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Optimization of Solid State Fermentation Technology of
Soil Water Retention Function Bacteria Bacillus subtilis 1.X-1
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Abstract  y-polyglutamate (y-PGA) has obvious effects on soil water retention and improving plant stress resistance.
In order to use agricultural waste fermentation to produce water-retention functional fertilizers containing y-PGA, the
component proportion of solid-state fermentation medium for Bacillus subtilis 1.X-1 strain which produced y-PGA isola-
ted by the research group was optimized in this study. The experiment, take fluorescence double acetate (FDA) en-
zyme activity and specific viscosity of fermentation products as indexes, and based on adopting single factor experi-
ment, to pitch on optimal the proportion of carbon source, nitrogen source, inorganic salt solution and the optimal
adding amount of inorganic salt in solid fermentation materials by quasi horizontal uniformity design U, * (7*) experi-
ment, the optimal medium formula for the strain LX-1 solid-state fermentation was: soybean meal : wheat bran : inor-
ganic salt solution=6 :4 : 4 (V:V: V), and the optimal formula of inorganic salt solution was K,HPO, - 3H,0
5.24 ¢/L, MgSO, - 7H,0 0.78 g/L, and NaCl 11.67 g/L. This study provides technical bases for the production of
water-retaining fertilizer containing y-PGA utilizing agricultural waste fermentation.
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R UNKE + e R AR S DR K 1 R v 36
HEROFTITE . N AL L5 5 2
RERY LA, (R 4% 52 52 5 NE AL AR A7 R
i, RIRORAGIVE JB 61 G WL, SR A5
TR APy BREE R R 2 AT E T AR Db i v i
AT FE RN AERK RIE A BT AR K
AW =4y T R RN B, E bR
b B PR AR Ay T oy A TN s PR AL SR S R
TRV TR - PR s TRk e SR A R ) R R 2K, (LI
LR KR A7 7 I fifp 3 248 | R AR 7 G 1 3 45
[T SRR AR KR TT & B 5T
P FFUE AR R A R R
KBEF T Oy B W R - R E R
(y-PGA) MWK PR R B AT B 4P K 4R 1Y SC
PRI, 2T U 0 R i 43 F R Rk R A5 B oY
R BRI v-PGA 4 g BA i PR 7K R %t 4
b AR L AA B e, H
YRR y-PGA B i 14 i 28 A< w55 H ] fE
R A4S TR R B A AR A 7 v g
H o 5K RS AT ST 2 AR X 431 /MY y-PGA
AL AR R AR A Dy T Yang
SFPVRIH y-PGA VRN EIHEF R A LB T +
By E AR TEAN BN RIS LT R
THEE BRI, TALHEED BT SR B y-PGA
1K HARWOK A EAT LLA 3 T35 DA B %7+
RO BB LA BEL A5 Yin 122 &
I y-PGA TE T HELRK B 555 05 T U 1 e
BOR, B AR R AL AN T A N AR T
I RTISE e B oY B AR A HUIE AL T
HAH M y-PGA 8 J7 14l B 2F AT T8 ( Bacillus
subtilis) V] = A S8 B y-PGA , AT A1 FH LW 7K
PEIKT A HLIC R DR K Sk, 36 T LA BB 5E 45
B R LA A T SRR REPE RS y-PGA
TR A e 2 LA BT 109 o] 25 e T 20 S R A
At AT AR & e A= 77 B y-PGA S5 FEVE W) BT 11
Tk EEHE S

1 #e57%
1.1 ##
111 EARRB  ANEZEMOFT 8 ( Bacillus subti-

lis) LX-1, AR EE AR BT ST B 3R 5 S AR M e
=X B A E PRl

1.1.2 ##4k OFRFEEABREHERLS;Q
LB 35 35 51280, ) [ 25 & W 15 35 3. TOM1 1 000
mL, TCHLER WK 300 mL, %AW & K,HPO, -

3H,0 2.0 g/L,MgSO, - 7H,0 0.50 g/L,pH 8.0,

1.1.3 &M B5&XE H#EHIL(CLF-10C, H
WA e TR S 25 M k) s i KOF
(CP114 , AW ( IR ) A BR A F]) 5 E G %
YR % (ZWYR-G2402 , b 38 053 B A s il i A
FRAF]) 5 pH B2 B2 11 (S210-K, Sevencompact ) ; JiE
575 KA (PRM-20TD, | ¥ 3% 3 A= AL BB A RS
) 5 L BAVIE IR S5 KT R A ( DHG-9246A , 1K
I A R R 5 o BV IR K i 4 (HH4,
SR AR TG R B AR A FRA A ) ; B AR ( Research
Plu, #8 & Eppendorf) ; # 4li /K HL ( WP-UP-Y2-100,
RAFIE ) 5 VKAE (SC-316, Haier ) ; 2 21 g i 5 X
(M5, B840 FAES (1) FARRA A ; A%
F6 (MI-80A i #REIAL a2 A BR A H] ) 5 /e 28
TR R (TOMY-SX-700 , it AR LAY 25 38 45 A B2
A s A E VE ML (KQ5200DE , B 1L 75 X s
HIRAFD) s BB (AGE) .

1.2 FHi&

1.2.1 R BH FDA A& ¢ 6 K XS IR Mg
(FDA) RIRIA [ fy il 3 e 7 A R R R 400k
FEEETHR DN T 1 I (A B R i D
KRR EAE (abs ) B2 G B 5 2 A HHE
R AREL H BIE ) JE Xt Z R IR B AR AR
Pty A T IR | SR TR i BB
BRI R ) LV CE T 96 fUFLARC T, AR E 1
St ) FDA BTG 900 52 73k 0 A B ] B B
RINRHER T 96 flALA T, FHEFARL T 490 nm
PRI AL R AR Li— &5
PENCF MR 5 T 0 A5 1) W 3 A1 22 A o i
2o KRR IR BE AR TR D Z A i S 3 53k
PECE RN AR FDA B G i H A B AR
i) FDA B

1.2.2 ZEpgEale  7EEHIRE X pH (E
AN RBER RIS v-PCA S REMY 0TY 7™ i
T BFEAER D SR EGIR Y
CCAR T A k) B 33 10 & R R B 2 A
ELDAR 4 000 r/min B0 10 min, ZFRLH G T 25
C A I 2 B WU, IBCHE P 24 14 S il i
VAT B ], EE R UK, TE T E AN AR S, LA
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ARTA] B 77 SRR ] — 21 A e, & 42 I PR, R
AR (LR AR ), BB 49 84 Sy 95 50 90 o s i) -
TR L B (AT R B AR BUE Y y-PGA
gl LB L 10 /LW, i B AN [ A5 25 Y -
PGA W 5 , S R B TIAE 25 °C FilsE 45
Py REUR P 3t e (] T K 68 28 7K 3 S Bsf ] TO , 22 7l
v-PGA JKIFW L B Wt th i () 5 y-PGA YRE
LML E X RE(E 1),

B 1 7FFE y-PGA AR LR
5 v-PGA REHIX R
Fig. 1 Relationship between the increasing viscosity of

y-PGA solution and y-PGA concentration

1.2.3 2REAEE LT RENGH Lk
K,HPO, - 3H,0 MgSO, - 7H,0 NaCl R4 il iz
VARG IR B4y, EAT IR R S . (D [ AR}
b, RIS R ERIR A L (RED) 298 0 @ 10,
2:84:6.6:4.8:2.10:0;QIHERER M
(R %0) . 25% 30% 35% 40% 45% ;3
ToHLER W P K,HPO, - 3H,0 R E#kE.0.2.0,
4.0.6.08.0 ¢/L; @TCHLER B NaCl 5 iz ik
J£.0.2.5.5.0.7.5.10.0 g/L, $%1% & M e
Tl TCALER RS , 41T pH by 8. 0, #4218 28 U il
IR R 5 2 R G R BER T IRAT, A =
FH, KIS 4% 5% (TR0 Hemh B M,
EAEMAT B LX-1 AP, 37 C AL R FRA TP s
3% 36 h 5, LR BRI Z5 B FDA il i& b 4645
e R SR I A SRR EL

1.2.4 ¥ 4&xitEE ERFEZLEILM -,
)it ikem (£ 1), #E X, (K,HPO,) X,
(NaCl) X, (MgS0,) (X, hzs (51 Mk K &,
VIR BRI ) FDA BE SRR An , R BULKF-345)
WIS Uy« (7)) AT RER (£ 2) . KA

B e IR S0 A5 PR L 7 AL TCHLER VAT, A 4%
pH 4 8.0, 73 L 40 mL JCHLEIE I A F] 100
mL( 250 g) GAAFNZE ERBIR-G DR, BRI 0.
5 g CaCO;,TRAT, KA, RN 5% (RTS8 HlivE
ZEMIFF R AP T ,37 CHEFE 36 h 5, M 45 4l &
FERE FDA B , K 45 S8 ] Design Expert 7.0
B TR A BT, 10 A8 35 5 B AR G, I %t
FIAF e A A EA TR S 56

1 KBERKE

Table 1

Test factor level

AT X, X,(K,HPO,)/ X;(NaCl)/ X,(MgS0,)/
AF(mEAD (g- L) (gL (ge LY
1 1.00 2.50 7.00 0.20
2 2.00 3.00 8.00 0.30
3 3.00 3.50 9.00 0.40
4 4.00 4.00 10.00 0.50
5 5.00 4.50 11.00 0. 60
6 6.00 5.00 12.00 0.70
7 7.00 5.50 13.00 0.80

HKAj 1.00 0.50 1.00 0.10

F2 BUKEHEEI U, « (7)) IRWEH
Table 2 Quasi-horizontal uniform design U, * (7*) test conditions

WE X

X,(K,HPO,)/ X,(NaCl)/ X,(MgSO,)/

AE (A (g-L7Y) (g-L7) (geL7H

1 1 3(3.50) 5(11.00) 7(0.80)

2 2 6(5.00) 2(8.00) 6(0.70)

3 3 1(2.50) 7(13.00) 5(0.60)

4 4 4(4.00) 4(10.00) 4(0.50)

5 5 7(5.50) 1(7.00) 3(0.40)

6 6 2(3.00) 6(12.00) 2(0.30)

7 7 5(4.50) 3(9.00) 1(0.20)

1.2.5 #iESE i AR R REH S

B IR BN e A F L R B S B e i R A5
{1 =P[R C HE A 2 BERHR) FDA I A3 LU 26
JEHATILE (K 3) .

#3 WHEXW=FMAREFERILEZE

Table 3  Three different media ratio settings of confirmatory experiment

w4y Lﬁw%‘f I jué.;ﬁfi ] _i’:]’lliﬁﬁ
wAEAG  WEE R
G A1/ mL 80 80 80
FEk/mL 20 20 20
JinsK#/mL 40 40 40
K,HPO,/(g - L7!) 4.00 5.24 5.00
NaCl/(g- L™1) 10.00 11.67 8.00
MgS0,/(g - L™1) 1.00 0.78 0.70
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1.2.6 &FEHH LRSI ARBOLEHE +
P2 ik, 22 5V 2 20 >k T SPSS 18.0
B AFrh Duncan AT AR/ INE FRERIRH
W 22 5, B UK P <0. 055 RA RS Sk
FOREA NI EEE S, EKF P <0.01,

2 HRERM
EfR S R E L R BRI S R FDA B8i%

FRAE ] 2 FE 3 AS[AIC EL 9 2R 5 22 ks 57
F XF R R RN AR 9 FDA g6 5 26 5 vl 0,
MOV GH  VEEN 10 2 0 I 3G B R s E A
KAR, HJ K AT B2 G H SRR sk, AT Rl T
B AL, SRR BRI AR E O ER
Mo TEVER : VEENO 1) ~(5:5)X[H
BF, G HS AR 3 LU BN T, IR AE 5 2 5 BF ik E|
I KAE, BE S 320 AR 255 IS 1Y FDA BT 78
6 : 4 e L2 S5 IS A B T AR BE AR, 275 R B A5
2 O 22 R ) [ AR T LA R 60% | 2 Bk
40% (IRFIE) I, U, S B, BT A0

1
o
=3
o
[=3
S

450.00 | be ¢
30000}
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Uppa/(po g+ (g > min)™)
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2 AEEMEHRELL REEE FDA FHNESR
Fig.2 Differences in FDA activity of different soybean
meal and wheat bran fermentation proportions
ANFR/NG FREF R A N R FEE SR B KF P <0.05, K

3 ~10 [f]
Different lowercase letters indicate the significant difference
within the group, the significant level P <0.05, the same as fig-

ure 3-10

2.2 AEMKEFEZERFER FDA BERIRNE

HRAE & 4 8] 5 A [R] S2 56 FL i 15 77 34 1Y FDA
il 35 A3 G R A T BN, K & 30% ~
45% 2 EEREFRINAS A FDA 6 FN%5 B AN 738
hn, BomoK & 40% B, 3k 2] e A6, Rl S RG0S R
I, B R RE, b nl 0, A & B ) e AR ik i

M 40% .,
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Je
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B3 FAEEMEHEILABHNENES
Fig.3  Differences in viscosity of fermented materials with

different soybean meal and wheat bran
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Fig. 4

Differences in FDA activity of fermentation

materials with different water addition
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Fig.5 Differences in viscosity of fermented

materials with different water addition

2.3 AEK,HPO,REX ZEERIH E K FDA B
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HRYEAE K,HPO, HBET 1) FDA (7 P R
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K, HPO, HR5 R A28 K IR 2 A5 E0Hs ] 1, JE L
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ARHFIEHY K HPO, BEAEFURERIE N 4 ¢/L,
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T
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T
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0 0 2 4 6 8
K,HPO,/ (g L)
B6 AEK,HPO, RERELEF FDA BiEHER
Fig. 6 Difference of FDA activity of fermented
material with different K, HPO, concentration
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BB
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1.00

0
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7 AR K,HPO, REXRELBEAMENER

Fig. 7  Differences in viscosity of fermented

materials with different K, HPO, concentrations

2.4 A[FE NaCl REREXN ZERFE X FDA
EE RS

NaCl A[R] BTV B 1Y FDA il 1% G L
FEo T ion (B18.9)  FEE SR BRSNS ~ 10 g/L 1)
NaCl B, FDA [5G F1H B2 (5 35 2 B AN W 3 in 19
ek, IF HAE 10 o/L BRI & KAE, M5 1R
B, AT, JEHLER S VR Y NaCl g fF: T vk
JER 10 o/L,

1250.00

)

— 1000.00
750.00 |- b

500.00 |-

Upp /(1 g (g* min)

250.00 |-

0

2.5 5.0 7.5 10.0 12.5
NaCl/ (g- L)

B8 AR NaCl RERE LB FDA BifHER
Fig.8 Differences in FDA activity of fermented

mmaterials with different NaCl concentrations
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Fig.9 Differences in viscosity of fermented

materials with different NaCl concentrations

2.5 HEEIHARER

BT 2 5 AN DY B P DA, A
— B A IR s . AR
2 AR EIAT 290 S0, 51381 n] LA
TR I U, 2 1 — 26 EL A A A I3k
R R G 58 AFAE S

AR 3 WE, H A RIS AKF,
FFEA BT SE50 , R Ly (5°) 3R ,4F 25 Yk
Wy, MR A B U, (5Y) , R EAE 5 Wik
55, 15 B Design Expert7. 0 244 ] #E47 B 5 4 #T
FEARARE (105 5 % A ERE FDA B R4 7 S0, Fh
AT e S

N T AR HOR AL 7 y-PGA 1Y [ 25 % 1%
TS, T B 5T 45 52 M R 28 B K 7 41 6%k
v-PGA &1 b B A, PR A B PR 28 S 3 1Y
Ferl B T U, (7*) ¥A R, s 1 siME
HZE [, X, (K,HPO, ) \X; (NaCl) X, (MgSO, ) 45
MENF2.3.4 %1,

N 4 B SRR S5 R T LR B, i 2
(X,=5g/L.X,=8¢/Lf1X,=0.7 g/L) KEEEHY
FDA JE i, 153 1 038 pg/ (g + min) ,

i1 Design Expert 7.0 {53, &£ 70—
WERMETTREZ AL A AR e

Y =464. 67 +98.5X, +272X, +48. 05X,X, +
360.47X,X, +342.33X>

G5 EHHEH L, F =36.48(P <0.000 1),
[l 56 2 83, %W X, (K,HPO,) . X, (NaCl) .
X,(MgSO,) 55 FDA Ffif 2 R EMRIHC R,
HEE AT, X, X, P RBONIE, R4
PRBE R R ALC RIS, 8L bk mE gy
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5F5'3>k U|<‘|),\ E@%ﬁﬁ, 1%%”% Xz ( KZHPO4) %j 5 24
¢/L,X,(NaCl) Jy 11. 67 g/L,X,(MgS0,) } 0. 78

/LY, =1413.46, X —£5 B AT 4
17 AR R

F4 HERITARER

Table 4  Uniform Design Test Result

. X,(K,HPO,)/ X,(NaCl)/ X,(MgSO,)/ Uppri/ Uppra/ Upprs/ Uppr/
(g-L")  (g-L7") (g-L7") (pg-(g-min)™") (pg-(g-mn)~') (pg-:(g-mn)~') (pg-(g-mn)")
1 3.50 11.00 0.80 808 935 912 885
2 5.00 8.00 0.70 954 1075 1086 1038
3 2.50 13.00 0.60 261 414 412 363
4 4.00 10.00 0.50 386 534 474 465
5 5.50 7.00 0.40 203 359 358 307
6 3.00 12.00 0.30 381 528 510 473
7 4.50 9.00 0.20 384 532 518 478

x5 MDARBEFESHRER
Table 5 ANOVA Table of Regression Model

e Ek .
k| oppm AWE BT PR

Probe > F

A 1.36E+06 5  2.71E+05 36.48 < 0.000 1

A-X,(K,HPO,) 88 706.29 1 88 706.29 11.92  0.003 6

C-X,(MgS04) 6.76E+05 1  6.76E+05 90.92 < 0.000 I
AB 4764.74 1 4764.74  0.64 0.436 1

AC 2.82E+05 1 2.82E+05 37.85 < 0.0001

c2 2.42E+405 1 2.42E+05 32.51 < 0.000 1
2% 1.12E+05 15  7440.18 - -
AU 22 898 1 22 898 3.61 0.078 1

a7 88 704.67 14 6 336.05 - -

¥l 1.47E +06 20 - - -
Vet - RIS 1, TR

2.6 WEXELHER

AL AR A U, S 251, %
LU B R Z AR A DA O 3 ) il fe A 2 14
AT AL, W BRI R Bk T (R &R
AL L) FOFC b I (351 R I AR L) 19
FDA B§15% 73 %1% 883 1950 wg/ (g + min) , MR
P 77 R 0 fe A A5 F (IE LE 1) DAY FDA
Tt 35 v T B N R AR S A AR AR,
Upps FTIEF] 1 014 g/ (g - min) ,Fe L T 5ECHE T
ZIB) Uy 253358 0. 05 MK (K 10)
DU A e P~y 3 L BE 45 SR R W, I 1L T Yy 3
FLEEEE R 711, & THRCEE T /9 6. 47 AIEC L I AY
6.93, Hfid kb I 5k [ 22535807 0.01 )%
WEKE B TS I A 25 553K 5] T 0. 05 &

E10 AEEFEAAZE FDA BENERER
Fig. 10 Comparison of differences in FDA activity

between different media combinations

EH11 AREEFEAGZERBHFENERILER
Fig. 11  Comparison of differences in the viscosity of
fermented materials between different media combinations
RRVING 7R AL 5525 P <0. 055 Rl A5 51

FORUH AN B EMEE R, BFEKT P <0.01

Different lowercase letters indicate significant differences within
the group P <0. 05 ; different capital letters indicated extremely
significant differences within the group P <0.01
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FRF(EL) o LIRS RS 405 f L
H—EMSHIE,

I ABETEAF 7 y-PCGA 1Y 27 MU A I LX-1
S R B SRR 0 AL T o vV KT - v A Bk
VICHLERATR =6 : 4 « 4, HA THLER Y B
B A K,HPO, - 3H,0 5.24 ¢/L MgSO, - 7H,0
0.78 g/L .NaCl 11.67 g/L,

30 i

v-PGA KL 55 bR i 2R K MR S A
JORBEE , iR A R A A AT e e A R AR ) A e A D T
IS L, ASRIAHX 737 B Y y-PGA R
HR R A PR 07| 8 R R £ A 9 R
NETE - 498 20 BRI 52 25 PR R AR 1y S )™
2o AL y-PCA W) R EESE F7 5544 1F 22 8%t
v-PGA [EI A K WeRG TR AT T A0S . B =
SEUOTRRE T — MR 2 T R TR R T X BRI |
IR AR PR E WIkh pH FEFP i Gl R AR
WESRUREAT T Ak, 2R AR 557 R FE o 7 T
PAAF BIATIRIR A3 R R Sl — B A R %
AN A, BT AR BRI ORI
FI AR W) e P A e B — ik B AT DROK DR AEAE
FH AR B0 25 AT T A= 7 T bR T8 5 0 1 i o ik
M, FIEA y-PCA B LB T 2L, R
JEINE I RE A P = R E y-PGA S5 R 1) ot
B E SRR BN y-PGA Y& &,
(BAE K W Sl A v R i A4 1) HC Al b 2455
FOMEY T, 0T 3R IR AT R R 0 B
A 28 5 AR UEE R, 95 5 v-PGA
PIME) AR DR A T o s S A P AR 7 i T i
BEHRBEA: 7= & y-PGA S5 Zh MW 0T 1) LR /K IE A 4
2%,

ORWE R KGR ER AT & A s A AL
BT AR AR SR LY, AT O SO W A KA
PR VRIR (E R E BRI 237 A AN T R B 1 b
ZEU BRI IR 3 A, HE AT A P R A K
22 BRAE R B3AK B 4, R A8 G o [ 25 5 5 R 1Y
FLBGRE SR B B Ak . RINE S 7K SR
i B S I i iy 3£ B oo TN 7 N T B R
TR TIAZ KA Al B AS N, i A XoF L 52 36 v 22 %k
SRR R B SR AL R T AR AR TETELE G R AT

LIS HER b HI SO0 22 8k 5 IR AL T, it
W RYNBC T80 AR T e f Dok 2 ZRIC LL, 0
PETE = AL y-PCA A LKME T L, B KB
T HERFRHIAK 850 Hsk AR RN = ol K TE TR,
Yy, TR T 7= 0 e P O v, A 7 AR IR, BB AR A
B R AT .

5 K B R G W AR e B A A TS
I 2 SR B R B E R, R SR S Y
WA T, MV A S22 ) y-PGA 7 & 119 1 %2 [
/K E Ak D o A YR BRIl
G o AWFFE K BUINZK i 40% Z2 A7 B, e T b 9
() FDA Jifgs FE L2 R A B, miK fE ik 2
it D BAS ] 7 B 410 3 B IR 2R K S y-PGA Y7
o FATEN KR R A IR, R AR K
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