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Abstract: To investigate the impact of fermentation temperature on the quality and biodiversity of lactic acid bacteria
(LAB) in whole wheat sourdough, full-length high-throughput sequencing technology was applied to systematically analyze
the community structure and succession patterns of bacterial communities in sourdough samples fermented at different
temperatures during the maturation process. Sourdough quality was assessed by physicochemical analysis, and dominant
bacterial strains were isolated using traditional cultivation methods and then screened for unique characteristics. The results

indicated that high temperature fermentation could impart better quality characteristics to whole wheat sourdough. There
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was a significant effect of fermentation temperature on sourdough quality characteristics. The pH of the matured sourdough
decreased from 4.18 to 3.87 and the total titratable acidity (TTA) increased from 15.0 mL to 24.0 mL with increasing
fermentation temperature. The total antioxidant activity, flavonoids and amino acid content of ripened sourdough increased

significantly when the fermentation temperature was not lower than 30 °C (P<0.05). There were significant differences in

the dominant lactic acid bacteria between ripened whole wheat sourdough fermented at different temperatures. The

Latilactobacillus curvatus predominated at 20 °C and 25 °C, and both Latilactobacillus curvatus and Pediococcus

acidilactici were prevalent at 30 °C. The Limosilactobacillus pontis became the dominant strain when the fermentation

temperature was increased to 37 °C. Enzyme activity screening revealed that LAB 31, identified as Latilactobacillus
curvatus, had the highest cellulase activity of 77.92+2.26 U/L and LAB 22, identified as Pediococcus acidilactici, had the
highest amylase activity of 42.19+4.12 U/L. This study is expected to provide a theoretical basis and bacterial resources for

the development of starter cultures for whole wheat fermentation foods.

Key words: fermentation temperature; whole wheat sourdough; lactic acid bacteria; high-throughput sequencing

technology; biodiversity
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Fig.1

Changes in pH and TTA of whole wheat sourdough with fermentation time at different fermentation temperatures
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Y | B BB QKO D ZLER TR S LA R A,
HAE T RIS, 20 RIS, Uit SN D iR
(25 °C B4 . &R & A B 22 in (P<0.05) A A1)
FHGIE . BRI AW FIE VLR %5 ] $2 i 22 1 i ik
SRR R LGS IRITE B, o 30 °C it 37 C &
P B P14 2 T AT o E R ) & L A 1Y 4 5 LA
o BRAN, SEER AL TRG, AEPR IR IIE 92% LA
b, AR PR SRR REAIG, 380 T H S Ca. K. Mg,
Fe Fl Zn S5 BHES FIUEE S, 85N T 0 W) s A/ N2 BR
AR, 25 L, 2R a0 S 3 AN M A
B AT AR 48 R IR A= 22 07, 3 > Hb H vy & e T 3
(=30 °C) NI T~ 422 PR 1T AT 58 4 o e e fiE

22 EEXEmEATME SN

2.2.1 M ZFEHEIRITEAL X OTU 438t A
2 e ] A 4 R v I R A SR (2 2) AT, 454 TE )

1 RBP4 A R AT R R Y

Table 1 Effect of fermentation temperature on the physicochemical properties of whole wheat sourdough
- SRR I 422 R IHT AT R BRI (°C)
Eitan L3
20 25 30 37
MRS (%) - 95.88" 92.75 97.25° 96.23
T-AOC(umol/g) 0.16+0.01¢ 0.25+0.02° 0.25+0.01° 0.35+0.01° 0.20+0.01°
B (mg/g) 2.30+0.1° 2.92+0.03" 3.39+0.04° 3.04+0.07° 3.46+0.1°
ZE T (pmol/g) 2.13+0.04° 2.24+0.08° 2.29+0.15" 2.52+0.09° 2.5140.12°
W FEHE (mg/g) 12.08+0.52° 104.03+0.35° 56.23+1.09° 21.71£0.99° 14.17£0.4¢
IR (nmol/g) 177.14+48.68¢ 521.54426.76° 677.79+23.26" 717.01£35.74° 784.88+25.77°
TEEsNR A2 (pmol/g) 1.22£0.09° 1.46+0.08" 1.3420.09" 1.48+0.1% 1.51£0.07"

T B S P EEARE S Al —A 7 PP IR) /NG TR 2 TR i 1) 22 53 1. 25 (P<0.05)

P2 AR A A0 B A Iy 4G

Table 2 High throughput sequencing results of bacteria in whole wheat sourdough

B> TREECC) KE(d)

WA

HEFIN(5%) FEANAE R (%)

C B 0 8254 99.17
T20D2 2 14301 99.98
T20D4 20 4 13557 99.00
T20D10 10 13240 99.87
T25D2 2 12459 98.34
T25D4 25 4 13676 99.94
T25D10 10 13154 99.98
T30D2 2 12295 99.55
T30D4 30 4 12841 99.89
T30D10 10 13677 99.56
T37D2 2 13110 99.19
T37D4 37 4 12763 99.96
T37D10 10 13704 99.99

T C-X IR, RA 442 il
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Fig.4 OTU analysis of microbial diversity
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FUFTFH ] (Bacteroidota, 1.48%), fILRVEE I 1 NZEIE B
(e KBTI, AL T MKRSR NABTE AT ], (HAHXT
T T FEE] 53.40%~69.43%; KM Ib, DUV 14
AR R JERETA ], AEXT FE IR T 93.87%(20 C) .
98.11%(25 °C) . 98.41%(30 °C) Fll 98.62%(37 °C),
TR Wl PR e ey, OGS = By, DEFAER] 4nd; RE NS
B, JERER 1B IRt R, AHX R E T
96.27%~99.60%, 1M ZEJ&Z P& [T AH X 4= B8 R3] T
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Fig.5 Unweighted pair group method with arithmetic
mean analysis

FH &l 6b AT HI 42 i Aok Al , J& 7K AR 3=
BE KT 1% BB BE 3L 449, 55 5 S ZE AT B &R
(52.48%) . & 5 jfd A1 56 J& (28.16%) FNiZ 1A &
(4.39%) . KR, 222 M m H P e m B LA
Z e E . B v PG 8 AZLERE @ o 355 MR
TFFUf, ASIRIRLRE A2 B 4 22 1 T A D34 i s S =R R
W25 5, 20 °C & WL e B N FLER T R
(90.77%) 18 B & Ja 30 19 ZLAF AT & (94.33%) , 1]
25 °C 3B 22U RS (P Y 95.16%, K
96.91%); 30 °C. 1 37 CREEFHAMICA BB ZL
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AR, AR @ (B LR 5 Ercolini 4522 19
H B HAT 5 AR R

AN ) 2 g R i AR 2 Fp A5 A4 1A s T A v e A R
PR ZZ LABRT B0 32, (BR3P LRR i 22 7 0K,
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Fig.6 Microbial community composition in whole wheat
sourdough at phylum (a), genus (b) and species (c) levels
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Fig.7 Alpha diversity analysis of bacterial communities
in mature whole wheat sourdough
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Fig.8 Beta diversity analysis of bacterial colonies in mature
whole wheat sourdough
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B AYEERR 16S rRNA JLH JF51 5 NCBI ¥ 7%
CA TR 16S rRNA JPHIE 7 [RIEM: b e, s
BB 125 4, EEREAR S IR . 2L
PR EREA . FLERFLERTA . Al 5L 2FEAEATF IR . 2GR AR
(£ (2 v = il A e R

2.3.2 FRRVEFLIRTEMRIITRIE  JEATTE . AR SRAENE
FNET 4 22 g S5 IS B sl W [RI4E FH 28 4 22 i 1
BRAGEE | MBEFEFE S, RPN L A1 =™, 4 & pi
FIMERAL BRAR S5 A vAe ek fe Xob-4e 22 2 T o oL 1) 74
W SRR T — R B B A R, R, e
1o TG PR AR T B 38 4 22 A T B A i Tl LA SR R R
Mo PN 2.3.1 B2ERE I FLBR BA RS 60 ARAE AR
VETRT, LT 4k 2 BiS FOUE R B S I 8 45 2R L3R 3 (3R
AR RN 10 BRFLIR RIS EE) o A
AL AT BT AR 114 £ 4 22 Tl D D ) Wi AH 223, o
LAB 31 BRI A 4E R B IE B s o 77.92+2.26 U/L,
2t DNA %58 N3 AP . S Rmnl et &3
By bk Bz K A, B S 4T 4R B S S IS
BT AiA: FEFNBTRAA AR GRS, BT st e e 4k
B, W ZE My R AR B IR R AR YR
SR AR T AR VR RO TR B R I AR
R A A GE R Bl T B e A 2 A T ) B UK L
26T RELZVER AL 1= UE M I 18 T T LA 5 PR AR
P R R T, JaiES T A R i R v S P R PR 42 22 My
Al OK AL G Y SRS RPN S EE DI,
LAB 22 B &k B9 3E B 6 16 % i, A7 42.19+4.12 U/L,
DNA 2552 F 2L i BR e, 2 A I LAB 36 B
#(9.36+4.65 U/L)IY 4.5 {5, Bk, LAB 31 il LAB
22 TEREAA BRI AEYBRORTE J1 95 K R e RERY
AR A KR

%3 FRRB NS R B AR RS
Table 3 Cellulase activity and amylase activity of lactic
acid bacteria

PR AR i LR BTG (U/L) TENEEE (U/L)
LAB 1 77.47+2.34 16.78+8.67
LAB 2 48.02+5.46 40.68+8.82
LAB 31 77.924+2.26 19.90+2.5
LAB 4 44.69+5.61 31.31+3.67
LABS5 65.88+4.48 40.09+£7.9
LAB 22 46.66+4.7 42.19+4.12
LAB7 43.44+4.77 11.44+2.68
LAB S8 69.71+2.28 21.71+3.1
LAB 9 68.62+5.85 38.96+6.1
LAB 36 69.45+3.64 9.36+4.65
3 #ig

L R 3 A2 R T AT £ R At R FELIR 4 2
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