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PEATIR AR BRI AL 225, RAE KB W EH
PRANAEZUFF B 53 Ry 4 A0 S0 R, ST H
VI 35 4% Z2 FEVE RO B VR 22 5, 4 DU B AR 1 2 4
M2 5 U T AR A AN R Y R R A, ARWESE R
FH B AS [R]85 2 09 2% I RS2 FLAT 7 IMAU20450 43
B A S EAL Gk R FE 4R 7L, IMAU6209 F 1-
MAUG62161 43 &5 F v [ 74 5 b X {2 5 43 of 1-
MAU95110 43 &5 B 2 Wi fe ge Kk R 4 7L . v 4
HEERTA S10 7085 A& AR KR AF20h, BHA
FERR RIR AL R R AR, R R, S5 2R FLA
Fb, e g SBEER B S10 & el v 2% 5 A ik L&
LR R W R B AR S AR o A4 A 2R 4 39 Fh R
B2 S A, b R R A HRR A4k AR R
B, i m TAIT, HhAh  E IR R T S10 6
A AR K e G LR SE R R R, AR 5 Ar
R R T RRE R | 8 ELAT R S R
S R AL R X R T L A N M KO L
A ARG I RRS,

P i i R (Diffusing—wave spectroscopy,
DWS) J& —Ff 15 58 6 iU 12l i oK
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JrHLE AR N B BEHILAS ) R X AR T 2
AN SeAs B O 7 i B AHSC R B (BT
B OG5 8 i T RALB 15 B0k 1 24 07
{7 F% (MSD) | J0kE - #5004 T AR 2 (14 3 78 2 80,
TEFR RS T S G0 AR G, fOm A2 5 40 B
W) 5T ) SO 235 4 T 23 B IR o 1) R RS 45 4
B2 R i RS P AR S a0, X R T R
LA T 3 i vh IR UL e 0 AR P 2 B B R A
#o

ABEFER 4 BRAS RS 2 09 O A I F LA 1 S
WEHEEBR TR S10 AT R BC, ARl & 1 57 R 4 BEL
53 M R I I R TP SO A A R T A PR T (-
lastic index,EI) . % & [H 7 (Viscosity index, VI)
[#] 9% - 17 18 (Solid liquid balance, SLB) M i sh A
F (Fluidity index, F) fifi %& % B 8] (9 48 £ f5 50, %5
ST A A R A SR BT A Y A
U 60T, G0 e R RN SRR R R HOT
REEFLOI A RR T, FF X454 R e FL A0 & e ANt

A TEBEAT SR B PRI . R R AT I R R AR TERY
N T R0 R S FLAT T R e AR B R A R R AT A
A, AR T A R A AR R PERE T 1t HAT I R &
BEVERE R K WA 2, O 2B ™ D0 Joi e T 7L 2 (3t K
HE%,

1 #REFE
1.1 #R5iF

aid-Fl (FHA R 3.0 g/100 g, BEWG 3.0 g/100
g), S R F0 s R T P RUE A A B 0 A BR A
BRI A LA IMAU20450 IMAU95110,
IMAU62091 . IMAU62161 F1 g #4% BR 1 S10 2%
ANZE R KAZASAEYBEAS TREFHBE
AL Rl R ] YF-1904 (500U) , B £
3w, MRS [ERES IR M17 & A5 77 5 45 3050
TS AR ARAA .,
12 UB/5EHF

I T AR F i 2R B LR 1,

1 FEMHFEMRERFR

Table 1 Information of the main instruments and equipment

EEME L EE

I %

pH #t (pHSJ-3F)
& % 3 AL (SRH60-70)

W, 18 IR K 4R

LRI
¥ F X -F
£ 3 (DV2T)
J #AL(TA-XT plus)
R K 9 A AL Rheolaser Master A

AR TAHESG

A A LB A R F]
kiR R AUA TR F)
ki — e A H A PR )
b — A ARG
RF WAL LR R 3]
Brookfield( £ B )

3% B Stable Micro System 2 3]
7 B Formulaction AL 2 2 3]
I IR E B AR AT TR 8]

1.3 RKEH*

1.3.1  KREEFLH & KBl HEmM Ik 2
PR o R EEFLHIVE AR A2 6.5% IR
i 62 °C, /L8 15 min, ¥ % (20 MPa),95 °C,5
min A, KIBEENE] 42 °C %R/ LB pH 45 N
R KA HIE] 20 CLLF , GBI/, 433
ATPEAT AR FLAL B, F 4 CA%AF 21 d,25 CHEAT 14
d, 3%1F 1,3,7,10,14,21 d FEA7TH S ong
JE B 3 ATATHRE

132 KEAWBETN RIE (BEHEE2EK
PR & BEFL Y (GB 19302-2010)1, &£ 6 {7 i

X5 A R EFLUEAT BCE TR G R E T
e /NS - N = B4l WP UE 2373 1 S W UR GIRE S|
SUIRAS , ISR, 220 . AR WS 1Y) 8 I R B
PEATHEIT o 1 R R U 2 58 IR K Wk T B 1k R
IR

1.3.3 KRR PR =R SRR
() 20 mL & [ L% B8 28 K ARG SO AR A 38 il B FF
s R T A S R R R SO AR SO T
42 °C., K % i A2 v i MVILEL SLB & FI Bifi fif
[ AR O, & et B b B 5 min #E4T 1 K
P RAR | Mt R — R B R T
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Table 2 Inoculation volume of each experimental fermented milk (CFU/mL)

on 5 S10 IMAU20450 IMAU95110 IMAU62091 IMAU62161 YF-1904
A 2.0x10° 2.0x10° - - - -
B 2.0x10° - 2.0x10° - - -
C 2.0x10° - - 2.0x10° - -
D 2.0x10° - - - 2.0x10° -
E _ - - - - 0.03%0*

Hoxe JRE 22 B0;S10. Mg HGEE BRTA S10;IMAU20450 . IMAU95110 IMAU62091 1 IMAUG62161 43 %1 44 i A1 0. 3L AT 5 IMAU20450 .1-

MAU95110 . IMAU62091 #1 IMAU62161,

1.3.4 pH{EMWE RHE# pH SJ-3F A pH
THE BRI 3 3K,

1.3.5 R JE (TA) B IENS T K OF HE
PRI 10.0 g & B FLAE S A HETE R A, m A 20
mlL 25 CO, WZEMRK, #8257, A 1 mL B BkEE R
I, FES), 0.1 mol/L. NaOH i 5 s 1E 75 WK
A 5 s WARTEREIAT g 5% TH FE 1Y bR ifE
NaOH ¥ W (AR (mLL) , BN RE S TIE 3 1K
1.3.6 FHEEMME B AR FEFLFE M E T 100 mL
Betr %35 R 2R H Brookfield DV-1 VISCOME-
TER BIZEBEAXHEAT 3 UCFATAEIN 2, ke I L B
4* B B 100 v/min, HLAE 10%~100% , 0 5 B
[d] 30 s,

1.3.7  FekKMERME W20 g R &E T BCAT U8 AR
Ui <1169 250 mL HEFE R, 2 b SRR AT TR
PR S RS g I I i TRk M T EA S
mF.

A/BE #£3k , A/BE 453k J& —Fp s 1) 55 26 - A F
17T HER B e, B i DAY 2 1) A9k S 1) B L
FHF AR 2 56 058 e 25 1 26 M 4 il sz o), a6
JE X5 18 52 ) 1 mm/s, 258 R R 30 mm, ARG &
BEFLAE 1,7,14,21 d WORE L BHEE P9 R PE ARG
TR ARG B, S kg MO PR B AL AR AT
YR 246 10 T A0 0 e R A T T T R A
A TE 4 CHUH JE B 20, AR5 /el

1.3.9 Sitabr B0 28 04 SR H Rheolaser
Master #4622 15 L AR 43 BT B 7 B9 Smart 4
HEATEAE M . BT A IR BR A Orgin 9.1 2341 .
IR IR FUHE ] SPSS 25.0 B A -4 7 225347

2 HZER5HH
21 RBEHH

P 400 W3 3, 5 k4 % e SRR i d B AL
W45 6 7 VT 51 fh 22, FRIBXT 5 A R =
WA EATHE Y, RETEM S R L3 4, 450 %

Rk (%)="1-x100 (1)
‘ @Wﬁm P Wi XA LC 4L AT R W R T R meAL
A IR RURE (o) sm—RER PR o e o A C AR LA 41480
() e s B0 | TR M A IR 22 0 , 2 T R | LA %
%3 BETSE
Table 3 Sensory score sheet

3 47 AR >

=) BREiE w0 R mIR LR, okl B 25~30

oA R, TR AR LR RS R A 15~24

A B2 3 AR B, 0 B R 45 20 AR 10~14

OB KR R A AL <10

Ak B A S 8 Ak, B R B AR AR B Ak 16~20

Aok BB R R Ak 11~15

XTI Y Tt 6~10

H ok, A ER M AR Ak <6
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(8% 3)
547 A 2 &
& F EEHH -, 2088 MK 16~20
EFEBRHG,ZRE 11~15
EERHY, ERKE 6~10
EFERYY ZREC ANREE <6
MBS WA MR E AR B, RALFAT S 25~30
WRE AR AT Y FIFHAA R 15~24
WRARH Y, F RO AR S AR S ILFHE 10~14
FrdbiE ok Iy B % <10
x4 BEITFMER
Table 4 Sensory evaluation sheet
F8 AR A B (OF”:1 D Ea
=¥ 28.9 27.7 28.7 28.6 27.8
EIRES 18.9 19.1 18.8 18.3 18.3
PR 29.6 29.2 29.7 29.4 29.5
Ak 20 19.5 19.6 19.8 20
o 97.4 95.5 96.8 96.1 95.6

22 MiRTHSH

ERBE R, &AL BEFL A EER it f2
T 7 Rk 2 B 2 T s T) ) 2 A5 ol an 1 1 B
o FUAH f2 it % e 3L b AiOWRE - (19328 S el B . FI
{ELBR =7, 32 Bl R R, U R 22 | U Bl 1 AR
EI 3% e wesipe i BT (A MOK, FE 5L BB 45
PR 5 | B S P B AR A, MV R Jh AR i
R R TEFLAN B A AR AL MV 5 3 PR AR i A E
Lt SLB FL 4 B Wl 7™ i i [ 2 sl A B 55 e [ %
NREC R, SR REALIE L, 2 0.5<
SLB<1 B, & B0t 2 PR A i | A 5 0T b AR 1] T ¥R
A0 WEoE R I AR R R B ROE Y 32 2K
Bl e,

KT G 2 3.8 h, K BEFLAE S Y SLB &b T ik
BIPIRAS B EE I SR A pH (BB AIG ,  670 FL o 128 347
D e TR ] 4 EL R 7 28 /S | DT X e SR
HRa E PR AR R 3.8 h J SLB {7645 25 5 T
GROENG b Tt A AT A I B R R A S R
Wik B MR AS . 24 SLB M 0.5 B M EER 5L E
e BIREEFL A, e 25 4 B A B ] A I,
A BB RBERL S KWL ST SLB fE7E 0.7
ity R BT Z R B R AR L E R
I #L A SLB s, 1M D 2H 5 A%,

bk E 4R BEFLAN , A R EEZLRE T Y BT 7E 3.8
h AR FRRSSE , 76 L8] MV SLB 1 FI {5 4b F 42
RIPEBARA T PR 2 i B 1 R TP 8 Mg 1) AR
Zit= 4 h TR A B .C.D H A MEFL ET B B0 5
LR S T b, B SR M A B R I ] Y 3
i, & mEFL R IR R A o8 A A s O s B 4
TV 56 S 2548, K1 1K 3] d5e K1 3 & 2 5 ), A
HEXTRA E AW ELE#E, R THERAA,
PRI B 1) VR e 235 ) R

TR 45 20 & T FLAE K TERT 3.8 h, MV {E 7E [F]
— B R R — K N U Bl X2 Ah TR
B B W b A5 B B, D R R R T R MG ) 4% 4
¥4, 3.8 h J5 ,A B.C.D & EEFLAE MV ik
Ft, AIRE R TS A ROR & AR R B S T IR TR B
e, Z 5 45 2 WEFLAE 2k A v 2 B BE A MV AR
I E R RAEP 5.3 h A2 47 B FIAE R 3, & T
LY L A S A, A U R T L R 2O AR
V1) B J 2254

K38 h, Bk mF E 414, e &4l FIE
B T s RAS RIS, 45 h 5
Pis FIEME L TR FRE, 5% 107 Hy
Ja HEAARREAAS | BEIRE  E A S R R AR
PERR, IR EEL N E AL BEFLAY FT A,
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(a) (b)
w 100 [—A —B—C—D—F]| P . (==& —B=CD—F
£
s R e 3 ovvr = ¢
S 100 f s 10° e
_q'; -1 ¢ w',';-"' 102 L
' IS T / / % -
Z 107 £ 10t b
£ F 1004, ' 5510 | }
2 ra B2 :
£ 10+ % g 10t |
£ 10°} 102 | e ernee e S
<
= 10 Lt L 103 L
5 6 7 8 0 1 2 3 4 5 6 7
I T[] oA
Fermentation time/h Fermentation time/h
(c) (d)
Bl %BIAELABSEDNREEREF (a) . BRFEEE D) . FHEEF(c)RREF(d)HWETK
Fig.1 The elastic index (a), solid liquid balance (b), macroscopic viscosity index (c),
and fluidity index (d) of yogurt during the fermentation
2.3 R WA C IR o B 8 hf . IR RE (SRR RE 45

T ot AR e AR b S 2H A LAY O A 4 L
# 5, HTIERMEEEAKEENSERRSE N
L A BB K W A A5 R AR TR A
T TR S BRI 5 R EERL
WERE N RPE PR BE R AR AR A W 22 S (P<
0.05) , Horp ffi B2 RN B B HR ACEI K 1,7,21 d A
Z5(P<0.05), 5% 14 d B I 22 57 (P>0.05) , H)%
I RYELE 1,7, 14,21 d 45 22 57 (P<0.05) .
W5 ¢ W R R L 5 ) R 0 I 0, AR
E 4 EA SRR, 2 A4, HRE C 4L u

BT A C LR B XS e &
P 2H R o BRI A LC 2 & B2 3L 5 M % 18 57
AL, R E R A TERE . =A% SR
R EFL ) B K AR 05 I R A RE B R A PR
A7 L U 8 () £ J2E K T 3 0 (P<0.05 ), T 9 SR
FEoK RS P4 B3 T % (P<0.05) i 7E A A
Fi, S PEEERH S10 & 19 IMAU20450 1-
MAU62091 57K PRI R T, AT fgJ2 i T g #4 5k
BRIAT S10 5 R A ZLAT B 42 T & 1% v 384 n & 1
FLA R

®5 REIMEBERESHSN

Table 5 Analysis of texture index of fermented milk

, X 2 K 8 5L *t RE 48
B Al /d
A4 B (og::1 D4 E 4
W g
38.45 £ 4.54" 43.11 +4.43" 41.22 + 1.54" 37.63 = 1.64" 56.93 £ 0.63*
7 63.94 +5.27* 59.52 +0.18 64.37 £ 1.68° 54.12 + 0.80" 56.27 +1.17°
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(&R 5)
- X I 0 % B 5L 24 1828
A4 Bz C D4 E
14 36.47 + 5.24* 36.07 +2.42¢ 39.43 + 1.00° 40.66 + 0.42° 36.98 + 1.14*
21 83.04 + 1.85* 76.40 £ 1.08" 83.25 + 0.084* 66.96 + 1.50° 73.19 £ 1.04°
g s
302.30 + 40.10 344.45 +37.90° 324.57 +9.75 299.83 + 13.31" 45498 +17.10*
7 494.65 + 38.26" 440.99 + 1.00" 484.89 + 39.63" 400.74 +10.04" 410.03 £ 11.58"
14 274.03 £ 36.11* 271.76 £ 17.26" 295.30 + 8.39* 325.46 +4.01* 286.57 + 19.96"
21 610.22 £ 36.36" 593.77 £ 37.45* 615.24 + 12.35* 529.19 £ 34.65" 575.43 £ 36.76"
MR g
36.10 + 8.836" 41.20 + 6.82" 39.23 +2.69 34.05 +3.53" 76.70 + 2.89*
7 67.03 +7.36" 50.26 + 0.63 63.15 £ 12.24* 44.09 £ 1.24° 4534 +1.23°
14 2791 £3.77" 27.38 £ 1.56 30.14 £ 0.96" 37.04 +2.79° 29.99 +2.85"
21 86.22 + 1.48 80.91 +3.13* 88.12 + 1.03* 35.36 +45.18" 76.62 + 3.87%
R AR s
1 40.67 £7.76" 48.09 + 8.89" 45.69 +4.18 39.06 + 3.04" 79.11 £ 3.71°
7 79.34 £ 6.18" 63.79 + 0.58" 74.28 +7.89* 56.92 £ 0.21° 60.54 £ 1.13¢
14 34.44 +7.72¢ 33.30 + 4.04* 38.91 +2.32¢ 43.71 £ 1.73¢ 35.76 +2.37*
21 99.88 + 1.32° 90.40 + 2.77™ 98.05 + 6.21* 83.94 + 1.94" 89.06 + 0.47"

I [T _EARANR/NG B 3078 28 5 2 35 (P<0.05)

24 TEIEREM

AN ) R [ G i ) SIE L AT T R o 4 e ok g 2 T A

ASBIETENS 25 2 e LA 7 D A0 1) ) 37 5

PRV A5 K P A 3 B AR A DL BE AT 5E |, 2585

pH

451

—-A-TA < B-TA

—+—A-PH —<-B-PH » C-PH-—-D-PH -
C-TA < D-TA

E-PH
ETA

44
43
42
4.1
4.0
39
3.8
3.7
3.6}
35—

Y (S S [ )

o

—

ol
wl
NN
Ehik
ol

' ¢ I ]

Storage time/d

7 8 9 101112131415

e
(=}
T E TR

Titratable acidity/°T

B2 %725 CHf 14dHE pH EHEEEE (TA) T
Fig.2 Changes in pH and titratable acidity of fermented milk during storage at 25 C for 14 days

®6 XKEIATEH21dWpH E.BE HAEMFESYL

Table 6 Changes of titratable acidity, water holding capacity and viscosity of yogurt samples during storage

REFLIR R KR HENE L, 55 SR 2 3% 6 B

B Al /d Az B C4a Dz E 4
BR L /°T
1 80.5+0.7" 77.0 1.4 81.5+0.7" 80.5+0.7" 850+ 1.4
7 89.0 + 1.4" 89.0 + 1.4* 90.5+0.7" 86.5+2.1° 97.0 £ 1.4
14 100.5 = 0.7 99.5 0.7 98.5 2.1 100.0 + 0.0 100.5 = 0.7
21 95.5+£0.7 92.0+ 1.4 92.0+1.4" 93.5+0.7" 95.0 £ 0.0
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(&% 6)
A 18] /d A B Ca D E 4
K%

1 65.5 +4.1° 68.0 + 0.2° 66.1 0.5 69.0 0.2 67.8 +3.2°

7 67.0 + 0.6° 68.8 + 1.2 66.9 +1.7° 66.9 + 2.8 68.9 +2.8"
14 65.7 +0.6" 69.6 + 1.5 72.8 £2.2° 68.6 + 1.6" 70.5 + 1.6
21 70.2 +2.4° 67.9 +1.0° 68.7 £0.1° 71.2 +0.0° 69.2 +3.3

%5 )% /mPa-s

1 1727.0 £ 17.0° 1802.0 + 123.0° 1883.5 + 111.0° 1670.5 £91.2° 2082.5 + 246.7°
7 2 113.5 + 461.7° 2546.5 +50.2° 2099.0 + 495.0° 2270.5 +275.0° 2070.5 + 136.5°
14 1999.5 + 143.5* 2212.5 +125.2° 1811.0 +42.4° 2061.0 +35.4° 1873.5 £ 191.6*
21 1920.5 £5.0° 1891.5 +38.9" 2117.0 £45.3" 2068.0 192.3 2166.5 + 212.8°

T AT EARAS NG P8R8 22 57 135 (P<0.05) .

24.1 JERITEM AR FRibis kA Ez
fan & AR FLRR A A KB R R
PR AR SE T R S . Ja BR AL AN AU 7 i i BT R
R, b 2352 e R W5 i BT 4 . SR 25 IV 14 d
) pH {ELAT TA A8 bR PEAG 45 21 K e 2L )5 R Ak
B, R 2 s 1E K LI R AR K R
B4R I0 R I LA TR 2 3 B ™ i S PR A IR R Y
Jir PRI AR5 H A [ AR R0 R T L AT B e AR
FEER A S10 & FCH 230 19 5 IR AL LR TR . 26
3 R, 2520 R EEFL pH B A TA A28 LK H
Jo 22 5 (P>0.05) 55 7 KRBT, EBEFL A .C 41
TA {H W ECTFHE &4 (P<0.05), HEFFrgx
14 d W45 o, Ud W] BE R ORI S 20 AT R
MAU20450 . IMAU62091 5 W& #44% Bk 18 S10 & fic
B BT 54T 1 59 )5 TR L g

242 MRE MR ERYIRERE —EEW
Febr W 1 d 2= 7 d i E 409 TA ik, N 14
d 2 21 d Bk G g248 , = H IR
HaFA . DIV e 0 (B) i o PR R, 5 1 d i A LC.D
HEEEFL IR0 ,7d A B.CALKBEFL
M 225,14 d B A B.C D .E 41 & 7L G 22
,21d BF A E Ak BEFL IS 2200 78 4 CIE75i
B 1,7,21 d BREE Y94 B & 22 5% (P<0.05) , 1fif 14 d
iR B TG 22 57+ (P>0.05) , iX 5 Hp/k M R Bl — 3%
P

243 FpKPE REAKM: R A i R WEFL B LIS FE
ETEATE DR e, KEEFLE R 1,7,21
d B} A B.C.D E 4 kBEA MR ME T2 7 (P>
0.05),14 d B K AT B B 22501 . X5 & B

PR R A M — B, 5 AR EEFLI R KM
FRILUT , E 60%~80% 3w Bl , 2= 25 5520 it P 4 iR
W R A VE B B B B, B RA L 5 5
K M SR A R I E AR G B R B R A AR 5 AR5
AHAF . AN 4 BRI A W LA B A HARE BR B
S10 & Fic & e Ji & e LI Rk P 35 AT

244 FhE OWEMIE, %84 kBN RE
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Effects of Different Combinations of Lactobacillus bulgaricus and Streptococcus thermophilus S10
on the Properties of Fermented Milk

Sun Yuexin, Shi Jiaqi, Li Jing, Liu Junxia, Yang Zhihui, Yang Shujuan,
Bai Mei, Wang Jicheng, Zhang Heping"
(Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Key Laboratory of Dairy Processing,
Ministry of Agriculture and Rural Affairs, Inner Mongolia Agricultural University, Hohhot 010018)

Abstract  Streptococcus thermophilus S10 was isolated from naturally fermented milk in Qinghai region, and has good
weak post —acidification ability and fermentation characteristics. In this study, 4 strains of Lactobacillus bulgaricus 1-
MAU20450, IMAU95110, IMAU62091 and IMAU62161, isolated from traditional fermented milk and yogurt in different
countries, were compounded with Streptococcus thermophilus S10 to form a starter (A, B, C and D), and commercial
starter (E) as the control group. The microrheological properties of the fermentation process were studied by multi—fre-
quency diffusion spectroscopy, the storage stability and post—acidification were comprehensively evaluated. The results
showed that the solid liquid balance value of group A fermented milk was the lowest during the fermentation process,
while the coefficient of viscosity and elasticity factor were higher than those of group B, C, and D fermented milk, in-
dicating that group A fermented milk formed structure with higher strength. During storage at 4 °C for 21 days, the hard-
ness of groups A and C had no difference with the control group, and were significantly greater than those of the other
experimental groups (P<0.05). The acidification evaluation after 14 days of storage at 25 °C found that the pH value and
titratable acidity of the fermented milk in groups B and D were lower than and greater than those in the other groups,
respectively (P<0.05), while the fermented milk in groups A and C had no significant difference with the control group.
Between groups A and C indicated that the starter in groups A and C had weak post—acid properties. At the same time,
the sensory evaluation scores of groups A and C were the highest. In conclusion, when Lactobacillus bulgaricus 1-
MAU20450 and IMAU62091 were compounded with Streptococcus thermophilus S10 respectively, the fermentation and
storage characteristics of yogurt were better, and they had further in —depth research value and better application
prospects, which provided material basis and data reference for the development of lactic acid bacteria starter.

Keywords Lactobacillus bulgaricus; Streptococcus thermophilus ; fermented milk



