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Diversity of lactic acid bacteria in traditional fermented yak cheese in
western Sichuan Plateau
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Abstract To assess the diversity of lactic acid bacteria in traditional fermented yak cheese collected from the
western Sichuan Plateau, Sichuan, China, 70 strains of lactic acid bacteria were isolated from it, and their acid,
osmotic pressure, bile salt, and high-temperature resistance, as well as acid production ability, growth, and
antagonistic ability against pathogenic bacteria were determined. The BOXA1R-PCR technique was used to
analyze their diversity, followed by 16S rRNA gene sequencing of the representative strains for phylogenetic
analysis. In addition, the quality of the fermented yogurt was evaluated using sensory assessment. Results
indicated that among the isolates, four strains were acid-resistant, 15 were osmotic pressure-resistant, three
were bile salt-resistant, three were strong acid-producing, four were high temperature-resistant, and three were
strongly antagonistic against pathogenic bacteria. BOXA1R analysis clustered the 70 strains into 10 groups
with 92% similarity. Based on 16S rRNA analysis, the isolates were identified as Lactobacillus, Lactococcus,
and Enterococcus strains, with Lactobacillus being the dominant genus. The combination of strains RB5 and
YAS8 received the highest sensory evaluation score. Strain YA8 was identified as Lactobacillus casei based
on physiological and biochemical analyses and 16S rRNA gene sequencing. The results reported here show
abundant lactic acid bacteria in naturally fermented yak cheese in the western Sichuan Plateau, which have
potential application prospects.
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DL 3% 2l i 445 S 4 FO 0 IR 0 0 N o 9 FE N 12.5% )
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B2 2 Rt Sl AL AR 925, HE— D0 iE B R,
7% 176 SR R kR T-30% H I -80 “C UK AR - 77
1.5 h REHKIFIE
1.51 =R WA MRS G S, 37 F45 “CHRI50
CHMER AT H 3248 h ), WD FHA KA.
1.5.2 FERIXIE 19 SR P8 s v, A s B 1 kN I
LB AR P R BE ISR 55, 4 I BE 1R TS AL 4T B RR B RE 110
mL MRSW{& R 3: 5, 37 ClHIER; 7%24 h. S AFRREIKE
1% CaCO,tMRSE; i P4 - 8] & £ 75 85 H E4% 95 mm
HIK AT FLE, [ fLH 2 57 A100 uLB 3 i i nic,
B N TR B T 37 CIRE FR A 97 2-3 dJn IR AT v
P B2 KA.
1.5.3 MFEER XK OB R 56 K A B AR R B0°®
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W, WE3ANELE, 37 CHi 3224 h, id 3B B 512
1.5.4 MWERINLE  HEREE A pHE ~3.0. 4.0 5.0/(MRS
BrFagh, 37 CirB R 3224 h, M HA KM, Bhik A K%
LB RIS AL, 535 A 5 B9 FE N 10° cfu/mL A B R 2>
AN pHIE #1.5. 2.5, 3.5, 4.5, 5.5, 6.5 MRS 435 77
B, 37 CEEHFE, T-04 2. 4. 6. 24 hd> B E K B K 1
ODgooft, PAKT I [ pHAE 1T 77 55 %, LLHARpHIMRSH; 7%
S P M F IR B AR o, A RS E 3N E R
1.5.5 MiZEERE H B k3 ANaCIF 2 70 H N 6% )
MRSH; 723k, 37 CEE R 9524 h, M HA KN, Phikd:
KAB LR U B RRIE AL, BT A6 5 (034 9 10° efu/mL i 1 Bk
23 518 ANaCli & 7> 5 93%- 5% 7%- 9%IKI MRS {4 1% 7%
Herh, 37 CEEEREIE, 20T 0. 2. 4. 6. 8. 24 hillE KR

Table 1 The source of yak cheese samples in the western Sichuan Province

FEm a5 AT SRR X
Sample number Sample type Sampling region
HA HELE U Yak cheese 40 J5 B:fi K 2Kk Kakou Village, Amu Town, Hongyuan County (102°64° E, 32°92' N)
HB FE UM% Yak cheese 415l .32 3: 244 Jianla Village, Maiwa Town, Hongyuan County (102°91°E, 33°06' N)
HC HEAYhEE Yak cheese 40 Jf B HeE %354T Gema Village, Longri Town, Hongyuan County (102°45°E, 32°50"' N)
HD PRI Yak cheese 40 JRELY/R¥L 235 /R e A} Daerlong Village, Chaerma Town, Hongyuan County (102°11°E, 32°44' N)
RA FEE NS Yak cheese /K% ELk A48 ZF Randuo Village, Tiebu Town, Ruoergai County (103°12’E, 34°09'N)
RB FEA- UK Yak cheese  #5/Kk % ELFif pi4s H JE A1 Jiani Village, Axi Town, Ruoergai County (103°21°E, 33°68'N)
RC - Yak cheese  #5/K i B 40 4L E K Zhawo Village, Hongxing Town, Ruoergai County (102°74°E, 34°08'N)
KA e % Yak cheese  FEE T £ 4f Zheduotang Village, Kangding City (101°89'E, 29°99'N)
TA e Yak cheese  BEHEELTE AT Puxi Village, Rangtang County (101°30E’, 31°78'N)
TB YR Yak cheese  HEHEELSERL 2Nk Jiasiman Village, Zongke Town, Rangtang County (101°06’E, 31°80'N)
YA YEF s Yak cheese  FiEVE LV LI RiFT Chengxiang Village, Hekou Town, Yajiang County (101°02°E, 30°03'N)
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1.5.6 MIREENIRIE KPR N4 AR 2R 5 4 H00.2% 1)
MRSH; F: 3k, 37 CHpE 7724 h, Mg HAK SN, Phikt
KB ITF MIBE VRIS AL, KT AL 3 (3 FE M 10° efu/mL i bk
45 Bl NZE I 26 5 & 4> $0H0.2%. 0.3%. 0.5% 1 MRSk
B, 37 CHEERFE, 4510, 2. 4. 6. 8. 24 hill:g &
TV 11O Digoofi» LA NE9A FE 1) 1H #h 85 35 FL R 2, DAAS N4 E
R IIMRS B 75 2 B2 N AH R S B bR AE ot BR, B AR i B3
AEF,

1.5.7 FBREIDNAREL K LU0 ik H o i o 24 L % 1 1
WAL G, M AR A 40 1 ik R 2 DN BRI 771 6 408 B ok
HIZ4IDNA, il i B vk % 52 B Mk DNAZE 5 5k, —20 CUk4H
TRAEAEH.

1.6 ZHEMITRRAZLXETH

1.6.1 BOXATR-PCR  3#1/7%1"® }y5'-CTACGGCAAGG-
CGACGCTGACG-3'". & MAR" I F: 2 x PCR Mix 5 pL,
BOXA1R (30 pmoL) 0.2 pL, ##DNA (50 ng/mL) 1.0 pL,
ddH,0%F %10 pL.

PCRY™ #4257 495 CHiAL 142 min, 94 ‘CAZ 11 min, 52
‘CHEM1 min, 65 ‘CIEfH8 min, 65 CH & IEH18 min, 357
T, P85 G T4 COKMIE IR ARAE.

38 7 4 vk e P R T AR R e BRI, e T A P
H R 2% HEAT S80GSR PR AENT-SYSHET B 25 W 3R 18 5
FEEIE, JF PR B 5 1R R IS T P R AR R B R AT S S
AR,
1.6.2 16S rRNAERFEFII MR RFEAEMEE L
I DNAAR R I 41 % 16S rRNA, PCRJ% Mk & 25
pL: mix 12.5 uL, @H3#27F (5-AGAGTTTGATCCTG-
GCTCAG-3") fi1492R (5'-TACGGTTACCTTGTTAC-
GACTT-3") %1 uL, DNA#:AS5 uL, #h7EddH,0% 25 L.
PCR M FEF: 95 CHiA 110 min. 95 T4 P30 s. 55 C
iBk30 s, 72 CHEMI90 s, 30MEFF, 72 CEEL210 min. I
FE W FR AT W0 7= 0, K TR 1R B A R R AE R A
PR A BT RGER 23 A BV, K 7 &5 S AL NC B 4T
BLASTF 4 [HJEME 57, HHAMEGA7.0R 41T RGE K EW
ok iaf=e
1.7 BRIHIMERBREIFMN

B B R R 0 LR 1 B R AL, B A N e FLEE 7R

R2 BIMREIRNIERERE
Table 2 Sensory evaluation indices and standards of yogurt

JHerf, 37 CHREFEBEIL, T4 CUKFEA MU AT BB PR, I
B4 K EGB 19302-2010 (£ ih [F 5% 22 4xhrvk R B L) 145
FREORS ek s, EARVE M bRk £ 2.
1.8 BB

FIF Excel 201055036 2R AT W5 11 5. SR AENT-
SYSHIAT KM T 355 R IR KL, I MEGAT. O A HEAT
R REMIRE. R AISPSS 23.0%8 247 8 K 3 7 2 bt
(ANOVA) K MR FIF M %S (P<0.05).

2 BERS7h

21 ABREN ST BAEURILTERE

MR (1 B A 4 88 H 7O Rk B ik, FEPHA 8% HB 7
¥k HC 7#k. HD 8#k. RA 9%k. RB 5f%. RC 5#k. KA 2k,
TA 6%k, TB 7k, YA 8tk. &0 5w 53 e AFLIR . #r
FLER B A1 7R 3k E A KR St EATR.

E1 ABMEEMRSIEFRE FWEKES.
Fig. 1 Growth morphology of lactic acid bacteria on MRS
medium.

2.2 R RETFIE

8 7L R T PRI v iR 7 TR PO DR v i ) 4 SR SR 3T
. AT RENE 2R 2R R, X EKHAT RB5.
YA8YJREAES0 Coc M FAEK, JEBL T B i Bk i i 75 s B /0.
EF= R AE /72 T, HD1. RA2. RC3. YASH 45 % BBl A% 34
KF1 mm, FERAE SR s TR0 K T 1 56 b I 4% 1 ik
Bt RIaFF s — @ e, (I ee 2 S8 8. flm
KA1 B P8l EL42 96.02 mm, /& BT A B Ak P i/, TTHB2
H 0 T 8 7D B ik, L4 B [ 4% 2920.00 mm.

53 5 1) TORK B bk HEAT T R 1 e 2, 45 SR B R 644k
FLIR T BE B2 i 52 pH v 5.0/ 3R 5%, 268k %F pH N0/ A 55 B
it 52 P4 , {HAE pH 3.0 25 4 I8 RE 4k 824 K B B ik R 48k

P R bR

B i B
E\/(z;!\t@tlggc;?g)ex Evaluation standard Score
i A, EAGEE, EHAAE Very uniform, glossy, milky white 19-25
Colour and lustre #2354, WgAT /A, EIR P % Uniform, slightly glossy, yellowish 11-18
(25) A 5], BERE, EHABZIE Pockety, dimly, with other colors 0-10
bk Scents TR W75, AT Rk, PRI Strong smell of yogurt, slightly fermented flavor, balanced smell 19-25
(35) FR U5 ik, R IR AL HL, M1 Bland, heavy fermented flavor, good smell 11-18
TCRR WY& Wk, R TR W B 81 HoAh 57k No smell of yogurt, fermented or other peculiar smell 0-10

R A B, BRIk Soft and delicate taste and harmonious flavor 19-25
g;ﬂ; Taste R 40 B, B2k B iR Delicate taste and sour coordination 11-18
FUBCHURE , B2k # B4 50k Bad taste, overacidity or unpleasant odor 0-10

AR LA 5, AR, ek EFLIENTHH Good organization, stable in shape, without or trace whey precipitation ~ 19-25
T e;(/t\ure@ WAL L), AR, L EILENTH The curd was uniform and stable, and a small amount of whey was precipitated ~ 11-18
(25) EAARLE), EARRE, KREFIETH 0-10

The curd was not uniform, the shape was not stable, and a large amount of whey was precipitated
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o i 1 P A ek ) A T R AT 18 7 2% 1R R I OD g 1
HAR N 5E 45 B 0L E2. H HB2FIRA2$7E4-6 hikf 1545 /NG
N, (RARRER Y BEAE SRR M S A N RESEAE K, TEpHN 15138
BE 19724 hilf ODgoofti WYAS > HB2 > HD1 > RA2.

PANaClR &4 $H 6% IMRS 5 77 3L 4] 0% 13 RIS R i 32 14
T, 2 0ODgoo M E JE #0745 SN 3FT s, HHIEITT AN, BLARAN[A B
Xt NaCliiit 52 72 B AN [, AHFE SR AE 24 hif OD g, f 2B
NaCIJi & 7 #0 Kmg/. KA ERRC31E9% NaClif 55
5ETENaCI A AL, ODegoofEL /NI 5 T, 2R W11% 1 bk
RS 52 e V5 0 TR M0 85 T S AR PR R 491 A YAS,, 7E i 2R B B v
ERBEAERAR B Km0 LSk i R A B 52 FE A i

3 WOEKREIT =R, BRIV ERE M E

A4 E £ 5 8 5 BN 0. 2% KT MRS 15 9% 36 41 i 45 21 344 firf
Z WK, 40Dl J5 45 RN 4FT 7R, 3R B 3 RE1E0.3%AH
R R AR, H SRR E TR 2 0.5%, HB1UL AL
K, RBSFIYASHE % 4k 454 (K AR K H e 53
23 EREEEHUERAZLE

X435 15 B 0 704k B HR 32 4T BOXATR-PCR G 143 3 it £
WAy, KRB NESEIREEWES, ALK 92%1E A
FrE, 7TORK T k4% %14 10 BOX 4% B, R 5 BOX A1R-
PCREZ T 45 H, B 10 R FE M HE1716S rRNAK
R 8, 388 0 7= 00 7 )5 e 25 SR L R4, MRS
KB BB 6T 7R o B #4501 v k1, 108k AR 3K B 20 A5 76 5L

Table 3 Determination of high-temperature resistance, acid production, and bacteriostatic ability of selected strains

[k ¥ k) iiif = i A€ /1 High-temperature resistance FERRRE S S EAD) HUIERE 77 IV Pl LA
Strain number 45 C 50 C Acid production (d/mm) Bacteriostatic ability (d/mm)
HA1 e A7F 9.26 13.43
HA6 - - 8.78 8.37
HB1 - - 9.55 10.90
HB2 - - 12.08 20.00
HC6 - - 9.35 10.10
HD1 ++ - 11.25 11.08
RA2 +++ ++ 10.88 17.16
RB5 ++ + 9.77 11.69
RC3 ++ - 10.10 13.27
KA1 - - 7.00 6.02
TA2 + - 9.61 7.54
TB7 - - 7.48 7.23
YA8 ++ + 12.43 18.76

R

N ROIRDLRAF, “++” RORBMRAERRIL— B, “+7 RORBIMRAE KA, -7 RoRBEHRALEK.

“+++” means good growth condition of the strain, “++” means normal growth condition of the strain, “+” means weak growth of the strain, and “-”

means no growth of the strain.
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Fig. 2 OD4,, measurement of four acid-tolerant strains at different pH values.
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Fig. 3 OD600 measurement of RC3 and YAS8 in different osmotic pressure environments.
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0.8 HB1 0.8 r RB5 0.8 YA8 O0h ©O2h
m4h m6h
O8h ©O12h
s o4 @24 h
[a) 0.4 .
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0 Iﬁﬁl.ﬂﬂﬂlﬁm..ﬂHHIHHlIDDDJ 0 =l smr““ 0 1 1 1
0 0.002 0.003 0.005 0 0.002 0.003 0.005 0 0.002 0.003 0.005
/|-JH £575 & Bile salt content /|- %5 B Bile salt content /|- JH £ % & Bile salt content
[E4 i AE F B #K B9 OD oo E 45 3R
Fig. 4 OD600 test results of cholinerine-resistant strains.
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Fig. 5 Partial BOXA1R-PCR bands pattern (A) and clustering dendrogram (B) of the 70 isolated lactic acid bacteria strains.
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4 REVFEHRAI16S rRNAFLEREL ST 57
Table 4 Comparative analysis of 16S rRNA sequencing results of representative strains

#7257 Strains of type FHiPkgm S Strain number T % #itk Related strain AL Similarity (P/%)

HC6 Enterococcus sp. (JQ739692) 100

Enterococcus HA1 Enterococcus hirae (MF628999) 100
RB2 Enterococcus faecalis (MF424328) 100
RB1 Enterococcus durans (MF425024) 100
HB1 Lactobacillus rhamnosus ( MT613449) 99.55
RA1 Lactobacillus fermentum (MK537375) 100

Lactobacillus RA2 Lactobacillus plantarum (KM350169) 99.86
RA5 Lactobacillus hilgardii (MF583040) 100
YA8 Lactobacillus casei (CP074377) 99.79

Lactococcus TA6 Lactococcus lactis (MF354735) 100

B )& (Lactobacillus) « ¥k & (Enterococcus) MIFLER  #E 1 3044 1T I G4 BR W ilb AT B VA, BE BTN 45 k5
& (Lactococcus) , HosHR#CN A HE, SAREHRE PR, HRATA, BERE KT RRERY, HERER

50%, NLAHEE. Wy, A RB5 + YASI AR E Y43 B i, SE RS AL TH B E T
24 BREIEMER K. EHERRTID, YA8S S ik T-RA2FIRBS, it bl 4 Hd

2 PIRTHIE S, IEFEYAS. RA2, RBE=IRIEHIIEIR Y,  J5, IAYASRIEIRILR  BA R A EH 7700 —HRIL IR .
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Lactobacillus paracasei (MT613509)

Lactobacillus paracasei (D79212 )
RA2
YA8
Lactobacillus casei (AF469172)
HB1
95| 75| Lactobacillus rhamnosus (MT613449)
Lactobacillus rhamnosus (MT510487)
RA1
1001} actobacillus fermentum (MT641196)
g9 |RAS5
B Lactobacillus hilgardii (MF583040)
Enterococcus faecalis (MT604811)
100| RB2
Enterococcus durans (MF425024)
RB1
100| ~Enterococcus faecium (AB012213)
Enterococcus durans (MT544939)
100] HA1
100| HC6
Enterococcus hirae (MF628999)

TA9
100 Lactococcus lactis (MT473624)
Lactococcus lactis (AB100803)

Saccharomyces cerevisiae (KC969085)

—

0.05
E6 NEREFNBEARERRZLEN. KAN-JIEWERGERKEM, LA
RIS B} (KC969085) 1E N AL K B /IS, H 5 BUONRLH &5t 5.
Fig. 6 The phylogenetic relations of the representative yak
cheese isolates. The phylogenetic tree was constructed by Neighbor-
joining method, and Saccharomyces cerevisiae (KC969085) was
used as the outgroup for phylogenetic analysis. The gene accession
numbers are in the brackets.
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AIF FT H S S 1 G )1 S [0 b DX 48 24 7L 0% I ) 180 Rk R 47 T 40
JE I A SRR AR B AR AR AT WD B, SRS AT T
BOXA1R-PCRFI16S rRNAZ; T AW 2 4% e, 121 5w Ik
W, RO A PELL R B F R e B B A R
S IX, LRI TOMRILIR I, Horh, AR IR 158K 1215
JE SRR IH E 3K 7 BR 4R« AWK iR BRI B 2 4 (1
AR, VAR X RS 22 T 20 F T 2% 55 2 R0 FLIR 1 1
IR F TS INUTTIFEA T S

AR B TR 6 0 i R R 77 A O i LR 1 ) o
Fabr, R P BRI 1) R K A6 I AR R A B T B A 3
TEIRAR pHIR B, X7 JE 1 A 0 T 1l 5 4 1 4 1 2 i A0 R )
T s 5 7L T8 T A ) T v R e o 1 B L R T R
B, Z IR THAE12-16 hitk A% BB K, A 37E8-10 hidk
NSRRI, X5 F B AR BB AT 45 SR AR ol HDA,
RA2, RC3. YA8IUHK B =R 6 /15, HA1. RB5. YA81
HEfEB0 CoM FAEK, WHERIT B IH k.

BT Rk fabnsbh, FLEE B B AT i 52 8 i 1 PR 5 1 8 7.

®5 REITNEIILE
Table 5 Sensory evaluation score summary

XE7ORRPAIEAT 1 U8 1T« T R I 92 328 JR AN IE 25 106 45
SR IR AT LR B RN iR B A AN R AR EE A A . KATHY
BRI BB EA296.02 mm, 2 BT A B /N, T HB 2 40 B
e fyds, HAME B B2 820.00 mm. ISR ES
FE T I FLIR B AT AT B, 45 R I7E17-20 mmii], 2%
SN, T BE SR B A AR RS T, R Ak R ) 22
B2 TR R AR B, 37 %ol 1 R 241 RETE B I pHIR B P A7 0
FLrPYA8. HB2. HD1. RA2YHk B i B2 14 5 5 5 Tiif 75 3% 3k
56 b, F 15Kk AE 15T 52 6% NaClE R, 28k HRET157E9%NaCl
WP 2 K, Bk IETH = 20.5%0), HBUL A4 K,
RB5FIYA8RE W 4k 4 A K AT A 55, X 0 g2 T FLER B AP
B 2 5 B LK U T AL F A A7 A 5 S0 T e 14 B W o s o 0 i
BHER G, RB5. YA8YIREMSTE0.5%AH £him il B AE K, (HEK
BN NS, X5 X1 2 B 2N R T 45 SR PR

BOXA1TR-PCRZ A 43T 45 I 7R, FLBR T 43 Afi 46 LA
)% (Lactobacillus) - 1 3k1E J& (Enterococcus) FIFL.ERTE &
(Lactococcus) , HA FLAF 5 )@ 15 LL50%, )17 H X 4E 4= L
FR 1A I AR I . LiuSe N 6T NS AR R B AR LI 5 R B,
TECFLIR T B L FLIR T (Lactobacillus helveticus) &t 3L
PR AR N DU 7 9 X AN [+ G S 5% B o 1 (AL i 4 2
T AL SO A %, SR Hlllumina MiSeqrsril & il /e, L%
SE ST R 1] 1Rl B 8 s o, JERER T B TR T TR
BT, FUAT o B AR R B o & 2R s R, HR
SEERTE R AN FLER T S, AN [F) 28 Y1 1 G 0 2 R T L ot EL A A
I R 2 R AR VR 27 XS A S A AR AL, (HER T R R
S, FLERTA A A BE A AR ), A 22 5. 0 28 TR PR 1 % 2R AR
KRN ERG KB AEREKY, REREMEZRER, &
TS SRR AR AL P LR W R B 2 PR RS, TRE R AR
R 2B =38 B bk

REWN GG LR AER, 1528 — MR R 1
TR YA, £16S rRNAX & N TEEFLFT 1. =3I
J 6 R v T X AR R T T 2 24 TR 10 A5 o v 3 8 0 i
7R LR B, oAk TR ILAF B C. BB AN
VG e S A 290 R TR 24 L 40 B O e EH AR o 77 -2 R T R T L
TR, 2% B N R AT, 38 IR EE A )1 70 53 e A% 42 1
ST rR Ay B %k HE AR 25 A 8 T ROR M SR I Y. £ T
FU I8 W TG Hb X ) FLAF 3 A R AT R vE, Foa AR AR 7 R
FER .

4 45 ip

MAOA 178 e Ji A Gt 5 T G A4 0 8 R o v 45 2 7O RR L IR
W, IR 52 38 Pk S5 PR REN I S B P T, 07 k1S
B YA 25 & DN e 45 R i LB wi bk, G2 2ELAI16S
rRNAJF 31 7341 %5 58 HON T B FLAF . R IL )1 P8 X A% 8 E AR
H B AR LY I P B LR R BRSO BRI T e

F845 Index RB5 + YA8 RA2 + YA8 RB5 + RA2 YA8 RA2 RB5
{t7% Colour and lustre 2453 + 0.51a 24.20 £ 0.48a 23.00 £ 0.64b 24.37 + 0.76a 22.77 £ 0.77b 19.40 + 1.22c
Sk Scents 24.30 + 0.89a 23.40 £ 0.72b 24.33 + 0.80a 23.23 £ 0.82b 21.70 £ 1.29¢ 20.23 £ 1.22d
Wk Taste 2413 + 0.86a 23.03 + 1.00bc 23.07 £ 0.78b 23.23 £ 0.82b 22.50 + 1.33c 16.13 + 2.26d
HIVIRE Texture 24.07 + 0.74a 23.77 £ 0.73a 20.97 + 1.33c 24.03 + 0.81a 21.70 £ 1.29b 16.03 £ 2.31d
J2.4) Total scores 97.03 + 3.00a 94.40 + 2.93b 91.37 + 3.55¢ 94.86 + 3.21b 88.67 + 4.68d 71.79 + 7.01e

LI 2 B bl 2520, Wl — AT S AN R 7 R R 1 22 5 (P < 0.05) .

Values are mean + standard deviation. Different letters in the same row indicate statistically significant difference (P < 0.05).
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