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Abstract: Lactobacillus in yak ghee at different altitudes in Tibet
was screened through tolerance index of resistance to acid, hydro-
gen peroxide, and antioxidant indicators of scavenging capacity of
DPPH free radicals, OH free radicals and superoxide anions. The
results showed that 61 strains of bacteria were acquired from
Tibet yak ghee, and 7 strains of them were well-tolerated to cir-
cumstances of low-acid and hydrogen peroxide. Among the 7
strains. C19 (Lactobacillus plantarum) had the highest scaven-
ging capacity of DPPH free radicals and superoxide anions with

the rate of 30.84% and 26.91% respectively. E1 (Lactobacillus
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rhamnosus) had the highest scavenging capacity of OH free radi-
cals with the rate of 57.60%. No correspondence of scavenging
capacity of DPPH f{ree radicals, OH free radicals and superoxide
anions was found, and altitude was not directly proportional to
the antioxidant activity of Lactobacillus. C19 and E1 had
potential in the research and development of natural antioxidants
starter.

Keywords: ghee; yak; Lactobacillus; acid resistance; hydrogen

peroxide resistance; antioxidant activity
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HLX

AT 3% 2] DNA SR R & KR A AR A R

MRS #5555 (MRS [ 4 5 5% £ 75 MRS 55 5% 55 5 Al
A L5 %A BRE s & 7.5%0 CaCO, i MRS [#] 4 3 55 3
JEAE MRS £7 3R 53E 6 BRI 7.5%0CaCO; 1 1.5 % () 35
B A R R A Y H AR A R LA

DPPH & /K Z, 5 ¥ W (0.2 mmol/L) 48 3E M ik %5 1
(2.5 mmol/L) ,pH 8.2 Tris-HCI(0.05 mol/L) .4 % =
(0.05 mol/L) : b IR £ H Bl B A B4 |

TR W2k % % (2.5 mmol/L) . pH 7.4 # B2 2% vh |
(PBS) . i Ak & ¥ Wk (20 mmol/L) L 50 5 FE A £
BHEERA A .
1.2 a5 &
EHN LG UV-1800 B, | i 35 3% 35 (X 28 A R
A U B AR A < JY'8S-TIN B, 57 i 7 2 A W B 4% ML 073
A BRA T 5

B R B AL5810R #L, ##[E Eppendorf 24 # 5

PCR {{ :BC-C57 B!, Jb nt RAKE BB A R A 5

B g BE K S B, 3k A : DYCP-31DN A1, Jb 50 75 — %
W

BEE A% £ 48 : Tanon 1600 &Y, | ¥ K fE B} $8 A R
YNEI®
1.3 A&E
1.3.1 FLERVER 4 B 5204k G B B IR 91 A% 7 5.00 g,
EAKA 45 mL Az BER K TG B B A4S P A 20
JEARHAF] 1~2 min(HAE T 6 /O HI 12 9 (g/ml) Y
FERASII . KB E B E M REIAE &F 7.5% CaCOs
MRS [ {55 32 5 E ¥ 510 A B F 37 “C 5 IR 46 1 IR 5
F5 48 h, T IUA V45 B I R 11 B0 T VR E AT B AR R A 22 [
o 5 2% [P i G 3% B T — 80 CATEA& T .
1.3.2 BHRSFAEWFEEE

(1) DNA #25 . F) FH 40 7 DNA K5 & 3= > 215 3

/A\A

&l

x1 ERER

Table 1 Sample information
T fh 95 KR 77K/ m
1 AR i 117 BIE 3 £ 4 70850
2 hr 5% T 2 B 4 250+50
3 P % T S T P G X 3790450
4 ARCZ TR bR L 3 700£50

FRAAS FER MR ERESF BB T RASL AR FIE

H 4T 7% T #k DNA,

(2) PCR "3 B U5 - AR 4 SCRC11 ] B B F .

PCR & %& (25 pL) : PCR Buffer 2.5 pL.d NTP 2 4L,
DNA itz 1 pL,Taq fiff 0.3 pL, 519 1 uL, THE519)
1 pL, FIBB 2K E A% 25 pL, &,

PCR ##% 44 : 95 “C HiZAE ¥ 3 min, 95 C ARk 45 s,
50 “CiB & 30 5,72 CHEAH 35 s(40 WIGHR) , I J5 72 “CHE
fifl 5 min,

(3) ¥ 53 #7 : M ] Nucleotide Blast XJ Lt 43 #7 Il F¢
gL,

1.3.3 FLMRWE M RENE % —80 CRAZE ML 2%
AR T MRS R B; 57 2 v, 37 "CHES% 16 h. ik 4%
U AR . PR L AN M vk B2 R 12X 10° CFU/mL, DL FR
SyE 3% B A Ay B R T A8 pH R 2.0,3.0,4.0,
5.0,6.0 [y MRS # i3 F5 S, 37 CHEFR 16 h, il HOR[R]
pH f F 600 nm 4y OD fH*,

1.3.4 IR AR E  H—80 CRAFE M
DL 220 i i B R F MRS WK K5 3R 3L op, 37 CHEFR16 h,
AR TR . TR Al ok B Dy 1< 10° CFU/mlL, PL{E
TS B 100 1 32 PR 43 S 45 R0 90 B HL O, ¥R B 0.0,
1.0,2.0,3.0 mmol/L i MRS ¥ &} 95 K, 37 “CH5 8 h,
AT H, O, ¥ F 600 nm &by OD .

1.3.5 HRBUEEE I I 15 mL 5 B kB
FWH 15 mL PBS ZZ wji il (pH 7.4) JiE IR 5, & O
(4 °C,5 000 r/min, 10 min) PE¥% 3 WK . il 15 B 2 . 3
YA B 2 107 CFU/mL, K 94 5% 47 40 Jfo v 32 0 TR 2 TR
- 25 43 S A G e — 3 TR AR TR O L TR T 5 R AN Y L oK
5 — 13 TR 2 TR FH AR S U B R A (AR MR AT @ 6 mm,
FE1s, A 1 s, P 33%) IKInw we 4b 21, B B 3, B
TC 4 i 3R B .

(1) DPPH [ &3 B 7 i 58 75 1« A4l Scik [ 14 ],
BT mL R DN AR b 5 20 it 20 R G 4 4R U 41D L T A
1 mL DPPH Jt/K Z B % # (0.2 mmol/L) . SE B S )5 »
F= R e EE 30 min,6 000 r/min B.0» 10 min, U b
TEW 517 nm T E W OGEEIC SR B Ao A1 mL G
KB 1 mL AR &, D2 OB EE(E Y Ao H
1 mL Jok ZEER# 1 mL DPPH JE/K Z B W I 7€ W
SRR A, %X (DIHE DPPH [ | 3 B &

X — (17A;>A1

)><1oo%, D)

K

X-——DPPH A i B35 BR %, 05

A— RO

A0 ML WO RE 5

Al = HAWOLE .

(2) OH A f &3 B 77 586 Jr 5 AR SCiHk[15 ], 3
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1 mLARE M ok %5 ¥ (2.5 mmol/L) &K% fim A 1 mL PBS
MR (pH="7.4),1 mL T U AF af (52 % 20 M 20 1 G 20
R4, WA G M A 1T mL B8R %E B
(2.5 mmol/L), 8 4, it A 1 mL i3 & b & & &
(20 mmol/L),37 “CHHIR/KIA 1.5 h,536 nm Nl & &
JEiCsRBE R Ao 1 mL Z K 1 mL g S0 A
VoW WO D SR Ay 1 mL ZEAR K AR B
I mLAFIAR & e G EEIE R Ay B ITH
OH H IR %,
A —A,

A, —A,

X

X—OH Bl HHRE, 1

A, = HAH W

Av—HE R OG B

A, — XA .

(3) WA B ¥ B H 3 B 050 O ik AR STk
[167, B2 0.1 mL F W A (5 2 4 it 41 1 50 40 ff 32
41, MA 4.5 mL Tris-HCl 23 i (pH 8.0), 4R &
S5, ET 25 CHRIB T 20 min, JIA 0.4 mL 4B = 1
(25 mmol/L) ., R TF 25 ‘C/KM 5 min J& . 32 Bl A 2 7
HCI(8 mol/L) FLAZ 1E N - 320 nm ) & Wl B 30 57
B Ao 0.1 mL ZERKAE 0.1 mL 90 AE 5,
EWEEEIC TN Ao B O BERE T H i

X X 100%, (2)

R,
X:A”Aijmo%. 3
SN
X A E T B B EERE, %
A(J ﬁiEléﬂlﬁﬁ‘ﬁfﬁ,

A—FEMAPOLE .
2 RS0 br
2.1 HMHSBMNTSEEER

L 5 05 B 0 MR ity P 23 B AR 1) 61 R T ke L A Al
PREEAT S 2 R Ge0  Bi ke Rk R B B W HAR 0.7~
3.0 mm, [BIE s B 9 6 s R B 6 R 585 B
UGS 2 R TE 2R A 3 O B L AT R O B
P s K 2 0 RATIREUE FIR 45 & FLRR B B 382
AR ETESME 1R,
2.2 EMOTENFEEFRRRZRENN

SR TR €3 20 B A5 B 9 BB 9K 0B AR 19 DNAL R
SRR BRI LUK E NI 2 BTOR . S ES A By 61 Bk
BR B LYK A5 I B3 7E 1 500~ 1 750 bp, £F & 41 B 1 ik
ol TR,

B 61 Bk B BRI P 45 2R R T NCBI Y Nucleotide-
Blast £0#f FE#EAT LE 0 700 . 485 45 R R B HE 28 Bk i

B 224 8 | 2020 £ 6 A | RamSUUH

(a) FEk BLERIH V% (b)) M BRI 7%

() HEJp Pk X R i 7% (d) KRR EL TR R 7%
Bl HomAMMEEBS

Colony morphology of partial microorganisms

Figure 1
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M. DL5000 DNA Marker

1~7. 53 AR ERA [ 1Atk
B2 Ak 16S rDNA KB & 3 & ik B
Amplified electrophoresis of strain 16S rDNA

Figure 2

AR 61 R B FLIR R Y 7 ARl P R
% %L FF B W Fp (Lactobacillus paracasei subsp. tolerans)
9 K s B T B8 FLAF B (Lactobacillus paracasei) 26 ¥ ; K4
FAT W (Lactobacillus plantarum) 21 Ff; % K 3L FF
(Lactobacillus delbrueckii) 3 ¥ ; W FL A (Lactoba-
cillus rhamnosus) 2 B, BRFEIEMEI A 992,

He BRI 7 45 28 BT Mega 7.0 (0F 4 2 B vk R 52

KEMWE 3 Pros. @B 3 alE, @k A1 f1B5, C10,
C19 A1 C20,D1.D2 F1 D3 45 i & 18 5000 - 4 W X 28 14
PR A 538 ) 06 2 HLABCHR AT T FG A1 AR A 33t 4% IR R LR L 1
B Sl G bR 2 ) 22 SR . Ak A R K B W RIE
YA 28 TR b LR TR I AR
2.3 BRI I8 A 0%
2.3.1  THRRIBR VRIS LR A I AR R R 1 e R 454t
SEALE MR AT . A B A FI 0 61 k3L R B
A7 R Mk o O 30 S ) 7R Mk BE AT 1 16 AR LR B . X
16 BRFLER THTE A Al BR 1 45 11 T I AR K L L3R 2.
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Figure 3 Phylogenetic tree for microbials in yak ghee
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MR 2 AT, G SR BRI 4G pH Ol 5.0 F1 6.0 I, T K
OD {Eﬂﬂf&%,%% pH 5.0~6.0 115 97 1 BF 5838 F A Ak

o b E1#0 C19 78 pH 6.0 B35 1 55 15 » OD sog am 53
ﬁllj»] 2.62 #12.59, pH 2 5.0 i, E1 #1 C19 119 OD 00 o 23
S 2.48 F1 2,46, 1 PEAG AR T OHAB B M. pH S 4.0
M, 16 AR FLIR B T P B 3 FEAR OD oo o B 7E 0.96 LA E,
Hp A1.C19 A E1 §5 447 . ODsoo e ¥ 1€ 1.90 DA |
pH 2y 3.0 B, BARH AR KIE M Z B T 0. A 16 #RFLMR
RABSR AT LAZE K pH Jy 2.0 B TR A MR TG E TE 3 AR K.
23 i PR 1 X 8 2% IS & B« DA T R 2R R R ) B AR
FNM61 BRFLIRTE B . A 16 BRXMRER A58 B A BT M T 52
PR AT AT — B Bl .
2.3.2 WAk AAERT X ER 16 BREL R AT
ANTF H, O, ¥ BE T 32 M 3R 3, 0 e 15 2] 7 #k H. O, il 52
AE I MFLIR T X 7 MRFLIRTEAEA ) H, O, R F /Y
ARG ILE 3.

M1 3R 3 AT, Hoy O, 3 B2 728 A0 % 30 R T 19 AR 1< 7 4R 12

PESZIE . 2 H, O ¥ B2 4 3 mmol/L B, 7 ¥R FLER W 3
%YEE%HEJ& 2 H, O, ¥ A 2 mmol/L B, 5 # LR
FAERAF LB OD oo o 3G 1,90, Hir A1 AE KR
ME T s ODgoo am N 2.04, 24 H, O, ¥ B/ 0,1 mmol/L
B AR W ARG BRI HERARE, T RILBRE
OD 00 v A 43 91 9 2.29.2.20, Z2 3T H, O, i 5
YEJG » & B A VG FECFE A R il P o> B A8 B Y 16 Ak IR R 1Y
FLRW A 7 BRX Hy Oy AR IF T Z 1. WX 7 #k3
T8 TR 1 BT 48 Ak M BB J2E AT 0 9. AT 3K B LA B Ir it A ik
P BB Y 7L B2 T, O L IR TR R 98 i S04k kI8 ) 1 T T 4 At
F A
2.4 HEHmENIRKERH
2.4.1 5B DPPH H i Bae ) I 4 wTH, K253

TRV 50 2 40 B 2 19 DPPH [ el 56 35 B % K T J0 41 i 42

£ 2 ¥ pH MEHkEKZME

Table 2 Effects of different initial pH values on strain growth

pH & Al A4 A7 Bl B23 B26 Cl C2
2.0 0.2240.02¢  0.16+0.03° 0.1340.02¢  0.1340.03°  0.120.03°  0.17+0.03°  0.1740.03¢  0.1540.02¢
3.0 0.65+0.06¢ 0.51+0.02¢ 0.504+0.03¢ 0.1440.02¢ 0.2540.02¢ 0.38+0.02¢ 0.224+0.03¢ 0.2240.03¢
4.0 1.964+0.14>  1.5340.02¢ 1.5240.02¢ 0.96+0.11¢  1.60+0.02¢ 1.68+0.12¢ 1.704+0.02> 1.6340.02¢
5.0 2.38+0.14*  1.994+0.15> 1.9840.12> 2.0140.12> 2.09-40.12> 2.10+0.15> 2.234+0.12* 2.1340.10"
6.0  2.41+0.14* 2,1140.03* 2.104+0.15* 2.5040.02*  2.2040.15°  2.21+0.11*  2.3040.12*  2.2440.10°
pH {E C8 Cl10 Cl2 Cl16 C19 D1 D3 El
2.0 0.144+0.03¢  0.15£0.03¢  0.1840.03¢  0.174£0.04¢  0.2340.03¢  0.1840.02¢  0.1940.02¢  0.254+0.02¢
3.0 0.244+0.02¢  0.17£0.03¢  0.2040.03¢  0.21£0.039  0.4740.05¢  0.194£0.02¢  0.2940.05¢  0.4540.05¢
4.0 1.62+0.02¢  1.5640.11¢  1.58+0.13¢ 1.5340.12¢ 2.024+0.11> 1.60%0.11¢  1.5240.02¢ 2.05£0.13¢
5.0 2.134+0.11*  2.06+£0.12> 2.0840.15> 2.134+0.10" 2.46+£0.15¢  2.104+0.14>  2,02+£0.03>  2.4840.13"
6.0 2.24+0.11*  2,1840.12*  2.2040.12*  2.3340.12°  2.59+0.12*  2.22+0.11*  2.2140.12°  2.6240.13®

bR R R R 2 5

B2 (P<C0.05),
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Table 3 Effects of hydrogen peroxide on the growth of the strain
WH Ha Ok B/
Al A6 Bl Cl1 C2 C54 D15
(mmol « L™ 1)

0 2.26+0.14*  2.22+0.20° 2.56+0.12¢ 2.17+0.12*  2.25+0.15*  2.324+0.10*  2.24+0.13*
1 2.184+0.14*  2,124£0.02> 2.104+0.12> 2.16+£0.12¢  2.2540.13*  2.2940.02*  2.2940.02°
2 2.0440.06% 0.59£0.02¢ 0.5640.03° 1.67£0.02> 2.0140.03> 1.9940.03> 1.794£0.05"
3 0.11+0.02>  0.05+0.03¢  0.084+0.02¢ 0.0840.03¢ 0.0940.02¢ 0.10+£0.02° 0.10+0.02¢

T AT TR R R 25 5 B 3 (P<<0.05),

35- TE 20 i 21

30 Jo AN it 21 a
£ 25
<
s 2020
& =
2% 15
g
510
w2
RS
Bacterial strain
FEERF R 22 57 B3 (P<<0.05)
B4 Wkt DPPH A d ko) iFm &
Figure 4 DPPH free radicals scavenging rate of strains

i 4 . 8t A5 3 43 7L IR AT 1Y) G 40 e 4R B4 41 i) DPPH
1 PR 57 I S S B . 5 A kL R T O 3 4T i 41 R
TCAM4R B 40 i) DPPH B 1 3635 BR R T X v o6 & L B
ZIKFLER W Bk DPPH [ b 3 /9 76 o 4 S A7 26 T 41 A
AT FB AL, 58 % 40 i 41 /) DPPH & bk 2R F 3 % )
15.59 %, F ot A1 F1 C19 Btk ZLER 7 DPPH A iy 3 7% B
BRAEE LI 18.68% . TLAIMIARIY A DPPH H i 3%
HBRFETH) R 16.18% . BT BMEAK T a4l . 1
32 Cl TSRS N 30.84% ., R4 450
i 34 #RFLER I DPPH H i 38 B i s A il 30% .
&t %t DPPH [ pi 3% 3% B %6 7 bk LR 1 oF 47 7 &, C19
T A .
24.2 WK OH HlmEERES @E S fa, 5 ®RE
DPPH H Hy 3 7 B 5 32 BT BL B Bk 52 28 41 i 28 i JC 40
NP EC AL OH [ i 563 B 3 TC % 06 &, B SEHA 32
WALER B WS B OH 8 i 3 0 1 o 49 J5 A7 76 40 i 7 K [l
T o 1 AU 7 T A0 M 9 s AN A . 7 Bk LR B 58 B 40
M4 TMAERRY 4 O A h#EEREZ ML R L
F. CRAMAT GRS 28.71% Ko E1 1 A
P T SR R e O 47,87 %0, AL I [ P B T R 2R R AR AT
4y 8.08% .,

TCAN MR U AL 0 B H S 3 3 B o 33.87 %0, 1
BRI S R R H57.60 %, C19M OH B f 3 &

St AL 2 i 21
60" w2z Jan4l

a

7

TR
Scavenging rate/%

ALMMIMINY

A

Al A4 Bl Cl1 c2 C19 EI1
RS
Bacterial strain
FREA R 2R 22 5 8.3 (P<<0.05)
B 5 HAkx OH 8wy iFkf

Figure 5 OH free radicals scavenging rate of strains
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Figure 6 Superoxide anion free radical scavenging rate

of strains

HIARAU N 114690 . 7 BRFLER I P E1 975 BR < e i Ay
57.60%6 . AR SE S b PG 5l £ % g 2L o 4y 28 15 F
B9 23 RFLMR R OH A iy 23 bR R #4702 e i (A
27.62 %6 AR TIN50 BT 43 bk . Ding 55508 M7 7 55
FELP IS AR B A AR HEAT OH A il 235 B 460 f
8 59.00%0  AHEEZ T B i A B AL W OH A
2 PR R IR . X% OH [ 38 BR & 7 b AL A
BEAT 1k E1 R Bl .
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243 VEHREEME T AHIERES  HE 6 HA, 2R
LI TR 7 Bk B S S T el S 0 ) R A AR T AR
RTRIFRAL . 7 A LR T 56 5 M M 4 0 G 40 i 42 B 4 4 1)
HAE THERERLEREE. TRAMARENETA
Hy B P B R A B 20,57 %, Hid C19 A BB 71

R RN 24.59% . JCUN IR EY A KB A B BT
A A R Rk R 22.50% . Hip C19 (B A B & 71y

HERFE R R 26.91% . XIFHEPST 18 BRFLER B A
BB T A BRI BRI AT I e ey 28,7800, AR
ZF R 0 AT B A LR B B A B T A il L
BRAeme A, EFxt A BT E T A i SRR %t 7 vk R IR T
AT 8 . C19 R .

3 &5k
Xof SR 4R 1 VU AN ) 9 B 1) 4R 2 TR T AT TR R 20 8
JEAFH) 61 R BR L 2200 F AR W 25 B 4 0 O« T 5L
FFEE WA (L. tolerans) 9 ¥ ; & T F& F.
FE (L. paracasei) 26 #f; #59 FLA H (L. plantarum)
21 B TEIRFLAF 1A (L. delbrueckii) 3 #k; A HEFLAT A
(L. rhamnosus) 2 ¥,

T 5 LR R R A M R A 2 7 R R AT PR A R Sk
H, O, KA Eb it 2 M i FLER T4 . 20 J3ll o A1. A4 BL.CL,
C2.C19.EL, X 7 BR3LER T (% e S A0 1 58 20 % B » 14T
B DPPH [ 2 .OH [ iy 35 F1E A 9 5 1 A i JE 35 B
I PERF . C19 1y DPPH [ H 2L B 1 AUE A 9] 8
T H R By B AL 2 5 30,8400 A 26,9176, E1
OH A 2 EBE S Bt R 57.60% . 1L 4h,CL19 Fi1 E1 B§
PR FLER B 43 1 2k B BLB 7 24 1 B4R (4 250+50) m 1A
PLEETTHE R85 X (1R (3 7902500 m ] iy BRI BE S s
W58 B I 3 965 2 8 25 2L 1R W 110 Bie AR AL O B s . i
A3 A9 C19(L. plantarum) Fl E1CL. rhamnosus) Witk
LR T B 7% K AR 0 AL R TR 9 FF R0 7

paracasei subsp.

S 3% 3k
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