - - + + + + + +
GU-G23 + - - - + + + + + +
GU-G24 + - - - + + + + + +
GU-G25 + - - - + + + + + +
ERT0%E ARAN; R T0%E AR A M.
R2 INEREELA BN EELSER
Table 2 Results of carbohydrate fermentation tests of the 19 strains
H5 AR WEABESAR BE O AFHE LA F3UE HER Fanass MiameE JUE
GU-P131 + + + + - + - + d +
GU-P132 + + + + - + - + d +
HTR
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HEER
GU-P133 + + + + - + - 4 d +
GU-P134 + + + + - + - + d +
GU-P135 + + + + - + - 4 d +
GU-P136 + + + + - + - 4 d +
GU-P137 + + + + - + - 4 d +
GU-P138 + + + + - + - 4 d +
GU-L3 + - + + + + + + - d
GU-L69 + - + + + + + + - d
GU-L612 + - + + + + + + - d
GU-L613 + - + + + + + + - d
GU-L614 + - + + + + + + - d
GU-L616 + - + + + + + + - d
GU-G21 + - + d - + - - - d
GU-G22 + - + d - + - - - d
GU-G23 + - + d - + - - - d
GU-G24 + - + d - + - - - d
GU-G25 + - + d - + . ) . d

E A TIO%A B ARFEM; R T0% A AR “d AT 11%~89% ) AR PRI,

R IR0 LLE H, 2B 19K B GU-P135 13.31.25 1.01£0.19° 7.5940.73%
=2 [RBHE, EAEHO. Al B SIS BRI SEES . i GU-P136 9.57+1.07° 0.46+0.13 4.78+0.82"
P Eh JR s S RA M, A &S AR RIS P, #RRE GU-P137 13.0+1.87* 0.16+0.05" 1.21+0.24°
7£15 “CH145 °C, pH 4.5. pH 7.0fIpH 9.04:M4 FAEK GU-P138 12.0+0.62" 1.29+0.19* 10.75+1.02%
RAF, SFASEIEEE A pHAR I AR KA BT B 1 3 GU-L3 15.742.14¢ 1.14£1.31° 72.6143.67°
Pho Wl BIRAERAAL ., HERBELIRAE R, SR (A GU-L69 15.6£1.76° 1020+2.80°  65.38+9.89%
AR AT PO (LR /2% K s GU-L612 31,0231 20743179 66.77+6.24°
) PO R S4B R BRI B AR AVASAE, VB4 GU-L613 24.121.30% 11.7£0.99° 48,5543 33°
SE W AEGU-P131. GU-P132. GU-P133. GU-P134. GU-L614 21.1+1.35¢ 19.5£2.12¢ 92.42+5.90"
GU-P135. GU-P136. GU-P137FIGU-P138 K T FLIT GU-L616 26.3+1.42° 24.4+3.20° 92.78+7.37"
B BHRGU-L3. GU-L69. GU-L612. GU-L613. GU-G21 2.28+0.98" 1.15+0.20° 50.44+7.08%
GU-L614FIGU-L616 N T FLAF 1 ;s B #RGU-G21 GU-G22 1.2340.15" 0.48+0.11* 38.78+5.72°
GU-G22. GU-G23. GU-G24FGU-G25 N#& IR FLATF i .« GU-G23 1.2340.15° 0.49+0.06° 39.84+2.39°

N GU-G24 2.33+0.35" 1.72+0.11° 73.8046.18°
23 BRWE MR s R GU-G25 2.63+0.58" 0.3340.03° 12.4342.09%

19 ¥R BT ARSI B e ia g 2 ek ge
SRR 3,
3 19N BRI IE240 minfid S 14LER
Table 3 Tolerance of the 19 strains to artificial gastrointestinal
fluids for 240 min

ARG Mk dtiE (108 cfu/mL)

" 0 min 240 min ARSI
GU-P131 15.5+1.39° 3.30+0.85" 21.29+3.99°
GU-P132 9.73+1.36° 1.06£0.37° 10.89+2.54%
GU-P133 12.2:+1.48% 0.38+0.20° 3.11£1.47
GU-P134 14.8+2.45° 2.80+0.10° 18.92+2.85"

E: ARAR AR FEOHEZR EFRE (p<0.05).
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ZR B A IR 4 h, S EMRE RS AS] 107
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Fig.2 Auto-aggregation results for the different strains
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PRAG B PEERANLT, HTE 10%~80% 305 il P e 5 /1 10
PR BT B IR R BE /7, Kos 25 R BB IR FLAT
M2 Xtz bR A EA R SRS B RE /), Bk
5, [FIINE I BRI E 71.30%2Y, R IR BE 117
TR PR A I T i/ vy SR T e o
AWHFH, 5 h EREEEBERLERNEK 4, GU-P K
P FUAT T B RIE 78.88+0.01% A E, T HiAd
PR, 2RI = 1 BEER M o - iR AR H BEEE 2 GU-P134

44

ik 85.44+0.01%, GU-L3 2N 12.43+0.03%, GU-G24
A 39.13+0.02%.

25 HAGEHERBER

AR R TR A TR PR A7 AE ARG B . 47
PRI I E 2%, QiSpaA. PR 1/10. AEBERER
&, BIHBUKEE, 18 FHRRM SRSz 23
BHAGUKYE. XL N 5400 1R ARG B AR G
P23, Ok FLAT HB K R 45 T L3R4

4 AATENBREEMGIKE
Table 4 Ratio of auto-aggregation and hydrophobicity of the
different strains

%5 A#EE (5h) /% BIKZ %
GU-P131 81.50+0.02¢ 87.06+0.02°
GU-P132 78.88+0.01% 81.77+0.02°
GU-P134 85.44+0.01° 88.08+0.01°

GU-L3 12.43+0.03° 6.38+0.02%
GU-L614 10.92+0.02° 3.58+0.02%
GU-L616 9.21+0.01° 2.6240.03°
GU-G21 31.88+0.02° 6.3240.01%
GU-G23 35.92+0.02% 10.2140.05°
GU-G24 39.13+0.02° 9.14+0.02

E: ARAR AR FEOMIEZR EFRE (p<0.05).

RAREIR, WARGK R A 27 B3, Pl 2
TN GU-PKIFFLT Bk 2 035 1w T HAh # %
1£81.77+0.02% LA b, FRILH SEiKrE, GU-GIg IRHL
FFR B K 2R AE10% 2 47, 5 T GU-L T B FLATF 1
Wadstrom &5 X 5 /)N iz v 0 85 1 T A2 7Y 7L R T e AR N
2 T HARMmEK M S5  E R U RS F 77, 455k
B, KSR LR B b R AR (R RG P i
XS5 RIGUE TR B K MR T ok B B AR IR mT AT
PERT, KosFGusils® A K BESLFF I . ERRFLAT 3t
177 B 17 R BRI, RIEA B 6
KME, 43I EIRT5.4%H170.96% 242, Kb s B,
TMAHH 72 GU-P & B FLAT B i 7K 81481.77+0.02% LA
o B, GU-PAEEFLAT R 48 s B 7K 28 (>81.77+
0.02%), FIHEARERPE.

H 5 6 /1 5 R Bk M8 45 Ak N AT
RSB BE ST o Del FlPerez 28 % XSUBAT B8 FRURL Pt P 5
B K VERNEER 1T T WAL, UESEBEPRICTRE P /) 5 3
KK B EESRRE A G, R BORE KM
DL BEBERRE ST (510%, <80%) MIXUSATH# BA T
R RE ST, R BERRIRE B SIS, B R AR RE
JIRE CKT80%) BUKK (/NT10%) FHEEHRALF
PEAHFRO B Fea A FUT R I B R S H0K R,
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Table 5 Comparison of the homology of gene sequences of suspected strains and those of standard strains from GenBank

A FIR B & SR LER AR /Y%
GU-L3 Lactobacillus casei ATCC 334 strain ATCC 334 Lactobacillus casei 100
GU-P132 Lactobacillus fermentum IFO 3956 strain IFO 3956 Lactobacillus fermentum 99
GU-G23 Lactobacillus gasseri strain ATCC 33323 Lactobacillus gasseri 99

HHERS AT, G SN, K 3K B AR 1 16S
tDNA 7> 1| 5 GenBank (4 ¢ 7 &0 FLAT B B 4 T
FREI16S rDNAKE A 7 51l fir s 2 A R PE L 45 5R (R
5), GU-L3 A Lactobacillus casei , GU-P132 N
Lactobacillus fermentum , GU-G23 & Lactobacillus
gasserilFY5 H 73t iR T99%. 168 rDNA %S 45 R 54
HAAL, BEREESCK, S0 (AATAE ST B
Be CFLBRANTA 73 %58 S Seib J7id) PH s A R — 20
AR =N B R A8 I FUR I AR 7
AR A BEREAT T HERRI 7 2R .

SRSk, B AT AT B SR NGTE AT
B IR D, IR R AR S = Fh LA 1R (1) 9 26
S EDIRERI D, AL TR, Al
WA ORAT S K TF 2 N AT W3R, @ amtd pRis
i e AABMRRAETRENIEIAEER, A
TRAF 5 IR i A AT i =R 3 FUAF I R R
o

3 Z5ip

IS ARAMEAU B 12 . BRI B KRR
55, XYL IR B ORRFAT B AT 2 AR R PEAS I
A%k, 152038k FLFF B (GU-L3; GU-P132; GU-G23).
TN H AT B B W 18 SE R 3 A, GU-L3 s
GU-P132; GU-G237ERAUTH BT 1 I AF 5 3R AL
L S EILF10T CFU/MLEA b, 3F BoRGFIE &
T R A R k. B BIE TR, TR

[ERIEREAERUIEZ S 3 VT Wi R ey S T PSR E e
WZERRVN, (HEARRM. @B, R
F16S tDNAMIFF 73wt Hek A7 Mg 958 %, RN
GU-L3 A TE&FAT# (Lactobacillus casei); GU-P132
JREFNE (Lactobacillus fermentum); GU-G23J9
M ECFLFF R (Lactobacillus gasseri), Z7&r & Hika 5
AV FIR = ARk e AR AR R

BH bk

(1] iR R KA 27 SRR AR B[] 2R
1i#,2013,7:58-59
JIANG Shi-cheng. The longevity township of the
world-bama yao nationality autonomous county in Guangxi
[J]. Elderly Health, 2013, 7: 58-59

21 FREAEKEZZAGRIILE S ZNREX-PEK
732 2 MR A E [T ) AR G 2 FE2,2007,14(11):
23-37
QIN Jun-fa. China's centenarian study III. colony of
centenarians-the cause and assess of China's longevity
township [J]. Guangdong Trace Elements Science, 2007,
14(11): 23-37

3] ZAGERE WER, 2 SRR EER, P
AR FE R A M YRS RTG53 N il 2 28 AL 1
73 B R[] B AN $4R,2012,7:227-210

Duolikun

Maramnisa Amar, Mai-Maitiyusupu,

Abudukeyoumu Mai-Maiti, et al. Isolation and identification

45



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.1

[10]

[11]

[12]

46

of gut lactic acid bacteria from hetian uygur longevity [J].
Science and Technology Innovation Herald, 2012, 7: 227-210
Peris-Bondia F, Latorre A, Artacho A, et al. The active human
gut microbiota differs from the total microbiota [J]. Public
Library of Science One, 2011, 6(7): 1-10

e, I, B SR, AR 2l A TR T T R R IR T
PERIBLAILI]. B0 57 41,2013,25(9):1936-1945

GAO Kan, WANG Hai-feng, ZHANG Wen-ming, et al.
Probiotics regulating intestinal epithelial barrier function and
action mechanism [J].Chinese Journal of Animal Nutrition,
2013, 25(9): 1936-1945

WA e, V' B9, 2R 25, A5 LA 81 5 S P P o S
R B Rz 20 B A A ]. R RO R} 22,2012,45(14):2991
-2998

CHEN De-long, XU Guang-yong, ZHU Hong-liang, et al.
Study of the Lactobacillus competitive inhibition of two
kinds of pathogenic bacteria adhesion to jejunum epithelial
cells [J]. Scientia Agricultura Sinica, 2012, 45(14): 2991-
2998

Mazmanianl S K, Roundl J L, Kasper D L. A microbial
symbiosis factor prevents intestinal inflammatory disease [J].
Nature, 2008, 453(195): 620-625

FBUHT, R KR, ERER R E A S 9 A G R T
TCHESR[I]. B E 77 2#41,2010,22(3):519-526

GAO Quan-xin, WU Tian-Xing, WANG Jin-bo. Advance in
research on symbiotic relationship between gut microbiota
and host [J]. Chinese Journal of Animal Nutrition, 2010,
22(3): 519-526

Mikelsaar M, Zilmer M. Lactobacillus fermentum ME-3-an
antimicrobial and antioxidative probiotic [J]. Microbial
Ecology Health Disease, 2009, 21(1): 1-27

Nguyen T D T, Kang J H, Lee M S. Characterization of
Lactobacillus plantarum PH 4, a potential probiotic
bacterium with cholesterol lowering effects [J]. International
Journal of Food Microbiology, 2007, 113(3): 358-361

Drago L, Toscano M, Rodighiero V, et al. Cultivable and

pyrosequenced fecal microflorain centenarians and young

subjects [J]. Journal of Clinical Gastroenterology, 2012, 46(9):

S81-S84

FIRRRE 3R K58 N i 26 AR B (probiotics) ) 4
e R AT N K (D] B s 57 98K 22,2012
MARAMNISA Amar. Identification and research the
longevity mechanism of intestinal probiotics from the
longevity people gut [D]. Xingjiang: Xinjiang University,
2012

[13]

[14]

[15]

[16]

(18]

[19]

[20]

[21]

2P 22 KA NS I 1R B R (1 e e A 2 D e
A FE[D] AL A E A K 22,2004

LI Ping-lan. Screening and physiological function of
bifidobacteria from macrobian [D]. Beijing: China
Agricultural University, 2004

7,00 % HE AR R B R FHSOS & (R RPN K A8 N
5 LR T 0T 4-NQO ik [A] B A1 0 400 i) 415 T [0]. & i k272,
2007,28(10):425-429

WANG Fang, LIU Ai-ping, REN Fa-zheng, et al. Lactic acid
bacteria isolated from elderly people inhibit genotoxic effect
of 4-nitroquinoline-1-oxide in SOS-chromotest [J]. Food
Science, 2007, 28(10): 425-429

THREF R SGURFUAT T 0 B e SRR AL [T].
FEMPOI TR A LR ER #41,2010,30(1):12-13

NING Yu-chang, GUO Hong-wei. Isolation, identification of
Lactobacillus from chicken and optimizationg of the culture
conditions [J]. Journal of Zhengzhou College of Animal
Husbandry Engineering, 2010, 30(1): 12-13

VLB R R S E 2 SEBR (CBR DY RO M. B 5 s S5 2 A
fAt,2007

SHEN Ping, CHEN Xiang-dong.
microbiology (the fourth fdition) [M].
Education Press, 2007

BAFZR, TS A2 SR BREM] AL BT AR RUR A B AR
#,2000

QIAN Cun-rou, HUANG Yi-xiu. microbiology experiment

Experiment  of

Beijing: Higher

course [M]. Beijing: Peking University Press, 2000

2R 2 A T A0 S DO REAR IR FE [ D). M AR5 AR ARl
KE,2002

LI Yan. Study on the determinnation of Probiotic bacteria
and its functional properties [D]. Harbin: Northeast
Agricultural University, 2002

Argyri A A, Zoumpopoulou G Karatzas K A, et al. Selection
of potential probiotic lactic acid bacteria from fermented
olives by in vitro tests [J]. Food Microbiology, 2013, 33(2):
282-283

R BN Ef AW AR € T oM.t
TR, 1984

Buehanan R E, Gibbons N E. Bergey’ manual of
determinative baoteriology (eihgth edition) [M]. Beijing:
Science Press, 1984
BARSC LR 73 S % €
b H A, 1999
LING Dai-wen.

FSRse J7 iR M] AR R B T

The taxonomic identification and

experimental method of lactic acid bacteria [M]. Beijing:



MK EmBHL

Modern Food Science and Technology

2017, Vol.33 No.1

[22]

[25]

[29]

China Light Industry Press, 1999

Ferna’ndez M F, Bori s, Barbe’s C. Probiotic properties of
human lactobacilli strains to be used in the gastrointestinal
tract [J]. Appl. Micr., 2003, 94(3): 449-455

Del Re B, Busetto A, Vigola G, et al. Autoaggregation and

adhesion ability in a Bifidobacteriumsuis strain [J]. Lett. Appl.

Micr.,, 1998, 27(5): 307-310

Kos B, Suskovic J, Vukovic S, et al. Adhesion and
aggregation ability of probiotic strain Lactobacillus
acidophilus M92 [J]. Journal of Applied Microbiology, 2003,
94(6): 981-987

Castagliuolo I, Galeazzi F, Ferrari S, et al. Beneficial effect of
auto-aggregating Lactobacillus crispatus on experimentally
induced colitis in mice [J]. Fems Immunology and Medical
Microbiology, 2005, 43(2): 197-204

Del B Re, Sgorbati B, Mignlioli M, et al. Adhesion,
autoaggregation and hydrophobicity of 13 strains of
Bifidobacterium longum [J]. Lett. Appl. Micr., 2000, 31(6):
438-442

Wadstroum T, Andersson K, Sydow M, et al. Surface
properties of Lactobacilli isolated from the small intestine of
pigs [J]. Applied Microbiology, 1987, 62(6): 513-520

Gusils C, Cuozzo S, Sesma F, et al. Examination of adhesive
determinants in three species of Lactobacillus isolated from
chicken [J]. Canadian Journal of Microbiology, 2002, 48(1):
34-42

FERAL 5 F A2 M) AL T b HUR 2 H AR, 2009

[31]

[32]

[33]

[34]

WANG Tian-hong. Experiment of molecular biology [M].
Beijing: Peking University Press, 2009

ik AREEE, JETEE.16S rDNA A% e FLRR ).
A= AN T,2009,4(4):11-15

ZHANG lJie, XU Gui-hua, YOU Li-qin. Identification of
lactic acid bacteria by 16S rDNA sequencing [J].
Innovational Edition of Farm Products Processing, 2009, 4(4):
11-15

Ishibashi N, Shimamura S. Bifidobacteria: research and
development in Japan [J]. Food Technology, 1993, 47: 126-
135

SCH, VERN, K2, 5 LR 1 X SV i (RS R A P 7 7T
B[] AR AR ML R 22 5441%,2009,40(12):120-124

WEN Mei, XU Li, WANG Qiu-ju, et al. Progress in adhesion
of lactic acid bacteria to animal intestines [J]. Journal of
Northeast Agricultural University, 2009, 40(12): 120-124

Y B R 5 2 AE TR B0 BN 3 PR RS B B FOAR
AR T R I]. A 2 24 7E,2009,21(10):944-
948

PENG Zhen, WEI Hua, CHENG Bo, et al. Progress on the
study of adherence of probiotics and pathogens as well as
their mutual interaction in intestinal tract [J]. Chinese Journal
of Microecology, 2009, 21(10): 944-948

Perez P F, Minnaard Y, Disalvo E A, et al. Surface properties
of bifidobacterial strains of human origin [J]. Applied and
Environmental Microbiology, 1998,64(1): 21-26

(E#EE 7350

[22]

TE RS R PV TR B S B JRAE T AR IORRE T R A B
I IEF ) B E,2011,32(7):77-82

WANG Zhi-hui, SUN Zhi-da, XIE Bi-jun. Optimization of
the double-enzymatic extraction of procyanidins from lotus
seed pods using response surface methodology [J]. Food
Science, 2011, 32(7): 77-82

P, S AR TS R 25 B2 W S BUIR (). Hh [ o 25 %%
#£,2009,34(6):651-655

GAO Yu, DONG Zhi. Progress on study of pharmacological

effects of procyanidins [J]. China Journal of Chinese Materia

[24]

[25]

Medica, 2009, 34(6): 651-655

Damodaran S, Kinsella J E. Effect of conglycinin on the
thermal aggregation of glycinin [J]. Journal of Agricultural
and Food Chemistry, 1982, 30(5): 812-817

Liu G, Zhong Q. Glycation of whey protein to provide steric
hindrance against thermal aggregation [J]. Journal of
Agricultural and Food Chemistry, 2012, 60(38): 9754-9762
Liu G Zhong Q. Thermal aggregation properties of whey
Food

protein glycated with various

Hydrocolloids, 2013, 32(1): 87-96

saccharides [J].

47



