101 SR = T S Vol. 23 No. 7
H Journal of Chinese Institute of Food Science and Technology Ju. 2023

A R A B E R SRR CSTRHE R BRI I i

oM, # oW, X #, 5B , ®OE,

(ARFRLXF

Eik, KMFT
R RA A B LE SRR E
vf o 4% 010018)

A AMBAREIRXTHRELFTHE
AREARAEADHARE IRETLEZHRRE

WE B AL B AR SL(PFM) A AT 22T 5, 20 3 KR BRI 45 AR R BE 45 M e 0 R 45 M3 AT R4 ik AL
RHAFE V9, & FESLATH PC-01 M FUATH P-8 LA KB DA B L KA (& ok AR Fo R Al B SLATH ) S 2
PR SR AR RO T A MR ) BB 1A R R A, KB 2 R 0 B B RN B A A B U ) T A B R AL AR AT
R ERHIERY BAERAHILLA SRR T & ERFHME AR T AR SR E IR 2R B R ki
do14 A BRER P A HBRLARSFTZHI G, 5 A LR R AR (0.93 mgkg) BRI (3.3 mglkg) . R R (22.6
mg/ke) H R BR (12.6 melkg) | 7 &2 (3.8 mglkg) | 2 & B2 (3.5 me/kg) A R R (35.4 mglke) 7 56 R BR (5.4 mglkg) . B34 &
BF PFM 20 5L 0% AT 9 5% B 3 & 34 2.34x10° CFU/mL, S5 A 8 3% 3.43x107 CFU/mL; 5 A 38 20 (FM) 48 3, pH A i % B JE
Fo KA KR F £ T BE R FEI(P<0.01), B FIFMF 0 233 (P<0.05), 25k H A B R B 5L A AR5 69 2B 2

A XN B A EERBESLA e Tk A P ey R SRR RIE X

KER SAWMAWMIL,; MAL; BAR,; HBEALR
XEHRS 1009-7848(2023)07-0045-11

KLU AL E FFLC R, &EIK
RE G IR EER], AE—E &AF T LRI 15 % A
A 25 B EEFLIR ™ ol o 72 A B FE b ZLIR 1A Al ™
AWFLRR AR E IR B YA R 2R 5
XF AR B v e g R AR AR Y, 25 A B
(Probiotics ) f&— & AT g 2 15 3 i 1 P9 0 ) o R
AT, EUX i R R A S T RE AR A AR A
FH TG PR AE 912 SRR Ry 308 TR 5 AR 2 1 R
FICE AR, H ET 6 A4 o 3 2 PR RIEL
T 87 288 B T 7 261

KW FUAE Sy 4 A TR K 4 £ B 1 FH ) 3 AR 2K
A, R ke T 3L RN 25 A B G ORUEE 5 AR T, 4
AR R TR (AR SCHE K T TR D AN B g R Bk 1A
TRIMANEZUFTF ) AR 25 28 AR LR TR =
AKOF B A 2 A Y e e, A fig
R0 B T U ASOT A R T MR S g R AR O
T TR S PR S MR PR ) IS
Pl

A6 T 358 B Rk R LSS AT 78 VO (Bifidobac-

Wi BEH . 2022-07-26

E&UH: BXAARFLELHUH (31771954)
E—1EE: BN, & w4

BEMEE: A E-mail: hepingdd@vip.sina.com

DOI: 10.16429/5.1009-7848.2023.07.006

terium animalis subsp. V9 (V9). Bl & FLAF #
PC-01 (Lacticaseibacillus paracaser PC-01 (PC-
01) FHYFLFFH P-8 (Lactiplantibacillus plan-
tarum P-8(P-8), H VO 7rEf H NS HIAIX
fi B 5% 1y e L EE A 11O PC-01 43 5 [ 78 J 7 5% b
XN E e~ 2 AR R BERRFEF W7, P-8 0B A
Sl AR DR R RE R Y A AR R R
FLI T A B A X 1R A IE h 1 EL A R Y T A2
[F] i LA P PO A A S e T VR T 2 4 AR T
Fe W FLIT R W BRAE BRI RRCS ) of L3R 3 Bk i AR TR
T2 6t AR A I FLh o H R R T g
FRPEEAT PO, b i 2B T A I LAt o Tl A 7 4
EIETEES

1 #R57E
1.1 #RmigE
LLL gtk 4% v9.PC-01 1 P-8 1
B AR H i N 5 AL R FL A B EOR 5
TR E R S SR X R R B
(e ) A FR 23 ) B DR R S LT 787 i A B B
T, A B T

112 sk s I 1,



46 hoE B

mo2E 4R 2023 445 7 1

1 HBERRE

Table 1 List of test materials
X I A A % AR EETR
4+ 4L FF LA (S ) M A PR )
SRR T 09 R AE A AR A RN 8]

3% B Oxoid 2 3]
b B R AF A A PR )
Flo i Nl A

MRS A %35 3k
L—3 kR BR 2k 5k 3
TEEE

1.1.3 iU 5 FE28 84 pH it M4ei)
(_ B A BR8] ; Brookfield DV-2T B 7 & i1, &
& Brookfield 23 & ; f#if 251 Rheolaser Master, i
E Formulaction 23 5] ;NSC-1I A-1200 & G T AE
£, IR I3 A B2 B s SRH60-70 2 55 4 ST AL,
i FREE R LAY BR 2 ) 5 A B I K T B, R
BB ATBRN 7 [H IR B R4, L E R R AR
AR H] 5 H ST L-8900 o 8 2 AL R 43 Hr A%, b 5
TR 2R A R AW

1.2 KA *

1.2.1 REEFLASIS DA ZLUR F 0SSy Rt i
F#RBER K31 (94% , VIV ) 38 it K i 05 T
M E 65 CIa, B AP BE (60 /L) ,65 CHig # 15
min B 2B 2%, T 65 °C,20 Mpa /4 F ¥k,
95 CA T 5 min, ¥ &1 % (37+0.5) CH P K B, &
W 52 S JEAT JO R R TCE T 10 CA 1 T Ak A7
28 d, fb 7 d KRR SCHE bR o X800 2 4, AR
M & B 55 R X B2 (Fermented milk , FM) |, it 46 41
g 26 A B R EEFL (PFM) , HAR Rl W36 2,

R2 EMEME

Table 2 Inoculation amount of strains

T

\ PC-01/ P-8/ .
it V-a:+ill

CFU-mL?' CFU-mL' CFU-mL?!
CFU-mL™
PFM 48 5%10° 2.5x10° 2.5x10° -

FM 48 - - - 3.0x107

T =" RAR AL,

1.2.2 GRS BB A E B DG R A4S
ASCRG I % e 2L % T B R A BE I MR R AR e L
20 mL A SRS 2K R B T, B 2 0E b
WL e P axk B v M I F- (Elastic index, EI) i

B A (Fluidity index, FI) % Y% & K F (Macro-
scopic viscosity index, MVI) A K [& & - i (B (Sol-
id liquid balance,SLB) i i5f [0] (9 A8 fb 1 40, ¢ &
WARSGRIE N 37 °C, M 1 min SRE 1 EE
il R S RS A5 IR DU A, AR AR Al 43 A
R OC T AL 2 S8, 256 VPN AR ZL I 22 e
PEPL,
1.2.3 IR EER I E R A e KR T 10
CHM R 28 d, 4 3I7E 1,7,14,21,28 d 1|
Ebr GB 4789.2-941E 17 3% 1A 114k, 1 FH 1 £ 1%
BRI o T S TR R S
124 MRERME pH {HE K HHF 4 FE20 &
pH TFIE , REASFE S IE 3 AT T 1T 3
B 5 7 2 R B (TA) ¥ B8 E Z 45 1 GB 5009.239—
2016 FFRE A I P RS 7 R0 T R AT R e B
Tk W50 g REEFLEESY, TN 40 mL ZE18 K TH
2~3 M EYBkIE /R (0.5%), FariRslE, H 0.1
mol/L. 1Y) NaOH A5 i 5 W & AL 5,30 s WA
B, TE SR IHFE NaOH A5 VA 1R 1) Z THE, B4 FE
Al g 3 YCEAT IR A
1.2.5  FpK PRI KK ). HERFREL
20.0 g K BEFLFE ML, B T A IRACAY T 21 b, 5 R
B2 h JE RO PR E, e R A KRR K
7

R K J1 (%) =(1-[ 98 W o 45 (g)/FF & it it
(g)]}x100 (1)

#h ¥ & Fl BROOKFIELD DV-1 VISCOME-
TER B ZG 2T 44 7 TR IR T IE , i m
100 r/min, {145 10%~100% , 3 % i} A] 30 s, B
Al g 3 YCEAT IR A
1.2.6  ZEEFLrbiE e L e fEH H L L-
8900 = M 24 K R 4 A A HEAT MW, i AT .
2622#pH B T 524 A 1% A 4.5 mmx60 mm, ik FE
.20 pl, HER .57 °C, P i A5 AR U 0.35 ml/
min, 2% M :0.4 mL/min,

YERAREL 3 g KRS T 15 mL .08 0, in 0.02
mol/L AYELZ 5 mL, HEIRIE2) 5 min, A IS
min, #EERE 2 h,4 000xg &0 10 min, L 1
mL E3HR A 1 mL 6%~8%fii LK i R , IR TiE 1
min, B EFHE 1 h, 15 000xg &0 15 min, B 7
W 0.22 pum (Y UE L 38 AL E



236 HT1M

A RSP 0 RO B AR BB A P e e R A 47

127 JEEVHY RTINS, BRI 4R
B g SR VR B (5 3 R XF PRM 4L AT FM
HIBEATXTLEPPAN . T 10 (A b 22 2886 A [R5

(Gl A GURATVEAT 5 IERE B 2500 0 M
EATP AR RE ST AT, A AT O R
P

®3 REIFME
Table 3 Sensory tasting table

4R B 4 AT R o
27 (30 %) B K B SUAF R A AL, A SRR 25~30
AR HRA R, F ALK 20~24

T M ok K BE LA AR Sk <20
ek (30 2) BR i v A B A BR W Ak 25~30
1 B8 B AR B, Bk 20~24

BER R ARH B B R AR Y B ek <20
B EFQ0 ) RAE,EBEILHAG SPEREF RLFHE, 288 25~30
A, BSR4 SR AR Y BANE  EMFER K TE 20~24

AAH BRILRY A SRR LA B R eI R T E <20
2 & (20 &) o R 4 R SO R 25~30
o B 8 m Ik, i 20~24

O BGHLEE | R M B <20

1.2.8  E#lE 4r Bt G 22 $ 4 SR ] Rheolaser
Master % 52 16 S0 28 43 A A 41 19 Smart #17F
PEAT 234 5 i e /1y =3 0 51 73 B (PLS-DA ) £ JH]
MetaboAnalyst 5.0 (https://www. MetaboAnalyst. ca)
PEAT o3BT e B AR 3 A I TR R R EE R R R
FeK 1 W25 R S (B AR 1 22 7 %, R H Ori-
gin 2020 FAFVER

2 BR55W
21 ABAZBEENMATETH

MS-DWS f i 28 B2 AR 32 ZE AR 48 & 1 2L v fwlokr
ia B AR B AR A R B 58 L BEAIL RGBT R T
FUIE R B B AR IE R P 22 B T R, 53K
KRl P A R R AR AL, R
RLZEF e A As | e 2T B LA I B 11 SR Ay S il
) BEE s 5 RS L 1 TR 45 A R LAY SLB
EIMVI F1 FI A2 4k a3 AH ], 1 2% 41 % e L 7 i
SE AR SRR Z B AR —E E R

SLB 275 7 it fi 1) [ 2% 580 A 1) -5 B [0 % iz
MPRBOE R, M & BEFLIY SLB 284k i FI7E 0~0.5
ZIa], R SRR R i o] T [ S BT M AE 0.5~
1.0 Z [R] T 22 90 th b PR AR A ] T VA5 o 7

WA 1 B  PMF 4151 FM 4119 SLB #5 9) 2 R 4%
K ,PMF 4178 & B w3 SLB 4k T sk 45 ,13.5 h
J&i SLB W52 M BARAE I Hh 30450 0, B 28 9 44 o
ELERBEES A, G AT E] 2 17 b, F SRR 1 i 1]
FUWA ; FM 411 SLB 78 & i 3.5 h K2 R #K
ICAEL , Bifi J 2% 347 194 0 B 28 % T 45 R, 45 AR I () Ry
5.5 h,ﬁ%ﬁ*ﬁ%ﬁrﬂ?@%o PMF 2019 SLBpH =46
W = T FM ZH, Ho 38 2 5E I A (SLB=0.5) T 7 A [i]
T,

MVT A 15422 s e 286 M A 1 BsF (1] o 28, 7]
DL 7R R T FL A 26 R AR B L AT,
PMF ZH 71 FM 4% MVI 22 fb i #og — 2 gt
T2 ,PMF 41 & BERT 13 h A1 FM 21 & BERGTIY 3.5
h B B T ] AR AL, Ak TR RN B R hs A
T B Bt 5 B i T[] B | R 28 8 R T F
NGB B BEJS, & R BEFLAE S MVI
SrONAE 17 h AL S5 ho i BT R KM, AR
BERY B, bR R BEFLIE B T 8 AR B BE AR
R PMF 4178 & B BT A LE T FM 4 HAy
TRE MBI IA R

E1 by B B st b A5 2 1 st ) eR &5, AT LA
PROHL A6 L R A — B i ) B RS R R A



48 hoE B

2023 455 7 #

W Y- (L
Solid liquid balance

5.5h 17.0h

S A 5
Elasticity index/x107

01 ! 1
0 3 6

9 12 15 18
Ao 1)
Time/h
(c)

17.0h

BT

Macroscopic viscosity index/x107

e
=

e
s
=

0.001 L

1000 -

—
1=
3

—
15
T

s K

s
Fluidity index

-
T

e
-

0.01 Lt L L L
9 12 15 18
ff 1]
Time/h
(d)

E1 REIENMREEFEEN

Fig.1 Microrheological changes during fermentation
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Fig.2 Cluster analysis of free amino acid metabolites in samples
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Fig4 The metabolism pathway of amino acids
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Fig.5 Changes of viable cell counts during storage
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Fig.6 Changes of acidity during storage
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Amino Acid Metabolism, Fermentation and Storage Characteristics of Probiotics
in Fermented Milk

Yang Yang, Guo Shuai, Wu Ting, Feng Chao, Xu Sheng, Wang Jicheng, Zhang Heping"
(Inner Mongolia Agricultural University, Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education,
Key Laboratory of Dairy Products Processing, Ministry of Agriculture and Rural Affairs, Inner Mongolia Key Laboratory
of Dairy Biotechnology and Engineering, Hohhot 010018)

Abstract Objective: In this study, the fermentation and storage characteristics of probiotic fermented milk (PFM) were
evaluated. Methods: Bifidobacterium animalis subsp. V9  (Bifidobacterium animalis subsp. V9), Lacticasetbacillus paraca-
set PC-01 (Lacticaseibacillus paracasei PC-01), and Lactiplantibacillus plantarum P-8 (Lactiplantibacillus plantarum P-
8) were mixed fermented with control group compared (containing Sireptococcus thermophilus and Lactobacillus del-
brueckii subsp. bulgaricus). Optical microrheometer was used to monitor the rheological parameters during fermentation,
the content of free amino acids at fermentation termination, the viable cell count, titrable acidity (TA), and other phys-
ical and chemical indexes during storage. Result: The fermented milk of probiotics showed high viscosity factor, high
solid-liquid equilibrium value, low elasticity factor, and low flow state. Fourteen kinds of free amino acids were detected
at the end of fermentation, among which eight kinds of amino acids were significantly increased, content of phenylala-
nine (0.93 mg/kg), valine (3.3 mg/kg), alanine (22.6 mg/kg), lysine (12.6 mg/kg), threonine (3.8 mg/kg), serine (3.5
mg/kg), proline (35.4 mg/kg) and leucine (5.4 mg/kg). The viable cell counts of Lactobacillus and V9 in PFM group
was 2.34x10° CFU/mL at storage initial and 3.43x10" CFU/mL at the end of storage (28 d), respectively. Compared with
the control group (FM), there were no significant differences in pH value, TA, and water holding capacity, and the
viscosity was significantly reduced (P<0.01), and sensory laste score was significantly increased (P<0.05). Conclusion:
The PFM group has excellent fermentation and storage characteristics, which can provide data support and theoretical ba-
sis for the industrial production of probiotic fermented dairy products.

Keywords probiotic fermented milk; micro—rheology; probiotics; free amino acids



