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1.1 #R5EH

EATTIN TR =Y VAN i s T TR R E]
BELZA B 5 e 0 P T I B 2 BHCE B IR 0y A PR
WA,

FastDNA® Spin Kit for Soil 4385k 7l & , 3%
[E] MP Biomedicals 23 ] ,

1 ERBNERERESESE
Table 1 Basic nutrient content of raw material powders
S B IKAC S0 1% ALK G /% H8L G W /% B 5 1% K5 1%
R 81.46 + 0.54° 7.43 +0.21° 2.20 = 0.10° 0.48 = 0.01* 8.43 + 0.23°
N E Ay 7741 = 0.15° 12.37 = 0.15* 1.47 £ 0.17" 0.42 £ 0.02" 8.33 + 0.20°
BAH 78.63 £ 0.26" 10.88 + 0.17" 1.69 + 0.15" 0.44 £ 0.02" 8.36 + 0.08"

L [ — B AN ) 7 B 28 HLAT R 354 22 57 (P<0.05), R 1)

1.2 EF5ME

SY88-TH 724+ #IL , 5tfi [X XU ATL AW ™ ol ok 2 25
1 IKAMF10 ¥y A% #L, fEE TKA 4 1l ; YMZD-350
R S AL, AT E AR L AR B A R A
AG285 LKV MR-+t 2 Bl s A PR A
Al ; WPL-125BE fH i35 5246, 3£ E PERCIVAL #}
AT KVC3100 FImbL, 6 LA A A ; SW-
CJ-1FD #¥% TAES , HINE RS IEARARL
"] ; TMS-PRO 44 , & [E FTC A H],
1.3 Ak
1.3.1 @A RS mA/NE By K
et b 2:2: 1 IR A OB I E A, 2 55 LR
fif 55, T 37 CAHIRFE AR TG Ak 12 h A G 1L 2
W, T 3 G 3 h JE TR .
1.3.2 ZEAKBEmPBMHS &bz iRl
Pyt Gk O 5 A BN N KRy BN Ry T TR KA
FEfE bt 5:5:2 W LB AIR G, TR L BdE
10 min 5 2B A, & T 37 CHE &M b & B
120 min, 15 3 & [ & B/ 22 T A 2 SW A ; DA
30%/INAK K AR /NZE By, F IR AR ) 20 BR B A 15 3
L R BN /N KT, 10 SM 4 RRALRE S
WE3INMEYFEEL, TS TG T 5 g miA
PGS B TR IC R 50 mL B0, 37 R
ARG T, I B T80 CUKAR T , {1t J5 420 #r

1.3.3 DNA #EHUF PCR ¥ 3%  R F FastDNA®
Spin Kit for Soil 43 #5271 £ XF # fh £ DNA #E47
PRI, I 19035 B A5 i v RS I 42 B 4t il
FH 338F (5°-CTCCTACGGGAGGCAGCAG -37)/
806R (5" ~-GGACTACHVGGGTWTCTAAT-3") ¥ 4
AT 16S rRNA FE[H ) V3-V4 X fdi FH ITSIF(5-
CTTGGTCATTTAGAGGAAGTAA -3)/ITS2R (5" -
GCTGCGTTCTTCATCGATGC-3") 9" 1 E B ITS Y
ITS1-ITS2 X,

1.3.4  md il e fAwE A a8 R -
mina Miseq PE300/NovaSeq PE250 V-5 (L3
AR R 2R R ED ) I A5 30 0L 81 £
P, it PE reads PFHE Tags 1338  LBrim &1k 3
AR W X e 50 DF 4 T 04T B4 o 0, 45 B4R
bS5 1A RO 9V EE . K e A DA B TE 97 %A1
o BE K SF R i A7 AT 4 4 43 25 5 90 (Operational
taxonomic units, OTU)ZRIEHr, I T Sliva
i 2 (v138) I Unite 5 FE (v8.0) XT 4 I Al KL 7
AT A2 T

1.3.5 @kl fE L R m ALK R N
H N /N 51 0) 530 70 g AT, FF 2R
Pefim Al 2= R mOGH, A Y K ZE
30 min,

1.3.6 WL HAME R 2% il b 00 18 Sk 7E SR K
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30 min, ¥ A5 R F SR 2 AR & e, ot
RN W

LA (/g ) =18 S AR/ 3k i (1)
1.3.7 LB E gk AR E R,
WP AT B TR R &Y & b, AT o )
53 AT (Texture profile analysis, TPA), DLAf & 54
PE N RAIE M R P AR AR o T PTS R
F AL PPAL L3 2 60 mm/min, R 47 E 72
R 30%, kAT 1IN, B R SR
100 Hz, T A HE K 2 /0 8 5 3 R 45 R D3
BbRifEZE R
1.4 HEBFITSHH

FIH] SPSS HA 1 i i S AR A ¢ A 56 1% 43 A
20 [a] B s 25 5 M (P<0.05) . FIIAH Origin 2022b %2
PET 3 gk s PR RN R PR 2H A B 42 5 (Kyoto en-
cyclopedia of genes and genomes, KEGG )% 4
1) PICRUS2 #4784 50 M, 3 FH Stamp 254 7 14
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G T A 0TI R A L AR A A T b R
Y R ZHFD, AR R AEY) ZRETERE T
2| 7543 & , Rank—Abundance [tk 7] LU F 5871
WEY Z e BN 2 B R 1 5 B Al
le 1d PR FEK-FJ7 1, SW 45 SM 7 A fih vt
S UEH Y R R AR N ) b P ZE
M2 I ARBENE, REARBOR, BB TCIRAE SM i &
SW Wi 28 i3 Al AN 3 50, & W F i L A 22
SRR AR S AR
22 a-ZHEMSH

FE S IR D RETE 1 -2 FEPE T H 2448 3K
(ACE .Chaol .Simpson ,Shannon ) 1 55 5k fiif &
W 2 Fr B A 1 4 TR/ 5 R B i R A Gk B
0.999 LI L, Ui W 4 5 1 4 R 2 B A RE L
SRRV R S A nT TR 2R A

7% E & LA Chaol $8 UM ACE $8 8Ok Ml i, — &
TR AL, 2R &A1 OTU 20H .
AHEE T SM, 76 SW 4L i g2 5] T 40 B A B B ACE
FEEA Chaol FREHE K, X 5K 2 R/R1H OTU
B H AR — 0, AR AN N L A A
OTU el 43 %A 74.2% 1 57.1% , i W P2 KE 5
MAEWHRRRGFE - EE25, BERAK,
Shannon 4§ 2 Fl Simpson $i§ £ — % FH K fiif & 52 9
TS i R34 50 B S e R R Vi 2 MR PE L TGRSR KT A
P & B, Shannon 8 21 #2 55 A1 Simpson 48 %%
FIREARI R BH T SW %8 SM ZREE B3 fin 58 %
B, T A P 1 B8 G D) B R T ) SR
J ik K G | Tk R v R SR RN A T R Y
AHEAE U, 25 i 3] He PR 2 — 2o 1wk 3
KA REHEAEZRNEZERNE, AT

R2 o-ZHFMIEH

Table 2 a-Diversity indexes

; wm iR
#f on
SM SW SM SW

ACE %% 4 54.21 +17.20 75.78 + 41.55 73.01 + 19.97 76.18 + 16.45

Chaol #5 % 45.75 £ 9.79 61.76 + 36.56 60.69 + 12.01 69.45 +£9.94
Simpson ¥§ 4 0.28 +0.01 0.27 £ 0.02 0.96 +0.02 0.91 +0.06
Shannon #§ 4 1.47 £0.03 1.51 +0.07 0.13 £0.05 0.28 +0.14

BEE 0.99974 0.99970 0.99945 0.99944

@ sM
o sW
® SM/SWILS

OTU $H &2 4
Number of intersection

60 40 20 0

OTU %(H
Number of OTU/A™

(a)

® sM
o SW
@ SM/SWILH

OTU % H 32 4
OTU/A

Number of intersection

80 60 40 20 0

OTU % H
Number of OTU/™

(b)

T ZE R (O RNZL (A T2 0 AR 3R SW AN SM T &5 OTU £ H 5 45 M £ 07 B DFI] G FNZR 22 8L SMA SW M OTU % H 245 B, v

WA TSR SW A 19 OTU A H | i A3 SWAAE #E &8 7 Frbs iR OTU, 4L (A 74038 SM ZIUA 19 OTU 2 H L 21 2t 3 SM

A LL KT BT AR IR OTU, G (A AE FARR AL A 1Y OTU 20 B, 46 SRR P41 LA 4 (kE 7 e b iR Y OTU ; DRI AR R A i 43
AERILA OTU $CH /& & OTU $CH /9 te i,

2

Fig.2 OTU venn diagrams of bacteria (a) and fungi (b)
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ANKE T ICER BT R, ARME S A Ay kI 2 THI Y
KW FE I, /N A R A T R 45 T A 1
BERE 5 TR SR FIER A /N A2 T A AT DL AR R
P14 RF ] PRy e TV, T AT I B F) 9 I e o 2 ol 2B
WA I AT e B K A 0 R DR Y 32 BRI
M PRAR SE A D AR R B 57 3 vl BE R i
SRS /N K S B 1 R R R 2 R R R R Y
AN Z—,

23 WMEWEEAM
23.1 MRS AAR  16S rRNA M /5 Af

FHTRAEHME 2 AR AN IS S A
BT 9T %A BE XA TNy R 317 OTU 2K,
AFE] 62 4~ OTU, IR H AR 5 41T .24
37 B0 K E BN AN TR S BR S 15 B 7R AR
] 4325 227K AR E BES0.19% A 41 1 7 T T7KF
R AN P AL AN 1 3a T JEEEERR T (Firmicutes )
SEARXT EE R m ], TEPIALREAR T 5 4%
B, 5 K Z B — B H RO R T
(Cyanobacteria) .8 J& 1 '] (Proteobacteria ) 1 i £k
B ] (Actinobacteriota) , JEBER [ J7E SM(95.42%)
2 S T SW(94.60% ), T 4 3 B 1 D) AH
(4.18%F1 4.55%) , — &K Z L 5] 99% L) I, 44
AR EE, LEMNAEEIIFET 24
FES 1 (0.319% 0 0.74%) , BFFEUESE & S AE 16 T/

2 TRy P R E— T, R OB A Sk X T RS
HHFREALE SW hm T SM RN Z — &K EE G
FA R R EHRRAR, JF 5 EREG T LAAR XS A2 E 1Y L
BIAFAE T A BEAAR F el

2 B 7 J& A1 AR K- BB 25 48 2H UL 1 3b
3¢, FLERFF B (Lactobacillus ) j& 2 4FEAS P
HHEJE , (5 SM A SW AT 42 B2 5l 56.88%
1 70.46% (P<0.001) , 3 12 /2 & 1 v g UL B FL IR
TR, 7 I 2 T AT B AR 2 UK I 57
R T R A AR, [ 3¢ AR T ARXT
JE>0.1% M FLBR A i A, P i A FLAT R (Lac-
tobacillus_crustorum) . % B FL #F B (Lactobacil-
lus_fermentum ) J&= % J& (/) FZL W Tl , 76 SW 345
B B R OF H 2 4 2% 5 8.3 (P<0.001, P<
0.01), 1k 5 AU ZL IR A T 11 Ak , ) PR T AB i 7K
G SR BEAR pH B, A B TIERK &
a9 R BT 0108 ge Ah iR A A TH 4 1L FLFT
(Lactobacillus_sanfranciscensis_TMW_1.1304) , %5
M FLFFBE (Lactobacillus_curvatus) . ¥4 FLFT B
(Lactobacillus_plantarum) . % R FLAF I (Lacto-
bacillus_rossiae ) F1 % FLFT B (Lactobacillus_brevis)
FETE o AN Rl 288 1 2L IR B P ) i #4640, P 3 1 141
IR AL BRI BRI 5T 23

FER B & (Pediococcus ) I A48 WAL 48 2% 1
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Fig.3 Relative abundances of bacteria at phylum (a), genus (b), and species (c) levels
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TS B Ok, T R S T 28 R I
W fEEK FRAE HECEmE TS E M IR Ak
(Pediococcus_acidilactici)™; F JCER R (K5 F |
R B ERSE) E AT AR 3 R T I o A A
W, KB R R (Pediococcus_pen-
tosaceus ) & i & WA FE SM A SW A i rh
KB T FPEARAY A B R (38.48% A1 24.07%) .
IR, A &K Y 2 A 2 1 T AT 194K pH (H
FVE TR oA T sk Jm 2R KPRt B e
AN /IR T ) R R TN T (P<
0.001), norank_f_norank_o_Chloroplast 7 SM #lI
SW v AH XoF = B 430 Sl 4.18% Fil 4.55% , TMi no-
rank_f Mitochondria 7£ SM A1 SW R AH % 3 43 51
H 0.26% F1 0.64% ., BLAb, i VL5 3 21 Bk R
(Rhodococcus ) I 5. 4 55 (0.08% %] 0.11%) , %
JB TR, BEdat — 5 9 B2 S % ) 5 ik
A7 56 Al R R fide

JCW TRy Y S AL AT, [ AR e 8 2 T b Y
LAB 7E R BEI BEP #1173 A BB, HISE 1 B
Boh  BR G Jm | LK T JE A S R R ) TR
F AL, 5 2 B By R T AR M B (FLERAT
BE . FEKEJE MBLICTE R S ) AR 3
L, Fe 28 W B 38 P R4 1Y) e R R P TR s (O T
FURF B IH G I ZUAF 55 ) B0 T b 2 = s 22 1w
TR BEAS R A e AT, S Y LR K L R AT 1A

80 -
80F

60 - ok

40 |

LR ES S
Relative abundance/%

401

Relative abundance/%

20 208

I

0

WIH AT S X0, 2R e v 72 e 32 3 5 I Bh
SRR A G, JEHIEFLIR A | H A AT )il 5 R
PEERBE T 32 #8 B LA S TE 43 6 o v Al FH ok 1k &
Wy 0 IR 5 A R ) i TH 4 1 LA RO S
I 22 2 oMt O E e SR, AR LA A
e SE K WA A W AR | 22 2P A 32 ik o A A
A BELABL X DR Hh K Ak A P 0 4 22 S T
AE 5 2O ) 40 7 2 1) A IE 52 Gk OCHK A7 ik
A DLSE Bk 7R AR T R L S L R SE S T
gi b, TR B A S IV ) e T T A 3 s ) 44
W2 FEVE2E R RN 5 WL, BARHLGI L 75 454 A
WA — PR

232 HEMADSE AR 8IS B
ITS 73 5 2% Bl FE kA7 e xs, 453 105 4> O-
TU, X454~ OTU #EATH Mg, 2l 202 4 45171 .59
A JE F 90 B, ECTR Y Ja R 4 ZH B LY 40 T T A
7 AR F LR (<0.1%) J5 2 T 2 FEEAR, U3 B S
A LA, WE 4a FTR 7R 1K L AR
X EERT>0.1%M 112, FRET]
(Ascomycota) , 7E W 20 A A b A X = 8 2 ik
99.89%., ¥l 4b F1 4c J&I/R T £ )& FFH K- L) H
PRI, H A X 2 T BE i AT 58 3 2 4 v AR i B
J& (Saccharomyces ) . 7% 2k W (Candida) |, 5& 7 ¥ B
J& (Pichia) AW 5% 50 #r 3H 8% £ J& (Kazachstania)
SRl R I SE b R AR Ay 260 I A R TS
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i N sM
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Fig.4 Relative abundances of fungi at phylum (a), genus (b), and species (c¢) levels
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Y 5E ok, BRI B (Saccharomyces_cerevisiae )
AL, 12 SM AT SW H A X = B 235 97.95% Fl
95.27% ; B vl W i ) J& (Wickerhamomyces ) 9% iiE
S ) R S TR WL RE T, S v DU
¥ B (Wickerhamomyces_anomalus ) ¥ % , 76 SM Fl
SW HAH AT 3= B2 43 50 0.96% F1 2.37% , P Fh % 1)
2 FIEE] 97.5%L) L, ] AN TR A5 4
FO T AR R A L H O R, LIE I F 2 0 58 #RIE
BT TR TP P R Sl e DU I B J AF AE T TH
FA) B i DL B TR RIS T B AE A /N | T K T A
oA AL [ B XS A MORER E AE CE
AT FEAE T S5 i v DU I BE B UL T Ok I/
T Al 5O CRER AR A P HE
P B AR F B (<0.1% ) SRS H w] BE R T & 1
PRBE 0 ek A i B o 45 PR 3R Y

TERE S e A 2 1 — 8 F RIS Qe
HEMS B (A lternaria) , B WFFE R 22 Fh/NZE kL A7
RS TE | e I K W AR A s S | SR W% TR 2
TR W TP fE P A JEURE AT AR S R B S il R T
HAE SW R 2 T SM(P<0.05) M Z 1t
A 3 I B 4 ) S 0 TR R (Fusarium) | I8 T
J& (Aspergillus ) K 1 J& (Cladosporium ) Fl Fff Bk
B (Epicoccum) o1t 195 18 % % th b 4 47
TePH AR (Aspergillus_amstelodami) Fl+ iR i 5
(Aspergillus_penicillioides ) 21 1%, ., %t T IE EEBE T
PRAEL TR A1, oAy HE I 7E SW b F R HE

1R GE i ke e B i DB Y R 3 X
& T AR R A bR o A A B AR
WL ECE, 2 AR S DL R B AR AR T
P RE T S TR R B 1Y F AR e Pk A, A i o 1 A1 7
AR XU D T B A G | AR TR B TR
R R TR TET A A R B AN AT D — R 4y, T LA
A vy T 141 A T 1) B 5 R 0
2.4 KEGG RifEEERMEDF

22 T b ) A A A A Ry 2 5 ) T AT
TAERERY B R EREIR &R Sk Pyl it —
F AN WA BN LA RS 77 it B FR A BT UBR R AIE K
Fr R, AN AR L B AT A R H 2 A
A:ERW R s O RN OB R =X AW I k7]
AL, XF 2 AR R A E KEGG ACHIAH G ik 12
FEo0 A7 A3 5 82 4522 5 .35 (P<0.05) 1 3 ZR AR

% B 5 IR TR AR EE R B ET 20 A4S 3 2
SR T AR R 6 KK 2 AR i
4 R FHEIR K% (Global and overview maps) |
KA A YA (Carbohydrate metabolism ) | % 2 i
L (Amino acids metabolism) % 2 1% i (Nu-
metabolism) . fAg i 8 #f (Lipid
metabolism) . i B X7 Al 4t A= Z A0 (Metabolism
of cofactors and vitamins) ., FH4F SW,SM HAH X
5 B A v B AU 3 AR TP AR 4 R FNARE 3R LS AN A
FERR AR, AR R GACIH Y B 4 ) G B (Biosyn-
thesis of secondary metabolites) , il 2E ¥ 7F A~ [7] 37
B op 9 X8 (Microbial metabolism in diverse en-
vironments ), 2 % 2 24E ¥ & B (Biosynthesis of
amino acids), H &M . 22 MK 75 & W10 i
(Glycine, serine and threonine metabolism) , -t
TR A & R 18 (Cysteine and methionine
metabolism), &4V A M. (Arginine biosyn-
thesis)

R BACE ™ W W A ™ o) (R A B i
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Fig.6  Correlations between microbiota and physical properties
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To study the effects of microbial growth and metabolism on the texture and quality of sourdough fermented

(SW) /wheat-millet (SM)
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doughs, and the physical characteristics of wheat/wheat—millet steamed bread and its correlation with microorganisms were
analyzed. The results showed that there were some differences in microbial diversity and richness between the two
groups, but the differences were not significant. The diversity of bacterial and fungal communities in SM was low. Fungi
had higher richness than bacteria, but lower diversity. The microbial flora composition of the two groups was similar. The
dominant bacterial genera were Lactobacillus and Pediococcus and the dominant bacterial species were Lactobacillus crus-
torum and Lactobacillus fermentum. They were all significantly different in SW and SM (P<0.05). The dominant fungal
genus was Saccharomyces, which was composed of Saccharomyces cerevisiae. KEGG analysis showed that secondary
metabolite biosynthesis and amino acid metabolism were highly metabolized pathways in SM, while carbohydrate, lipid,
vitamin and nucleotide metabolism were significantly up-regulated in SW (P<0.05). Compared with wheat steamed bread,
the wheat—-millet steamed bread had higher hardness, specific volume and chewiness, but lower springiness and cohesive-
ness. Lactic acid bacteria could improve the texture of steamed bread, depending on the species of bacteria. There was a
significant positive correlation between low abundance genera and springiness (P<0.05). These results provided a theoreti-
cal basis for exploring the formation mechanism of microbial composition and physical characteristics, and a reference for
screening potential microorganisms to improve the quality of sourdough fermented steamed bread.
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