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Screening, identification and functional evaluation of functional lactic acid
bacteria strains in Xinjiang Kazakh koumiss

MA Xin-Miao, WEI Min-Min, ZHANG Zuo-Li, ZHANG Yi-Teng,
NIU Xi-Yue, LI Yu-Xin, LI Jie", XU Qian"

(College of Food Science and Engineering, Tarim University/ Production & Construction Group Key Laboratory of Special
Agricultural Products Further Processing in Southern Xinjiang, Alar 843300, China)

ABSTRACT: Objective To isolate and identify functional strains of lactic acid bacteria from traditional fermented

Kazakh koumiss in Xinjiang and explore their gastrointestinal tolerance and antioxidant potential. Methods The
isolation and purification of lactic acid bacteria were conducted using dilution plate method and physiological and
biochemical identification. Candidate strains with potential gastrointestinal tolerance were screened based on acid
and bile salt tolerance. /n vitro simulated digestion, ammonium iron sulfate colorimetry, and triglyceride (TG) kit
were used to assess the gastrointestinal survival rate, cholesterol reduction, and triglyceride reduction capabilities of
the strains. The antioxidant potential of the candidates was characterized through 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt (ABTS) cation
radical scavenging, and iron-reducing abilities, and compared with Lactobacillus delbrueckii subsp. bulgaricus. Finally,
16S rRNA high-throughput sequencing was employed for precise identification of the candidate strains. Results A
total of 96 strains were isolated and purified from traditional fermented Kazakh koumiss in Xinjiang, and 40 strains
were identified as lactic acid bacteria. The 10 candidate strains showed high acid resistance and bile salt resistance, and
were identified as Lacticaseibacillus rhamnosus, Lactiplantibacillus plantarum, Lactiplantibacillus pentosus and
Lacticaseibacillus paracasei. Among them, M2 strain (Lacticaseibacillus rhamnosus) showed the best probiotic
properties, with high degradation rate of cholesterol and triglyceride, high survival rate in simulated gastrointestinal
fluid, and higher scavenging ability of DPPH radical scavenging and ABTS cation radical scavenging than
Lactobacillus bulgaricus. Conclusion This study successfully identifies strains of Lactobacillus rhamnosus M2 with
high tolerance and antioxidative properties from traditional fermented Kazakh koumiss in Xinjiang, providing a
theoretical basis for the exploration and utilization of functional probiotic bacteria in fermented koumiss.

KEY WORDS: koumiss; lactic acid bacteria; gastrointestinal tolerance; antioxidation; high-throughput sequencing
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20 min, 7 593 nm ZLMEILEOGIE, LL FeSO, MLl
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iSRS 3 IR, SLIEE LV Y E AR i 22
FR o {fi ] SPSS 21 MUAS A X B VEA T 83 1 22 R 4 #r,
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Table 1 Physiological and biochemical identification results of strains

S M2 M6 M9 M13 M14 M16 S26 S29 S32 S35
LY + + + + + + + + + +
AL - - - - - - - - - -
B WAL N N N N N N N N N N

TE: 0 B, N BAYE, N AN A
2 40 RELBRE M AR RE ST LLAR

Table 2 Comparison the acid tolerance of the 40 strains of lactic acid bacteria
FLER TR 15 T %X/(1g CFU/mL)

k7% R it R HE 11/%
0h 3h
Ml 1.01£0.04 0.75+0.04 74.23+0.85"
M2 3% 0.94+0.02 0.88+0.03 94.29+0.61"¢
M3 1.13+0.06 0.75+0.04 66.48+0.55™
M4 1.10+0.04 0.82+0.03 74.77+1.074
M5 1.15+0.03 1.08+0.03 86.37+0.20¢
M6 % 0.94+0.02 0.88+0.03 94.1240.62"¢
M7 % 1.30+0.02 0.95+0.01 94.28+0.614
M8 0.97+0.06 0.84+0.05 73.38+1.23%h
M9 3¢ 0.95+0.04 0.73+0.04 87.15+1.25
M10 0.94+0.04 0.86+0.03 76.15+2.52°"
Mil 1.15+0.03 0.82+0.03 85.61+3.641
MI2 0.95+0.08 0.82+0.09 86.10+2.99%"
M133% 1.03+0.02 0.94+0.02 91.19+0.76
M14 3% 1.15+0.03 1.03+0.02 89.73+1.16°"
Ml5 0.10£0.04 0.73+0.03 72.6242.47"
M163% 0.98+0.04 1.04+0.03 105.85+2.9
M17 1.02+0.02 0.86+0.03 84.13+2.8"
MI18 3% 1.23+0.04 1.11+0.02 90.64+1.07°
M193% 0.97+0.06 0.92+0.06 94.75+1.23"
M20 1.07+0.08 0.88+0.05 82.27+1.941
S21 1.29+0.03 0.92+0.02 71.58+0.84'
S22 1.15+0.03 0.70+0.01 61.05+1.66"
S23 0.98+0.06 0.67+0.05 67.89+1.75™
S24 1.08+0.03 0.73+0.04 67.25+£2.55™
S253% 1.09+0.06 1.02+0.05 94.36+0.98"
S263% 1.06+0.05 0.95+0.04 89.50+0.97°
S27 1.16+0.05 0.90:£0.04 77.40+1 .47
S28 1.12+0.04 0.92+0.02 81.96+1.49'
S293% 1.06+0.05 1.10+0.04 103.42+0.65°
S303% 0.98+0.04 0.86+0.03 87.95+1.06°%
S313% 1.01£0.04 0.90:+0.04 90.17+1.54°"
S323% 1.12+0.04 1.01£0.04 88.91+0.75°"
S333% 1.01+0.04 0.95+0.04 95.36+0.69"
S343% 1.15+0.04 1.05+0.05 91.05+1.38%
S353% 1.07+0.02 1.110.03 104.35+1.62°
S36 1.08+0.03 0.82+0.03 76.30+1.83*
S373% 1.04+0.03 0.94+0.02 90.12+1.61°"
S38 1.21+0.05 0.90+0.04 74.45+0.65™
S39 1.01+0.04 0.82+0.03 82.40+1.841
S40 3% 0.98+0.04 0.86+0.03 87.94+1.06°"

xRS EMARIC, RS F T REFRR 22 57 3 (P<0.05), 3£ 3~6 [Fl,
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LR B 7 o T8 R A7 06 5 A e L R AR A O Y
T2, X T ZE LR B A Eh HL A R A TN 52 . i
JIH £h v JBE T L0 % 76 0.03%~0.3%2 [1] 58] PR AR5
e FUBR B B T 0.3%AHER ARG R B 5 5% 24 e gk 3 fiF
R, T LR PR B D A e A IR R T A7, F S AR IC Y
10 BRFLIR B 32 Ze R B SO L 70%, FEilJE M16 THE,
o B2 w3k 101.45% . FET X455, WX 10 #RFLER
AT s TAE.

#3 20 HRIELEREMER AR
Table 3 Comparison the acid tolerance of 20 strains of
lactic acid bacteria

24 BRUBMRHEKKE S

DRI PR B R 4 2 A PERB 5 B2 AE B W B IR B P g — 2 11
B KR RERY . gk 4 FR, ARWFFEINE T FLBR R AE
BEAEL T R P AT 2R 10 RS T B R AN 32 38
T 62.03%, XA SZHEE T 54.12%. 256 RN B
WA AT 3Z 71, Zad 3 h AL BRARE, M2 fif 2
Alk 94.69%, 4kgizid 4 h BWALTE, T 2R E T
86.96%, X — 45 HL 5 B it 5 VO X W vk A A LA B
(Lactobacillus plantarum) CICC 6240 7E & Wi 32 177 18I 1)
A RARRE, HAEIEH3 30 94.69%F1 86.96% - £ itk
21t 3 h MR IR)E, HHET O A2 T R
XA RE S R T TR R 04 B I R R DR R, 5

RS ODeo0 o [EENGD HE A KRR BT, M2 3T E i
M5 owrldE 03wk % FUR B T2, 76 A o U — i OB 1
M2 3% 2.276+0.012 2.057+0.016 90.00£0.23"
M6 2.124+0.021 1.795+0.014 88.4043.20° 2.5 [RRB[EIEE K HihM=HBERE 04T
M7 2.172+0.014 1.25340.029 57.68+1.24% BB JIF B H sl SRR A S 3 S, 10 B
Wik sasoan  1omsens  wavre VRS TRRBEERGRMES, EHERKERE T
M14~>:'< 2:141i0:013 1:506i0:082 70:35i4:935f M2 FEMFAE ) Rk, WEARAIMIICT RS T 67.52%, 526
MI6%  2.056+£0.011 2.086+0.021  101.45+1.34° X R ERE A BB B, WAl 42.85%. ILHITA
M18 2.156:0.018 1.74040.022 63.771.14" NS U EAN - SR POy IR ageh] 5 S = =TI B
M19 2.048+0.040 1.237+0.030 60.44+2.32 52.84%MH m AT L, M2 MIBTERS AR PERIRR . 7ETHI=
M25 2.090+0.042 1.362:0.027 65.17+2.24%" Mg A A 1 7w, S32 X H M =ERJH@RAE 1k 43.79%,
S26 3% 2.172+0.014 1.253+0.029 78.69+3 .84 S29 Xt i j@gﬁ%ﬁgﬁ ﬁaigﬁ, F%%Kj] 16.88%.
S293% 2.205+0.010 1.925+0.014 74.48+1.11% 2.6 HEMEES I
S30 2.276£0.012 2.057+0.016 50.74+0.59' L U, o
s31 2.137£0.013 152140317 68.85:1.61% E?%%%EE@E&HMTHH W1, d— iR
S323% 2.056+0.011 2.086+0.021 80.052.76° %Mﬁﬂ‘]%%ﬁ’fm%ﬁ%ﬁ, #Eﬁtﬁﬂ&ﬁ%ﬂﬁﬁ RS
S33 2.141£0.013 1.506+0.082 62.43+2.311 6 FIAI, LAY RBR S RO AR DPPH A 36—
S34 2.124+0.021 1.795+0.014 49.16+0.27" REEAIERRAEST, H M2 (61.35%)F1 M16 (62.94%)i R %
§35% 215620018  1.74040.022 80,7421 78° L TR FLAR 1 (58.88%); IS, M2 X ABTS BHE ¥
$37 2.048+0.04 1.237+0.030 60.27+1.84* HIFEIEBR RN 76.95%, &l 1 Rl FLAR IR (65.31%);
S40 2.090+0.042 1.362+0.027 67.29+1.67"" FERRIR JRRE F1 5 T, AN TR B AR v o A =2 (B A 22 5 55/
F4 10 KABRREEUSFRNE T Z 6
Table 4 Tolerance of 10 lactic acid bacteria strains in simulated gastrointestinal fluid environment
—— 4L W T T 8/(1g CFU/mL) i 3% 58 71/% BEHUU W 76 T 8/ (1g CFU/mL) fiif 52 B /%
0Oh 3h 3h 0h 4h 4h
M2 1.18+0.02 1.11£0.03 94.69+0.51° 0.88+0.03 0.820.03 86.96+1.38°
M6 1.09:£0.04 0.80£0.03 73.5241.32° 1.03%0.02 0.70£0.01 68.04+1.60°
M9 1.1340.06 0.75+0.04 66.48+0.55" 0.97+0.06 0.84+0.05 64.09+1.17°
M13 1.10£0.04 0.820.03 74.77+1.07¢ 1.0420.06 0.75+0.04 72.49+0.66"
M14 1.15+0.04 1.09+£0.04 94.28+0.85" 0.92+0.05 0.67+0.05 74.77+2.64%
M16 1.03%0.06 0.940.02 91.19+0.76° 1.0120.05 0.90£0.04 81.93+0.67°
S26 1.25+0.02 7.66+0.01 62.03+1.19¢ 0.94+0.02 0.88+0.03 54.12+1.63¢
29 1.01%0.05 0.90£0.04 89.10+1.05¢ 0.92+0.05 0.75+0.04 76.95+1.94°
$32 1.020.05 0.84+0.05 82.13+1.36" 0.95+0.04 0.72+0.04 76.15+2.52¢
S35 1.0340.04 0.920.02 89.68+1.09" 1.0620.08 0.80+0.07 74.99+1.51




|

557

AR, S5 BTSN B v PR S T I REVEFLRR I AR IO O E . MERE M I REEANY 157

LRAHIEX 3 WAL E 8 bR, M2 RPEAE DPPH H H 5

PAK ABTS BHES - 1 R T R 5 i A 1 js b A bk, (ALAE

BRIRJFRE ) LA A2 o DIEMFST E 2K, FLRMEF K

REMS AR R PURILRE T, JF HRERS AR LTS P,
#5 ABREAHIMEEEEREH=EENIHRER

Table 5 Experimental results of in vitro cholesterol and
triglyceride reduction by lactic acid bacteria

k73 JOEL ] e B i 242/ % HIh = R %
M2 67.52+0.70° 34.67+0.12°
M6 53.89+0.64° 39.14+0.72°
M9 51.20+0.58¢ 20.01+0.32¢
M13 42.98+0.18" 17.90+0.75"
M14 59.05+0.17° 30.35+0.79°
Ml16 55.10+0.70° 25.66+1.04"
$26 42.85+0.92¢ 19.85+0.26¢
S29 49.24+1.29° 16.88+0.33"
S32 4436+0.51" 43.79+0.41¢
S35 44.41+0.83" 33.85+3.65

2.7 itk 16Sr DNA EENFLE

BEER 10 BRH TR 16S rRNA K7 751
NCBI (https://www.ncbi.nlm.nih.gov/)E0H & o £ 47 )5 371 v
JEPE XS, FFAE NUCLEOTIDE H¥)E N #H AN 1 16S
RNA TSP FIVE NS 2%, FTHERGE TR

HEAEAR 255 5 7 S [ P L S R A T 2R G A i . sl 1
FIR, AIFSE Y 10 AREARFT LABEIH Sy M6 Fi M2 B2
E N B2 FLAT B (Lacticaseibacillus rhamnosus), M16 .
S29 A S35 #t % & M E T B FL AT I (Lacticaseibacillus
paracasei), M9 . MI13 Fl S26 # % & J #H Wy FL#F
(Lactiplantibacillus plantarum), S32 Fl M14 T R IR
FUFT i (Lactiplantibacillus pentosus) .

Fzo FIMIENEENZRER

Table 6 Antioxidant activity of lactic acid bacteria

— DPPH HiZ  ABTSHHEITH  aklEife )

TR % LT R % %
M2 61.35+0.96™ 76.95+1.22° 28.80+0.59°
M6 52.50+2.49% 72.30+1.69™ 39.50+0.79°
M9 44.90+1.42° 58.79+1.54° 31.21+0.31¢
Mi13 50.61+1.52¢ 65.68+0.51% 31.70+0.80¢
Mi14 46.23+1.45° 70.44+0.84° 38.76+0.74°
M16 62.94+1.41° 66.60+0.27% 25.52+0.68"
S26 44.25+1.89° 45.50+1.248 34.11+0.66°
$29 52.01+1.30° 73.86+0.88° 25.39+0.23"
S$32 55.20+0.65¢ 64.89+0.40° 35.95+0.29°
S35 47.06+1.38° 55.48+0.13" 30.87+0.51¢
gg&gg 58.88+1.16° 65.31£0.84% 35.32+0.54°

Lactiplantibacillus plantarum strain Heal 19(CP055123.1)
Lactiplantibacillus pentosus strain B34(OR740590.1)
Lactobacillus pentosus strain MBOBR061(MN880129.1)

61| Lactobacillus plantarum strain NY-1(OR668518.1)

M14
M9
S32
M13

51 S26
62!

99

Lactiplantibacillus plantarum strain HBURS1199(OR502255.1)
99 Lactiplantibacillus pingfangensis strain 382-1(NR 179289.1)

99

48

931
92

99

991
0.01

911 Lactiplantibacillus nangangensis strain 381-7(NR 179288.1)
Lactiplantibacillus daowaiensis strain 203-3(NR 179286.1)
70 Lactiplantibacillus songbeiensis strain 398-2(NR 179291.1)
99 Lactiplantibacillus dongliensis strain 218-3(NR 179287.1)
Lacticaseibacillus baogingensis strain 47-3(NR 180279.1)
Lacticaseibacillus jixianensis strain 159-4(NR 180278.1)
99 Lacticaseibacillus absianus strain YH-lac23(NR 181070.1)
81 {Lacticaseibacillus dagingensis strain 143-4(a)(NR 180280.1)
——— Lacticaseibacillus yichunensis strain 33-1(NR 180281.1)

Lacticaseibacillus rhamnosus strain SL66-1(MN435871.1)

M16
S29
S35
99| Lactobacillus paracasei strain 8917(MT538862.1)
Lacticaseibacillus paracasei strain HDB1196(MT261796.1)
Lactobacillus paracasei strain 8874(MT538859.1)
Lactobacillus mulieris strain c10Ual61IM(NR 180521.1)
Lactobacillus paragasseri strain JCM 5343(NR 179379.1)

B 1 FLEREEHE 16S IRNA KL 550 b

Fig.l1 Phylogenetic tree of 16S rRNA gene sequence of lactic acid bacteria strains
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AT FE KT R 5% 50 A% 0 R IR Th % rh 43 B 24k
96 PREPR, Hrh 40 MREHRE A 2 N FLIREE .
b, 10 MRAsk TR AT 5 1 T R 1 (= 87%) FI
i HEER 1 (= 70%), i3 16S rDNA 12538 5 I 5 40 5 % 2
2 PREWEZLATIA . 3 MRAIFUAT I . 2 AR IOBEZLFF B A 3
PRENT R LB . Horb, 1 AR BUWEZLAF 8 (6 E B R M2)
HE [ B AR 20K 67.52%, T =R MR35 34.67%, 15541
B (pH 3.0){716 K1k 94.69%, UK (pH 8.0)/7 16 RKik
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