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F—J7 i, HETEVNER T O A A BB R —
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AEDRE R B SR BT 2R 2 — N IB DT Bk -

It LA ST BRI T 20k}, i 3R R
ARERFUREEZF AT IR HACEAT . Rl e oK
TR R W R, (RN DUR A RE R R R ——
AR RERY, BLDLVPAE 3 PR PE AN B RRA A K
Kb i o LR I A I A S R e, it b R
R ——F KRR AIR T 1 3%, NEKTER
ANV IR FF R B SRR M ¥ 2%, A%
Tl R 9 ST A2 S I R T A B0 17 2R

1 MREEE

1.1 i Ek

AT AR AED B E Tl A P2 B Rl ik 2] 7 9 #k
LIREVEEMR, 2 DITERRTBEA P R . MR R T8 B
R EE, HEd A KB w & 7 ima s 3
MR TS PUEH BLREAH B E B R, 20 B A R 2
¥ (Bacillus subtilis 3301) « MK E (Bacillus
licheniformis F18) FIHEEE (Aspergillus niger 3324) ,
B LR TR R 5 TR LR A S0 = (R
1.2 REHR

FoKIE (MSL) HEMAEVRHHERA AR, 7
2L — R 50 E AT MSL 1) pH 18 PA R 8- 258 35 VIR 1
I pHEAN (4320.1) , EAFREEIA 172% (T3
HERS1.1%) , SFEEERN 4.52%+0.1% (FREt) , Koy
GEILF] 746%, HIKEN 67.14%, JFEFLIREEN 21°Bé.

HTEREPERFEZNEAR. DEREE LR,
HEAFRFESBE 17.2%, B, #ERNRE TR
PR EIR - SR K I A B IR & S AR B, B T
BOBRE 4.52%+0.1%, KA TIRIEMAEYEKT T
IR AT, XTH T BRI R R E E IR A AT
PER PR AE K . ARRIGEEL TR EFE (40 g/L) 1EAMEL
FA R TR BERY ) BRI (45 i A RED B,

FhrisRdt. 48 B A (Nutrient Broth) 1535372,
pH{EN 7; R THF#RED, pHEN 6.2~6.6.

MBS TRE: FWEE A (Nutrient Broth) £
FREE TR ZEMAT I . R AT SO, pH
N7 ABE USRS Snda k7R3 (Rose Bengal
Medium) (HFRMEFITEO , pHEN 7. WHHGRE
SRR T I

BT R IR 3L 200 g/L Bk, REERE L
R R BRI . pUIREE 200 g/ oK AE K B =
A KRR R B RS, IIER 100 g/L £k R
S EABE AN pH A AFEAS 046 pH N 6.5, 121 C
KB 20 min.
1.3 MFEEFR

43 53 AR T B HX 2 FR T VR B R R TR IR AR,
i AT TR FH b A 28 FRT B A 22 4 R R L IR (NBD
Bgdk, 37°C, 160 r/min, F#EMEEFE 18~20 h; HEhE
PR AR R DT R IR%E, 30 °C, 160 r/min, FEIFIETE 24 ho

1.4 EEER

PR IR RS TR R BERE 7R 0E, /325 T 250 mL =
A, BRSO mL, K 3 FhEEMRRN LI 10%
PR RN R EER IR T, 5 AME X R 2 A s e A b
(40 g/L) , 551+ 30 'C, 160 t/min, FERK;FE 72 h.

5L KB (5L R HBIRBE, Wo/REYTREA
BRATED riiteds s BoRl oMt IR KRB IR 3L, 4 5%
FhE B M TN S L KRBT YiihEAE
2 L/L-min; $#E45E 300 r/min; & E %M 2 M &%
A AR R 3 ) pH EoN 6.5; B5F7IRIE 30 C; K595 24 h
Jei s 53 M DA B 0 B0 5% HEE b e N A B 2 R0 T 1 A0 A
LZEMIAT AT, B EAN 4 L/(L-min), FINE
FALEIRTT pH EA 7, BFFRIRE N 37 C.

waERN TR KRB 24 h 5, EBIREEN 40%(1 7
ZIHETZER 10 mL/h AR AN N s JaL 0 & 1 24 he
1.5 SWEE

A B0 T ECR RSP ARE  E 5
Elbr GB/T 5009.235-2016 FAEAT ikl e s AR A4
W e R e s A TRBIA I &I 5 R R B 0
ROAELINE 5 20 B TR B R 2 S RV B35 K FH AR ) A% I
e (SBA—40C, ARG RZER AT »

RS Sl s VTR S i = Ml o 121 NI ]
Kinexus Lab +jE i8¢ (FE Malvern £ 2%) W&, W
BAIAMESY N 25 1 27.5mm, 7E 25°C FEL 0.1~50 s
B4 BY )3 R A 2 M o b X AR VA R . b I A h
Ostwald de Waale f5H &

n=Ky"" D

Xy AEMBEE, Pass; y NEIUIER, s K 2&—
PR EL, n R PEAEA OS2 BT V) R 5 W R AT RS
ISNEOER @

725 C R 0.1~10 Hz BEATAIR . W& T 64k
i (G) MEFERE (G ZIEIKR.

R E R

BILR S RIL I

AAAN=Cy—Cy 2
AP=Cp—Cpy (3
AT.S=Cr—Cp D)
AR.S =Cr—Cp (5

P Cr R SRS &, Cp R B P Al Ve &
B, CyNKBRTEERE (AAN) &, C WKWK
FIEJERE SR, Cpon Crnos Cron Cro 0 AR ARIERI G
Yif MSL B33 LB A6 % 50 S0 L IE 5 5 &, AT.S,
AR.S N EVHEAE SRR e, HALE0N mg/L.

2 GR55H

2.1 3TMINREREMAE R KR PAEFOLERTIE
B RIRX 3 MREE AR TR I th a5 IR iR kAT
THEFRAIEA . 2S5 2 R X B bR Rl 528 AT
W HAREEAIAT T SR A R O B 1
TORIETREE T, S WRIR RV IR 1 PR
FEALTORIEE TR ORI 72 h )5, 3 BRI ik 3|
IR R T A, RO R EE AT T S R, 1A
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3.05x10° CFU/mL , #h & ZF f1 #F B 3% @ ¥ ik 2
1.8x10° CFU/mL, 2 ihF3E HE$0N 3.5%x10° CFU/mL. 7E
DL 40 g/L M & BEAUINANEL G, R 2E AT 1R A b A 2 7
FEE TR AT R, R MO S A B TS B AR T
&, EEisF] 1.79x10"° CFU/mL. Wb & B A sh el
B R HE TS B AR B R AR ZE AT R 4T . A
S Hb, B N T B AN K, T S 0 R A A T

DU R e A 1R R 9 Al K

1 P EERE IS 3 BN TR BRI BT RS O .
FILVE I ESR 3 BERREARERIRIN, X ORI SR R
HHAE 60%, (H 2 M IR0 FOKIE P 7 A 2 0 2
e T AR R R

K 1a MG BEECHT, 3 MEAIBE/E MSL 1577 335 4 1
K, RPERSHELT .

1 BERENEMEERR D LR
Table 1 Fermentation characteristics of glucose on the bacterium in maize pulp

B Bacterial species Cultiffn%cﬁznﬁf type Biomass/%g? %ﬁU'mL'l) (?nAgALI\]l/) (mé?l/jl) AT.S/% pIp{}f/ﬁi;m AR-S/%
R AT Ev S 4 34.0£1.9 531.3+61.6  -669.8+7.7 352426 7.3420.01 57.9+2.1
B. subtilis 3301 TR I B 38.542.5 267.5+43.5  -458.7+3.1 90.5+0.2 7.18+0.04 80.09+0.2
e AT Ev S 4 32.040.7 600.1£143.1  -494243.1 30.3+3.2 7.08+0.03 51.546.2

B. licheniformis F18 TSR £ R 179.0+0.2 383.6:28.8  -1543+4.8 83.040.5 6.86+0.01 76.740.8
i E/ 34 11.5£0.7(x10°) 510.1434.0  -136.1£41.9  37.6+54 6.18+0.03 70.5+1.2

A. niger 3324 ORI 2 1242.5(x10°% 143.4+46.9  63.5+10.9 85.040.4 5.06+0.03 87.140.4

T AAAN NEERSRARNE; AP NTEMEBHEFER, %; AT.S ABKNHFLE, %; pH; ARSUEEMHEFER, %; +AErMEE, TH,
Note: AAAN is change of amino acid nitrogen; AP is phosphorus change, %; AT.S is total sugar consumption, %; pH is pH value; AR. S is consumption of reducing

sugar, %; +, The standard deviation, the same below.
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Variation of viable count, amino acid nitrogen change (AAAN) , phosphorus change (AP),

and pH valueof the three strains cultured in MSL medium

B 1b SR 3 BAREI IR SORR P i A AR SR
&, DR TR R E R R il R R .
A ZF AT R R SRS RS B B e, 183
600 mg/L. {HAEMRIER | FERESEA1S, BNEERE 3
WK R IR SRS R YRR, %1% DU AT REA2 1 40
A I AE S AL AR AR PR, 40 B A N 1
K E RS RIEAE, MG T = ERESRN S
W JFHEEEREREET, RERBES SR mAH
A i, B VR R B B AW .

FARFEAFAEHFE M EARBE, NS F
BRI T R . TORKPRE LR E AL, MRS
FRFE A Ca®' Mg™'s EARSESTHRAEL,
SR PR E SRR R I e FOR T 3 Bk
ORI AR RIS DL, Rl B 2 F AT 18 A A A SR AT
PR BE IS AT ROM ) ORI R A ILBE T T B Sl A
JUHAE AR 2 AT B R ORI 5 I B PR 2
TiAh, R TR R R VA R A R S I W s
AERSONE, T P el B F) A AT AR s 2 it 0 BOKSR
I AN VEA HLBE A O IR BRI R AL 3R

K 1d 75 H 2 B IR VR pHL A B AR T A B Ak
RIS, AN 20 B ) 2% AR R B pHL (B S A1, e
7 R B PR U 2, S pH ERTIA ) 5.5, KB pH
HSAE RS ERA RGO WM &R,
R R AR, PR pH E, AR AT
PAEEAN PR RR ER A . B, AHREZRIEATE,
AR ZF FRRT B A S b B R 98 LU R ORI e SR
iR, FORFKATEN 3 MR RIVE FRIE . R, AN
EIHE R AR 1A AR OREA R 80 T S AR Y
AR, IR ORI A AN A B AT Lk oD e
FEI A . ZIR S RO R TER | TR (45 )
PERRBD A SR At 7R, K 3R ki F oK%
585 SRR AR, T B A R IR TT K
fI AR TR o
2.2 HAERXBIETRMEEREEZRS ERKER
mEH

AR RRRAE A KO BOUAE 2257, BT DR A E
P77 e BN S ZFAFT A L AR 25 AT 3 A0 D8 il 23
S W 1 R b i T OB, K DLIRAS o KA K. A
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Fig.2 Changes in the number of live bacteria during the symbiotic fermentation of three species of bacteria

Kl 2a AATINERIR I oK IR 3 R4 stk it 42, 3
PR AR 40 B A K2 RO K G BRI R 35, AR 2E
FOFFBELE 24 h R G IR IRGEA K, 76 30 h ZIfRE i
N 3.05x10° CFU/mL. 'S4 MM BG40 h £4
Flik e Efl, & 1.25%x10° CFU/mL. # i oA 2F f0 T 14 41
AT 50 h ik B {E 3.25%10° CFU/mL.

B 2b SN T 40%3AR 5 51 &R 1) 3 TR bR A0 B A Ak i
2k, 3 PR AR 0 S AR 0 B P 5 AR N R A R T —
B, YRR AT R e BA A B, kR
MEE, Bo AR SERAT B . (E2 700 40 0 )5 2 ih 2
fE 34 h M AR 1 e, PR IAUIN 0 I B ik
ST W OB PRI B S 3R BT T (BRRT T 6 h) o MiHbAZE
HMHEMARENERS T, K@ EH 7T
1.79x10" CFU/mL, b A 370 in 46 45 B (1% o R4 1
600%. 7] 5 i 25 (1375 B Bt in >l 1.2x107 CFU/mL.
it B 56T 287 B 0 A0 I AN (S0 PT DA i R T A 25 A 1 11 9 T 4
B, daemns e ENEK. U ERE AR R
TR 55 7 3o R v o o 5 W T DA S R v R B AR R I
TR BCE, TR R B RR R B AR R A
6.6x10° $27+%] 7 2.17x10" CFU/mL.

ity L 2F SRLRT T A0 2R i B N A AR, R R AT
BRI TE 122 i 2 T < B T S T A TV A SRR S R )
i, 4RMERGE IO, b, EEERIAE K
H, HOARZF AT B NS IR AR Y, Ak B 2 F AT B R
i 25 B BRI, VA R A S AT T 1 e S AL
R SR A ZE AT T T A A K BAE, 7E 50 hik F
A, OB EOR K P E YA 2 B A S AT A
HNAEKTETI.

2.3 HAZBIREISEERSASERS

FAREREHEENEO SRS,
PR R B R I RE D T DU BRI R R & G
RS R T - J I e A & =T LLVEY 3

T pA AR TR P BRI R R L. B 3 SRR T ER
B R R R E MRS EM L RR R —B A
BRI Ol ATCAE H, REERTFOR K P E RS A
ErR AR, Ul IR B R AR K BRI oK R R
BT B G4 K. A RN E KRR, €24 h DUSE
HRAERSEREE N, /£ 52 h FAREE, T4
900 mg/L. 52 h JGZFERA RS B MEMAC. FUINH 28
RN, RIERASE G & W BAR T AN A 08
. X—MEE 3 WtkaiERN —8. AR THEA R
PLAEI G D % . 0~35 h AR S EAWIG N, 1F
28 h ik FIE N 450 mg/L. N &G, SRR S =
BRI, 7E 35 h N2 IR & &N 550 mg/L. A
PR AE B FTBEH FORZE 0 B AR A RN B 2R, B
QA ENm, EHEARMHTAERHTAK, S8
B B, 75RO AR Yl Hh 8 iU
R AR RS PT B R I S 2R R, 76K T 35 h A A&
WA, fE 52 h KV RS RS iR

22k fit Amount of ANN change (No glu)
B4kt Amount of ANN change (Add glu)
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Fig.3 Changes in amino acid nitrogen and glutamate during
co-fermentation of maize pulp
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2.4 HAELZBEERSHEIEMBHRTHR

TORF PSR EE R, WU N AR E
TR BETE R BRI, (2HEREE R B da R TOKIK
FE R BEB &AM . ATLAE Y 52 h AT Al PR S
FEAR, B Ja s S AT A . B3R A R it
FE BN R A K B T 72 MBI ST
FEGUINEEIREE B WCR AT S B R T
DN R R 3R A T T AR W R, S BB
HAER R EIIN, £ 52 h SRR T, HAEH
s rs.

B 4b 9 ORI BRI AR 2k . W] LU 4 BE )
- L

THAETER T S AE R . 0~24 h TR ml Kb
HOEBHAE A TR AEK, 24 h JEREHFERSE, BT
FaiE . 0~24 h P BeAb T 58 il 3 i M AE BB, ATTIBE
FC A R L it B X T ORI rRORR R B A TR RTE E] 70%
(1 4b) , IR B il 55 Ja TR ilgaRag A . 24 h
TR 25 W I B T A b 2 OO e TR TN, R
24~32 h BRIEHFERRDUEACET B0 B BOYR i E IR
WA, WA PR A . PRI EOKS R
WAL R B AL PR #E, PR A TAIRAER, [N R
KIE PR RERE AN L DLSCHE R B AR A, SN 26 0 ) [
IR IRABIE A RE, eI IS 4R m i N -

501 50 1 700
Amount of P change (No glu) : S T S T
—o— AL A 45 - %gﬁmﬁkmo glu) {600
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o =50 w2 3510 — = T RS &0
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S 100 £330 q\ O AL XE
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B4 ERREA KB P B BGERAR/H B4R A
Fig.4 Changes in dissolved phosphorus and R.S/Glucose consumption during co-fermentation of maize pulp

2.5 RMEEELENTHELBRERNEEN

BRRRES T BEENERNSHZ —. HERD
YRR E A FE . B S FoRT Rk
WAL R B R P E A . 0~12 h REEARPHEAS
RILGEREC, RiEL AR, SRR R
FIVA R E U TAEKAR M . 24 h BEFORS 55 25 AT B8 Rl Hb AQ
ZEMAT B T, Bl B A 2 LAL-min)iH %y 4 L/(L-min),
T AN AT DR AR DR A B2 M AT B R SR A R . U
AEA RS T A M R ALK, XA
BRI KRR A R A K EER R —.

AN A HERS 24~48 h Fr BOA SR TN &
BTV FUONAMIE G, BRI, SIRE AR
FEMRBE, Zad— B (R LS OB B E . 7R EE T R
W, — BRI ERERER, AR I LR R AR, LA
AR 2 FFK, DO EIZHI T 24 E s R T
I SRS, IR0 N 8 25 078 I o 26 77 T 11 LU s b ok e 44
s LEREREE R T, DO EFEK. SR EE RS IR A
SE T REELFE A AR Y pH A AR HP BR AR N . T LA
FH, RAINEEER, KBTI 0~28 h, Bl INE 1Y
b, Vel B E A K IR AT A EHER. 30 h
FERBELER, BRI ERETE, Ui RS — 5
SIIMEETS, BRIRAS R, — 8B (0 = I R 0 i )
M, S pH E T+

TN ET R, 24~48 h AT B I R R A
hnE—-EME, VRN AR R A T REZ A

PR, S pH (EFE(K. 50 h DUm, BRI, 5
BRI 4 AE AT R T B pH (BT . B2, KR
AR, R ERRHLT, WAE R AR
e AR B P A, T AR S S R e R R
K, RRFFREERRFRENEZRNRZ —. HNHE
B B T AR ORI R P R R AR A B, N
HEBE R R P AR KRR, AR TR
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Symbiotic fermentation characteristics of biotransformed maize pulp for
biofertilizer production
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Abstract: Maize deep processing has been the second-largest agricultural processing industry in the world. The products (such
as starch sugar, maize oil, and crude fiber) have been very important food and chemical raw materials. Among them, maize
starch is currently the main resource for the production of glucose syrup and various sugar derivatives. However, the
preparation process of maize starch can produce a large number of by-products, such as Maize Steep Liquor (MSL).
Alternatively, the maize pulp has been confined during processing, due to the dark color, heavy taste, high toxin content, and
difficult handling. Particularly, maize pulp presents great potential in the field of bio-exploitation, due to a large number of
nutrient contents with more than 40% nitrogen and more than 25% carbohydrates. Therefore, a cheap nitrogen source can be
served for the fermentation production of bioproducts. This study aims to develop microbial fertilizers using the abundant
source of fast-acting nitrogen in the maize pulp and the growth-promoting factors of microorganisms. The slow release and
degradation of toxins by soil were avoided to reduce the direct toxicity of biotoxins to humans and livestock. A systematic
evaluation was made on the high-density fermentation of three strains of plant inter-rhizosphere growth-promoting bacteria
(PGPMs) in the maize pulp. The fermentation characteristics were investigated via the symbiotic fermentation of three strains
of PGPMs that screened in the previous stage. The experimental results showed that the three species significantly increased
the biomass in the fermentation system after the symbiotic fermentation. The flow addition of starch industrial waste
(crystalline glucose mother liquor) was taken as a supplement during the simulation. The total biomass was elevated from
6.6x10° to 2.17x10' CFU/mL in the fermentation system. The maximum viable bacterial count and amino acid nitrogen were
obtained at the end of 45 h fermentation. Meanwhile, the glucose was added in the mimic crystalline glucose mother liquor
flow in the symbiotic system. Then, there was a significant increase in the utilization of total sugars and soluble phosphorus.
Specifically, the soluble phosphorus utilization increased by nearly 50%. The addition of glucose also maintained the stable pH
value in the fermentation system, particularly for the stable production of bacterial fertilizer. This finding can provide a better
solution and practical basis for the reuse of maize pulp in the production of low-cost biofertilizers using a variety of bacteria.
The high value-added reuse of crystalline glucose mother liquor can be produced using the waste of maize starch.

Keywords: bacteria; fermentation; Maize Steep Liquor (MSL); biofertilizer; inter-root promoting bacteria; microecology



