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Abstract: Five strains of lactic acid bacteria (LAB) were isolated and identified in Xinjiang naturally fermented camel milk, including
three strains of lactobacilli (Lactobacillus helveticus, Lactobacillus plantrum, and Lactobacillus kefiri) and two strains of Pediococcus
acidilactici (Pediococcus acidilactici and Pediococcus pentosaceus). These LAB strains showed good growth in the culture medium, where the
viable cell count reached 109 colony-forming units (CFU)/mL after 16 h of cultivation. Traditional yogurt starter culture was inoculated in camel
milk and incubated at 42 C and the results showed effective acid production, where optimum acid production was achieved with 0.1%
traditional yogurt starter culture. The isolated LAB strains were prepared as fermenting agents combined with traditional yogurt starter culture.
The combination using Lactobacillus helveticus exhibited optimal synergistic effect and acid-generating efficiency. After six hours of
fermentation, the pH value reached approximately 4.5, with acidity value of 85 °T. Furthermore, the fermented camel milk showed higher
sensory quality and a higher sensory evaluation score compared with fermented camel milk samples prepared using combinations of other
strains. Therefore, the fermenting agent combination of 0.1% traditional yogurt starter with Lactobacillus helveticus strains can be used for acid
camel milk fermentation.
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FERKTA,  MERL N A 2 2 B T LA IR 45
BONESR. EENE. KE AR AMAA
B iRae 1, JEH TR AN, SR
Wy BA FELARF I AR, BT UAE B i A PEFLRR T 2E
PR I AR R AT BLP AR R R
EEE R E IR, O] REs e gy i, i
SRR TYREEFL BRI, BRIEFLIT A A B A
AT A BEIR L™ S T RE A IN™IR . BRK
W gL b A DO LI 1 B At T i Y T S o
AT FCN B IR R B g AL g AR ARG, AR KA
TR RIALR R B, ISR KR
e, SRBBALGTRR WY A 77 h ORANA I FURT T A e
EREA M RPR . EAT B P IR A EI T A et
JEFL b B IR P i 1 A o

1 MR5ERE

L1 AR 507 ik

1.1.1 ok

IR TR 0 B FUAE it KB TR SR na % SR IR K
H, B TUKEF 4 CH&ME BRI E .

1.12 357k

B HIREFRRE (MRS B9 EAE 10g,
TR 10 g, BERHERWY)S e, HEME20g, RN S
g, MgS0O47H,0 0.1 g, MnSO4-H,0 0.05 g, 745
¥:2 g, KHPO43H,02.6 g, il 80 1 mL, 2B 7/K
1000 mL, 115 ‘C KT 20 min.

BERTERIIH 25 K IR R KR LA 2% A4
EEMTHRIEAS, ZIEIEANMAETEAMLL 1:9 1
KK EEEJE, £ 115 °C, 20 min KFE G214 45 CHK
1, 42 ‘CE:F 16 h.

AR RIS K BERIEFI LA 2% Eeph &
BT IR IE A, BT IR TE LA LA 1:9 (K
ML E R, 4 115 °C, 20 min KEJGAHE 45 CEA,
42 CH:F% 16 he
113 ME5%E

MLS-3750 i EZ875 KB Hs, HA SANYO AFl;
ZHJH-C1109B HH i TIE G, LRI irices
HEA AT GRP-9160 A/ EEE TR/, b
RS LA B IR AT WH-2 UERIR S 2%
PP ATES ] ABRAF]; DFC 425C Pt R
5%, 18[E Leica A#]; Centrifuge 5424R {IKIRA A 0y
ML, #%[F eppendorf 22 7); T100™ Thermal Cycler PCR
1%, 2[H BIO-RAD A7]; PowerPac Basic HLIKAX, 3£

BIO-RAD A7, FE20 pH it, M- LF1%2 (L
) HIRAF].

1.2 F&

12.1 FLERH 6B 54k

TRAEUFEAEL 1 mL, NGEA 9 mL T A3
IR b o F B IR 2R ST, B 1 mL A ] 9 mL
ToB K IR P AT FE RS, BRI 3N 107
102, 107, 10™, 10°H110°, WRHL 102, 107, 10™,
107 A1 107 (KI5 0.1 mL 5, 37 CRIE R 48 he
XTAH PR AT 22 R t, ARG B NI TSR
Phik H VR TS H 2 R IR PR T MRS B fk3s
FRFE, BHTRIZE B, 37 CRIERFE 24 he P
S TRIZ B, 37 CRIEE IR 24 h. Ko
WA 2R MRS #5553, 37 CH59% 20 h, W&k
2~3 R,
122 3FLERH 49 16S IDNA #9423

HUBEfA (B52% 12h) 1 mL £ 1.5 mL Ep &, 10000
t/min &0 2 min, F _FiE, SEE. A1 mL TE
KWATEE S, 10000 r/min 250 2 min, F Fi5,
SEER. A 200 uL SDS 24, 80 ‘C/K¥#+ 3 min.
TN S 200 uL T BEARZRARRH . I 400 pL 9K
CIECEUK AR T 200 uL _EiEwH, -20 CHEE>30
min, 12000 r/min &.C» 5~10 min, F*_Ei&. IO 500 pL
70%VK ZBEFEEDUE, 12000 r/min &0 1~3 min, F
. BT 60 CHEAHFHE 1 min. fMA 50 L ddH,O
P14 PCR.

ZH# 16S rDNA 50 uL PCR J2 Mif& £ 10xbuffer 5
uL, dNTP5 uL, 27F 0.5 uL, 1492R 0.5 uL, taq f 0.5
ul, AR 1.5 ul, WK 37 pL. EiF514 27F T
¥: 5~ AGAGTTTGATCCTGGCCTCA-3’, T4
1492R HJF%1: 5°-GGTTACCTTGTTACGACTT-3’,
PCR # 342644 9: 95 ‘CHUAENE 3 min; 95 ‘CAEME 10's;
55 ‘CiB-k 30s; 72 ‘CZEMH 30s; 72 ‘CLRdEL S min; M
LB GEARFEAT 35 MEFS

PCR ¥ 3G =47 AP 50 34 16S tRNA 9
WA ARG, ZE BB EMRHEARA
H AT o K15 B0 F 545 R AEH BLAST fE
GeneBank HHATH# ZAHBPERTLE . 99%~100%24 7
FUABME RIS, 05 N — AR,
123 ARZBRIILTILBREG S BAKREAL
V&R oE k=

M4 BLAST LUXT&h5, N0 B B R AR R
PRIFH, I MEGA 5.1 SR 70 B AR RS K
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B, 0 EREARIISEG R RIAT T
1.2.4  FLBRH B Aot 2 2k 52 36

i 3 mol/L HC1 -5 MRS ¥R #4557 L1 pH {5
AN 3.0 K25, BN 2%MIFLIRE, 37 CHi#E 3 h,
AR,

AR ER AT MRS AR IR IR H E594 FE 73 31)
A 0.3%M10.1%, N 2%MFLIRE, 37 CH:FE 3 h,
AR,
125 FLEBRE A K&K T

R0 2 h 0T FLRR B R BRI T LA VR T B,
SE B R R R TR,
12.6 ALK R KB 69 BRFAF ou ] &

HIETEFL S S5iRUK (45~55 C) LA 1:9 RIELIE
Ji, T4 CTRABIS R I G S EILE N 7.5%[1)
FbRE . B ERHINIEE 60~65 ‘CHEATHIR, ¥FEH
N 20 MPa. FREERHINFAE 90~95 CHEATAH, AH
A9 5 min. 7EBRHEERE S 43~45 CHE, 205l
N 2% LR B A R )2 0.1% M SR WY R 7]
CRARINAE AT B FEAEERRBE=1:1 R THERD,
oS, o 2 SIS [ LR B ) 46 () A
FEREER, SN a7 R, BIARInNA R K

h.
12.7 ALK R ifAn 2 K B 69 BR S e ] -
Y P BRI AT I B MR 46 (1 R R 3 I B 1% 2%
F 3% LL B S5 AN RIS I AR SL R 9 R 77 B
P e ) 46 iR 1.2.7
1.2.8 BRE&GME
FREX 10 g CRERAE] 0.001 g) CIRAIHREE, BT
150 mL HEFEH, 0 20 mL 3B & e 3 2 =05 K,
TRET, AR TR FL AL 2 42 pH 8.3 NZE
MR P AR B R R,

¢, xV,x100

X2
m, x0.1

K¥: Xp-iKFFBE, LA (°T); o RBMANATE
TR E IR, A REEFE (mol/L ), V-7 B H#.A
FAANFRIERAAR, $HEH (mL); meiXAFRE, £
Ak (g); 0.1-BREIE L ARMNANGE RIRE, B3k
JEREFF (mol/L).

129 REIFNFE

ARSI R B SRR A V. i 5 A=

BT IRCEIESY, HERJETIME. PR bR 2 107,

B, FORAME SRR Y KA T K% . AR T 12,10 FABL%IT A7
42 ClEIEKRE . KEEEMRRAT 4 CHM TA# 36 AR Excel A1 SPSS 19 A% SZIGHE 434 o
F 1 RERREEESIRE
Table 1 Comprehensive sensory evaluation standards for yogurt
M E F5
£3%(30 %) 2530 o KILEE, HH 5 18254 EIEHF, B 0~18 4 AR, &FE

a2 &(15 2

12~15 4~ @34, ORLIE; 9~12 4 B&3%, TR 0~9 4 TR E

12~15 4 E®; 9~12 4 A 0~9 4 w8k
12~15 4 &/, 9~12 4 A 0~9 4 w8k
12~15 4 &/, 9~12 4 A 0~9 4 w8k

BR7A(15 4)
HR(15 4)
FLeR(15 %)

2GRV

- N o) o 2.1.1 R K BB G 3L FLER 1 49 16S DNA
2 BARMERAP ARG AEER 5 ARARRRATLRRN 16,

% 2 MEFELEREZT BLAST ITELEUARINE S 47

Table 2 Analysis of sequence similarity on the sequencing results using BLAST

Hk% 5 M4 Rk FIIKE  EBAE ARME/%
M4 Lactobacillus kefiri strain NM180-3 1440 0.0 100
a4 Lactobacillus plantrum strain 1.0557CGMCC 1436 0.0 99
YA4 Lactobacillus helveticus IMAU30044 1440 0.0 99
h6 Pediococcus acidilactici strain JFP1 1438 0.0 100
a7 Pediococcus pentosaceus strain LAB2 1436 0.0 99

b RK BRI b SLRR H A %K B AT FR¥E NCBI Blast [ ELATEER, M08 HR

RIS IEFLI TR LR B » X MEGA 5.10 fE R

2.1.2
H3E
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GUREW. WK T HaR: B PRAIARRS R A
PR SRAE kS, HRJEVEARAE 99%LL L, UiBHFLIR
16S tDNA LR 817 B R B A AR ] 52
P

hé

%0 Pediococcus acidilactici strain JFP1

|ra4
100 Lactobacillus plantarum strain 1.0557CGMCC
M4
100 | Lactobacillus kefiri strain NM180-3

YA4
I_

100 |Lacm[1acillus helveticus strain IMAU30044
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E1 oEEBERLEERIEFL PAIFLELERY 165 rDNA FFIRSE
ZEW
Fig.1 Phylogenetic tree based on 16S rDNA gene sequences
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I B FLIR I B SRS g 0, R E IR
JRICIRRD TREIRIIR L 2 B R, PRI B 2 R

AN B B B IS, REITKRIE R SET .
X FLR B A AR P A DI, T A AR JE L b R 2R 7
HAHEENE S FEEHBERA S Fm i TR AT
FREEEM T HUREFL, A REARR IR R EAT
BRAFINAERIE T, FRRERE A A BT B 2 e R A I
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Fig.2 Growth curve of LAB isolated from the sample
72 4ol Lp REAMMIATHE (Lactobacillus plantrum );
Pp K& R¥EF 3 (Pediococcus pentosaceus); L.h AX&#+E
FUATH# ( Lactobacillus helveticus ); Lk X & FF3E RILAFH
( Lactobacillus kefiri ); Pa X &FLE K 3K & ( Pediococcus
acidilactic), FF],

23 FLBRW AR R, A2 Lk

TERHERIREE 0.1%F1 0.3%, pH {EAE 2.5 F13.0 i},
LI A 5 1 LB, B Hh PR LR B AN T A
HAEE -

7 3 M\ o ERpFLERE R BT BE SR M B
Table3 Acid and bile salt tolerances of the LAB isolated from the sample

B R R T 6497 B B ARl /%

T B IR T 697 3 He A5/ %

LB AR L AR : .
e RE 0.1%  ReihiRE 03% pH3.0 pH2.5
Lh 8.77+0.12 0.2+0.01 1.22+0.08 0.03+0.00
Lp 6.94+0.08 3.41+0.14 9.30+0.14 1.61+0.04
Pp 11.22+0.29 1.34+0.05 10.83+0.35 0.02+0.00
Pa 16.29+0.51 2.36+0.14 6.27+0.10 0.10+0.01
Lk 8.77+0.18 1.09+0.05 3.51+0.09 0.02+0.00

E: HIBEHR AT AL,

H T 2NiEATE TP e B R A L PR, R
HRUEE P T B S5 R A FEE (1 L 2t 25 A 1T B %
FE i TP A AN A H S AR THRE M e Rk F . 5 PTide
FARTE pH 3.0 L5 H 1.0%HHEEH, H 80%MIAFiG%H,
BRI ORAIE A R TS pE e IRE L B + =48
HENE N RIEER . BRI, LRIIF A R
WERAEEBR TR R L= AR LR IR 4N 3R S
TS, BT RRAIIR IR Uk, X LbdEd B

FRERSEIMTE A A 2T, 7070 RIE A A .

24 BHEBRWKER A mEXNTHRIILR B
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Fig.3 Effect of the addtition of traditional yoghurt starter
culture on the pH of fermented camel milk
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Fig.4 Effect of the addition of traditional starter culture on
acidity of fermented camel milk
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Fig.5 Effect of different fermentation bacterial species on the
pH of fermented camel milk
72 4ol Lh K&+ 5AFE (Lactobacillus helveticus )
B 14 BRI B A BB R B g gR, Lk ARATTIE RILATH
(Lactobacillus kefiri) 454448540 % B4 7] A A & B 440, Pa
REILER K 3R H (Pediococcus acidilactic ) 545 48843 & B 5
Fek B oihsl, Lp RAMMILATFH (Lactobacillus plantrum )
5 G Bn A BEA BB A BRI, Pp RAESHE R IRE
( Pediococcus pentosaceus ) 5 4% 4 BR 45 & B 7] BB K B 5200
48, TRl
HHSEEREE TR, IR 0.05%I, R
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Fig.6 Effect of different fermentation bacterial species on the
acidity of fermented camel milk
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Fig.7 Effect of the different fermentation bacterial species on

the sensory evaluation scores of fermented camel milk
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REEJGREGIT pH (42 4.5 7o 4, FRIZ(EIAF) 85 °T.
[FIRE, JE I RE SETEE PN A B T
PR S AU INAE = R RIS, R T T R E20E 0
FL7= i BT R T

2.6 A BETE A BT A o B X B B ALK B A

Pty B om

N T FAFELFIRE W KA R INE LS
PR R P 750 M i LA B A R SR C VS I EA T A I
TGRS IN AR 2.4 ISRIns RIE N
0.06%- 0.08%F11 0.1%. & 4 TN, L5 KIET
VAR IITE Y 0.1%, Fit - FUAT B AR AR N 2%0
TR R T SR e AL B R PR A)
R 4 NEIRINER LB TEIRGE R F A B RER D AREE R
Table 4 Fermentation performance with addition of different
amounts of starter culture in camel milk

BoBImAR  BEIREA  ABSE ABSE AT

FiEAE,  BARME  pHAE  BUELPT A
0.06 1 476 67.4 71
0.08 2 458 81.2 76
0.1 3 431 94.8 73
0.06 3 4.63 759 7/l
0.08 1 461 78.4 71
0.1 2 4.50 85.0 89
0.06 2 4.65 72.8 74
0.08 3 452 83.1 81
0.1 1 4.54 82.0 80

3 g

3.1 ASEEGMGHEE H IR KR LS B FL T IR E T bk
FLMR W, HAAAE 3tk E L AT R
(Lactobacillus helveticus) . 4T (Lactobacillus
plantrum). JFIE/RFLFF B (Lactobacillus kefiri), FER
2 Bk HINFLER FrEKE#  (Pediococcus acidilactici)-
JXHE FrERTE  (Pediococcus pentosaceus). fiid Hft fi
PRILFR R (ERE TR AR K R A7, IS BELTE 16 h J5RE
i£%] 10° CFU/mL.
3.2 Rk H ) AR LR TR ) & B 7 R I 9T S
FERIR WY R B S RC AT KBS IS 0. B - FUAT
TR R IR 45 TR A R R I R SO R e, R
6 h KIS RE S ) pH AERE R 4.5 7247, BRPE(EIAE 85
°T, HEABUFMERE M. @A FERINE R T
SIS R IR IR IR BRI K IR BRI E N 0.1%1658
FR U RIS 2903 LT B AL 7 R

BH bk
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