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Screening of fermentation strains from Viili source and analysis of
fermentation characteristics of compound starter cultures

HU Xiao-Ran, HE Xiao-Wei, CAO Xiao-Xuan, WANG Jia-Yi, GAO Jie", SANG Ya-Xin"

(College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, China)

ABSTRACT: Objective To screen lactic acid bacteria from Viili fermented milk and explore the proportion of
bacteria in the compound starter cultures. Methods Lactic acid bacteria were isolated using streak plating, and their
taxonomic classification was determined through phylogenetic analysis based on 16S rRNA sequences. The

composition of strain ratios in mixed cultures was designed with reference to the bacterial abundance observed in
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Viili fermented milk. Comprehensive analyses were performed to evaluate the acidity, exopolysaccharide production,
textural properties and volatile flavor compounds of the mixed fermentation groups. Results Diversity analysis
identified 4 bacterial genera, among which Lactococcus, Sreptococcus and Leuconostoc were the dominant genera,
comprising 49.12%, 40.67% and 10.21% of the total bacterial composition, respectively. Lactococcus lactis H2,
Sreptococcus thermophilus H17, Leuconostoc mesenteroides H30 and Lactobacillus paracasei H33 were isolated and
screened. A total of 20 fermentation trials with different strain compositions were designed to conduct a
comprehensive assessment of key parameters, including pH, coagulation time, textural properties, exopolysaccharide
content and flavor profile. The results indicated that formulations S13 (H2:H17:H30:H33=11:4:4:1) and S17
(H2:H17:H30:H33=30:35:16:19) demonstrated the highest similarity to Viili fermented milk in terms of

physicochemical and sensory properties. Conclusion The blended formulations S13 (H2:H17:H30:H33=11:4:4:1)

%16 &

and S17 (H2:H17:H30:H33=30:35:16:19) exhibit promising potential as compound

starter cultures. This study

provides a theoretical basis for developing compound starter cultures in Viili fermented milk production.
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1.1 #R5RF

Viili R LA T 25 22); AR Wk (R 5 DR IR
w)); L% (Geotrichum candidum, SZ56 2 450)

MRS ¥ FR B (b st B R AW HRA R A |); =5 L
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BAEE, S5 Viili Y I P Fh e R HL AR I & I ) R R A AT 25

G 3 A&
132 Hhein B 5aie

BB Viili KR 1 mL T 9 mL A BRER K hb A A
Fike, YEHL 107'~1077 BERE MR B 100 uL 141 5 MRS 3
BB TR TR b BB T 37 CCRFF-AH K5 5% 24~48 h,

SPURE P8 T L, 0T P B PR PRIV T 250 [ B i %,

RLTF MRS Fii b, FIE AT 37 CHFR4E T B
24~48 h )55, PRECARVE EE LS REERMEEES—H.
B VR AN E MRS WK R AL KRG 5%

133 HAh%E

PR PR AT T8 A b, (R 22 R £ 5
Y, BTSSRI . B mL TE, 440
Al 4H 38 Bt ) & 32 B DNA . i L OF 17 51 ¥ 27F
(AGAGTTTGATCMTGGCTCAG) . X [a 5] # 1492R
(TACGGYTACCTTGTTACGACTT)XF L) DNA #Ef74"
P A e G UK IR, 3% B RN e
AR BR A /AT 8T o I A1) AL 2 S5
[ K 4= W14 AR5 B H 0 (National Center of Biotechnology
Information, NCB)#EAT [R] Y5 b X, T #x) L ) 96 44 K F
99% bR ER AR TS, i MEGA 11 #4117 R 5k B
3.

1.3.4 REEFLEGH &

FE AR RNEAL 3405, FLERETEIE 1x10" CFU/mML, (i
IR 1x10° CFU/ML, A KEHJGRIBEIEEL T, 30 °C R BE .
1.3.5 #AY SHid 2556

EHRA EZN.A. Soil IRF &AL BAL ALY
& DNA, PCR ¥ 4 5 E A V3-V4 A ZE X H TSI X
FEAE ] 2% BEMHEEIE (B PCR 728, AR 5¢ 6 E o AG
ZE W@ FE S, A Hlumina Nextseq 2000 F- & BEA70 7 (
M SE T R R 2GR AT IR H).

1.3.6 BRE VAR pH Ml &

Z R GB 5009.239—2016¢ & i & & EZARE B iR
JEE RO S ) XoF 2 TR 2L T T 5 2 o pHL 3 pHL T A 500 o
1.3.7 Jash % BRI

Z: I8 TIAN Z000 753, BU10 mL & 5L, 95 °CER T
%6 5 min, 8000 r/min &[> 10 min, B . 76 EEFIA
5 mL =S LR (12%), AP E 1 h, 8000 r/min &
A 15 min, EBREBR R AT INA LE 4 KT 95%
VAR, #ak 12 h, 8000 r/min 2.0 15 min, WITIE, ¥
ULIEE T 8000~14000 kDa B4, £ifF 8 h Hk—IK,
B 2 d.

Z MM, PR -6 R I T A 2
BV LR TN A
1.3.8 BMAZ

Bk A B [ TS5 20 mm, JEASE 208 50%, #:
W 60 mm/min, #2457 1 N SR BEFLARERE . M,
B SREER TN .

1.3.9  AF M Rk dp iml 2
SRR I A A IR, FREL 2 g RREFLREASIL
A 20 mL Tizs )i, 40 °CHFHE 20 min, MFFFE 500 r/min,
WE YRR 500 uL
GC-IMS & : IMS iR JE: 45 °C; Zp#ritiE): 30 min;
HEREETIREE: 85 °C; A1 40 °C, #AKENE 1.
®1 HERESY

Table 1 Carrier gas setting parameters

WE AR TPRRE HRETRE PR
/min (E1)/(mL/min) (E2)/(mL/min)

0 150 2

2 150 2

10 150 10

15 150 100

20 150 150

30 150 150

14 HIELIE

SEEIEIT 3 HFAT, I SPSS 26, Origin 2021,
MEGA 11, Grand Pad Prism 10 P} 2575 4: ) = - & X 50
BT AL FRAMT

2 HRED

2.1 Viili PREMEEFER ST
211 mBARABEMSH

AP, RAFEEE 16S rRNA X Viili £ 5 A9
I REPEBEAT 0T . Vil B S S B T B AN
FAGI 4 R, HrPFLBER A R (Lactococcus) 5 FR
J& (Sreptococcus) . ] 5 2k 1 J (Leucanostoc) fE AL 3 A T
&, A 49.12% ., 40.67%. 10.21%., 7ER SR,
FLIR TRAE Ry SCHE TR R, I Rk W IR IR S B SR I,
IR S A AL R A R . B iR R DA
R, BT 2L SR 1 o A XU
2.1.2 ARG ABLEMHAT

Xt Viili & BERL P B 2R T A, R
Y REW Saccharomycetes(FFBE4M), 7EJ@ K |, FeAG
2 ANEFERE, 250 & (Geotrichum) . XL HE 8
(Dipodascaceae), H 1 3th 25 J& (9 A X F B w, MILHE
TR o bR R 0 1R 2 TR Rl 1 R R Y I DL S 2 B R AR
KRS R AEE R B, O B A A R T Viili & L
FURFRER G T, S Viili & Bl R B )
2.2 Viili PREMTFIEREE
221 HAHELE

W PR YR Y (0 S5 (0 G B O A AT A, X
AR M BRI TR S . TR W B A A L
1, FEAGEIE YA BRR AR SRR, B 2ER
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Fig.1 Gram staining results of selected microorganisms
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Fig.2 Phylogenetic tree of the isolated strains
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fifi | Design Expert 13 5 {45 BT RHE T, B3 Viili
Sz e L AP 20 T A0 A0 fee FE T L o ARSEUE ) 2RI E 4
SR HP B R X S R A [ A R e R A R R S e
U7, 5 AN ) B L 2R 100%, B 5E FLIRFLER I HI

FEPEERRTH H2 . W] BRI H3 . B TESFLFF IS He iR
H A 43 31K 30%~60% . 20%~50% . 10%~30% . 5%~20%.
TRBHE TR 2 PR . 4 4 PRANTA 761 FURG I S A s
FRAME T B % 2 XHEOUE, N 1x10° CFU/mL AYRH &
W W& E ML BRI LLBIRER, SR Z e AL Pt
fr i, PIRBEEREA 13107 CFU/mL.

#2 TREEM &8 &SELIRIT(%)

Table 2 Design of fermentation ratio for different strain
combinations (%)

a5 LB W AR T e Bl B L
KU H2 BRI HI7 BRI H30 FFIE H33
S1 38 41 10 11
S2 47 20 20 13
S3 53 32 10 5
S4 40 29 26 5
S5 30 33 27 10
S6 38 41 10 11
S7 47 20 20 13
S8 37 23 20 20
S9 30 35 16 19
S10 44 34 17 5
Si1 30 50 15 5
S12 45 20 30 5
S13 55 20 20 5
S14 60 23 10 7
S15 45 25 10 20
S16 35 40 20 5
s17 30 35 16 19
S18 47 20 20 13
S19 30 20 30 20
S20 30 33 27 10

24 KEEFES
241 pHAZE

i AT, e 2 W2 s, Viili &L R e & WL
B pHo 4N 3 Fi7R, Viili ZEEFLTE 18 h KB A L i)
pH N 4.78, WERE N 136 °T, iAFIEE [ AIS5H AT
. Wil 4 FoR, BrA ERAATE 24 h ) pH ¥REIEE] 4.7
KAy, BEAY Vil BFEFLAHLL, KL S pH #7050
ES . UL EA P RE YA RIS T, AT
KBNS Viili & EEFLAH X R K
242 #3Leti

Viili ZBEFLEE 18 h B BUEERLING:, &k Bedi
TE24 WA AL, BRCAHEEAL A R0 B & 225, 5 Viili KB
FLARLL, IRREEFLITH IR, 150RH &2 Fe Al vh R R AT
B & BERE T BRRE 15 Viili K EFL P R LR 2,
FTREH T E R YRR R Villi R FEE.
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Fig.5 Hierarchical clustering of texture data
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B B Viili REEFLIRAE, 5 A R B
AL, Viili A BERL A AR ) 220 AT R 1 . fEAh 2
Oy T H HAKABELER, AT ALE K H T B e 13 5 6 A P 4%
gy, MR GK 2 F i sh, B ik 3L i & O TR,
o S B AR AL A 1 R St AU 1 222 A B,
B EEFLPIAE Y A A 2 AT SR R g T
0t g 4 A B A 1

X SLYR A B A R S A TR O, SR nE 7
Fin, BECAFNZE S EERER, i S11.817,
S18 Mfush ZHE & B = T Viili ZEEFLLL(P<0.05), X
WA T R EE R, A2 i, STt ksl
FOZHIE, AT LS g b 2 4 2 e L O A P4
2.53 Rkt

KR 8 R = dn i R R, AREMF £
Tl i 1k AU o 0 [ P 98 3 T R R XUk, & %
FLH I AR BT T8 15 SRR FL A AR T . WSS L IRk
Aoy i A AT G, LR AR L B e AR R AR A i T
FE I IRRAL A 52T A58 SR Bl GC-IMSS % A2 i
AR BEFLAN Viili & BEFL P P8R R AR KR T, X A e
R0 H 8 U 0 R AT 08 21 2R P RS 1Y 44 Fh
RGN 3 Fin, KA 14 Flaz 3 Fhigds .

5FPEEE . 8 MHRESE . S BNMIZE . 4 FPIE K 5 R At 7Y
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Fig.7 Concentration of exopolysaccharide
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Table 3 Volatile flavor compounds

G el PR CAS 5 7 AR
1 H R A i C105862 C1Hiz0, B
2 N R (28664359 CH;0; YU
3 PR 5L B P T 3301904 C;H},0, SRR
4 TE G R I G e C2173560 C1oH0, Sk
5 K 1% W i C119368 CsH;O; AT IR
6 R C140114 CoH 00, TR IR
7 BEIR 2 T C106309 CoH 50, RS
RES 8 PR C g (2445763 CoH 50, . R
9 LRRE AL C141128 C1,Hy0, TEAR IR
10 KR LT C118616 CoHy40; ZHIMAE
11 B H i C106730 C3Hy60, IR
12 CLR I iR 626777 CyH 50, [PV
13 3FRET RO C5405414 CeH 505 kS
14 2 -2-C R 2 e 27829727 CgHy,0, Bi kbR
15 i C142621 CsH1,0, RIS
7S 16 VAL YN 510203 C;H,,0, -
17 EGR 109524 CsH,40, JE VB
18 IE 2 C112301 CioH20 R
19 J -2 -1 2305217 C6Hy,0 T R
K 20 3-I0k g Y (4412913 CsH0, FRIAR
21 5 R C78706 CioH50 ML
22 3-3FE 589980 CsH, 50 B




9 1 B F, 45: Viili YR I o Al S A2 T & T ) s IR 40 b 29
= 3(8)
T L&Y CAS %5 X SRR
23 2 2463776 CiHx0 FEDK
24 P Cl112312 C1oH20 AR Bk
25 EDiN C18031408 C1oH 40 Mgk
s 26 -2 I T (2548870 CsH,,0 Y US
S
27 P Cl111717 C;H,,0 [
28 5-FH LA 620020 CsHsO, EE . AR
29 g C112549 CoH»,0 piE
30 KT C90028 C;H:0, AR
31 274 693549 C1oH0 iRz
32 A e TR A i C14073973 C1oH;50 TR
il 24 33 1 g C3658773 CeHzOs4 JEH AL EREEAR
34 6-H1 3-3,5-5F 4 -2l C1604280 CsH,,0 WEE . Tk
35 JREST C111137 CsH,0 Ve 1
36 (1] Y 75y C108394 C;H0 RS R R
24 37 I R C4940118 C;H;0; PV VS
38 LT gy C93152 C1H,0, BHR
39 FHRL A 2R Ty C118718 C¢Hq0;4 BN
40 LLES C120729 CsH/N -
41 AR — ik 91167 CsH,00, Atm Ay
HAt 42 +—L C1120214 CiHas -
43 EEE C123353 CioHl, MU A
44 Z T ik C111762 CeH,40, -

T BRI KR T STRR AR 128 o I B B SR B9 RS AE

GC-IMS 8EUEIREN] LA /R FEAS L 5 h R L o 1 4
A A B S b T SR A A S XU 5
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Fig.8 Fingerprint of volatile flavor compound
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J BT Viili A& EFLKR AU, JE TR
MR B A R R R e B EE A =T e T T &
J8%5343FT (principal component analysis, PCA), 5 un& 9
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