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112 MR G a2, 54 m Rk (A
5O A R BEAE A A BE TR A R A E]
MRS [E 4485 373, B [H oxoid 28 7l 5 L—2F Be & B2 £
FRER (BT aligh ) , 75 5 i AR B R AT RS &) 5 358
VLR RAEL W D R Tl PR A AR A
FRAE] s S ALER AR S AR (T aig) , R
HUR B AR 7l el X R A A R A FRA R K
S, RS 24 AR A B A A
1.1.3 AR K%k &  pHS-3C #! pH it , [ifg
TGP ARA B A HWS28 RUH IR KR8, & 3x
Tl Hi 4 AL 25 47 FR 23 5] 5 Brookfield DV -1 %Y 7 i
1, il —tERHE A R R 60-70 BB AL, -
Vg FR RS B AL A B 2 W) GNP-9080 7l fd i 3% 37
R, REETT PRS2 50 L b A R A F] s HA-300MIT 1
R4 H g R ZRVRK R, H A HIRAYAMA 23
A ;CP2202C B3 BT K1, B A FRA
SA 402B #HL T+, HZA Insent 2 w] ;PEN3 £y
£ [ AIRSENSE /A,
12 Fik
1.2.1  RmeFldl s Kaid w5 60 ¢, A
AR TE R K E AR, BEE T, 1R
20 MPa, ficJ5 7€ 95 CF AR 5 min, A& B 56 5. 1% 4]
X 37 ClriEM kR, BT 37 CHBRRKFHA T X
% pH 4.60 151k, BRI EE T 4 CRBUE
A BB N R REA MG G KA, HAR
20 R TR R RO LS 1, R EEBIE AR 1 h U E pH
(B 78 0 T2 5 R TG B A, PR Ok 28 d, B 7 d
SEAE i pH E 2 PR BE TR B REK ) R
e L R T DL R TR R E
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Table 1 Grouping and inoculation amount of strains

28 3 R A+ £/(CFU/mL)

\Y Vo 6.0x10°

VB V9+BL19 6.0x10%+2.0x10°
D BB-35 6.0x10°

DB BB-35+BL19 6.0x10%+2.0x10°
N BB69 6.0x10°

NB BB-69+BL19 6.0x10%+2.0x10°
P ProSci-246 6.0x10°

pPB ProSci-246+BL19 6.0x10°+2.0x10°

122 MEWMEIE RS pH (E 7 & R
JE . RBEFLRES pH (BT pH HHHEATIE | R E
R B2 BN Ty 2 % (B %2 E AR e &R
FE B 5E Y (GB 5009.239-2016)  F {1 3 Bk 35 7% 7
o KT R AR /NI BORE I 2 1 R B, Y
B 7 5 — UK R B

1.2.3  JEBEBONE Ik R EEFL T SO AT B T
BB E T 2% (B i R AR E &k
Y2e R g SO FF R 55 ) (GB 4789.34-2016) , i
Fi ML 55 9583 (% 0.05% L-2F e & /e 1 Bk 5 A
0.05 mg/mL SLVCH B ELER 1) MRS [ 4445 7% 58 ) 7
37 CIRAHEF% 72 h, BEUH 75 S 30~300 2
[] | TG &5 9E 1 7% A AR G i T T A B

1.2.4  FHEMEK W E L FERKE 2=
S A PRGBSO 2 /LB [ 4% B
100 r/min, i8] & 30 s,

S SCHR[15] T T 15 8 20 g BE AL B TR
4RI 2, 7 2 R T i E 120 min, ic SR8 TR
AR =X (1) T R R K T

FEARME (%) = [1- (8T & /A 0 BT i) [x
100 (1)
1.2.5 B E ik i TAXT. plus B4 43
AT ASCIN 5 T i 0 () 42 O P i 1 (Hardess) . F8 &
(Consistency) . A 2 14 (Cohesion ) 17k J3 5 %4 (Vis-
cosity index), FEAPKE 2 F G B AR,
i 35 mm 1 A/BE 5k 4700 . 3K S 50k
BIGEE 1.0 mm/s, IR B R 20 mm, #) 46 N 7
N2 g, JEAEFEE N 20% , JEAE ] g 5 s, 48 T
BN 1.5 mm/s,
1.2.6  HFHMWE T AR I B0 A
200 pL WG BT 2 L i b X AR B 2% 05 Ak
24 h; Z L HAR I A R 2 )5 BT 3.33 mol/L 54
PR G AL 24 h FE G A 3R T SO R I
FLE T 50 mL B0 A, R RS B ali kR
UL 1:3 A9 L, B 10 mL A5 5 30 mL 8 21K
R4, 2 8 000 r/min 0> 10 min, B3 W T 46
R AT I el
1.2.7 HFEME L BTSN &R,
T VERT ] 60 s B i E & B[R] 5 s FF 5 00 B[]
90 s . N #B % fF 300 mL/min  JEFE 200 mL/min.,
PEHKEFE B T 42 C/KWE B KV 30 min, B f5
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1.2.8 JEEIFE  #iF 10 %L\ A5 6k EERL
FEm AT L, S HE (B M E e E R &

L) (GB 19302-2010) il & BCE i S bR i JE 47
100 FRAEIN R 2 Frs .

*2 BRERERE
Table 2 Sensory tasting standards

7 A e A0

&% (30 o) EFHG—H, ZAGERMFTE 21~30
EFERHY ERFERKRE 11~20

EFERH Y AR RE 0~10

ek AR (30 47) B R B SUAE AT 0 vk ALtk 21~30
KBS A A vk AR B 11~20

R K B SR 0 R Aok A ok 0~10

IR S (40 ) MRS mIN A, RAE TSR 31~40
WBRSEMIR A,V FRA Y FHLF 21~30

WRERI RO, HAE K5 E 11~20

WEM RH ARELE NDNE 0~10

1.3 BESH

WHo R B g Y s 3 AN AT B
1T Office Excel &, pH {B % FR B 16 BL .
B K RURE T SR P e 1 2
Foon, dE It SPSS A N I RS HE AT S 12 4y
Br, WEMAKEEREN 0.05, T T B H
Origin 2022 %4,

2 HRESH
21 HAKHBMENELER

TRk K I A ] 5 % 1 2L 7= oMb A 17 FH R & e 2L
mn B YIA G, W 1a FFoR , AR5 4 ¥Rahd
XU FF B 7L A 5 BL19 & e & 1 I 35 1% K 4
KRR, 2 FCA R BER R4 AE 8 h A2 47, E B
200, BT R e A i 20 b, e N4 P
ZH LR R BT, R EERSE] Ry 21 h A2 AT, D A R
et , & EERTIA] A 25 h, BL19 PR FE R, 26 1K
FRAVIIRS | i TR [ S 0081 ) o e st 4 LI A 1 3L I
o) 2 e iR

7 35 A% b FT  RE BAT AR 17 7 T R S g,
UE A b BRI e T 2o A v 1Y) pHL{F R 37 A R B A
k. BB 1h AT AL, 4 Kk Bl P BUBLAT TR FL Tl 43 531
5 BL19 & Bt & B A] pH i &d F W, 2 Bl 4l 7F
KIEE2h 2] 5h Z[E pHEAZLRK, HAkBESh
W4 4152 Fe 40 pH H Ik 3] 5.2 2247 S JF 1R
#L,3h )5 pH (%3] 4.60 LA F 52 ik B, i PB

2 pH A T R, DB 41F1 NB 41/ pH {H T [
FE1E, AR ZHTE KB 0~8 h N pH HA2fb &/, H
TN 4T LA A 1 pH (B R B ARc, & % 8 h i
pH fHF% 5] 6.00 LLF L KE P41, L3
A IR Le T, TA F pH {EAS AR 17 B AH T
S THC 2 A VR 0 TR 3 WY I 728 A B K, R 2 h 1) 5
h WAS b d5: B 2, PB 41 I TH et , DB 41 fi1 NB 41
1) TA LFH S, SRl h N gl bR, ok
JE P4l pH {EA bk S ], & 45 Rt
VA F D 41/ TA s, i 86 °T i 85 °T,

S TS )76 BB SR 1d s, R e 4l
K2 h JFUR I B AGR G T, Hoh PB 41/ NB
BRI R BT 35 F) 8.39 g
(CFU/mL) 1 8.38 lg(CFU/mL) ;DB 4 % %45 o it
HRBCR G B h e fik, 7 7.94 1g(CFU/MmL), &
1% 8 h B A2 e 2H & BRSSO 1 A L SR TR 4
DB 4 1 (16 B EUR D 409 30.24 155V 4 AE &
B 8 h PG A BT Bk 3, 72 & 1% 8 h B, VB
IS B BUE V4L 19.94 15 NB 4 i35
BOE N1 7.41 75 ;PB AT G HBE P AN
417 £ AR R BTR 2 A e 4 R ) 1 3 B AR s SR T
L, B AA R L 8 h vl Ik B R B & 8 20
h DA b 19 25 25 BT R, A% BLI19 i T sl 4 WL
AT B LA 1 AR ORI B R A5 A R
XFECRT A, VB 2 v i 1 AU V4 3.02 % ;DB
ARG T AU D 4109 4.9 5 ;PB4 P 5306 TR 4L
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A T4 7L e = AR KT TR I 0 7 LR N A K A
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BRI AT L) A0 R e R K fo I 1 A AT
3 ¥ T 1 2RI I Ry BB B AR KA ik

30 -

25

9 eI [
Fermentation time/h

b VB D DB N NB P PB

() K BE T i)

100 -

——V —4~—D —+—N ——P

—+—VB ——DB —«—NB ——PB

.

TA/T

s [
Time/h
(c)TA

E 1
Fig.1

22 MEHEERTHER

2.2.1 pH 1B TA {ELFII5% B BCR M 45 2R B 42 10
DA 2R — 1 T2 A A i BT 7 i ) SRR RIS
PET o E B, — R & I FL A B SR 0 pH {E O}
FRTE 4.40~4.20 Z (AR AL IF 540 (B] 4541 pH {H
Bifi 5 B[] 78 Ak 52 B0 B a4 B3 IR RR7E 4.20 LU
b BECA DB A 7EE AN E pH {H 5F
i, WA K pH fHAHZE 0.08, HKJE PB 41 VB
ZH M NB 41, 07945 A ih X 4 41 pH {43 51 A
4.37,4.33,4.34,434, FRR AT D A TEN 5 ]
pH H A E , WHRT 5 pH AT F# 0.10, 1 17 5

If, X ] HEE BL19 fie ot 3l ) ST B LW A A 1
i 2R AR, 25 B AT AL, BL19 45 3l ) AU R L
b A2 I A S, T AR A e e LR R B fie
HE BN BUBCRT B LR A9 A 2 0 A e R A
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Results of growth curves during fermentation

IR pH BB A w1, R4S SR pH {Eh 4.29,
FRGE P VAR NA, e R 3 41 pH
53590 4.33,4.25,4.24,

H &1 2b AT T (] 45 2H 09 TA {8 Bl s [R]
AR IS, SR VB 41F NB 4 7E It
I (8] A oM RO PR JS A 22 10 °T, I 25
BF AL TA 435104 90 °T 1 94 °T, H:k & DB 41
1 PB 4, 745 d i TA 43511k 94 °T F1 93 °T, 4
20 42 WO AL A TR0 1E] TA Y976 100 °T LA, BRJIE
TG BTRZH R VA AR I RO (8] B R AR E IR Un
KAZE 10°T, WLE Rt TA &y 104 °T, D 4 N
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4N P AL 45 A TA 40 %14 101,120 °T 1
110 °T, RN EE R TA ¥ 100 °T,
JEH N 4353 7 120 °T, R KFEE S & B
(R, TR ) ER T DR RS DA LR 5 Ak ol 3L
R A ey o, P L R 2 N i v
T, T R R 4 i ™ o RS M R T
F T B0 — BTN Ay R I L O A R B AE 70~110
oT fefE, #Bad 120 °T REAHRY, Z5 EalJn, & i
2 3 LU BT ZH P TR BE AR ELARE . VeGR4
pH A2 I 28 0.12, B 41BR D dl4h, W LR
K pH EAZE N 0.17 UL b, F H AR BIRLL
LA pH (EAK, TA EHE AL, Kk,
A BL19 J& T LU 55 20 ) UL FF B 3L W0 Fh & 8 7L
Je PR AR A8 JFE Y 530 ) 19 88 3 L, i T i I L 11 Uk
HAan

H T 2¢ AT AT e 00 1) 5 26 175 TR 45 B B 1] 2
EHT RS, Hd D 4 DB 41 1 d 75 B8
2 N3 6.53 1g (CFU/mL) #1 6.88 1g(CFU/
mL) , 75 5/ 050 [ 3% TR 5O A, PR e AE 7~6.2
lg(CFU/mL)Z [H], P 20T N 417858 8] 1) 7% 1A
B m USSR i 4E R 7E 8.6 1g(CFU/mL) LA
b XA PB4 A NB A A 75 45 B S B 500
54 7.62 1g(CFU/mL) il 6.89 1g(CFU/mL), h &
BeZH P 1S A A 2 2,V ZH R VB 4 I 4
HH G B9 R 7.63 1g (CFU/mL) F16.82 Ig
(CFU/mL), % B3 b i 3 TR BOR 96 (R il 22 4 [
FhrE A EEFLY (GB 19302-2010) (KL AE 1% %L
RAEFFZE 106 CFUMmL DL &, Fify ZEEFL 855 &
PRk, B DB 41LL D 413 A A, I 45 A 3
by BT AR X R A R TS G, ATRES &
PR 300 ) 52 T 2 B 38 DR I O TR B 23 Tl T
A ) 4T 5 4 S A P | S S0 i 4 e A L
K20 A B 2R ol 40 R AT T 52 e Ak, &2
TR 6] 7T RE H B0 55 ) T A T A2 Y
it 52 T 2 7 B SR P9 I TR R bR
222 FpKOMBEWELSE R REEFLRK T
TR R BEFLREA B B K I EE S, R 4
FE AN W — T 2R A, R R FEK ) 22
SREFLENH, FRAHLURSZE 2, HE 3an]
1,8 A R WEFL AR AK T Bl A B ]2 BT R
Horr PB 41 NB 411 DB 2750 ) 357K 77 82 55,

]

Viable count/lg(CFU/mL)
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Fig.2 Variation of pH value, TA value and viable

bacterial counts during storage
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Fig.3 Changes of water holding capacity and viscosity during storage
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Fig4 Changes in texture during storage
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Quality Improvement of Fermented Milk by Lactococcus lactis subsp. lactis BL.19
on Bifidobacterium animalis subsp. lactis

LI Peipei, GUO Shuai, ZHANG Qihang, XU Weina, WANG Jicheng, ZHANG Heping’
(Inner Mongolia Agricultural University, Key Laboratory of Dairy Biotechnology and Engineering of Ministry of Education,
Key Laboratory of Dairy Processing, Ministry of Agriculture and Rural Affairs, Key Laboratory of Dairy Biotechnology
and Engineering of Inner Mongolia, Hohhot 010018)

Abstract  Bifidobacterium suffers from poor timeliness and poor flavor in fermented milk applications due to its own
physiological properties. Lactococcus lactis subsp. lactis BL19 was compounded with four strains of Bifidobacterium ani-
malis subsp. lactis for the preparation of fermented milk, and single—strain fermentation was used as a control. The pH
value, titratable acidity, viable count, viscosity, water holding capacity, texture, electronic nose, electronic tongue and
sensory evaluation of fermented milk in each group during fermentation and storage were measured to comprehensively e-
valuate the improvement effect of BL19 on the quality of Bifidobacterium animalis subsp. lactis fermented milk. The re-
sults showed that BL19 could shorten the fermentation time of Bifidobacterium animalis subsp. lactis fermented milk to 8
h compared with single-strain fermentation and and enable the viable count of Bifidobacterium animalis subsp. lactis to
increase rapidly by more than 4 times in a short period. During the storage period, BL19 could reduce the post — acidi-
fication degree of Bifidobacterium animalis subsp. lactis fermented milk, maintaining the pH value above 4.33, increase
the water — holding capacity to over 60%, keep the viscosity below 2 000 cP, and improve the texture of the fermented
milk simultaneously. Moreover, the addition of BL19 enriched the volatile flavor substances in the fermented milk of Bi-
fidobacterium animalis subsp. lactis, and improved the taste and odor of the fermented milk during the storage period.
Conclusion: Lactococcus lactis subsp. lactis BL19 had a certain improvement effect on the quality of fermented milk of
Bifidobactertum animalis subsp. lactis, which was intended to provide data reference for the application and promotion of
probiotic fermented milk in the industrialization process.

Keywords Lactococcus lactis subsp. lactis; Bifidobacterium animalis subsp. lactis; probiotic; fermented milk quality;

storage property



