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Abstract: 197 strains of lactic acid bacteria isolated from sour horse milk were screened and identified, and their biological characteristics were
studied. In acid tolerance assays and bile salt tolerance assays, ten strains with relatively high tolerance were preliminarily selected. The survival rates of
the ten strains after three hours of treatment with artificial gastric juice were between 46.48% and 95.86%. Among them, three strains with survival rates
higher than 80% were selected and subjected to artificial intestinal fluid treatment for four and eight hours. After that, the numbers of live bacteria were
determined: 1.65x10° to 1.81x10" colony-forming units per milliliter. Furthermore, the three strains all exhibited certain hydrophobicity. Among them,
the survival rates of strain 2-33 in artificial gastric juice and artificial intestinal fluid reached 95.86% and 80.80%, respectively, with cell surface
hydrophobicity of 42.61%. Thus, strain 2-33 was identified as the target strain (a potential probiotic). An antibiotic sensitivity assay showed that strain
2-33 is resistant to norfloxacin, cefradine, gentamicin, vancomycin, and streptomycin; moderately sensitive to clindamycin; and sensitive to tetracycline,
chloramphenicol, erythromycin, and ampicillin. Finally, the 16S ribosomal DNA gene sequence of strain 2-33 was determined by a molecular biological
method; this gene’s length was found to be 1432 bp. The accession number in NCBI is MN611708. Stain 2-33 showed 100% homology with
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Lactobacillus plantarum JCM1149, and sugar fermentation assay results on this strain are consistent with those of GB 4789.35-2016; therefore, the strain

Modern Food Science and Technology

was identified as L. plantarum. The results of this study provide data for further research on probiotics and the development of functional foods in the

future.
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DI, fE2 AR TRAE S i B s A A7 IS
MIzs B, A REAIEENUATR R AR, BOYIRER
PR BB, SR SEsmh FE . A RE ik
FEYE, AURAIRSRIIMTERAE /1, BEMIAHRIE N
Jit, PR R BELE it Py HR A 2 AR,

R S i AR RIR IR, JT AR IR AR
AR AR, FRAEENE . RARES
A BEAERMZRIDIRETE IS, 5o s
Gis FAE MR BOUSL T MR TR, IR
JS R S B BE B AT AR, BRI BARBhRY T
ARSI PRI, SR REE T, BRI, MRS
g, EAREIEA AT SR T AR
PEIE A DA IR AR B D s, e KII E AR
WHAEM, DU AL AR TRk, ZIR1E
D BR FLRRTA (1 R A SR> 10 Rk, AR D R Y
mi B, A E RN R ST .

ARTON S ey A DX TR e it v 70 18 1) LR T
PR MEAHEL . MR T B . iR 2es
6 DA AR a2 T it 7K 1 S5 iR AT VR 7 2 A TR P i v
WL, ik —RILH RTINS E, 20T
ZERONIT IR R AOTEAE 2 25 I R AR PR AR SO

1 MRERE

L1 WS £ ZRA

197 PROEBFLRR R BRI 20 B T 58 IR S ke
WU HBI AR, A DEARS
PRAF; 4HFEEENA DNA $REGAFI&, KRR
B AR ARAT; FIHAMZEA T, HERR
2HEYRBARA A

1.2 RIGE R ER

12.1 ELEH%

14-80 CHMPRIRIIERTR 2% (V) W=
R E] MRS WURESFR3E, 37 CHEFE 16~18 h, 4k
i 3 UG TR S8HA5E .

122 HHXE RG] &

= AUE I EEEOJE (5000 t/min, 8 min)
K PBS EMaiEDe 3 WK, HEFEBIREN
1.0x10° CFU/mL, % .

1.3 &gl 2

Z GB 4789.2-20164 & i 22 4 [E bRt £ il
AR VRSB E) Uik, B 1.0 mL fit
RE S 9.0 mL [ 0.9%AFEERKIR AT, HRIKBAIE
FBEE 107, 10°, 107, BURFSK 1.0 mL, H 461 C
(17 MRS BEfiEsoRRs, iy e LR s AL,
ANFREREFE i 2 AN 1L

14 84 4 1R R SLER T oy i ik

1.4.1 @Eg bRl

197 FRALBR LI 1.2.2 Foy b AhR R,
Iy AIEERDT pH fEN 2.04 2,50 3.0 i MRS Wik 77
Ferb, 37 CIEIERE IR 16~18 h, LLARFERK MRS ik
B3 R as FIGTR, IR ODsos o 1, BEETHER LR
UF IR AT o 2R
1.42 e 2k 48 A K320

7E 1.4.1 Wikt pH 2.0 FIFLER M, #2418 1.2.2 19
TSR, B RERIE 2% (V) R
ANFHERRINREE N 0.3% (m/V) ) MRS Wik 9%
e 37 CHiFE 16~18 h, MIEFHAE ODgsonm B, [FINS
RILER: IR FREEEIRE N 0.3% (m/V) (1) MRS [E4AL:
FeE, 37 CHFE 16~18 h, HMIELHVE L KABML.
143 ®HEMA L F &K

Yo it T A VTS JIEL 258 B8 7 R 4T (9 B AR R 7 —
£, FIRSCERP R R A B, B RS O (3000
r/min. 10 min) JEWEERETE, HKEAEFERKE OB
B2 U F 5.0 mL AR AN BB Y, TR AT
PRI S 1.0 mL R 2 R T 9.0 mL 48 0.22
um JER AL S pH 2.0 AU T B RRE+, 7
SRS 37 C R IRERFR. TEERIF G O0h M3 h s
Sy PIERE, IS IR (CFU/ML) . EF KT 80%
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(B ARIEAT S5 25 .
144  GHAEA g aXEE

FRAE TR e (7 VRO, B R T B it
ISR AbEE 3 h SRR, BeRh T A IERR B I
T (pH 8.0) /1, 37 ‘C 3%, 35T 0h, 4 hy
8 h IS HyE B2 (CFU/mL) o

NI B Tk a A b LA 2:1 Eefplii G

a. JEIRK: NaHCO; 1.1%. NaCl 0.2%. A
0.1%, % pHE N 8.0 J5, IJIERRE&H .

b A A4AHER 1.2%, A% pH {E N 8.0 5, i
JERRTA A H

1.5 VfE 2 AE B9 A AR AR AT

1.5.1  mit i Hok ey 2 )

¥ 1.4.4 kI TELE 28 A RIS 1L 2 AU,
BT TIE B MRS K558 37 CH9%E 16~18 h, BSb

(9500 r/min, 4 °C, 10 min) YEEF A, H 50 mmol/L

PHIR SRR B ik 2 WK, B DTTE FH BRI -
PAGEMBOA 2 ST R, VAR PRI, A AR
7E 600 nm AL A LA 1.0 B 4.0 mL JHE i E
JEHIBE, NN 0.8 mL —FRZE, EEWAHE 2 min, F
B 10 min 502, BUR)Z/KMLE 600 nm 3K AR
FEIE o Fn ™ o S SRR R 4 R T B K

ko= 4 «100%

Ao
Xf:
Ay A——5=FRRGA. S HRAE 600 nm &L e9H K.
152 AT HHKE
F1IMERMZE, KR SHERIERBERHERE
Table 1 Types of antibiotics, drug content of drug sensitive discs
and criteria for determining the diameter of inhibition zone

AP B AL HTATE/mm

RAEHE  HWE g

I S
R E 10 <12 13~16 =17
KFbF T 30 <14 15~17 =18
rXEE 10 <12 13~14 215
mEEE 30 - - >15
WEE 10 <11 12~14 215
FMREE 2 <14 15~19  >20
WA 30 <11 12~14 =15
AEE 30 <12 13~17 =18
uEE 15 <13 14~22  >23
AF B 10 <13 14~16  >17
JE: R RS I PEG S 80 0 APEE; B4

A A2 6 mm.

52

K K-B 4CH Elgd B, 200 pL #fERS
A BETRIE MRS AR FRIEFFATIRAG, FPPRE
T, RISk BCE T3R8 L, 310
e R (ERPIMR, SkfbE. a4F R, VIR,
RRBR. JitidR. BER. AFER. HRUDAE.
WMHER), BT 37 CIEEREFE 24 h 5 b=
EIEEER (mm).

1.6 BEDARNEMER

1.6.1 BAEHAIEK

KIS =ARMIBTE 2 AL R RIZR AT MRS [H 44
Br3eEt b, 37 ClEEREFE 48 h, HRIUCAABy&#HTE
2 Rt M A TR TS
1.62 AERAZ BRI

A HBI FLRR T AR A 55 2 A UEEH S, 40
TR T A S E. 37 CHFE 24~48 h, £
FrEE G % .
1.63 S FAMFET

W TE 5 A AN T MRS WA RE 5, 37 C
K59% 12 h J5, 8000 r/min &0 1 min WEERTE, %18
P SEAIZH DNA $EEURGE 1) 7 VAR I LR R 2 [
2] DNA. $HEEUFERIZ DNA KA 19%E R HEEE: H
KT

16S rDNA F:[Hf) PCR #1470 3R EUFLIR T 3
[KIZH DNA fitR, 14 16S rDNA F:KE 514 27f

( 5-AGAGTTTGATCCTGGCTCAG-3' ) #1 1492r
(5-GGTTACCTTGTTACGACTT-3") #T 16S rDNA

FEH P HIH PCR Y3 4 19 26442 95 °C, 5 min—95 C,
30s—>55°C, 30s—72°C, 90s, 34 MEH; 72°C, 5
min. PCR P#4)FH 1%B ARFEEEE UK b Fi% 22 i
A TAEY TEARA AT, BT L RE
GenBank ¥ FE#ET Blast 2047, 371 MEGA 7.0 4]
RARKEM .

1.7 #AE4

RN EE =, H SPSS 23.0 $HRIGH T
TG b BE, BT SUE A P MEARHE R E R0,
F Excel % Origin 8.5 #EA T

2 HZR59Mh

2.1 TERMERE

4 197 PRILIRE 7 mlFeh T pH {E8 2.0, 2.5, 3.0
] MRS Wik R; 7R 5, 37 ClEIES IR 16~18 h, fiik
10 BRAFE B 1w, B0 EE R ILEE 2.
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NE BB BRI Lo N ER R, e pH {HIE
W 3.0 Kk, fEREELT pH B 1.5, RA0
HOA RAFTHIR RS LR TR LS T Gt B iR e
B IR 2L B i KRR, TV B s B I (a1
F 3 h, AN, BARTE pH M 3.0 41F T,
PRRAE B AL Al DRAFE Ve,  AER AN i
PEREEE IR S (B, DRI e i pH BN 2.0 FFOREF
IREEVER 10 MRCFAFLIRTE, AT EEERAE .

7 2 10 HRELBLEEAE pH MR EKER
Table 2 Growth of 10 strains of lactic acid bacteria in different
pH environments
B#ARS pH20 pH25 pH3.0

49 ++ ++ +H+
2-2 ++ +++ -
2-7 ++ H+
2-8 ++ -+ -+
2-13 ++ ++ -+
2-18 ++ +++ -
2-20 ++ H+
2-21 ++ e
2-32 + ++ -+
2-33 ++ ++ +H+

JE: “HRE ODsgs 1<0.05; “++K % 0.05<0Dss 1<0.10;
“tHK K 0.10<ODsos y<0.20; “++++"KF ODsos5n>0.20.

22 AR

1 10 PRI PR BT A FLRR A , Fh T 1B Eh s vk
£ 0.3%Cm/V)I¥] MRS WA 775, 37 ‘CHiFF 16~18
h 5 5E FAE ODgsg 1L, AN RIZRT-HH ERIR EE 5 0.3%

(m/V) B MRS [l L, Wl IRas R IE 3.
%<3 FLEREATE 0. %REER IR EFIEN
Table 3 Survival of lactic acid bacteria in 0.3% bile salt

environment
BT  ODgoumfd MRS ERIZFHRA

49 0.20+0.08 +
2-2 0.31£0.09 +
2-7 0.15+0.07 +
2-8 0.20+0.05 +
2-13 0.24+0.08 +
2-18 0.54+0.05 +
2-20 0.12+0.04 +
2-21 0.33+0.04 +
2-32 0.40+0.03 +
2-33 0.51£0.04 +

E: “4”RT MRS EMRIESRA ETA K,

ODg30mm KT 0.5, BEBHBEFRAEAN AN 0.3% (1 HER
WP KR, BARGMEER 2. hkh
AR vI AN, 10 BRESE AR IR SRR 77, HAP Bk
49, BPE 2-7. BPE 2-8. B 2-20 M52 AHE ST,
PR 2-2. BFE 2-13. kK 2-21 FIEERK 2-32 TR 52 A8 J718¢
I, Wk 2-18 A 2-33 MN3ZHE J1dt- 1M IEH AR
T8 rPIE T R A UTE 0.03%~0.3% 2 [ EhY, x5
Al 5 7] P OVIRT 8 11—k AR g £ LR T X AL 6 T 32 i
SR KIERAEERPIARE, MUGERA
RIFImERPERE . TAEEEAE Y, EFRE&ET BiliX
FERRFRYER I A B, IXREA RRIRI BIA /N K 4%
AR, DRI e HE 1 10 FRFLER BT AN T
B AT .

23 WHEMATERKR

¥ 2.2 LR 10 MRALBREEA T pH {H 2.0 1)
BN T B, T 0 h A 3 h SHATIE T3
(CFU/mL), #5538 W.3k 4.
#* 4 ABERREA LSRN 1%
Table 4 Lactic acid bacteria tolerance simulated artificial

gastric juice tolerance

iﬁ 0 h/(CFU/mL) 3b/(CFU/mL)  A&EF/%
49 (2.81x0.15)x10°  (1.39+0.13)x10° 49.46
222 (3.19£0.13)x10°  (1.67+0.24)x10° 5235
2-7  (298+027)x10"°  (1.94£0.43)x10"°  65.28
2-8  (3.27+0.09)x10°  (1.52+0.14)x10° 46.48
2-13 (1.80£0.21)x10"  (1.5240.22)x10"°  84.44
2-18  (3.46:0.24)<10°  (1.98+0.22)x10° 57.27
220 (1.05£0.15)x10"  (8.90+0.27)x10’ 84.76
221 (9.60£0.22)x10°  (5.70+0.12)x10° 59.37
2-32 (279£0.20)x10"  (2.25+0.15)x10"°  80.64
2-33  (1.45£0.07)x10"0  (1.39+0.15)x10'°  95.86

sE: HABVL XLSD £

HI2 4 A) R, 10 BRI LE B P SR A -,

TEIEHAE 80% LA I 3 #RTE, 7 BN 2-13, B
Pk 2-32, Wbk 2-33, [FIUEROX 3 FREEHT T —Fr B
e, HREERE 2-33 fAE R R E, AL 95.86%.
s, BRI e LR B AR T B BaRk e+,
e ) 11 BB P A AR M FLER A, AL E TR
HAETE R ITE 80% LA |-

24 WAEMA TR

T TN T B RIE ) 3 PRIEERHUN T
WA 25 Rk 5.
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2 5 ERKTHERA LRGN 1%
Table 5 Resistance of strain to simulated artificial intestinal fluid

B#AFT  0h/(CFU/mL)

4 W(CFU/mL)

8hW(CFU/mL)  #H##&%/%

2-13 (2.24£0.09)x10"  (1.86£0.07)x10"  (1.65£0.07)x10° 73.66
2-32 (2.15£0.08)x10"  (1.78+0.25)x10'"  (1.43£0.17)x10"°  66.51
2-33 (2.2440.04)x10"°  (1.92+0.12)x10'°  (1.81+0.07)x10'°  80.80

JE: $dBvL X4SD AT .

B3R S AT B 3 PRERETERGUN T B R AL
3 h f4% %] pH 8.0 I N T, 7E1T 4 h N 3 AR R 107E
HEU NP, Ri9R4 8 h Hbk 2-13 HINEHE N &
T—MEES, HR 2 WREREREE AR,
AU T 9% 8 h Al Al 3 MR R B B
IR, &N 66.51%, Herin]ik 80.80%, ifd 3
PRI TIA —E R EN A )], X—4RS
T, BT A S BAR L

2.5 fmpe R TE B KR 2

XTI U N TR r) 3 AR, #HT4pR
BRI E, 2R mE 1,
45
40
351
30}
25t
20}

15+
10+

5 L

0 _ 1 1 J

2-13 2-32 2-33
BT
1 3 HRFLEE AR E K N E

Fig.1 3 strains of lactic acid bacteria cell surface hydrophobicity

BiKE /%

rate

P TR/ K PR 2 B AR R AR T Bk A, A
T PR 7R 4 A 200 i 5 ) AR Ak 7 At B SR T
g KEERY, I 1 T, 3 BRI LR R B K
JEHEITE 2.80%~42.61% 1], HHEEE 2-33 FIBIKE
i, 1A 42.61%, HARPIRR B BUKFIMET 20%.
AFIEMRIIB K EZ R, X5 K2 HOCHRIE R
—3, BT ERE 2-33 % IR I BE AT
5, FHUORBK 2-32, FRORBEK 2-13. 4R TGE
KPSt FLBR B AR SRS R T B S 4, ik
PEUFARRAE R e s, DRI, & Bk 2-33 N E
B

26 MAERGHAR
H IR PUAE SRR, AEZGRAT R A B 3

54

PERRSE , T R 3 P B e KD, B bR 2-33
XF 10 R AR 3R GBI 45 R UK 6.

M 6 AT, K 2-33 STEHID R SkifihiE
IRRER. THERULSEERAAME, AU
MM ERTERR: SRR, AER. A5R.
R TUMEUR .

R 6 ERERAL
Table 6 Antibiotic sensitivity test
wEHY  HHEAA/mm AR

R E - R
KIFLE - R
RXEE - R
HEEE - R
#“EE - R
FMEE 15.6+0.13 I
WIRE 25.6+0.01 S
AEE 26.140.06 S
suEE 27.8+0.31 S
AT @R 30.0+0.15 S
R KEG LA S BB “ AME B B
k H42 6 mm.

27 HEHIAE

WEEACLF IR 2-33 RIIZ% T MRS [ R 772 I,
THIRIESR (37 °C, 48 h), PRHUPAA BT 5525 IR
ISR ERIEAS, WFITE MRS AR 75 FRE
REJE. WEEFF. REEE. NEHHEBE AT
o, ZE Y, RABTIERSE TR 22 [CRH
PR, SR WE 2 s

e D

2 Bk 2-33 EIES REETS

Fig.2 Bacterial colony morphology and bacterial body
morphology of strain 2-33
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RT7 PERKREESN

Table 7 Sugar fermentation experiment

AL et AR AR HERR KBE O LAEE BB AT

o

R + + +

+ + + + +

. Sy
28 MEEKEEHD

BB 2-33 IR TRE T 2 mL BB Eh /K ]
R A W MBI 775k, 37 CHE 7% 24~48
h JEAERSE R 7,

FH# 7 T4, MR 2-33 AIRIA -G (&R EAR
) RIHADES GARREEE), SERAIMIABHME .
S (A RAE L E T PR CF g R 5%
SEFAMY PR 2-33 R IR iR ST
(PIRFHEARTR], RIHATTD S e i 2-33 NHEIALAT 1A -

2.9 V7 A E Mk 16S IDNA HH 5 7| 4T

/N

K

FRIEANEE FE R 20 DNA R & B VAT T
Pk 2-33 IZERIZH DNA #2580, F#E1T 16S rDNA J74)
ff) PCR 414, % 2 il TAY TRARA R BHTF
e, S5 3,

GGCGGCTGGTTCCTAAAAGGTTACCCCACCGACTTTGGGTGTTACAAACTCTCATGGTGTGACG
GGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGA
TTCCGACTTCATGTAGGCGAGTTGCAGCCTACAATCCGAACTGAGAATGGCTTTAAGAGATTAG
CTTACTCTCGCGAGTTCGCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATA
AGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCACCAGA
GTGCCCAACTTAATGCTGGCAACTGATAATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACA
TCTCACGACACGAGCTGACGACAACCATGCACCACCTGTATCCATGTCCCCGAAGGGAACGTC
TAATCTCTTAGATTTGCATAGTATGTCAAGACCTGGTAAGGTTCTTCGCGTAGCTTCGAATTAAA
CCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGCCTTGCGGCCGTAC
TCCCCAGGCGGAATGCTTAATGCGTTAGCTGCAGCACTGAAGGGCGGAAACCCTCCAACACTT
AGCATTCATCGTTTACGGTATGGACTACCAGGGTATCTAATCCTGTTTGCTACCCATACTTTCGA
GCCTCAGCGTCAGTTACAGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACG
CATTTCACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGTTTCCGATGC
ACTTCTTCGGTGAGCCGAAGGCTTTCACATCAGACTTAAAAAACCGCCTGCGCTCGCTTTACGC
CCAATAAATCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGATGTTAGCCG
TGGCTTTCTGGTTAAATACCGTCAATACCTGAACAGTTACTCTCAGATATGTTCTTCTTTAACAAC
AGAGTTTTACGAGCCGAAACCCTTCTTCACTCACGCGGCGTTGCTCCATCAGACTTTCGTCCATT
GTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTTTGGGCCGTGTCTCAGTCCCAATGTGGCC
GATTACCCTCTCAGGTCGGCTACGTATCATTGCCATGGTGAGCCGTTACCCCACCATCTAGCTAA
TACGCCGCGGGACCATCCAAAAGTGATAGCCGAAGCCATCTTTCAAGCTCGGACCATGCGGATC
CAAGTTGTTATGCGGTATTAGCATCTGTTTCCAGGTGTTATCCCCCGCTTCTGGGCAGGTTTCCC
ACGTGAATCTCACCAGTTCGCCACTCACTCAAATGTAAATCATGATGCAAGCACCAATCAATAC
CAGAGTTCGTTCGACT

[ 3 Ekk 2-33 9 165 rDNA EF51
Fig.3 16S rDNA gene sequence of strain 2-33

73 L. helveticus DSM20075
100 L. crispatus  ATCC33820
100 L. acidophilus BCRC10695
97 L. gasseri ATCC33323
L. fermentum CIP102980
ﬁEL.panm DSM6035
99 L. reuteri DSM20016
L. halotolerans NRIC1627

“ [ L. casei ATCC393
L. sailvarius ATCC11741

46 L. brevis ATCC14869
— Tl
100 L. plantarum JCM1149
& 4 EFE 2-33 NAEGZ LB

Fig.4 Phylogenetic tree of strain 2-33
B PR 2-33 [ 16S rDNA 3 K ¢ 45 B AE

GenBank %3 % 31T Blast 43041, H MEGA 7 £ &
GRKER, 2RWE 4 PR,

P 4 0%, 2-33 5 L. plantarum 35, HY5 L.
plantarum JCM1149 A g = RN HIAF] 100%.
Bk 2-33 ¥ 16S DNA 7314558 45 R 5P R s
iR, D, ST Rk 2-33 AT R .

3 g

a2 B TEAAR N RCHE 2 2B A FH IR TSR A% A RE 2 I
FldEi B R FORE SR AT I A= e R, PRAEA A 55K
VS R BB T BT L B 4n i T S B e A, 3E
MR AFe o RAEZSANE ] . ASCEITTHER MRS . i}
PHERRE 7R AN T B i i A A 40 1 2 1
BRI, B RN TS W P AR Rk
95.86%- HAUN LI HAAE #I5 80.80% Bk A
42.61%IMBtK 2-33 4 H I ER . 254 R 25 0AEe ]
W1, KR 2-33 XHERIVE . Skilifie. IRKER. K
MERULEERAM M, AR X TIRERF
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