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(National Coarse Cereals Engineering Research Center, College of Food Science, Heilongjiang Key Laboratory of Agro-
products Processing and Quality Safety, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: Niandoubao is a famous traditional specialty food in Northeast China. Developing excellent starter for
Niandoubao was an effective and crucial method to address the issue between traditional natural fermentation processes and
modern production standards. By screening the fermentation properties of 10 groups of composite strains (numbered A~J)
and comparative analyzing the various physicochemical and sensory properties of 6 groups of Niandoubao (numbered
NDB-B, NDB-C, NDB-D, NDB-J, NDB-RG and NDB-SF), the influence of 4 groups of composite strains on the

physicochemical properties of proso millet Niandoubao were explored. The fermentation experiment results showed that the
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composite strains in groups B, C, D, and J in the 10 starter exhibited good synergistic growth and acid production ability in

both simulated dough medium and proso millet sourdough. Therefore, these 4 groups of composite strains were selected for

the production of proso millet Niandoubao. The quality evaluation results of Niandoubao showed that compared with

artificially acidified and naturally fermented Niandoubao, the chroma, digestion, fructan, phytic acid, texture, and sensory

properties of 4 groups of composite strains Niandoubao were improved to a certain extent. Among them, Group B

composite strains Niandoubao had the highest ™ value (42.92), Group D composite strains Niandoubao had the lowest

fructan content (5.55 g/100 g), and group J composite strains Niandoubao had the best comprehensive physicochemical

quality. In summary, these results indicated that the composite strains in groups B, C, D, and J significantly improved the

various physicochemical properties and sensory qualities of Niandoubao. Among the 10 groups of composite strains, the

composite strains in group J were the best candidate starter for proso millet Niandoubao. These results provide excellent and

key starter strain resources for the industrialization, standardization, and modernization of proso millet Niandoubao

production in the future.

Key words: Niandoubao; starter; synergistic fermentation; texture; sensory; lactic acid bacteria; yeast; acetic acid bacteria
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Table 1  Strain member of composite starters
. . [EE a2
b= AT R IR TR A ) P
1 Pediococcus pentosaceus 31M09 I A
2 P. pentosaceus 32M16+Lactiplantibacillus plantarum 32M13 I B
3 Torulaspora delbrueckii 33Y02+P. pentosaceus 33P03+Levilactobacillus brevis 33MO01+Furfurilactobacillus rossiae 33M13 11 C
4 Saccharomyces.cerevisiae 34Y03+P. pentosaceus 34M10+Lac. plantarum 34M14 1I D
5 S. cerevisiae 35Y03+P. pentosaceus 35M03+Lac. plantarum 35MO1+Fur. rossiae 35M19 1I E
6 S. cerevisiae 36Y01+P. pentosaceus 36M11+Lev. brevis 36M12+Lac. plantarum 36P02 11 F
7 S. cerevisiae 37Y03+P. pentosaceus 3TM09+Lac. plantarum 3TM17 1I G
8 S. cerevisiae 38Y03+P. pentosaceus 38M02+Acetobacter indonesiensis 38D01 I H
9 S. cerevisiae 39Y02+P. pentosaceus 39P03 1I 1
10 S. cerevisiae 40Y01+P. pentosaceus 40P12+Lev. brevis 40M18+Lac. plantarum 40M03+A4. malorum 40D02 I J
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1.2.1 PAREARIGEILERSR  PA—80 °C KGR B L ol
R, B S FLER TR | MR ISR R LA 1% (Vv BRI
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(ODg,=0.01), Z G TP EATRRRISI LA 111 19 EuAgiFh
2 FIEZEME /K, B 500 g BKBF . I 350 g 2818
K, IRAA A F, BT HFIAE 30 °C F &8 10 h, &K EELh
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(10%), F* 6000 r/min, &.0> 20 min, B F 375 Wl
JH KDN-18 4= [ sl FE BSOS RE S T8 P s &
HEMET, B PUTETHALR (%) TR AT
IERE A EE(g/100 g) y
MEHEEE/100 g)
X (8)

1.2.9 ECKZN G AR mglle IR
TR HIEDS): B 6 SCilAE, 43 BIIn A 2% SEEbE (%8
BOFRAEAEW 0. 0.1, 0.2, 0.3, 0.4 1 0.5 mL, JHZEIE
JKANZE 1 mL, A 1.2 mL ¥#RALER, 185, BB T =
15, 5 min JEHGHEE AT, MRE P 460 nm Lb RS GE
B, DABEAS S R AR AR (X0, WG AR BR (YO E
FruEl £ (Y=188.57X+0.0365, R>=0.992) . F£5hHY
ME: B 1 g ZE AN 9 mL ZE48/K b, 58504 Bk
JRAJ, 7E 10000 r/min &5.0> 10 min, BX 0.5 mL 35K
TINAZEARFIZEIEK Z 1 mL, Hy s Shrvi i £k
SEARNE, SRS LA ¢/100 g(4F 100 g FiE AR
TS E) RN

1.2.10 FORFNOAERR & B0 AEFRARE T2
HIVENT: B 5 52 2 mL 204, HERRFAZEL 0. 0.1, 0.2,
0.3, 0.4 mL Y 1 mg/mL K 14 BR 1 E % w0, 3F 4
2 mol/L FHMIBFRERZE 2 mL, iIRFNFRE) G, WL
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Table 2 Sensory evaluation score table for proso millet

Niandoubao

E bR MR SHE

Bt [ 4R 4k, ATt 11~15

Hifa BOSEARLEIE, IR Bk TR AT 2= (0 6~10
BORIE, A 440 0~5

FRCFROGH, RPN, JCI IR . 8L SAL 11~15

AR PP AT, T ARTCHA A5 4k 6~10
RPASTEE, TEARARAE I 0~5

RIS, AR 2 IR, WH B 2~5 1k AT 7 I 11~15

Fhik FHEERL K, B A B, THABGY LA AT 6~10
FHEERL/N, TR R 0~5

TR AT B 11~15

S TR AT e 22 6~10
FHe 4 TT [ 0~5

FREAMR AR, S0E. B, AR, THK  16~20
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R SRR, Bkt Sl HoAh Sk 0~9
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St Sl SR N NG E i S 10~15
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Fig.2 Acid production ability of composite starters
in simulated dough medium
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Table 3 Chromaticity properties of proso millet Niandoubao

FEf L a b’
NDB-B 69.47+0.01¢ 2.12+0.01¢ 42.93+0.16°
NDB-C 68.76::0.04° 3.21+0.12° 42.5240.08°
NDB-D 69.79+0.14° 2.99+0.01¢ 37.43£0.16°
NDB-J 71.62+0.03° 2.40+0.02¢ 41.45+0.08"

NDB-SF 62.16+0.02f 7.84+0.02° 33.14+0.01°
NDB-RG 74.08+0.07° 3.09+0.07¢ 48.20+0.02°
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Table 4 Texture characteristics of proso millet Niandoubao

FE T4 5 TR itk S NELAEPE e R
NDB-B 249.38+19.62° 24.08+2.55° 0.89+0.03 200.99+28.33" 224.78+25.89° 0.90+0.04
NDB-C 220.32+38.50% 21.60+1.63" 0.87+0.05 169.86+44.34° 194.01+40.62° 0.88+0.04
NDB-D 204.63+20.60° 23.55+1.68" 0.88+0.02 159.10+24.70° 181.41+23.79° 0.89:+0.03
NDB-J 342.55+3.57 20.06+2.33" 0.92+0.01 286.65+11.20° 312.41£10.13° 0.91+0.02
NDB-SF 338.78+15.69° 22.74+0.78"® 0.90+0.03 265.73+36.73" 295.70+£31.20° 0.87+0.05

NDB-RG 252.26+8.34° 18.62+1.90° 0.90+0.03 200.93+23.64° 223.03+20.82° 0.88+0.06
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