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Abstract: To investigate the preparation of freeze-dried Pediococcus pentosaceus sourdough and its effects on the quality
of multigrain steamed bread, this study utilized skim milk powder as a cryoprotectant to prepare freeze-dried P. pentosaceus
sourdough. The cryoprotective effects of different skim milk powder concentrations were evaluated, and the ability of the
freeze-dried sourdough to improve the textural quality of sorghum steamed bread was further explored. Results indicated
that the survival rate of P. pentosaceus in freeze-dried sourdough with 10% skim milk powder was 28.5%, significantly
lower than those with 15% and 20% skim milk powder. However, this group exhibited the highest dough fermentation
capacity, a specific volume of steamed bread (2.58 mL/g), and sensory scores. An in-depth analysis of macromolecular

structures revealed that sourdough fermented with 10% skim milk powder showed a significant decrease in f-sheet content

iR EA: 2025-03-17 +IHF) % — ek
EEWB: BRa&AFE4E (32201985) ;.0 &4 B &F 4 (ZR2020QC240 ) ; H HARLKFAF 5| #RA (663-1120083)
TEERNY: &3 (2001-) , B, MEAFR A, BT 8 Ak ibiFHm T, E-mail: 18306537315@163.com.
FRBA) (1988-) , B, LA A, HFILF 1 R e L5 %4, E-mail: guozhengli668@163.com,
*EEIEE: 4 (1989-) , %, 4, 81308, FFR 7 61 KB ) B 5 K 85 R 356 e b 42 S, E-mail: liyangstrel @163.com.,


https://doi.org/10.13386/j.issn1002-0306.2025030232
https://doi.org/10.13386/j.issn1002-0306.2025030232
https://doi.org/10.13386/j.issn1002-0306.2025030232
mailto:18306537315@163.com
mailto:guozhengli668@163.com
mailto:liyangstrel@163.com

- 224 - £ Tl B4

2026 4F 3 A

and an increase in a-helix content in gluten protein secondary structures, alongside a notable rise in starch gelatinization

temperature and a reduction in enthalpy. Applying the 10% skim milk powder freeze-dried P. pentosaceus sourdough in

sorghum steamed bread preparation significantly improved the dough's textural properties. It enhanced the overall sensory

score of the steamed bread. This study provides insights into the commercial production of freeze-dried P. pentosaceus

sourdough and its application in multigrain steamed bread.

Key words: freeze-dried sourdough; Pediococcus pentosaceus; specific volume; sensory evaluation; multigrain steamed

bread
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Table 3  Sensory evaluation of steamed bread
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Fig.4 QI Specific volume and height-to-diameter ratio
of steamed buns prepared from freeze-dried acid flour
TE: ARIRE FEERIR AR 35 122 57 (P<0.05); ANJA]/N
B REROR mAR AR B 25 52 (P<0.05)

15TQIS 20TQIS

20TQIS il &Ik LA T %, AIRE- S FLIR A
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Table 4 Effects of different Q1 freeze-dried acid dough on the texture of wheat steamed buns
B T (gf) i MR (gf) [ml & PRI
[E25 3ol 288.84+32.75¢ 0.8789+0.0096" 212.31421.78° 0.0997+0.0030° 0.8373+0.0169*
10TQ1S 469.93+71.36° 0.8766+0.0092" 335.65+49.41° 0.0944+0.0027% 0.8155+0.0124*
15TQ1S 574.40+£79.68% 0.8699::0.0296* 386.33+69.38" 0.0847+0.0037° 0.7681+0.0259"
20TQ1S 602.62+51.76% 0.8834:0.0109" 424.32439.70 0.0898+0.0019" 0.7966+0.0047
iRk 678.00+49.05° 0.7564+0.0151° 392.55+26.34° 0.0802+0.0029¢ 0.7662+0.0194°

T FFIAR R PR 2R SR AR AE B 22 5 (P<0.05), F£5~3£ 71 .

P 5] 30 B 80 vy 2 T S Wil G A %) e A R R v 4
SR eAE, BRI SRR 2L FITEAS =2 ] i S e
TG B AE BAE S 80w A e A B IS, IR AT RE
TP A R 285, (e 1T Al 2 Ha Ak, MTTREAIRRES
PEFZAKE, SE—HRRAIG EL 2R
2.5 Ql FTFEREFX /N ZIELBRARIR N

18 0 TR R L FERE B | B | REIERE . M
PR NERPEESEL . TR RS 2R E i8Sk 5
HEAPERIARAE, PEIEER F Spk . SRS RPN B E, 2
e ELNES ) ZE AR RS T A I B ), 3 LR
PERIAE R 5L IEAHSSPS

FHEE 4 AT, B0 T QU 4 T15R i A A S i
FONE NP3 4 20, I HL B2 B LA s I o 1
Kanidh o, H =) JC W PE2E 5 . X ATRESE R
Q1 TP A s e hn 7 ARAEZLAES, TE LB =5
W 8, BT - DE A IR (A o LA B v A B 1
TETTAGIE H, B Q1 VTR 112 Sk 1At 25 B 15t
NEFLAY S I (B iz g i, AR B 1 Sk
MRS 10TQ1SHil A5 irtE Sk i B T g8k, H
4% 2 5B TC B M2 5 (P<0.05) . Zheng
SEDT i 25 0T 18 S RE FE I ST 985 of, Hh LT WL
208 Sk O RE BES A v B2 2 YE Fl . WS 10TQLS
Ja, P SRR ] A2 S e R R S I 0 I vk 2
5%, (B AR L B IN E AB I P R IR TR
2.6 ERNERRZRLEIIEN

TERE Ml s, 1600~1640 cm ' 2 S-3T
B AN X IR, 1640~1650 cm™' JE-JCHEII) 22 i ) i)
X158, 1650~1660 cm ™ J& o-BZJHE A HL K [X I8, 1660~
1700 cm™' J2& B-%% FA (g HL Y Xk B8, 7 AT 75 R 1 Y
A, -SSR SR I A R AN B R
R IR SRR, XSRS 895 eV e
ARIFEAFRRERIE K. FHENE, a- MR e
LA TP ISREHES VR LB A R AR, LR
23 [BIHEA 7 HOE 2 A 58 # . IT LA, 450 )
W o-B8ERN p-HrEa B T I O A e i 8 1 s gl
FFF R R BT R A RE P,

FH3R 5 Ui, 2EDUFh I HE A, BEEET IR g-irs
i =, S 35.59%, 35 (P<0.05) & F 10TQ1S i
20TQIS, {H 5 15TQISZ M ¥ A B FEH2E R .
Q1 FRT g A A&l ry i A a-IRHE B ] 48 =25 v

B HE2H, Horb L 10TQ1S T A 1Y oMU Hb 491 %
Ko B-ITERIERIE LABAR B-5% fAZhta e Sc i pgtl,
JRR T AR AU S I, OB - BR T PES BRG TELE K ETT
PEINEEA AR P AR S AN B S A A AR
A 1T A A AU 5 A8 AR A5 T INAA L . (HASHIF 9T & B,
10TQ1S Fi 20TQ1S A p-HT & LLBIREAREIIN T a-
YEUE R B-5 AR ) L AR, T BB 55 AR LMY i in AT
o 10TQILS F1 20TQI1S ¥ o-MRHEF B-5&FA LBl
25 5 AT HE S ) L 1T A v T A7 D 25 b A, DA T R B
NGO Zibea AR (DS Rk o

5 AAMPAIRE AR A
Table 5 Secondary structure of proteins in each group of dough

F it BHTE (%) TTHEM (%)  oBIE(%)  pFH(%)
FEREXTIR 35.59+1.26° 18.512.1° 16.88+0.9"  29.02+0.96
10TQIS  32.59+0.14° 17.8140.92° 18.76+0.33*  30.84+1.1"
15TQIS  34.3+0.21° 18.4+0.03° 18.36£0.33"  28.93+0.49°
20TQIS  32.62+0.56 18.31%0.15° 18.21+0.27*  31.28+0.07°

2.7 EEARGESANFD
TEAY B LA T A AT Rl A A R S HH B A
W, IGETRI RGBS, BAEIZ AR I T s 2R VR, milfl
JEARDERAS, &5 i 5 Rl i, SRRSO Y. sk 6
7, SR RRAR L, Q1 RTTR I A1 A I i 1 AT e
AL | DB B I e It A s 35 1 i (P<0.05),
VLRHUER BUTHFAPERS N SESZ T 3ER BORIfL. Q1 R
IR AT BN ARG 1 T A B RS e, DR H -5
TER PR Z [R] 45 BN B2 eA s, iRt 2x3ign
VERY B, W SCHEVERY R ELEEGEAY S0 R v ml AR
A, R BRI S A 7= B, 18
Sk FRESINMA T A1 A PR RE RS SIE 28 S A GE A 1 435 ik
B, GEGE AL, SAMFRAR—E U Q1 YRR
PTAT LLSEZSE T A 21k

# 6 1K DSC #5317
Table 6 DSC thermodynamic analysis of dough

el EIBEE(CC) IRERECC) ZARECC)  KBHU/R)

BT 56.95£0.71°  62.06£0.08° 68.15£0.4°  4.93%0.1°
10TQIS  59.13£0.43"  63.89+0.34"  69.05:0.33"  4.12+0.65"
15TQIS  59.22+0.07°  63.94+0.08"  69.19:0.16" 4.43+0.11°
20TQLS  59.47+0.3 64.34+024°  69.62+0.52°  4.38+0.65

2.8 QI ATEREAAEEKFHINA
F 2 T AT 10TQ1S FH Ty 3 v Sk iy il 5, A
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AR LRI LL S, 45 RN 6 Fron . i By AR 4
INZERY IS, FERE T AR A, T LA SRR e Sk LAY
B TR, AR/ N MBSl 10TQILS fE!
FHRE R SL LB (P<0.05), {E2KF 10TQ1S L H T s 3k
1Sk H N FL SRR AN 3 . TS S WS 2, S
TR L 2 T BT EQ B PR = CO, it mnig sk kb
25, {5 Q1 JE[RI B FLIR & PN &/ =4 CO,e AN
aof, Xi ZEES S BN T DA i R v A0 Sk Y FE A
ATFFFE R, BRI A & )G r- FLER, insd)s =4 Co,
AN T v SR S i PR A, 3X A 10TQ1S BI LA
TSN CO, BN EEES .

Mt AR ST S R Sk LA SR R e E pH 1Y
KA, A T LR pH Y R S FIEL R H L S
I SR sk . AN 5 FiR, 10TQIS /=38 sk
FLIR o 312 Sk 10 FL 2 —2K, BERH SObE R BR T T fE JEam
T RERAR pHM 7 | J T 7 9 65 A8 A St i v v 3 18 Sk Hh
%%, 5 Verdonck 45 [UEE I35, Ah, TEmAE Hbah
Sirb, FLAR = 308 Sk 1 i AR EL U E T, (HUINesE 14
A A R T A 408 S, nTHEZLIR i A
FITFHiFFrnia b, (R A P RS AR R AR SRR
SLREAR L. R, T LA EEE IR AT, Zeh g sk AT
TEFLIR PR AT B IR G & I~ TR A Bl _L, 3s 3t ini

B LA e EiR L

H % (mL/g)
— — o I
o W o W

K5 [ &7 R S v Sk e AR A L
Fig.5 Specific volume and height-to-diameter ratio of sorghum
steamed bread prepared with different fermentation methods
E: ARIRS FREFROR AR R E P22 57 (P<0.05) 5 ANJF]/IN
5RO AR ATAE BB 22 5 (P<0.05)

LI R Zi8k b .
29 Ql FTEREEX SIS LA AR

2 7 FoR, AHEE T/ N2 18 Sk, BRI T = 5883 14
18 ) o REE RN RH IERE i 2 (P<0.05) B9 hi . AR5 R
BH, BRI A S AN P B T4 2 1o 1 Fh 238 i i B2
NELRERAEST), ST R R S R B AP A TS P i<
ZERE, T INGE T T i -4l

SN iE Sl g B3, 10TQ1S 4 i 3 (P<0.05)
WO T T e Sk g R E RN REL R, 4351 861.56 gf
Fl 565.09 gfl# K %] 1305.76 gf F1 880.05 gf. Xk
10TQ1S #3482 L F1 10TQ1S &y 5618 Sk () . FLIR
1o SR She R LR e B Sk (k) , & BRI B JH 4% pH
F 5.7 I, 18 Sk 04 R RN N R X A BT R [, Hop
10TQ1S = 2483 F1 10TQ1S =5 #2483k (I 45 B
g2 R, UABH R4 T (5% pHD) X Al B2 1 nE nE4:
FEM RS A AH BG A EE FIOE VEPE, W 3T 10TQ1S
POKiCDS i N CIF =R e o SN E =3 e IR} =AU TE 2 NPT =2
BN FRPERS I (SRINpAE L AN ) | I FRE. IR
PR
2.10 Q1 FRTERE A SRIELEAE TS RIS

FHFR 8 /NI AR EE I AT A, 10TQLS il &1y
18 Sk 555 A5 3 R RE P15 40 S v, 43 9 R 83.5 il
9.2, W3 (P<0.05) /= TEEEEXT BRIE L . AR LS
b 10TQ1S Hill £ 142 Sk 1 A 2 FITRE IEA4: 157 i %
AR Sk (3 4), (RUECE PP v L E IR D73 fie
157, DB E TP DA X T8 Sk iy e B2 FIRH A — <2
IR, 10TQ1S HIVEMIE LSRR L BR1EE PR
W v 1o R R 12 Sk, (P 2 |) G 4 S R 25 54, AT RE
SR 1 H A FLIR R I A LR s T B R T,
— R AR T RBR M AN, 10TQ1LS At IR
P Bl 25 AOAE S AR T BRI 2 35 (P<0.05) i T
15TQ1S F11 20TQ1S #ill #& 12k, h pH 45K (&l 3)
HEI, FTEEEIN N 10TQ1S K EEE EE e, =k (19 XU
Y. LA, RAaE s BAR LR (A1 10%)1E
SRS Q1 W IR I, A 12k i EE PE5y
e

W 8 /INFENE I i SN I AR R B P40 4%
SR, $ BRSSO B/ INEE, MRl 10TQ1S>/)N
18 I>10TQIS 1= 208 Sk >FL R i 3218 5 >10TQI1S
SRSk (W) > =y S > PR ey S Sk (B, kT

KT OANIFILE kKB B RE

Table 7 Texture characteristics of steamed bread in different groups

i T (gf) b NELEPE (gf) ml 5 1 AR
U ADS 305.9+17.58° 0.8707+0.037® 248.9+24.69° 0.0954+0.0026" 0.8129+0.0248"
[l SIS 861.56+53.9° 0.8722+0.0164® 565.09+47.43¢ 0.0817+0.0035" 0.7259+0.0216"
10TQIS/NE 18 437.65+32.53¢ 0.8903+0.011® 378.55+54.43¢ 0.0877+0.0053% 0.7466+0.0254°
10TQIS /318 % 1305.76+£33.27° 0.8771+0.0175% 880.05+24.21° 0.0809+0.0029" 0.7371+0.0282°
10TQ1S i 548 3k (i) 1023.12+54.84° 0.8627+0.0069® 739.5+66.07° 0.0758+0.0044" 0.7231+0.0238"
FLIR 518k 816.38+78.79° 0.9049:£0.0203* 547.24+33.67° 0.0882+0.0016™ 0.7579+0.0102%

FLER Sk (9

767.3£32.53¢

0.8488+0.0061°

505.74+28.75°

0.0879+0.0012%

0.7528+0.027°
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Table 8 Sensory evaluation scores of steamed bread/sorghum steamed bread prepared with different starters

H FEf AT SRR ARG Sk Ik [l i Ttk NELAEPE A
P RE XS HR 82+1.5°  12.3+1.9° 10442.5a 8.3+0.8® 7.3x1.0° 11.7+1.6* 11.8£1.2* 8.0+0.6° 78.0£3.9°
B 10TQIS 8.9+0.8" 13.5£1.4° 11.0£2.4° 9.0+0.9° 82+1.2° 12.9+23% 12.8+1.7° 9.2+0.9" 85.3+4.5
15TQIS 8.1£0.8" 11.0+2.0° 11.0+2.4° 7.0£1.2° 6.1£1.6° 12.442.5° 11.3x2.2" 7.7£0.8" 75.5£6.9"
20TQIS 82+£0.7°  12.5%1.0° 11.242.3° 6.9£1.9° 6.1£2.0° 11.8+2.6° 10.3£3.3° 7.2+0.9° 74.2+8.4°
INAZ 8.2+0.9" 122+2.1% 8.9+1.8° 82+0.9* 7.5+12* 12.1£2.1% 10.6£1.4° 7.8+0.7% 75.5+4.5°
SRk 524078 12.7+1.1% 11.2£1.9% 8.1+1.3% 544128  87+1.6°  13.3+12% 3.9+1.4% 68.5+4.3P
10TQ1S 8.5+0.8" 13.2+1.5% 13.120.9* 8.1+0.7% 7.9+1.0° 12.5£1.3% 12.3+1.2°% §.1+0.7% 83.7+2.5%
INEBSLTIE RSk 10TQISH 318 )k 53+0.9% 13.0+1.0* 13.2+0.7* 8.0+1.1*% 5.1+1.4% 10.9+1.8*% 13.6+0.7* 4.3+1.2° 73.4+2.8%¢
10TQISFH ML (Fh)  5.4+0.7° 12.2+1.2% 11.2+1.8% 8.1+0.7* 5.1+£1.0° 11.3£1.5*%  10.9+1.58 4.9+1.5% 69.1+52°
FLBR 318k 51209  13.1£1.0% 13.2+12% 7.0£0.8%¢ 58+09°% 93+1.1° 12.2+1.7*% 4.1x1.3% 69.8+4.7
BRI SL() 524118 13.0£1.2% 11.2£1.7°  6.940.5° 54+1.0° 9.9+£0.9°°  10.6+2.5° 4.9+1.3% 67.1+4.5°

TE: ANEAB AL (BERIXT I Z20TQ1S ) LA [Al/ING FHE 2R Bl A7 18 3 P22 57 (P<0.05 ) 5 /NZ2 8 S ARy S St v [/ A2 1 ok 2 L v i Sk () ]

PIARIR G FhE 3mSR A e i 25 57 (P<0.05) .

DL, VR SRR BRI 2 REARAE S BB B PR 47, X 5
EE RS KR ISR AT 4 AT G, Horh, ISR A5
G NN E PR 25 S e il 25 (P<0.05), FEFR I (2
/N2 B Sk Sl 8.2~8.5 4, T i BEAE S AN R 5.1~
5.4 43 NHEE T/ INZZ 183k 7.8~8.1 47, T i S sk
LA 3.9~4.9 4y BRI, /N 1B LT 10TQI1S =342
Sk BB TR By (53R 75.5 3 F1 73.4 43) IR
WEEZER, I 5E Rk (68.5 4) X L, LA
10TQI1S K/EH# = T i sk iy BT EM B 5.
TR SRR S SR MU AR AR b, HAth A0 ARIE 55 /)N
RS W25 5 (P<0.05), 10TQ1S Al A
EIR s - G =R o O NI B AL PR /N
10TQ1SE e INBRBEFE =12 Sk 11 L2, (R EVMAR I J
BPFEAL T ARG 10TQ1S HdiEsk .

10TQIS 3248 S FIFLAR = 3218 sk | 10TQ1S &
RS () FILIER = 31218 S () =2 8] PR BB P43 1
2L 5, DA 10TQ1S X /e 3248 S B B PRy
HAEREIRZ I B2 H TR EY R AITE . ([EA A
Y, TGS 2EA 10TQ1S J54HAR S M HIPT-5014) i
2 (P<0.05) BN, (H P2 FREASF]: = 5SS 3R N
R i/ MBS LA AR 5] H4H/0N, 10TQ1S 12
LB AR AT K AERE AL AT Y5 HAl/ N, 275
SN EECEVEST, 10TQ1S AT LA i 354 v ven 3 18 Sk 14 2%
CRZ S
3 4Hig

ASCHi#E T LRRRZUSE R T B 70 00 e i
FEREE Q1 R TRRE AL, sy 17 HXF A . /N2 ks
12 Sk K i SRR S W TR A SR S VAR L 2 SRR,
E IR IEZLE (15%. 20%) BEFRE =T Q1 EARAY
AET% 3, A0 T A A2 1 1 A sk FU 258 B s s hn
10% BRASFLB AR T BRI A B Q1 771G SR AR T 21K,
HIA 25 Ao T A K TR RE | 18 sk FL 28 A SR P
5y RS A B FPE R 244, R B -3 s W%
TR o-BRE 2 T, T AR E GE R R SR TE Ry
2o BT IR E N TR s dil &, mTRle

H O S SRS R LT, A5 R T S/ NS TG R
FVEZE B LB E PR o IX SRS R B LU
NEFUBAE 2R TP an il S 2R TR T AT St T =75,
FH AR AARE SR S BRI T Rl RB
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