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Application of Composite Strain Fermentation in Steamed Bread

HAN Yanan'?, HE Ruyue'?, WANG Chengxiang”", ZHANG Meina’, MOU Dehua'?, GAO Shan""

(1.College of Food and Biology, Hebei University of Science and Technology, Shijiazhuang 050091, China;
2.Hebei Tongfu Health Industry Co., Ltd., Shijiazhuang 051430, China;
3.Hebei Province Bakery Food Processing Technology Innovation Center, Shijiazhuang 051130, China)

Abstract: In order to explore the effects of different sourdough flavor starters on the quality of steamed bread, angel yeast
steamed bread (AQ), Kazachstania humilis-Lactobacillus plantarum-Weissella cibaria fermented steamed bread (FP),
Kazachstania humilis fermented steamed bread (JM), Kazachstania humilis-Lactobacillus plantarum fermented steamed
bread (JZ), Kazachstania humilis-Weissella cibaria fermented steamed bread (JS) and industrial sourdough steamed bread
(LM) were analyzed and compared for the pH value, titratable acidity (TTA), dough fermentation power, specific volume,
color difference, texture, electronic nose sensing value and sensory evaluation. The results showed that compared with LM
group, pH of the experimental steamed bread was lower (5.47~5.67), the pH of steamed bread in the FP group significantly
decreased by 13.6% (P<0.05), TTA was higher (10.38~11.80 mL). The hardness and chewability of experimental groups
was lower than that in the LM group (P<0.05), and the hardness and chewability of FP were moderate and the elasticity was
best when Kazachstania humilis, Lactobacillus plantarum and Weissella cibaria were added at the same time. The L values
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of FP steamed bread and AQ steamed bread were significantly higher than those of LM group (P<0.05), and the luster was

good. The results of electronic nose experiment showed that the three kinds of sourdough flavor starters had a great

influence on the formation of flavor substances, including alkane and ethanol in steamed bread, among which FP and LM

showed almost identical positions in radar map, proving that they had a high degree of consistency in flavor. In addition, the

correlation analysis results between the addition of strains and the quality of steamed bread showed that Lactobacillus

plantarum could significantly (P<0.05) reduce the pH value of steamed bread, Kazachstania humilis could not only

significantly (P<0.01) reduce the pH value but also regulate the specific volume of steamed bread, and Weissella cibaria

could significantly (P<0.05) affect the color and textural property of steamed bread. Therefore, we can get good quality,

good chewing, white and shiny steamed bread through the combination of three kinds of sourdough flavor starters. The

experimental results can provide theoretical support for the standardized production of sourdough flavor starters.

Key words: sourdough steamed bread; Kazachstania humilis; Lactobacillus plantarum; Weissella cibaria; steamed bread

quality; correlation analysis
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P BE TR H P RE IM 1503 (Kazachstania humilis
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RS5412( Lactobacillus plantarum RS5412) . 5%
H QS RS3401 (Weissella cibaria RS3401) 4B H
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2 77 RS A 5y A RN H); DL-TMO18 FITE AL T4
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RN A BRA T ; SP-18S BRARAE ) MS AT IAHL
ML A PR 75 KZ-60 FE VR ZEIRAE 1L AT
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R T RIMESE R 28) 5 AD-3001-H 588 (FAF7T
X)) TR AR E A IRA ] IMTY Lk
M A Ao R SCHAES B BR 2 F]; PHS-3E
pH 1t FIEB{URREA SR BAAT RRA F] s CRO+51
A2 AR TR R A BR S 7l s Multi Test
2.5 JEAGAL ¥ M IR IE ML & A FR ST A 7l s
Smart Nose B, & WiTLHTBHMY A& A RA ] .
1.2 EWHE
1.2.1 1E@skmilE ik
1.2.1.1 ZmiEsknviifE PRI 250 g /R 125 ¢
SZ0H L 0.75 g THERE. 0.25 g BRIAI M 112 g ZE0E/K &
FAm & PR A, FEmAYLUER 12 5 HES
F AL, LA (3242) °C iR & 60 min, #RJ5 L4 7% #l
15 min B & HESL (M) .
1.2.1.2 TEEEAESLMHIME BRI 500 g K. 220 g
KN 3.5 g TEERINAFNEGL A, IR 8 min, B TH]
F, TR 12 e B H - F )8, & iR
37 °C. MHXVREEN 85% MIMELFEHEA 60 min,
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ZEERZEN] 15 min JEHUE, A0 1 h 21, Bt Sk
M4 AQ.

1.2.1.3 ZHEXBRE L HIE AR 8 S0 50 = A B X
TV A T 1 e A R R A R A B R A LR B
TINE AT E, FREL 500 g M. 220 g 7K A1 % B
IR A, A8 S HIVEIRRE 1.2.1.2, 4 gk
BRI B AS IIE WLER 1.

F1 DURMESL AR NS

Table 1 Addition amount of four kinds
of steamed bread strains

MBI AR RS

B HEIr

EEB(CFU/g)  (CFU/g)  B#i(CFU/g)
M BT R 1x10* - -

1.2.2 [ ASEARFE AR I E

1.2.2.1 T H pH. FRJE (Titrable acidity, TTA) A4
E S EAAEEDS (WO R IR RIS, R
1 h J5FRHEL 10 g B FHEJENE, A 90 mL ZEIR/KIR
47, 1000 r/min 3] /& 2 min J5 JH pH i pH. H I
RIEIRE DT Bl & AR, FH 0.1 mol/L NaOH 5
FEF) pHS.5, IERZEFE 0.1 mol/L NaOH & AR FHL RN
A IR R .

1.2.2.2 WU RBESIME &R PERR T
PEATIE B & B T 00002, FREL 50 g ZERE T RN
o, B KIRIRE 37 °C. SRERE] ARG 5 min, UL
2E 24 h, ATARFES RS

1.2.3 1S ILARFEFRIGIN

1.2.3.1 183k pH. BRJE (TTA)IIE 183k 35 i B
IO, HERRRREL 50 g AT, B3, A 150 mL #5818
KR4, 1000 r/min ¥ & 2 min J5 H pH i+ pH.
JFH_ AR [RIRE 7 il 25 R, A 0.1 mol/L NaOH ¥
W E ) pHS.5, iIC 3 VHAE 0.1 mol/L NaOH ¥4
FHRI A2 SL R

1.2.3.2 M E kAR E k= B GB/T
35991-2018. 183 LA N:

A=—
m

. A R SL B ES, mL/g; V o E S AT, mL;
m eSSk, g,
1.2.3.3 2zl SHIM/ANR! (W Ir ki 2z
ME, FF2 S HGHEA T 2= e, i sk BT
AT EIAY 220 2, L3RG E, o FoR L4,
b FIRNE W
1.2.4 1BJFMNIE =% NING P i J5ikIf
FHYEIE L, 3B AP T8 T I I & L,

AT BT b 3 T 3 M7 ( Texture profile analysis, TPA),
DA B . s O ORG B o BERS P o PH B M S5 Sl TP
Mr¥abn . H P36 J& #3: AR Sk PE A, M3 B 2R
60 mm/min, JEAFIEAL R 50%, #24G 120 1 N

1.2.5 I RUERME  SHENESCY 7 I REfE
R, HERAFREL 5 g 18RS, M5 Il A 20 mL T
25 EREH R, 40 °C UK N 30 min, ZE R P
15 min, fHHEF L3 TE, -5 14 MR E
BNk 2 R,

F2 ALRRERERER IR

Table 2 Description of sensor performance

R PERERIA
S1 R Rk
S2 AL By
S3 R
S4 LI AHLEF
S5 [ES N TTE N =N ity 2 e
S6 e, A RIS
S7 AR
S8 vOC
S9 WALA . KRR A
S10 WAL ATAPE AR
Si1 Bl LB FIRA . MFE
S12 S AL
S13 TS, SRR
S14 HBE . S

3 ERRRE I

Table 3 Sensory evaluation of steamed bread

Sty i SHH
b4 =28 20
H4¥ (mL/g) 162.8~1.82Z [H], 1 T F40.14111.55% 6~19
H7E<1.8 5
FHEHE P 8~10
i T [ 5 5 6~7
FE AN ] 380 4% 1 PR o 45
P RES/SS 8~10
Eyinures Gl 6~7
VR 4~5
) FKHEDGH 8~10
HiEE I B 47
SALAIR YA 18~20
SALAIEASY =, A A0 13-17
S Gh% 5REA /T EMER145))

SALIEARYS), A0 FEIE 2 —1Y: 1 72409, 10~12
AR, AL L RS B RLRE ~

ALY S sk 45 AR KRS 5-9

G 8~10

Bk W — i 6~7
WES)j2 , VI i s nH g1 4-5

FORKEF 8~10

ZhtE FRE 6~7
NG AZE T | AR 45

NG ATEERNERUS 8~10

JEUS WEREIR 6~7
ZEEUS 4-5
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1.2.6 BT BB/ 12 A8
EE NV, FEH 45 6 &4 /N AL X
ASTRVRE S BEAT &V FUET 43, TP AR HE =25 GB/T
35991-2018 CHLTMAZ IS /INZE B I in T4 B - Y I
B, B3 3,
1.3 B

T S E H A 3 IR, SR L B E R UE 22 3R
7N o K Origin 2021 & Chiplot X - 1E &, {8
SPSS HAFHAT IR ZR T7 2253 M1 (ANOVA) LUK Bk
RIS o
2 HBRESH
2.1 MEHESELE pH. TTA Tk

pH REAT R W7 1o A v i A KA R O,
i TTA WIn] FHF PPl B b PLRR AR R, an
2 4 R, SR H A pH TE IS 4.28~5.52, TTA
YBEISh 3.00~5.23 mL., H, JZ A A pH(4.28)
EALT IM 2H(5.52) (P<0.05), BEHAFEIZLAT B 17
JInAT KRR HTA pH, AEYFUAT B 7 R st f b, fE
SR FH A o o) B s, 3 kA it 3l
AFLR . ZIREAVUIR . XL WL AR, 23 53
A TTA {H BT, &3 TR EE BT, pH FREP,
FP K] pH(4.71) 7 T 1Z 4, Ui 82 8T G I
I ] SR A SRY), SRS IR ZLR A
FA) T A A e A H R B e v P

TEME S HIVEE B b, pH A1 TTA 252 i@ sk 5
SR EEAR bR, IO R A R S 2 7 A e
St R A R, 5 LM 4R Ee, S5
ZH 1% 3k 9 pH WA (5.47~5.67), TTA 1w 7= (10.38~
11.80 mL), SN 5% 5 W bH e B B (A 12 Sk iR )3 4 2%
P& (P<0.05), I RESEMERE PR h i 2 b S Ll A B

BT E— 2 55 B =B/ PLR 30, @RI

JE AT B T AT X 2% 5 R, PR S s AN R
Fig o ook v Y e | R AR B B SR AR, S U b AR A
FP 1231 pH(5.47) i ZFAIK T (P<0.05) HAhZH , FHH
TR R R W e TAPIRMNEL R, F80™ iR
BEREAR

2.2 FE&EESTIE E & BT R 520

R Wi 3 A 56 T A A% T o) o o B B R 2R AR,
KPS 55, JOTh B ST, =Sl &
FEELAEL KR BRI, K 1 R SFEAT 24 h
FRLEL AR, R TTA, AQ 4H = LRI =AU
HRUT s T UURP S BT ], LM 2B . JM FIT IS 2H 58
FEARELICRR 25 5, R E S A CC TR A s i
T 08 A 19 T TCRE e . TERTIA & il ft 4551
Bl pe SO R, B KIFEMHEL T, FP A1 JZ P2
R TR, PSS, R E) A g f AR
FLATF B I BB 2 S BOM AT pH AUREAIR, SEmmiztk
ARG, PE TR e

——AQ

900 -
800 f
7001
;‘5 600 |
H" 500 |
1~ 400
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100 |

0 *
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AF 1] (h)

BT oSl m P = SR Al
Fig.1 Changes of total gas production of six
kinds of dough

2.3 PRIAZEESIX LSRR

JRAG R PR 1 Sk BB A R A B R A, AN
2 5 R, 18 Sk 1 AR T L R A B L B ORI
KR . PN ERPE L B RS PERINE R . SR AT
WORN, A5 SRR S (A S LM ZH A 22
F(P<0.05) HILTF LM 4. X—EEnlfeS5iRib
VP S 300 T A 2R L RITE R K A Y, izt AR Rehs
A5 Rk T A A ZEA . FP 202 Sk FE I D A BT
FEREHE: A RS | MEERER R HLSREL S . ISR R
B, &2 -4 2L T & I REAL TR R B — T R & B SRy BR
PR, sl I Ak T A BHOU ) 85 2544, A R S e

4 WAV KRR TE bR
Table 4 Physical and chemical indexes of dough and steamed bread

s LR PR AQ FP M 1Z IN LM
i pH 5.46+0.04° 4.71£0.06° 5.52+0.02° 4.28+0.03" 5.31+0.02° 5.11+0.03¢
g TTA(mL) 3.30+0.44° 4.30£0.10° 3.00+0.00° 5.23+0.25° 3.07+0.15¢ 4.16+0.08"
pH 5.61+0.03¢ 5.47+0.02° 5.65+0.01° 5.50+0.02¢ 5.67£0.01° 6.33£0.01°
TTA(mL) 10.38+0.74° 11.34+0.52° 11.17+0.12° 11.80+0.27° 11.57+0.38" 6.07+0.28°
H4% (mL/g) 2.60£0.01° 2.55+0.04% 2.39+0.04° 2.58+0.06° 2.56+0.18" 2.67+0.03°
L 89.66+0.08" 89.93+0.11° 88.74+0.15° 88.84::0.54° 85.49+0.24° 88.54+0.27°
83k Sh Rz a -0.23+0.02° —0.31£0.03¢ —0.23+0.02° —0.23+0.06° —0.07+0.06 ~0.27+0.03%
b 11.75+0.28° 11.3240.22¢ 12.73+0.26" 11.69+0.24% 16.240.25° 12.85+0.22
L 87.62+1.21° 86.82:+1.66% 85.2+0.17™ 87.98+0.74* 81.78+0.4¢ 84.27+1.09°
ES a —0.22+0.05° —0.16+0.14% -0.02+0.07* —0.2240.12¢ 0.11£0.07* 0.14+0.16°
b’ 11.3£0.46™ 11.39+0.25% 11.67+0.42° 10.690.26° 12.65+0.66" 12.62+0.44°

W FATANRI R R 22 5 35 (P<0.05) o
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Table 5 Textural properties of steamed bread
FEf T (N) S SR 77 (N) ABEHE(N-mm) PN ZE (Ratio) itk (mm) JBERiHE(N) MEAEPE (m))
AQ 20.77+0.31° —0.30+0.00* 1.35+0.34° 0.70£0.01° 16.63+0.54° 14.53+0.34 241.52+5.51¢
FP 28.07+1.37° —0.27£0.15" 1.10£0.79® 0.70+0.00° 20.80+0.31° 19.17+0.67° 398.77£12.46"
M 28.64+1.12° —0.45+0.15¢ 1.69+0.79* 0.69+0.00% 19.81+0.59° 19.65+0.75 389.18+9.46"
1z 26.21+1.63° —0.1£0.09® 0.79£0.12® 0.69+0.01° 20.43+0.94" 18.05+0.89° 369.22+34.80°
IS 24.13+0.75¢ —0.05+0.09° 0.360.09° 0.72+0.01° 18.43+0.46" 17.22+0.53° 317.40+17.10°
LM 41.82+0.56" —0.15+0.00" 0.34+0.15° 0.64+0.01¢ 23.70+0.30° 26.92+0.37" 638.24+16.22°

e FFIAR R AR R 22 5 3 (P<0.05) .

L4 T2 S AR KRG R, SHEEL S S TAS R A K
P BHAEUTT HBARRAIE o

FEZEAE R PR T AT 5 B A9 B2 FE AR, RENZ EDUL
52 e T o] PR AR BRI G RR BE AN  RE 10, i3 4
AN, TM 20 FEAME (2.39 mL/g) B T HAth s 5620
(P<0.05), IX—£5 R ZLIR PR IS INGE ol 5 s 2
Pz e o] A 0 EE SRR, X Sk 2 B AR T Es 1S
FEAF, ARG In—Jy TR D A L oA & I B i 1 T
P F LR R, O — 7 T R A LR e s i b )
VEFIHE S e RE R IE R, 3= im . LM 2R o
e S 14 FE 24 (2.67 mL/g) , X1 Sk A5 e s 14 <2 £
YEH, 3xX 5 RAFA e SRR VARG . —2
ST R IR, R SRR R TP iR AN I T B R O
K. GUO F5E W5 uESE, Sl GENE T A1 PR
FEAERA MR, IR GEIM SRR P BT S B i T A )
LRGSR, AT S AR LR ARERE T, [RIRe e
ah SRR R . X —HLIAR Gy Hb A RE T LM 212
FEAR IR T s A [T, 8 B R P bt A 45
PANNEE

AN[RYC Ty 1 Sk 6 e 55 N IR I (L8 25 o BT 4
Wk 4 PR, BrARES Y o (L0 8% (0 5 ) (K F
b (CEE B )(E, H b MEY B E, RS 418 3%
A S B BB g K (B L H . g5 A LE (W) S3Hr, BT
AR BN S 2L BEARIE, X SR O R SR ErE
ERFAEY)-SCY, FP 4HF0 AQ ZHiEB L ICit EFRIL A&
PFRZHE, H L{HE W30 T LM 2H.(P<0.05), BiH]
L7 b AT B 58 A B R A P R TG B . bR
IS ¢AESAT, LM 3R A L ARG, H P By
a". b A, DA e Sk B AR (VR B
AN 33X 5 2w T A AR 3R DL SRR R b
BFCTET AN I G, T A 2 1 5 e oy, 1S T (g
R | RS
2.4  PEIABEEIXTESL XK AR

XF ST S 3 ST T HL T ST, 45
S 2 B s, ANFEE SR S2(FAB A . ARikd) |
S5(EEZs | W, L. FEIEILEY) . S8(VOC) Fil
S11(GEkE ., ZEE. REIRSR L MHZS) WUFPEGIRER A R
MR AR, JHoH, 183X S8 fR ke M ARUER, VOC J&:
FETRIE A —IHE A NI BFR, B ERERY)
A, 2R IR | &L beka . TRISEE, ULl

2 bkt MEISTEXT RS IR ST R, ZN R e sk
TE S11 AL/ IR AR 28 5 R, U AN ] 42 P 5]
XSk R beke . ZEEREIREIR . BekadSWmixtig
Sk BB AR AR TTRR S/ NCOY, B HAT RA R, T LA
NGB SN A NG, MRS S LR %2 A
SUSrPT, FP 2L LM 1Sk e IR TR B L
SFEA, WEW FP 183 5 Tl b i S e XUk |2
AE 2k

S14 g9 s2

K2 JNeHig ki TR aiak
Fig.2 Electronic nose radar image of six groups
of steamed bread

PCA J238 3 X R AR B 10) S EA TR AR e, #E
P = 2E B aIeal_, JE1 7 R A R 4E g —Fh i
BPY BT T SR RIS BN (H T T PCA 43T, 1
B 3N, A RS B DTERER  99.31%, = T
95%, FRWHIX P~ E RS AL TREAR I PR IR G
B FENLJZ IS TEEITP IR ES LM FESN ARG, RN
X P FPE S AR XUREFAE_E -5 Tl Ak i ie S Fre s
K2ZES; FEAL FPLIM 5 LM 8 L7E PC1 1 PC2 |-
Y5 S, BRI S 5 T S AR UK o
B,
2.5 ARIAEFIESLERE MRS

e FH R S E X8 Sk i BB P4 143407, 43 BT
FEPRELHE LA . e SRS RmLEM . NERSS
Fa e PR EER 8 T, L5 AnIE 4 B, A
% S T I B A ) LT B - B SE AT G o R Y R
B ZE 0 1918 Sk (FP 40) 7 21 e b T 3R BAk
5o ZHFEERAELE | RIS RIS B RS
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BB AR TP 3 3 O AR S e Sk (LM
), IS ILE ATy . P E e Sk
LR, AN B S R i, O R T R
PINASE R . ASTFFR S SR, FP 2018 3k SR B
AR A, BT REVA B FAE R o S s 2
FC PR BT R R s . — 7 T, AR LAT Rl S 5520
Hr FQBE I R) & IR fE A I e 1 s 55— Jy T, Wbl
VERAL & = 2 8, P ITIT S 28 TR0 38 Bl £ 955, 3X
K AP0 B3 FP 4HAE S BAA I AR &
HDCH A EPRE . HIBZ IR 8 SR IE . AHbZ
T, LM i8S fesd: | 1z Fe b L PRIk,
X AT B HL T b B | NE VR 2 LA R A B A
TGRSO . IXEeg RiE—HIF S5 & AP A 1
TECE 1 S B B T TR PR
2.6 BEHRSELGSBRAEXMES T

i I B SR FBRAR SRS T (] SR T Rk 518
S BTFEAR Z A IR . RS R B, M7 sl
PR B S DB 508 Sk BT B R B (TTA) 5L bl i 3%
IEA G (P<0.001), 5 pH. FLZE . 183k 40 2 B o™il
b BB AR (P<0.05), X R IHIZIE R AU BEA RK
PETHB L IR B, GBS ™ W GIF B s Il YRR E

B S ST R RE A S i AT DA SEBR 1 Sk FE S BOAS HET
o FEPIFUT R SRSk NN 2ERY LR B IEARSE
(P<0.05), M5 pH Atk NBIHa A1 b7 5 i35 1A
K (P<0.05) o AEYIFLER B USR] 2 25 [ AR Sk
pH, B SLAYFLEE IS, T2 8 Sk 2R, fr
SERIYT EC IR A5 B IORG R 7 L P9 SR A A B
2z o bR B IEARIE AR (P<0.05), LRI EE
AL SIS JROAA R, AL I T AL e 2 T Sk Fid) XU
WRAFAE . A FLAT -5 B S BT DG 19 D[] A e
A FAE AT B S U T TR, X — A&
ISR E PP A R S 2D SRR (1 5 TR SE AT IC
ORISR B EDUE . AR T2 B R 1 3k,
v A PR A A T B P Sk pHL, 18 S i 52
B A BT LS DGR, A A S 2]
BERT .

pH 1.0

TTA
Lh
ayh

b4h 03

Iz
fi iz
ool
HlipE
MR
L
JRORE P
MELERPE
2% P
& & & S
SR A
5V ¢
&
K5 ARSI S48 Sk St SR DG S A
Fig.5 Correlation analysis between strain addition
and steamed bread quality

e TRIRTE P<0.05 KA SE G, TRARTE P<0.01 K
AHE, " FRAE P<0.001 KA 240G

3 g

AR SCHERR T WA ST R | RFLAT I . £
BT LG B A ) 52 0 52T S s T 11 Sk Fy
SEREFERR . ST KR RN B EE ST . W
I o ST LR B BT L AT R R TR RE ST, A BT
ST A AT FR, G R4 v A A L T s 8 Sk
MR . LA B AT KRR pHL (5K T4
JFK S, AR TR A, B e 75 . B S BT I
AP RO BT, AR AT URT R A T T A 1 S 8,
T 57 T ke BL 7 10 JXUR Rt 3, ki 75 PP 4145
pH B, FEMHI BT A EEE, Bl RGPS Hh, SrEs
U, SRR A R IR T IR Sk i XU EE, 1
B SR W AR ] R X Sk sk | 2R
WA SRR PP, FP 1S 4 s, T T A 1
S0 TR AR BT TR gt A IR 14 A Pt

-0.5



- 110 - £ Tl B4

2026 4F 1 H

AL FETS |« RHMEHELS | 335 A DGR & TaXUGR
ko ABXT T FUAT B V8 1 18 Sk (22 A R M AL
KT SERIYT QTR AP O LB AN T, 475 2E— 4R
o ASCHI T AN [R) 52 e T 200 T AT B 5S A I
HE S S it o5 WSR2 i), LD Sy 2 T XU A2 177
HOPRE L E RS LR S5

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SEHE
[1] LONNER C, WELANDER T, MOLIN N, et al. The microflo-
ra in a sour dough started spontaneously on typical Swedish rye
meal[J]. Food Microbiology, 1986, 3(1): 3—12.
(2] xldm. X34F &8 @ MA% 5 2 3 % SUBR 1A K 4% M rb AR
R [D]. &4 it dg X%, 2014. [ LTU N. Comparative studies on
fermentation properties about regional characteristic sourdough
steamed breads and their preferred lactobacillus[D]. Wuxi: Jiang-
nan University, 2014. ]
[3] A, sHaksh, BiF, 5. 4% k45 A H Kok 4 AT 0
[J]. & = 4% ,2024,45(8):312-320. [FU Y Z, HUANG Y L,
FENG T, et al. Research progress on volatile flavor substances in
steamed bread[J]. Food Science, 2024, 45(8): 312-320. ]
[4] ARENDT E K, MORONI A, ZANNINI E. Medical nutrition
therapy: Use of sourdough lactic acid bacteria as a cell factory for
delivering functional biomolecules and food ingredients in gluten
free bread[J]. Microbial Cell Factories, 2011, 10(Suppl 1): S15.
[ 5] GOBBETTI M, RIZZELLO C G, DI CAGNO R, et al. How
the sourdough may affect the functional features of leavened baked
goods [J]. Food Microbiology, 2014, 37: 30—40.
L6 Ak, a8, ATRE, 5. 2 AP SLBR B K BE R @ F) XH4% 3k S R 55
Rkt Hea (1], + BA S FIR, 2024, 24(2): 200-209. [ XING Q,
LIU M, KE S, et al. Effects of two kinds of lactic acid bacteria fer-
mented sourdough on the quality and flavor of steamed bread[J].
Journal of Chinese Institute of Food Science and Technology, 2024,
24(2):200-209. ]
[7] 2K 4% k69 % RFk 2 R R ] RES RS T AL,
2008, 15(1): 4-9. [ LIU Changhong. Judgement system and mea-
sures of steamed bread quality [J]. Cereal & Food Industry, 2008, 15
(1):4-9.]
[ 8] BLAIOTTA G, ROMANO R, TRIFUOGGI M, et al. Develop-
ment of a wet-granulated sourdough multiple starter for direct
use[J]. Foods, 2022, 11(9): 1278.
(9] ARMk. R R SUBR 1 A BY B @ H) B R ) B o K4 ok &
Bk ey ¥ ea st (D], R RaEHHE K, 2023, [ XING
Q. Study on the effects of different lactic acid bacteria fermented
sourdough and different fermentation methods on the quality of
steamed breads and frozen dough[D]. Tianjin: Tianjin University of
Science and Technology, 2023. ]
[10] x3esr, R, HiFm, F. &4 @A K E R ARk
# %o [J]. F B A& & 5 3R,2023,23(2): 164-172. [LIU Y H,
KANG J X, XIAO S 'Y, et al. Effects of probiotic on sensory quality
and flavor analysis of steamed bread[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2023, 23(2): 164—-172. ]
[11] SUO B, NIE W J, WANG Y X, et al. Microbial diversity of
fermented dough and volatile compounds in steamed bread prepared

with traditional Chinese starters[J]. LWT-Food Science and Tech-
nology, 2020, 126: 109350.
[12] LIU X J, ZHOU M, CHEN J X, et al. Bacterial diversity in
traditional sourdough from different regions in ChinalJ]. LWT-
Food Science and Technology, 2018, 96: 251-259.
[13] D&, Z0e, &Aeid, . & @4% Kk Rokihn i e g R4 AT 0
BRI, i Tk kSR (8 AHFRR), 2024,45(4): 134-142.
[ MA S, WANG X, QIAN X J, et al. Review on flavor substances
and nutritional characteristics of sourdough steamed bread[J]. Jour-
nal of Henan University of Technology (Natural Science Edition),
2024,45(4): 134-142. ]
[ 14] GOBBETTI M, de ANGELIS M, di CAGNO R, et al. Novel
insights on the functional/nutritional features of the sourdough fer-
mentation[J]. International Journal of Food Microbiology, 2019,
302: 103—113.
[15] ##cd, 3l Kir. & BAE%RET 69 TRl]. KRR Es -
Z,2007,28(2): 164-166. [ YANG Jingyu, LIU Changhong. In-
dustrialization of Chinese traditional Jiaozi[J]. Food Research and
Development, 2007, 28(2): 164—166. ]
[16] Z4EE. BEZ KA M A X & BARH = 409 8150 [D].
KZ. R EAIX K, 2017. [ LI Jiahui. Metabolism and relation-
ships among microbes in sourdough steamed bread[D]. Tianjin:
Tianjin University of Science & Technology, 2017. ]
[17] 3RE, $hHfedh, T8, F A THBIMNFHALH LA
B L5 M B AP Sk S R 8 v (U], R L i i, 2024,
37(10):23-30. [ ZHANG Yi, HAN Yanan, JIA Ziyi, et al. Analy-
sis of the microbial community structure of industrialized sour-
dough by high-throughput sequencing technology and its effects on
the quality of steamed bread[J]. Cereals & Oils, 2024, 37(10): 23—
30. ]
(18] &4k, k%R, OMEDIJ O, ¥. kit SLER I A i 2 8 %
B @ F) @ 6 E R AR A (], R S AL, 2022, 43(2):
142—-150. [ CAO W C, ZHANG B L, OMEDI J O, et al. Nutrition-
al and baking characteristics of black bean-wheat bran sourdough
bread fermented by functional lactic acid bacteria[J]. Food Science,
2022, 43(2): 142-150. ]
(19 ] AR, 3T by 3o X A % & F) 14 25 Al AR 4 1 A0 BT 50
[D]. #g M T Kk X 5, 2020. [ XING X L. Microbial commu-
nities in Chinese traditional fermented dough from Henan Province
and compound properties of predominant microorganism[D].
Zhengzhou: Henan Agricultural University, 2020. ]
[20] NING J M, HOU G G, SUN J J, et al. Effect of green tea
powder on the quality attributes and antioxidant activity of whole-
wheat flour pan bread[J]. LWT-Food Science and Technology,
2017, 79: 342-348.
(21 ] BV o o B Sk koA B 5 MR 2 5% O A R A AR Sk
Mook stk kg% w [D]. £4): ixd X 5, 2019. [ YAN B W. Varia-
tion analysis of microbial diversity in sourdough and its influence on
the flavor of Chinese steamed bread [D]. Wuxi: Jiangnan University,
2019. ]
[22] €, A, FWR, 5. R F B A8 & 04554 &
4% kS R e [J]. B S 3E,2024,45(12):59-67. [ QI M,
WEI G M, LI L N, et al. Characteristics of doughs fermented by dif-
ferent yeasts and their effects on the quality of steamed bread[J].
Food Science, 2024, 45(12): 59-67. ]
(23] X428, Kibf, F2F, 5 BB LASEIHHELR
s T % oom [J]. & & Tk FF 3, 2024,45(22): 141-149.
[ GUAN W C, ZHANG W J, DONG L J, et al. Effect of northwest
fermentation agents on the quality of mung beanbread by ferment-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/S0740-0020(86)80019-3
https://doi.org/10.1186/1475-2859-10-S1-S15
https://doi.org/10.1016/j.fm.2013.04.012
https://doi.org/10.3390/foods11091278
https://doi.org/10.1016/j.lwt.2020.109350
https://doi.org/10.1016/j.lwt.2020.109350
https://doi.org/10.1016/j.lwt.2020.109350
https://doi.org/10.1016/j.lwt.2020.109350
https://doi.org/10.1016/j.lwt.2020.109350
https://doi.org/10.1016/j.lwt.2018.05.023
https://doi.org/10.1016/j.lwt.2018.05.023
https://doi.org/10.1016/j.lwt.2018.05.023
https://doi.org/10.1016/j.ijfoodmicro.2018.05.018
https://doi.org/10.1016/j.lwt.2017.01.052
https://doi.org/10.1016/j.lwt.2017.01.052
https://doi.org/10.1016/j.lwt.2017.01.052

8478 % 1)

HRAEAR , S SRR AR P AN <111 -

ing mung bean powder[J]. Science and Technology of Food Indus-
try, 2024, 45(22): 141-149. ]
[24] Z AR, AWML, R, 540K B A2 b B W Ao SR
B AR R [T]. & A5, 2010,31(13): 200204. [SUD M,
HU L H, SU D H, et al. Metabolism of yeast and lactic acid bacteria
during dough fermentation of mantoul[J]. Food Science, 2010,
31(13): 200-204. ]
[25] de VUYST L, NEYSENS P. The sourdough microflora: Bio-
diversity and metabolic interactions[J]. Trends in Food Science &
Technology, 2005, 16(1-3): 43-56.
[26] 2% RF&Z@EFAFIZ KGR ALK %L
dk,2022,43(9): 19-22. [ WANG Weijun. Comparison of the re-
frigerated steamed bread quality with different Laomian recipe[J].
The Food Industry, 2022, 43(9): 19-22. ]
[27] B, BRI, BFEHK A F RS IAT B B s
V8 St YRRy, RO R A CENINE Y S o
2024,60(2):20-25. [REN Y Y, MENG Z K, ZHOU Z L. Effect
of ultrasonic-assisted mixed fermentation of Lactobacillus plan-
tarum and yeast on the quality of potato gluten-free bread [J]. Food
and Fermentation Science & Technology, 2024, 60(2): 20-25. ]
(28] KM, G448, B4, F. &7 a-FIEFE LR AL ST E
R LR W A R AR R R e (], R R,
2021,42(10): 146-153. [ WU M, CAO W C, CHENG X, et al. Ef-
fect of fermentation with high-yield a-galactosidase-producing lac-
tic acid bacteria on biochemical properties and breadmaking charac-
teristics of chickpea sourdough[J]. Food Science, 2021,42(10):
146-153. ]
[29] AL, LT, I, 5. LR A RM -5 2B — kA
FA% Sk kR A M0 v [T, A & A 2019, 40(16): 91-96.
[ YAN B W, YANG H Y, CAI'Y J, et al. Synthesis of y-glutamyl
dipeptides in lactic acid bacteria and its influence on the taste of
steamed bread[J]. Food Science, 2019, 40(16): 91-96. ]
[30] LIU Juan, LUO Denglin, CHEN Ruihong, et al. Effects of
short-chain inulin on quality of Chinese steamed bread[J]. Journal
of Food Quality, 2016, 39(4): 255-263.
[31] REE, Gorwy, FME, F. LRASBHFH LM S 504
B H e [J]. % T kA, 2022, 43(22): 129-135.
[ ZHANG Aixia, MIAO Panpan, LI Pengliang, et al. Impact of lac-
tic acid bacteria on the quality of yeast-fermented multigrain
bread[J]. Science and Technology of Food Industry, 2022, 43(22):
129-135. ]
[32] R E3, BALSF, BTk, . JUBR A A B Ak B @ ) A AL4
PR A4 Sk AR A e i [T, R A, 2020, 41(6): 64-71.
[ WU Yuxin, CHEN Jiafang, MA Zilin, et al. Biochemical charac-
teristics of rice flour sourdough fermented by lactic acid bacteria and

its effects on steaming characteristics of steamed bread[J]. Food
Science, 2020, 41(6): 64—71. ]
[ 33 ] GUO Xiaona, YANG Shuang, ZHU Kexue. Influences of al-
kali on the quality and protein polymerization of buckwheat Chi-
nese steamed bread [J]. Food Chemistry, 2019, 283: 52-58.
[34 ] DAN Hangyan, GU Zepeng, LI Cheng, et al. Effect of fer-
mentation time and addition amount of rice sourdoughs with differ-
ent microbial compositions on the physicochemical properties of
three gluten-free rice breads[J]. Food Research International, 2022,
161: 111889.
[35] ZHU Yue, XIONG Wenfei, WANG Lifeng, et al. Insight in-
to the effect of gluten-starch ratio on the properties of Chinese
steamed bread (Mantou)[J]. International Journal of Biological
Macromolecules, 2020, 163: 1821-1827.
[36] Zwesk, $64h, at, F simd A @ B4 MR L BEH12 K
Rk i #4701, & S5, 2021, 42(10): 162-170. [ LI Xiao-
min, HAN Wei, LI Q4i, et al. Analysis of microbial community struc-
ture in traditional sourdough and flavor components in steamed
bread made with it[J]. Food Science, 2021, 42(10): 162—170. ]
(370 F U4, ki, 5k B &, 5. BALIE A 247 K0 K14
M B Rk o 8 v [T]. R o 0 2 AR M 3R, 2024, 15(8):
66—74. [ LI S H, ZHANG L, ZHANG A X, et al. Effects of heat-
moisture treatment on starch digestive characteristics and flavor
quality of legume steamed bread[J]. Journal of Food Safety and
Quality, 2024, 15(8): 66-74.
[ 38 ] KARL P. LIIL On lines and planes of closest fit to systems of
points in space[J]. The London, Edinburgh, and Dublin Philosophi-
cal Magazine and Journal of Science, 1901, 2(11): 559-572.
(39] KA, H# 3, A, F. SLBRH LB LS A AW 5o R
Btz dmJ]l %S5 X8 1 1k, 2025 5106): 83-90.
[ ZHANG Yue, YANG Xinyue, HUANG Li, et al. Effects of com-
bined fermentation with lactic acid bacteria on quality and tyramine
content of Sichuan sausage[J]. Food and Fermentation Industries,
2025, 51(6): 83-90. |
[40] »FR R, GI0H7, AR, . K 26K mE gk SR H
A5 [T, BA R AmAl, 2024, 35(5): 250-257. [ YE Shuang-
ling, QIU Yuanxin, ZHAN Siyu, et al. Effect of fermented soybean
dregs on the quality of steamed buns[J]. China Food Additives,
2024, 35(5):250-257. |
[41] whiret, 3R R, TRE, F. ARXY ERLFRNKE 5%
# ) & (1], AR b K % 53k, 2023,45(2):228-236. [ QU
Hongye, LIU Chaoran, DONG Yulu, et al. Preparation of direct-vat
Weissella cibaria products[J]. Journal of Jilin Agricultural Univer-
sity, 2023, 45(2): 228-236. ]


https://doi.org/10.1111/jfq.12201
https://doi.org/10.1111/jfq.12201
https://doi.org/10.1016/j.foodchem.2019.01.039
https://doi.org/10.1016/j.foodres.2022.111889
https://doi.org/10.1016/j.ijbiomac.2020.09.022
https://doi.org/10.1016/j.ijbiomac.2020.09.022
https://doi.org/10.1080/14786440109462720
https://doi.org/10.1080/14786440109462720
https://doi.org/10.1080/14786440109462720

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 馒头的制作方法
	1.2.1.1 老面馒头的制作
	1.2.1.2 干酵母馒头的制作
	1.2.1.3 老面风味馒头的制作

	1.2.2 面团基本指标的测定
	1.2.2.1 面团pH、酸度（Titrable acidity，TTA）的测定
	1.2.2.2 面团发酵力的测定

	1.2.3 馒头基本指标的测定
	1.2.3.1 馒头pH、酸度（TTA）的测定
	1.2.3.2 比容测定
	1.2.3.3 色差测定

	1.2.4 馒头质构的测定
	1.2.5 馒头风味测定
	1.2.6 馒头感官评价

	1.3 数据处理

	2 结果与分析
	2.1 面团与馒头的pH、TTA变化
	2.2 不同发酵剂对面团发酵特性的影响
	2.3 不同发酵剂对馒头品质的影响
	2.4 不同发酵剂对馒头风味的影响
	2.5 不同发酵剂对馒头感官评价的影响
	2.6 菌株与馒头品质的相关性分析

	3 结论
	参考文献

