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of Bacillus subtilis using Hongqu residue, the content of soluble sugar and soluble protein components during the

fermentation were determined to analyze the limiting factors of bacterial growth, and the storage stability and the in vitro

antioxidant activity of the microbioecologics were determined. The results showed that the highest yield of Bacillus subtilis
in microbioecologics was (9.3+0.3) g CFU/mL that was produced at 37 °C for 48 h with the conditions of 100 g/L Hongqu

residue, and shaking speed of 220 r/min with 10% inoculation volume of 5 g CFU/mL Bacillus subtilis. The content of

soluble glucose in Hongqu residue was the main factor limiting the growth of Bacillus subtilis. When soluble sugar contents

were low, the growth of Bacillus subtilis basically stopped. According to the accelerated preservation experiment, the viable

count of probiotics stored at 20 °C for three months was 8.7 lg CFU/mL, which was higher than the criteria of

microbioecologics application. The microbioecologics had strong antioxidant activity that scavenging capacity of DPPH

free radical and hydroxyl free radical were 0.25 mg/mL (ICs;) and 0.69 mg/mL (IC) , respectively. This study proved that

Hongqu residue could be used as a raw material to prepare Bacillus subtilis probiotics, which provided a practical basis for

the sustainable green processing of microbial fermentation residue.

Key words: Hongqu residue; Bacillus subtilis; preparation of probiotics; storage stability; antioxidant activity
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F 7.2, # 37 C NEEEEFEANEZEMATE 12 h, ff
HRBIHREA: KM, SR A 2T T e B
HAR BT B O I FH JC B A BEER 7K (9 g/L NaCl 53
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Table 1 Factors and levels table of Box-Behnken
Design (BBD)
N3 m%ﬁ:‘
A LM (/L) B3R (%) C 3K (r/min)
-1 75 5 200
0 100 10 220
1 125 15 240

1.3 MEFE
1.3.1 ASEZEAAT BTG A fE O A T i
HY 1.0 mL AL, BL 1.0 mL R RERARKIK AT 10 1%
RS A IR, ARURAT Ja A TIEIR 5%, 24 h 5
SRS HL
1.3.2 "IEMEEENRE A5 6 h BUETHEA, 5000 r/min
B0 20 min, 37 R UITE, B IS E TR,
A 3.0 g BRFZEP . 0.2 g Bl TN 10.0 mL MRERIZ, $K
JETEA SR TE RSO P AR, RS A S, R A B TR
IFAEA A BRILCE ZU T TR, Ba R ER RS
W » 2B GB 5009.5-2016K & 224 [E 52
R L P AR BT I E Y T I RILIGE Ak A B
BN ECE AU S e mT s P i
1.3.3 nEMEREE AR 6 h BUATEEA, 5000 r/min
B0 20 min, FPRUGE, BUIERIEIE GB 5009.7-2016
B i 28 4 1 GRATR TR B v 3 TR A 00 ) o A 21K sy
PRI T AE o
1.3.4 FPEASMIT  AEFE 6 h BUR TR, 5000 r/min
BS.0> 20 min, 3R RUITE, B IR T8 B3 584
71, A 2.0 mL =R (TFA, 2 mol/L), %3t
YRI5, 6 120 C 454 F/KfE 5 he IV EERE,
FIFHEMRASIR T ORIEIRE B E R 70 °C), LA 3.0 mL
oS FEE S TR, R =ML, & .
5y BIFRE 10.0 mg A BTHIAANE . H B8 . %
B CEZLEE . N- QB4 . N-Z BERRERR sl
F B BEEGE v, AR AER IR 2% 10.0 mg,
FRPIWLEE 10.0 mg FIMEEE 1.0 mL, F 90 °C /K¥#4R
T PRGN 30 min, LW EE A EN, FEARRI S51F R
JA 1.0 mL BSERAT AT Z. Bifk, 192G Z R NE Y
AEY .. BHEL, INAGE &R EE, 70 °C TR, RE
3~4 IRIGRER CIRETFIERE . TR SR (B A5
B 1.0 mg) 54 = L RKFA G IR S 83 k2P
IRANE SN 1.5 mL (g% P s . SRR 48
0.22 pm YA HLEAFLIERE T uE w8 A S JERE I,
3SR EGE DL RTX-1701 3 P2 B 4045 (0.25 umx
30.0 m) FIECK M B TS I 4% (FID) M1 S b 2

43 FRFFHE: 180~220 °C (5 °C/min), 220 °C (5 min),
220~280 °C (10 °C/min); <. A <(1.0 mL/min); ¥F
Pt 1.0 pLo DAUUESVE S IR, 38 1) 25 21 53 0 T A
T H S .
1.3.5 figihesett: USRI & IS A B 2 AT
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Ttk A 25 w1 790 04 AT I8 P 4 B R BE 43 1 SA 0.04. 0.09
0.17. 0.34, 0.51, 0.68, 0.85 mg/mL) *FAil A 2.5 mL
0.2 mol/L B§fRELZ% b (pH6.5) F1 2.5 mL 10 g/L £k
FABEP IR IR G195, 50 °C fEIR/KHS 20 min, B

W&, IFLA 3000 r/min 850> 10 min, B HFAINIA 2.5 mL
ZEMEIKAN 0.5 mL 1 g/L FeCl, I E 10 min J5 T
700 nm A0 52 L SEAE . DAERE IR A IS T Y
(mmol/L) /A8 S BT A AR RE 71, I Hpt A AL
H£5 0.1 mg/mL 443 C IHERIEI T

1.3.6.2 1,1- 23 2-=flII [ (DPPH) H H3E7E
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TP B 4332 0.04. 0.09., 0.17. 0.34, 0.51,
0.68. 0.85 mg/mL)5 2.0 mL 0.1 mmol/L #J DPPH-
BV RIR A, BOGHE R 30 min J&, T 517 nm 4L E
HISCE(Ag) o TERFESAER, AFES 55854 F Y
ToK CEESR-GAENRESZS ), M2 O GIE (Agy) s
Ll 2.0 mL 0.1 mmol/L [} DPPH- B K 5 25 A FH Y
ToK ZBRR A AE R IR, e R OGE (AL o ARYE
T 0 2 2SR R 2F AT TR Tk A 7S R T R X
DPPH- 975 B3, I AR S 0.1 mg/mL 4EAE 3
C WA T L o

x100 X D)

DPPH - 4% (%) = 1 - AA;A

P Agys Ago Ac SRR BRSL L BRI A 1T
25 X RO G
1.3.6.3 ZAHICOH)EREES 4 1.0mL 9 mmol/L
FeSO, #1 1.0 mL 9 mmol/L /KAGRE IR G IS, 535
fINA 0.05. 0.10. 0.20. 0.40. 0.80. 1.00 mL F¥£ 5 (4
B ZE AT PR A 2 I R ) AT I A S R 4y i A
0.04. 0.09, 0.17. 0.34, 0.51. 0.68. 0.85 mg/mL), H
JA 1.0 mL 8.8 mmol/L H,O, %, T 37 °C FJx
K/ 30 min J&, 7F 510 nm AP 2 H W EE (A ) 7E
FIFESAE T, 1.0 mL 2818 K A0 HLO, I WAE N
FESZS F, TE IR (Agy)s BL 1.0 mL 284 /KR
FESIAE R as )RR, e RO (A o« ARTE 21
OSBRSS B ZE AR AT PR A 25 TR MOk - OH
FOWF IR, P HAUR 5 0.4 mg/mL 442 C IF K
PEATXFEE
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K Design-Expert 8.0.6 314X} Box-Behnken
H 2 AR B BT I 25 A TR AL B, AT [T ASE
HA PR ST FIPRPRI B Ty 255001 . 5 JeRel e i, DA E i
SR E 3 WK, ilid Excel THESFHE FbRTE
M2 o
2 HBRE5ESH
2.1 HETFAMEARBLOE SR ERSN

38 o AL PR 2R S XA B AR B ) AR R SRt
ATo3AT, G5 RANE 1 i, B 1a B oRBEE & Fgst e
BRI, R B AT A A IR T i v O 3 TR PR
T E TR, TR 30 h R IEARTE AT RaY],
OIGEECH 8.8 1g CFU/mL., NARIE A BEE 4, TF
JE SRS [ R IR TE] A 48 he B 1b~d 43 51iE
FINET N T R B | A ZE AT PR R i DL AR R
TR B AT PR A R M 52 ), 25 SRR — A
AR B EIG R IA RR A AT B S TR R
RAe LA RS Lol rekE o 100 g/L

x 100 = (5

a 10
=) _/_!;5\_{
E8 /
=)
S 4
2 of
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Eoy
et
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R IERTTE] (h)
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S 9t a 7\*
£
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=
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c 10
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= Ty
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fg;
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6
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FEIREE# (r/min)
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Fig.1 Effects of fermentation time (a), Hongqu residue
concentration (b), inoculation amount of Bacillus subtilis (c),
shaker speed (d) on the yield of Bacillus subtilis

Bk, 3 PR 0GR B B RfE, M 9.3 1g CFU/mL(E 1b)
2T Hh T TR B AR AVR S, Pt v Il B mT LA B A g
PEFE R RRIE . ARG E IR T SR Y HR A
A, SEFRIRAY IR SR 22, AL BRSO, BRI EASAl
FEEAT R A K AZ PR . A B 2R AT B e A
10% B, W REGR RN AAE, “I 9.2 1g CFU/mL(E 1c).
VG INT 10% B, 2328 KA R 20T PR G 57
SNIEAE 15 TRTAGEeRh t it RS i A s
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FEWJo, AR IG G A A AN R, SN IG5 52
B, 4% PRELHE S 220 r/min B, 7 BEEGS 1) B Al
9.3 g CFU/mL(# 1d) . X/&H T3 M EAa
BRI R T T, B i U] AR A A
ZESEAT BTG FE ; TG At T, Rk R ZE ST B Y i B0
o TR ZL S i AR AR EIFET S b — i A 1
o, PR IR U SN 75~125 g/L, A e ZEAAT
W E N 5%~15%. ¥EIRFL N 200~240 r/min
AT RS 2 W T S 86 o

2.2 NSz EACAAE S AT & BE AT il R B 5
2.2.1 WAV TANREG BT RS AR AR A S A

SR, BEERLT R e B (A, 2P (B), BEIRFE R
(C) 2 B 285, DA R 2R B 1Y BN PR B i N (B
(R), BT =2 =K v i oA, 78 17 4>
ANFEHRIGLH A A T, ST T 2 3k 2.

i Design-Expert 8.0 34X 2 20648 S vk
A7 Wk Z W ml Y3 4805 AR 7 #2059 5 28 53 B
(3% 3), {3 kW= EH T

Y=9.29+0.17A—0.012B+0.13C—0.094AB—0.12AC+
0.063BC—0.85A%—1.15B>—0.81C?

B U= 7 R B P52 2B R? oA 0.99, HiJy 22438
(DLER 3) iy W 35 PR S0 2R W, iZ M JF L7 P<0.0001,

TR EAR 2, RPN P=0.0592>0.05, N &
=2, RIS B AT, AT L0 R R B oA B 2 A0AT
B T 2ZARARTI . FCAh 2T il R v TR R | R IREE X
Vi PRI B AR I A vy 2, = IR 3R XS PR EGR
HEF 21T B B (A)>F2 REL R (C) >l H ZEA AT
WiEME(B), I H—IKI A, C, 3 H.I1 AB. AC,
BC, IR A%, B, C* XAl B 2R AT B S TE TR AU
SR 25 (P<0.01)

222 ZHAEMSHT T ISy EURULEE] =R A
RS B AE R XA B 2R AT PR PR 5 i, S ok
(B U=y AR Ze i 3 T 4 3D Hh T I s mn LR K, %%
AER BOFLE R TE . AR 2 Firas, =808 PR ) Y
3D BRI FF O MR AR 2GR, FEa —Fp
EI R PP Z WA AAEAE AR, BAFEPI A ] B 2H
A S B R s D, dE R R B AT S
KL S, 55 F W B 22 938 BAE X G T
e AR B AR .

2.2.3 BOUESCYG 3 ) RS AR A R ARk AT
S BN B A AR 2T pH R M 102 /L, Al 251
FFE AT R 10%, FRIREFG R 224 r/min, T AT 3R15
P RIE AN 9.3 1Ig CFU/mL, 2% B3| 52 bR 4614,
PEREIFSEYG 1 R AR MBI T B MR EE 100 g/L,

F 2 AT A A L IR e 1% e T B 5 R

Table 2 Response surface test design of Hongqu residue fermented by Bacillus subtilis

%S Alg/L) B(%) C(r/min) R(lg CFU/mL) hi's A(g/L) B(%) C(r/min) R(lg CFU/mL)
1 100 10 220 9.3 10 125 5 220 8.6
2 125 10 200 7.8 11 125 10 240 7.8
3 100 5 240 7.4 12 100 10 220 9.3
4 75 15 220 72 13 75 10 200 7.2
5 100 5 200 8.2 14 100 15 200 7.1
6 100 5 220 7.0 15 100 10 220 9.3
7 100 10 220 9.3 16 125 15 220 7.4
8 100 10 220 9.3 17 75 10 240 7.7
9 100 10 240 7.5

3 EHRRR 250
Table 3 ANOVA of regression equation
ZEF AR S A ¥y F P TE 2
FiY 13.22 9 1.47 1218.93 <0.0001 o
A 0.24 1 0.24 196.12 <0.0001 o
B 1.176 1 1.1767 0.98 0.3561
C 0.14 1 0.14 117.00 <0.0001 o
AB 0.035 1 0.035 29.02 0.0010 Ho
AC 0.061 1 0.061 50.83 0.0002 **
BC 0.016 1 0.016 13.07 0.0086 o
A? 3.05 1 3.05 2532.88 <0.0001 o
B’ 5.60 1 5.60 4644.40 <0.0001 o
c? 2.78 1 278 2310.40 <0.0001 o
B 2E 8.4357 7 1.20573
AT 6.8867° 3 2.2957 5.93 0.0592
glifRzE 1.5497 4 3.872°
SR 13.23 16

TH: *: P<0.05 , FR L ** : P<0.01, Fomil 3.
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Fig.5 Antioxidant activity of Bacillus subtilis

microbioecologics
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