Ha5 " 2025441 4405 %28
JOURNAL OF LIGHT INDUSTRY Vol. 40 No.2 Apr. 2025 41 -

E

B3, 57 0, BT P 45 BORET SO0 R FLRR A A R B 6 S N [ 7] B T 241, 2025,40(2) :41-50.
DI Z Q,QI H, HONG Q P, et al. Screening and application of lactic acid bacteria starter from proso millet

Niandoubao[ J ]. Journal of Light Industry,2025,40(2) :41-50. DOI;10. 12187/2025. 02. 005

2R 38 AL R FLIR 1 2 15 591 A i a6 S5 v

RF%/H ,2 xiyjnlz’hiq_lz #i‘fﬁ',il2,2737‘%/51,’?4‘}&};‘\1’2'3

LLERATIN—RBEAF BREHRIEFTAFRF O, ELIT KK 163319;
LERITIN—KREBAE &%k, EAIL KK 163319;
3ERITIN—REBAF BERTEARFTFEWNIERERAETELRE, ERIT KK 163319

TE., YRETRBI LR, 2T RILBRAAF RS R, FEL AR FRED RELFEEI
IS RBEN  FESRALE BT R AR RO T RIE L OB A RN, SREA . H 9 HILBEA R ot
At poagag A Rak ) FERAE ) A E A S AR S R S, BRI A P AR R 6 K B
Ve, 5 A RAEER ARG RS AN, X ORI T R A E R R A0 R M AR SR, P
T #k 2P01 ., 22P07 & B VE 935 K 45 2 6L e SR M4 M s AE | 1A 4k 24MO7 & B ) VR 09 35 K 45 3 609 55 BT
(L 66.82) , ##k 2P01 M%éﬁ% R QN R A RS (BB A 8517 47) . HHk 2P0I
RARA AT AR = BRAE A Ao 3 BACTE A BP0 R A S5 2 @ LA P a0 BE B % Bk
B HW AT, 24 4’?%7]:%%4.1,%&&75\@%5 T

KR KRBT O LB KB RAL A AL B S S 4R

RESES.TS201.3  XEERIEAE.A  XEHS.2096-1553(2025)02-0041-10

0 Bl FIRUR T 0K IR BE A AR A RS
T P B AR G A T T AR AE I i R
B AR O R RE AR X A bR R R e g L FLIR IR BERIE
ARG EEET  BEFOAEE DR ERRSGE KRR SR S Z N a8 TR, BT
BORVE N A URE, 2025 G b tar, A2 A 4K T A 1k R WY WK RS A T A
KR , T AR, e Ja 28 RIS 2 2% BORIFED, PRI, 1 e oK R v DA T 2R R A 2L IR
HIEE T, BOOREREARIC XA RN, A SR R A B R R R
KA EREPERET RN ZED', Gk R,
AEPE RSN R AR AL RARAR . LA, B B R IR, FE AN /IN 22 1 i AT 1 B A= O T
FARERE T TRV GG A= T2, i s TR EZ HIRAMBFGE ' R SOR IR T A R )

Y s B #A . 2024-07-13 ;48 B H #1:2024- 11-01 ; tH ki B #7:2025-04-15

HELTH.BE €544 % B (2018YFE0206300) ; 2 KT\ — R B K F 5% A 4] 751 B ( YJSCX2022-Y51) ; 2 £,iT
AN—RE K F K a3z F % B (ZRCPY202005)

TEEBEN T H(1997—) , %, ERITEFFBRFA,EAIN—REXFHREARAE T EHRTEOARLBMAENE A
HHE AR, E-mail ;2987345025@ qq. com

BIEEE IIKRKR(1979—) , B, BRITHERKRTA, ERIN—REXFANFLR ML, TR QARRMEDE A4
#FH AR, E-mail : sundaqing1979@ 163. com



.42 .

Ba50 2025454 A 5405 521

Mo B T 4 /b . BT W 9% 3 R P A B %
TR B A il A X N - A8 P B R G P K ( PCR-
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T35 TG [CZE VB AE, 7 & DU FL 28 A PR H] 5 TA.
TOUCH AT, 1 PR3E S0 & A FR A w]
1.3 EWHE
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FOTE AR, AL, B 10 L B, 45/ %) 1 mL MRS
7T, T 30 CAMF T HE5E 18 h; B 100 pL
B3R, R A 20 mL MRS Wiz ks34, F 30 C
ST YkSERE TR 18 b, RIS IS AL H

Weissella viridescens |0 05 0/ 0 0 0
Weissella confusa |0 00150 0 0
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Sample source and species classification of 287 strains of lactic acid bacteria
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1.3.2 EHRERKRMERENNE BOHLFER,
1% M R R R MRS B 5256, F 30 C
S FREFR A 24 h 48 h 172 h, 43 SIHC 1 mL B
FRW, T 620 nm A< AW LW OE B H T AN A
PR E T 5 WIS, 23 5 3 mL ¥ 37 W #E4T pH
EHIE . DIREEF G AL R 0 MRS RV 35 97 54
HEs xRN
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1.3.2 5% 48 h BB, T 10 000 v/min 557 F
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FAF TSR 48 h, PRECR TRV, W i 2 4, L)
FAF R NS 28 B L RE S0
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S EOKR T A W T VR T M EAAL ) 3R o BOK T AT 4
PR AR BT BRI 1R 16 AR 7. 61 log CFU/ g,
1.3.7 EXRBRER pHEMRBERENE W
AR FREFE (0 h .4 h 8 h F120 h) () # K B2 i
M2 1 g, 05 9 mL ZZWKIRG , fEHE R TR
%) 10 min, A pH T1 I 2 & i 9 pH {A; H
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Rt R
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W AN A S
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YINE 1.5 em JEEERYTE A, 6 15 B2 AL D65 St &
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2.1.1 EHRERMPEERE S 287 tRILBR W 1Y E
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PRIRRAERE IR 48 h B, 40 M Ve 8 36 B 0 KA, A i
JCRE R XI(E A 3. 55, R, A5 LI FE A 4.0
YERVEM FLIR W AR K BB 1 M bR i, 3535 24 h,
48 h 172 h B 43945 64 kk (126 BEAI 115 #RFLER
FRIWOGREE>4. 05 [RE, 73 5046 17 Bk (80 R A 47 B
FLIR DA IR O B 3k B KA, ] 2b) W], AN W]
IR R BT A AR pH (4 A EHEAE 4.0 &
A Rt ARWFSE L pH (EA 4. 0 1F R ZLIR 1 7~ IR g
JIRPEM REE . K5 5% 24 h 48 h 1 72 h i), 435
%7“%%Hﬁnm%ﬂ%%%mﬁ?4mﬁﬁ,
SrRIA 43 Bk 8 BRA 90 #RFLER A1 pH A1k 2 /)
@ 25 BRI, 2B SE 24 h B OGS4, 0 HakE)
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17 BRAN 43 R, 32 S TR PR 34 B A B0 10 A R P IR
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Table 1  Sensory evaluation criteria of proso

millet Niandoubao
eIy P ARIE

Bt AR ALIE, T 16~20

i BUOIEASLIE A 2 11~15

%ﬁ’éﬁ R, A0 5~10

18474y

AN TCH5 16~20

Iy A EZIR%U"J FEE ] 11~15
JESAHN A 35 0 5~10

SMEEAR N BT IR 16~20

SR SR, BRI T 3557 11~15
PR R o, i T A AR 5~10

FEIE A R IME 16~20

(P FHEE K, B 5 1o 11~15
BRI/ miE H A 5~10

S, M5, TRa 16~20

A BRIV NI SR e 11~15
FERE , R A I W 2R 5~10

SLVEBR R R oy A an B 3 iR, B3 R, A
PR AR AN AT 5, A R4 FOR [ B bk 22 1819 DPPH
FIER R B o 22 S ) Wk, 2R W R AR 1 T A Ak T

HAU R MWHERE M, 61 #RFLRE DY DPPH H
H B R Rt T 60. 00% , Hirp 3 bk 7L 2 1 1Y
DPPH HHEIEBRFMIL T 70.00% , 53 3A L. reuteri
16MO1  P. pentosaceus 2PO1 H1 Lew. mesenteroides 18P05,,
NAIF AR LT T, L. reuteri (1573 DPPH H 3L
BRI (67.73%) , 3 B H B A 9 Hi Ak
2.1.3 REHKIZHESBEEN MR
YA R[] A1 43 6 1 — ORI K oy F 2 h 5L &
Yy, 477 M Ak Z B8 A Y8 LR V& B, i TR A 2
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Fig. 2 Growth and acid-producing capacity

of 287 strains of lactic acid bacteria
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FRVEPIZZ BRI 2, 2 nIH, HAT 61 tRL
T2 AT 1) EL DA 5 T L 8 SIS [m) 2 B P 22 I 5 AR A
PL2e T, 46 PRFLIR B AR HE Sh 2 M Bk, 13 Bk
FLRR Ty v 7 L Ah 22 W T8 Ak, 2 K FL IR T ( Lew.
mesenteroides 10M09 F1 P. pentosaceus 8P07) HNETE
WAk 22 0 TA Ak, AR A 22 B 5 0 B L A, P
pentosaceus . P. acidilactici , Leu. mesenteroides F Latil.
sakei 3% 4 DR 22 UG B LB = T 109% , 3R
HIX 4 DYIRh Ry I b 2 5 e e, b P
pentosaceus NRIRZ [0 i 22 80 52 25 55 WA 4, 3R A
R MM 205G HRE TR E W B AR
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Fig. 3 DPPH radical scavenging rate and species

distribution of 287 strains of lactic acid bacteria

k2 287 LB W EE LIS
Table 2 Single colony drawing phenomenon of 287

strains of lactic acid bacteria

Wkh# — o+ 4+ o+ BB

W. viridescens 66 2 0 0 3
W. confusa 15 1 0 0 6

W. cibaria 13 1 0 7

P. pentosaceus 69 35 12 1 41
P. acidilactici 1 1 0 0 50
Leu. mesenteroides 20 3 0 1 17
Leu. fallax 1 0 0 0 0

L. reutert 3 0 0 0 0
Latil. sakei 3 1 0 0 25
Latil. curvatus 30 2 1 0 9
Lactip. plantarum 5 0 0 0 0

RN G +FOR LKL 0.5 em i s ++3R
ARPLZZATE 1.0 em Zid s +++FR P22 K =2.0 em, R,

SIINIE 4 FN3K 3 B, HE 4 M3 3 AT, 41 BREL
PR R I RAF AR (OEBE > 4. 0) #1772 (pH
{E<4.0) BEJT; Horb 9 BRFLIR 1L [A) Iy R B R 4
P AL TS (DPPH H HAEE BR % >60. 00% ) i
SNEWEG RCRE S (B TE P22 ), X R WIHE 287 FRFL
BRI, 77 PRFLRR TR HA R AP R TRt |9 BRFLIR
WL R R R SRR, b 8 Bk ILIR A
(2P01 . 2P03 , 22M02 , 22M07 , 22P07 . 24M06 , 24M07 .
24P09) J& T P. pentosaceus ,1 FRFLER I (26M07) J& T
W. viridescens, UL, 18X 9 MRFLIR P HE 7 )5 S8
DK AT A D 7 & e S

2.2 THREEMMERERARMCEZEE NS
2.2.1 JBEAARKEES 9 BRILIR B RN & BEEK
Pz T ] 0 SPL R R 3% R BN 1R 5 o, FR IR 5 AT,
E5HOK T AT Bl RA RR B R0 46 LR TR TS T K
(7. 61 log CFU/g) Il FI R A I 0 OK I T A1 LI AT 1%
PHEL(7. 42 log CFU/g) MH L, 9 #k ZLIR I& Jt Ao & T

W hL2 PH/{gi4.o

s \DPPHH HERHHRE
L >60.00%

B 4 287 #kILELH 49 Veen B
Fig. 4 Veen diagram of 287 strains

of lactic acid bacteria

K39 ARIUBH 69 K AR A ) AR
Table 3 Fermentation properties and functional

characteristics of 9 strains of lactic acid bacteria

wig bk wob pri [55 PPPH U

22MO2 4.65" 3.98° +++  63.53%"
22M07 4.46" 3.97" +++  60.92°
22P07 4.07° 3.99°  + 67. 22
P. pentosaceus 24M06 4. 22?}‘ 3. 66° o 02 8217‘(‘
24MO07 4.34" 3.66° ++ 60. 40°
24P09  4.45% 3.92° 4+ 61.03°
2P01  4.45" 3.99*  ++ 70. 57°
2P03  4.35" 3.97" 4+ 69. 61"
W. viridescens 26MO7 5.29* 3.87% ++ 64. 89"

E IR FRACR AL B VR 225 (P<0.05) , R A,
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BEOK R T00 AT 1 2L IR T 176 T A8 A e g, AR W AT
AR BOR IR AT IE W ARG . TITE R 20 h B, 78
Pk 2P01 26MO7 5407 A T 48 K T8 TG AT 17%) LR T 1
B, A% 9. 13 log CFU/g H18. 42 log CFU/g,
FH AR HOKTR 18 A A AR KRB T AT

2.2.2 JRNIFEERBE T 9 MREFLIR A R K I EOK
TR 1 A 1 pH (B A TTA WiE 6 Fin, HE 6 al A,
KT8 h INF, 9 BRFLIR TR I 0 A I BOK R T AT Y pH
{EA TTA 435K 4. 25 ~4. 37 (FHMH 4. 32) F1 900 ~
1120 pl/g(“FIIME 1014 pnl/g) , P HEOK I 1 141 1Y
pH (EIMI T ATE W58 vh il v oK 2 T A 9 pH (B
(4.62) 11 FRUIFTF=H i FLIR TN TR B ARG 1fi 141 114
pH {H, {57 8 K 2 Th7 A1 PR 8 A I 8, HE b TR R
26MO7 JA7 & I K BR T AT (%) pH (E ik (4. 25) H.
TTA %555 (1100 pl/g) , RUZE AL BOKR T H A
BEAER = FRBE T 5 00 SR A I 8 K 2 1T 1A ) pH
B TTA 2350 6. 28 1370 wl/g, 5480 h L
JUTEA AL, K20 h N9 BEFLIR B A & B B
KERIAIATY pH (AT TTA 43514 3. 88 ~4. 02 (SF 14
3.91) fil 1420~ 1880 pL/g(“F¥IMH 1634 pnl/g) , I
if 9 8R  E doK T A ) pH (B AT TTA 4351 4. 36 Al
1750 pl/g, XRUH AR KR, 9 BRALIR AT
PRHEOK AR R FR ARG

2.2.3 B ABEGEMAEE 9 RIALMRE AL
PR B OR R 18T AT A A 3 T L 7 B, L AN [
FRHMURE S Z 7] HA W25 5 (P<0.05) ,

10

FLMAETE AU/ (log CFU-g ™)

7 | | | | | 1 | | |
N P TS oSS 0P S
D NI qﬁ%@%ﬁ-@

o
A5
B 5 9 mILEBR A RALA B R B & A 09 SLBR A S R 4K
Fig. 5 Viable counts of lactic acid bacteria of 9

strains of lactic acid bacteria in situ fermentation

of proso millet sourdough

7 AT %N, 5 A SRR T HOK IR ETATAR LY, 9 R FLIR A
FEAE B B AR R 34 BE B R R K R E A Y
DPPH ABTS" [ H 25 ¥ B fig J1 Rk 28 36 i fig )
(FRAP) (P<0.05) ,{HAS[R B BEXT 3 FhE D PR
AR PER I B W] W i R S v, O R AR 2P03 T
¥k DPPH ABTS" [ H FE (B8 7 5 , 430 4 (0. 64+
0.02) mg/mL £ (0.79+0.01) mg/mL, 24M06 % ¥
ABTS" [ H FE 1Y fE I B3R ( (0. 78+0.02) mg/mL) ,
BiFk 22P07 #Y FRAP f¢5% ((1.83+0.03) pmol/g) .
G543 3 W FERE 2P03 ANEAT B 1 i 2 p
HHRE S, HLAE MRS 4l 5 4 F FRA RSN
DPPH [ i ZEI BR 3 (69. 61%) ,iX Al e H1 A A
HNERERTEC T U, B bR 22P07 #5 i P AL
TEVEARL T B2 H A B M 2 WE BT 8L 1H Tk 24MO06
B EA BRI NS 20 G BRE ) Z 51, i A R Y
RRAEACHT™ )5 hUBETT (pH BN 3. 66) , 1X A E /2 H
B I LA b Z R AL SR R P g

7 -~ 22M02

- 22M07
—~-22P07

-~ 24M06

-~ 24M07
e 24P09

-~ 26M07

- 2P0l
—-2P03
—~ HRKE:

HEFRIE]/h
a) pHfE

2000 -~ 22M02
- 22M07
—~22P07
-~ 24M06
-~ 24M07
e 24P(9
- 26M07
- 2P0l
—-2P03
—~ HRKE:

1500 -

TTA/(uL-g ")
2
o

500 -

BEFRI ]/
b) 774
6 9HIUBR A RALL B KR & F 49 pH {8F= TTA
Fig. 6 pH value and TTA of 9 strains of lactic acid

bacteria in situ fermentation of proso millet sourdough
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Fig. 7 Antioxidant activity of 9 strains of lactic acid

bacteria in situ fermentation of proso millet sourdough

2.3 EAFEEMBRSW

2.3.1 JFUMSRHE 9 BRILIR A & BEHIAE 0 BOKF
AR LR 4, MR 4T, 5 AR KB
TR B #OK ZE AR L, 9 BRFLER 1R 2 T 3 BRI
HOKBE G AL RE 3R A IEE (P<0.05) ,IF
FRE R E AR R R (P<0.05) ,
FTUOI A RERE kR RN M S O B S A
ai TR AURE G Bt A DR R N R M S HOR B
AR T R IE M OG, UL, 9 BRFLER B 24T ol
BORBH ALY BCE o T, b B B 2P01 & I A
PR B OK 2R A 1) S R 8 R ML W e 3 e I R R
22P07 AR 0 F5 K Joh 0 %) 5P R0 A2 D 1 340 e
1o, 26 B 3 R UK B OB TR SR A R
o 5 H R & B E B OK EE T A L, T R
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Table 4 Texture characteristics of unfilled proso millet Niandoubao fermented by 9 strains of lactic acid bacteria

25 W/ g Pk WM i NP/ g =1 S
2P01 711.70+36. 19 0.93+0.01" 0. 84+0. 02" 602. 29+ 16. 33" 563.90+15. 18" 0.39+0. 02
2P03 970. 76+45. 94"  0.92+0.02"  0.81x0.03" 794. 48+6. 48" 731.98+21. 46" 0. 37+0. 03"
22M02 953.73+99.32"  0.930.01" 0.78+0. 03" 749. 84+43. 97" 698. 64x45. 27" 0.38+0. 01"
22MO07  1052.77+106.81" 0.93+0.01"  0.78+0.03" 825. 22+56. 09" 770. 16+48. 27" 0. 37+0. 02
22P07 877.80+75.35™  0.94x0.01° 0. 83+0.01* 733.17+51. 34" 691.73+49. 16" 0.41+0.01°
24M06 994. 05+53. 51" 0.93+0.01*  0.79+0.01" 788. 84+36. 75" 731. 60+36. 89" 0.35+0.01"
24M07 796. 90+57. 20 0.92+0.01" 0. 80+0. 02 640. 46+30. 90 591.51+33. 55 0.35+0.01"
24P09 968.18+121.73™  0.93+0.01®  0.79+0. 04™ 769. 90+93. 25" 719. 92+83. 56" 0. 37+0. 04*
26M07 1 020.75+44. 41" 0.93+0.01" 0. 78+0. 02" 798. 18+26. 12" 748. 06+29. 37" 0. 38+0. 02"
AR KB 1816.22+187.20"  0.82+0.01° 0.84+0.01"  1534.55+166.84" 1487.91+196.18"  0.30x0.01°
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Table 5 Color of proso millet Niandoubao fermented

by 9 strains of lactic acid bacteria

215 L” a” b”
2P01 65.14+0.37  6.68+0.11'  29.79+0. 30"
2P03 65.69+0.34"  7.36+0.41*  33.29+0. 83"
22M02  66.50+0. 85"  7.51+0.36™ 29.44x0. 81"
22M0O7  65.3620.65  7.23+0.19°  31.20=0. 68
22P07 64.69+0.37"  7.80+0. 13"  30.84x0. 85"
24M06  65.92+0.22™  7.41x0.42"  31.89=+0. 39"
24M07 66. 82+0. 41" 7.44+0.08"  32.99+0. 29"
24P09 65.11+0.07°  7.79+0.05"  31.76x0. 32"
26M07  65.73+0.60™  7.92+0.22°  30.29+6. 16*
ASRKEME  62.57+0.08°  5.95+0.12°  31.40%0. 59"
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Fig. 8 Sensory evaluation results of proso

o e

millet Niandoubao fermented by 9 strains

of lactic acid bacteria
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Fig. 9 Physical and chemical properties of proso
millet sourdough and principal component analysis of

quality characteristics of proso millet Niandoubao
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Screening and application of lactic acid bacteria starter
from proso millet Niandoubao

DI Ziging"*, QI He'? JHONG Qingping'-*, DU Xinrui"*, LI Hongfei' ,SUN Daqing"*"’
1. National Coarse Cereals Engineering Research Center ,Heilongjiang Bayi Agricultural University ,Daqging 163319, China;
2. College of Food Science ,Heilongjiang Bayi Agricultural University ,Daging 163319, China;
3. Key Laboratory of Agro-products Processing and Quality Safety of Heilongjiang Province,
Heilongjiang Bayi Agricultural University ,Daqing 163319, China

Abstract; In order to improve the quality of proso millet Niaodoubao, 287 strains of lactic acid bacteria were studied as
research subjects. Through growth, acid production ability, antioxidant activity, exopolysaccharide synthesis capability,
and in situ fermentation experiments, excellent lactic acid bacteria fermentation agents were selected for proso millet
Niaodoubao. The results showed that 9 strains of lactic acid bacteria had good ability of growth, acid production,
antioxidant activity, and extracellular polysaccharide synthesis ability, and had excellent fermentation characteristics in
proso millet sourdough. Compared with naturally fermented Niandoubao, all 9 strains of lactic acid bacteria could
significantly improve the texture, brightness, and sensory quality of proso millet Niandoubao, among which the texture
properties of strains 2P01 and 22P07 were the best, the brightness (L~ 66.82) of strains 24M07 was the highest, and the
strain 2P0l has the highest consumer acceptance (sensory score 85.17). Among them, strain 2P0l not only had better
growth , acid production ability and antioxidant activity, but also produced proso millet Niandoubao with better hardness,
viscosity, chewiness and sensory scores, making it the best starter strain for making. proso millet Niandoubao.
Key words; proso millet Niandoubao; lactic acid bacteria; starter; in situ fermentation; antioxidant activity;

extracellular polysaccharide
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