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Abstract : Appropriately increasing the mass concentration of ethyl caproate and lowering that of ethyl lactate in
Luzhou-flavor liquor, i. e. " Ethyl Caproate-increasing and Ethyl Lactate-decreasing" , is an effective way to
improve the quality of Luzhou-flavor liquor. From the aspects of the chemical properties and biosynthesis of
ethyl caproate and ethyl lactate, the related microorganisms of " Ethyl Caproate-increasing and Ethyl Lactate-
decreasing" , and the main technical measures of " Ethyl Caproate-increasing and Ethyl Lactate-decreasing" ,
the existing literatures were sorted out. Ethyl hexanoate and ethyl lactate are formed by caproic acid and lactic
acid and ethanol through esterification, respectively. Caproic acid and lactic acid are substrates for the biosyn-
thesis of these two esters. Caproic acid, methanogen, esterified bacteria, lactic acid bacteria and yeasts are all
directly or indirectly relate to the " Ethyl Caproate-increasing and Ethyl Lactate-decreasing". The application
of these microbial preparations alone or in combination can achieve an obvious effect of " Ethyl Caproate-in-
creasing and Ethyl Lactate-decreasing" . In addition, in order to achieve the purpose of " Ethyl Caproate-in-
creasing and Ethyl Lactate-decreasing" , Luzhou-flavor liquor companies apply some comprehensive measures
according to the local conditions and fermented time, such as scientific construction of the wine cellar fermen-
tation tank , optimization of the pit mud, improvement the quality of Daqu, cleaning and hygienism, adjust-
ment of the conditions of fermentation tank, fine distillation operation, and slow fermentation under low tem-
perature, i. e. In the future, we should study the population succession of lactic acid bacteria, lactobacilli,
i. e. related to " Ethyl Caproate-increasing and Ethyl Lactate-decreasing”" under different production condi-
tions. And use artificial culture method and metagenomics and other culture-free techniques to systematically
study and reveal the laws of growth, reproduction and metabolism of various microorganisms through the brew-
ing process of Luzhou-flavor liquor. And the industrialization management of liquor will be regulated with the
attitude of scientific development to maintain " Ethyl Caproate-increasing" and " Ethyl Lactate-decreasing" rea-
sonably and appropriately, thus ultimately create their branded products with own characteristics and adapt to

changes in product consumption structure.
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SERRLARAR RAF IS 30T 5 A R e
Hh TR T R R e T 1 A 0, R I C 7 Y
AP Z RV R S
3.3 REAHRE, EHAXHAE

KHAEA = & TR A, B 2%
HE |5 G2 . B3 I R 2 A0 SO ek ] R
JE Al i B AR BRSO, FLBRTA
b4 e i AE I R O e 5, BB IE Y
F 38 XL, A5 i 22 A IR T A8, A 1 i e
IR A3 BRI Az b g R Rl I AR 3 A
T AR TR oy >R 30 P oty . 3 > G R
g A N I S S s 2P Bl N
B %5 AR o e Sl IR BT 0 3 2 A, o e
78 PR L LA A
3.4 BEAKEE,MEFFEILE

TP P o) RS FH K SR AR . — ki,
Pt BRI HR P 8 2K R RS A 5 5 K K & il
EAR A , I 5 e I AR DRI, ) PR
TR T Ab TR, K5 A K 1) 7K AR B Al Ak 5 v Y
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K IS T T2 SRR MO T,
G VT TR B B T B B R

1o PRI, — R ™A% 2R 4 6] 5 B8 (19 15 1
A Pk 7K e e TR | R R AR 7 B
VA b Ty AL 2 2% T FLIR I AR LA, fil
[ R R AL 7 1 3 85 2 7 4 W), A3 18 2 )
RIUERAEREE DU A By 42 &, KR % )
WA, KRR BRSO BAR T 8 S8R, St i
PR SR RO PR S T 14 5% B8 T s, TR TR
AN A 15 7, #8 AT ORI A L 2K
%[4—6,51,55,59—60].

Blogt K A] 2 22 75 Je 24k , 4E 45 R I A
H e B RR R RS P, AT A T O AL YE AL
AP B RO T AR AR AT R AL
BRI TS Y%, 0 BEFL” A F).
3.5 Eit.ERGIE, BBNEEHE

FL AT, 3 1 9 7 70 1 9 DR 22 SR O IO 18
X, 52 H AR RSN IR IR MR A R AR
PR YIRS A, R 3t DRI R, R A
TENS i KO I BRBE SR SR A R A
AR I, PR 35 KB R B T XA, BT 1) 48
e SCHMT RS, Al R S R s e A
TR T i
3.5.1 ANtiEMEE  MIEAMIEE, EHA
OB TR & A 2 e B AR — ok UF,
MEZ= (&) AMbTetEmlfE 18% ~20% ,ik%
(%) FEhifE 15% ~18% A'H.
3.5.2 Afk4gr HEZFE AWK 53% ~
54% IR %= 55% ~ 56% N 'H.; AL J7 915 5 n
2% ~3% ; ZE VR, WG S OK R AE 51% A
X4 R O IR Sl B EEA M. AR = IR I A
VERT YR A ALK 3 R TR R, AR T £
ETPS B i J5
3.5.3 ANMBE AR ZURIE IR K E
ABETRAT R TR T — BOR BURCF R (IR

THE 1 CAA) HEZELL 16 ~18 C A H.
3.5.4 ANMERE AMREZWHMAEYNE
FOBEFH, DTS2 M0 1E i PR AR 7 A IR B
TR 1.7 ~1.8 IRZELL2.0 A4 NH.
3.5.5 NHEKRE HooHE A S TG
TR EI R, AT R A AR T O R AR K
. I FEE R AR LS A se
KA. AR IE DL 20% ~22% IRk ZE
PL18% ~19% J B 5 Z M A 7 43 i3 m 2% ~
3% . K NNGRERE , 4 Kid Y IR, 4ERF By id
MR, BRI LR W A K B ik O
PR T 25 DR AR B 1) A BB, X 7T A T A ).
3.5.6 KEAE KiliEaREEE/NA*T
EI it ST AN A Z2 MR 7, i 7 A 2 ol
— K 23% ~25% ,IRZ=IE HI A 2% ~ 3% ;
607 — &7 25% oAy ik B 5,
e R s (] — % DA B 30 min 2245, B AL
3.5.7 HEERE ZORFPREE R4 , 4
IR Al At T B A ) b XA 7= 4 1, DA Bk
T 5T A SR A RRE AP ARORS LU 15 AORORY LU RE
ZH1:4.0~4.5,%%FH1:5.0~5.5 FH.
WIEDS &, RGBT G B AR BT A
AbE ANk OREFRRE K0y (BRBE JEA 1Y
IEHA.
3.6 BULUBFEEE,REBEEERE
BRI K R R K e AT B
TR ARG 5] RS A 0 8 R T,
PRE LA UEE AR OK VK R EERR N K
FEEHER. HERHIEEEREAMET 15 cm,
RBEAET 20 em. IREFFE 10 d DLE R
W Bt BT O A T AR AR Bleeig g
G RAE Ve B AL, AERF A IR R T
AT O AT R AR R 22 18 e IR, 5 4
L P o e Ui AE 30 ~ 35 °CLH A AE 20 h A2
A5, BB HOK , F) TR AL o
3.7 FEHEBIRE,QFBBIZ
(DEIEWNES. (W 3 Gaul: PN S S:/ kS ) &
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. — Rk, 2.0 m® 2247 ERAR , b SR ] L
FEER 40 min 25 R H, AR TR IR T RE TR
AR BT, (] I A ) 080 i FLIR &
ey 3 REWE L S T AV NN L 1 N
A S B S T s s SRR, e Y N
0.04 MPa, & F| v [H] i AN i 0. 06 MPa. #%4
[Fi) 58 43119 114 it JOC RIS 32 P v 1, o SO - B A
TR BE =, FLIR SR T Wk FE AR, PR S TR o
EUREE S L, 5 B LU T B FLIR O BR 2 S
JURE e e v LR < TR o e Vi B T . 1%
R ST B, 43 AT, A PRSI PR LA
KF 63% vol R0
W V25 ST K B, AR MR J2 0 N4
R 7 T, BAA7 o AR R ) 28 TR AR Bl G 2
e S N T . 2 v B AR R, N EAR
FA) LA 228 TR 803 DR T R LA A 5 S A P s A2
LA KA R T oAb 7818 , BBk 2] 1 O L7
9 A R4 BRSO BIF 5 S B, AT K
URZRIR ARG, R AR B MR 18 R G 2R IR AR
U, P AR Y 42 m 5% L B[R] B Y
O BRI R IR B, AT R AR R T
R AN ZE AR AR R B T A Y
it SR 1 R I B RIE.

4 45k

KRR, O I — B RERERZ W
A R I Al T i 9 T RO [ . 3 [ e Ay
R AR ICORT B SR A I S S A 7 5 3k
E T AERRE S AR, RS DL A S Y
IR  FH e TR Al T8 L LR 11 A e L 1 45 Bl
M ARG SR IR TERY. (R, 7™ A A 7
EHRA RN B s BRI IR AR A 1Y
NS A 25 E LT MRUE 2R
AHE SR AR T R L, 3 L v 2
C R bR, IR H 5 Bs 2 & T B
P B, 2 E S SRR S O R FL B AR

MEAT. FEE DR A AR AR A B 25
B RN LR 5 07 MR B PR 2 2 S5 S i R 4
AR, FR G 7 e A B Y R o P A5 o ok
A AR BB A G S LA e A B
Aol DA L DR B, DABR SR K R RS T
PTG P A B PR 3 2 A el 19
AR IE R, AW BIE B B SRR IS
At IH B AR AR A R b, A BELE D SR

SR R RO €1 e A R T A R O
by GER .
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WEDARTRE A &R, RA WA HmBRAEG R s HFRE, AL
VI kA ALK B ok 0 i T BB W bR, 45 6 & L AT A LR IR A 165
rDNAF 5] 9HT , 3 & 7= B A B B A 2 AT A0 7 2658, F A 30 R B A AR AT AR AL, S
2 BAIE B 8L AR BRALEE O, SLIF  — 4k & W bk SPEO - 28, KT
H1 ¥ R F F0AF B ( Bacillus licheniformis) . % H kxR 7= B W B B BE S 4y VAR
¥rh a5 R ,NH,NO, b 2R, 74 pHAEA 6.0, /£ 47 CHEM T A3 d %
W, Wbk B ACEEE /7318 5) 22,83 U/mL, )e kAL T3 % T 82.6%.

BSR4 AT A A B (182102110008 5172102410055 ) 5 & @ IF 6 S & F 455 FHIF A A A
EBE N A& ADFK97T—) %, Tda B &M TA, B 2 IFEF R R, T LA T @ AL LA
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Abstract ; Using Songhe Daqu as the separation source, the spores were enriched and isolated by heating and

dilution coating method. The esterase-producing strains were screened by transparent circle method and flask

shaking fermentation method. Combined with morphology, physiological and biochemical characteristics and

16S rDNA sequence analysis, the high-yield esterase-producing Bacillus strain was initially identified and its

fermentation conditions were optimized. A total of 81 strains of esterase-producing strains were screened and a

high-yield esterase-producing strain SPEO-28 was screened out, which was initially identified as Bacillus

licheniformis. The optimal esterification enzyme fermentation conditions of this strain were as follows: starch as

carbon source and NH,NO, as nitrogen source, initial pH value of 6.0, fermentation at 47 C for 3 d. Under

this condition, the esterase activity of the strain reached 22. 83 U/mL, which was 82. 6% higher than that

before optimization.

0 5%

i P B IR Ay R R I Al , o — S TR A i )
GURK, A I AR | B 20 e N AT, e
RERE KA DL H IR R B, b REAiE AL & 7 —
SCAR G IR NG , R, 8 ATl ) S E
MGERR M L. A SRR B2y,
LRI T 4 AT LA A R

Hh ] T R SN R 2R AT 2 — , >R F I
T b P R T R AR S v R A Y
BEALTR) A BESR RIS 58], S e P AN 22 g

20 S O ) A O T ) 2 2 V) ol )
RN R R, K A — /Ny

KT IFURAR B, FLAx AR 0 249 g il i 2
kAT BRI R B B AR B
T AL N VER I R IO LT YR R R
JRCHES . b R AL AL R & U PO
R et = N E NP U N
i PR A A P A 2R OB R 2 4R R e =
firL) 21 55 ( Monascus purpureus) AR5 ( Rhizo-
pus spp. ) 45 BT B A SRR i %t ok
Hh O B AT Y 25 10 200 R A iR —;,;_5_5%[81

T 7 R R A P o3 — R R AL B A 14 2
W8 L R A W I 2 AT TR ( Geobacillus
thermoglueosidasius ) , 3% W] K 1 261 & A 7 g
PR A T RE. Kl 24 70 T HL A T 52 4 S P45 11
R, R 5 K it 25 A R AR ) (R R

s CHRTAR Y an A HLER 18 1R 45 ) = g AL g
TRE , KA O Jor R il AR R PG B T S B A
FEEE T G E R A TSR
D =AB B, B sURHE G R BHA L % T A 4
199 Wi A I e e L BE (R 60 ~ 65 °CL,50 ~
60 °C ,40 ~ 50 °C) ¥ Kl 4 Jy i Kt e
tin N e b N e B N 11 7 0 X 7 -3
PR FE i il 20 PR B e S A A ),
J7 R AT AE 7 R b AR W R o A TE A T 22
Sl ISR e 7 [ T R AR R T TR Y
R EX R RUE TR SR A £ 58
T, AR SCHL AR s iR o i A B U
5 R 7 R AT 2F 0 B () B X O 3 TR
PRI B & B A AT 0 AL, DL R A
T L ) ot A AR R R AN KA A
PR, R A et Tolk il i T 23R =2
1 BRHS ik
1.1 HRESEEE

R R, B TR A AR MY A A
BN Bk R, W A D e EoR B IE
K Ry, W B R T SR A

ERNFEAGERE Y ANE3 oL E
1R 10 ¢/L,NaCl 5 o/L, 56 # 20 o/L, pH JY
SRS EWIPI S

Fh PG IR 5L A N SR URRE R 2L, A
BilE k.
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KW SRS AR 10 o/L, H AW
10 ¢/L,K,HPO, 1.0 g/L,MgSO0, 0.3 ¢/L,FeSO,
0.01 g/L,KCl 0.5 g/L,MnSO, 0.3 g/L,pH =
7.4 ~7.6.

O e 3 3R - 7E R B SR Y SR B AR
ST iR BE R 0. 4% 1) =T R T Tk 1 R o o VA
JE R 2% BTN

W I LA 3R S R A K 10 /L,
NaCl 5 ¢/L,pH = 7.4, %} 100 mL £ 59 A
1 mL Gk B 1. 6% (147 P iy 42

FIRKE IR KRS R AE 121 CARFR
& &K F 30 min.

1.2 FERKFE5E

TR A R, R AL A R 7
FEMR, Jbat B AL 2 W] 7 5 NaCl, KCl, NaOH,
IR, RHRH AR B ] 7= s K, HPO, , #R M
IRIELH 2 777 s MgS0, , FeSO, ,MnSO, , KAk
SRR A =T R H R, A IR e A YRt
BT RER  REELE 2R R A R A
Al s NH,NO, , K KU Ak 2 0 B A B 2
Al DL IR oA al.

FHAYSE. ] - CJ - 2FD BiES TAES , 7
T AR AT PR R 7™ PL203 R HL 5K,
e - FEF 2088 ( 1) A R A A 75
LDZX —75KB %I~y 5K & ) 25 73 K i 7, L H
ERYT AR 7 s DHP — 9272 7Y By $Afe i 5 57
i, L —tER R A PR 2 F] 77 HISS0R Al
£ RV R B0, T P A S 56 5 AR T
RABRA T ZHWY - 2102 BUfE R FRFEIR,
WA R A E] 7 PHS - 3E B pH 3, B
HRHMUE A FRA F] .

1.3 XIWHE

1.3.1 FREAMESKNEE.SBS5HE T
Tor A T RRIC10 g Ktk , A A 90 mL
TR K ) =S OB RS BRECR) v, & T g
A ARARE 10 min, DICRBEAN TR B IR AN

RN B AR 2RI TR . o = AR A S, 01 mL -
THBMMAZE]9 mL JCr K, LA FE R 2
1077, 43 ER 0.2 mL J5 3 AH B 1Y) TR B T 2
SJURAT TR SR AR B, T 37 CAF T3
EHEFR 24 ~48 h ST T R [ Y 32 W R 1.
Pk 7 175 B P HLBAT 20 DA 30 R T SRR AR Y BT
7% R T A B R R R L b, T
37 CEMETFEEF: 24 h,4 CIv 5 F.

P AR SRR R L, T 37 C 5%

T H55% 24 ~ 48 h, 5 H ¥ HAR d/mm FliFE
IR H A% D/mm , Jf3H5 D/d 8, S8R LU AL
R0V A e 20 A 7 8 i A 8 A2 0. 3 | kB =
PR Ak A 30 mL B PR SRS, F
37 CEZAF, L 140 o/ min 23557 16 h, &
Pl ODgo {EL, FT I 15 Bl 7 W ODgyo (H 35 N
0. 80. By ¥ 10 mL Jin A 200 mL/500 mL =
FAf A B g Bk, T 37 C & F, LL 140 v/
min 3557 3 d. BUREEK 50 mL, 510 CZ#F T,
1k 8000 r/min 2.0 10 min, 5 R A i 2k
PR, 00 5 LR AL T .
1.3.2 EHMMASESETE BEFMERE
AP IE S0 : D3GR 24 h 09388 R Sy Fh -,
WSS Vi T R 1Y) T 7 A I 5 0 R AR AEA T R 22 IR
Yo, BE K Y 28 TR ZE AR AR 1L M S T
H 1A= A A I A 4 Bk 20 S8 (oA W 43 26
E)ER AT

168 xDNA J7 31 53 #r : 52 i B PR A [ 41 DNA
*H SK8255 {7 & ( LAk TAEY THRAR
] TR AR ) $E T ER . DATR R A
20 DNA iy B, >k FH i H 51 % 7F (5'-CA-
GAGTTTGATCCTGGCT-3") F11 1540R ( 5'-AG-
GAGGTGATCCAGCCGCA-3") #£47 16S rDNA
PCR ¥ 34, 88 e iR & 25 wL(5 x buffer
& Mg’ 2.5 uL,dNTP 1.0 uL,F 5141, R 5|9
% 0.5 L, Taq fif§ 0.2 wL, DNA #£4% 0.5 pL,
Iz K 2 25.0 pl) . PCR 3R 551 WAs
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98 °C 3 min;30 MEFF,98 C 25 5,55 C 25 s,
72 °C 60 s; /&5 4EfH 72 °C 10 min; £ 4 °C &
1k SR PCR =4l e el b i A 158 . 345
#1551 7E NCBI(https: // www. ncbi. nlm. nih.
gov/) it BLAST i 45 L 1K J4 v £ 00 168
rDNA FF 547 [RI I Fo XS 2304

1.3.3 BELEBEAMIME FRibME7EA HLIF
I LA BER O BN IR Y AL G I C R ST,
FH NaOH 75 i 52 52 I VR, AR 40 1R P9 Vi AR it 1
SR AT ). B4 REL I VR TR A e 0% 7 1 DN
BHEPIEMITE.

BTG 3 B S AR E 250 T % min JHFE

1 pmol ORI BRI BRA 1 B 7 AL
1.3.4 SfEKREBZEHRL

1.3.4.1 BEZFRBIET PIERLERS N
FEAR , W58 52 07 AR 20 I FEA ] & T TR) (1
2d,3d,4d,5d) AFEGRIECERE, FER,
AN, AR B RERE) AN FAIR (B OH, IR B
HEWR, IRER) AR & B EE (32 CL,37 C,
42 °C 47 °C,52 °C,57 C) AWt pH 4
(5.0,6.0,7.0,8.0,9.0) 5T X E AL BT 75

IREI , I A S PG ) 7 il T LR R AR A
1.3.4.2 EXREWIEIT DIEARRE(A) )
B pHAE(B) IR (C) VAR (D) Jipmi H =,
BRALBES 1 38 b5, 20 e 3 IR AL BETE
BRI U R R =K Ly (3Y) IR IR
5,3 1 R IE s R 2 KR
1.3.5 FHIE\HH R EIE R Excel 2003
SEFR. A I A 3 UK, SR IBCT M. R
JH SPSS 16.0 Fi {3 ik T A6 g AT PR R 13
PEIIHT R FIEZZC BT V 3. 1 B4 IEAZ i 5
(25 JREEA T i 2 A AT.

2 RS0

2.1 FEABFARNSBESME
MR F R K 3L o B A 2 81 Bk

A1 EXRBAZKRFER
Table 1

Factors and levels of the

orthogonal experiment

e A/C B C D
1 42 5.0 k¥ NH,NO,
2 47 6.0 Bk T
3 52 7.0 FEH IRE

77375 I L TR R, S AR B ke 7 i T P L DI
WGk 34 R 7 A A

XT 81 ¥RZFHLEE 1) D/ d {EHF T84, &
M D/dETE 0 ~2. 0 JuLE NI EBRA 55 #%, i
PR 67.9% ;75 2.0 ~ 3.0 {5 [l N Y B
PRA 18 B, i bR S 80 22.2% ; KT 3.0 1Y
WA 8 bR, RS 9. 9% . HKHL D/d {H
BRI 10 bR ZFA0 B A THE M A IR A, 3 2 7
T At o Pk ) S T 4 SR DL 2. e 2 W,
PRFE IR A T 7™ BTG 1 5010 D/ d A6 Z RIS AE
TEJAS IV ZRNE SC & |, T IR T e 00 Ui 0 5 0 s
RS S SR R A 2R T s ] D/d
BRI PIRR Bk SPEO - 30 1 SPEO - 28, 7
ST R I B v 1 7 R AL B RE ), s
FREACEE TS 1B R R SPEO - 28 &2 i 147

B1 ARERTEY B

Fig. 1 Production of transparent circles

by typical strains
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k2 FEEALEER ARG LR LR
Table 2 Re-screening results of

esterase-producing strains

£3 W SPEO -28 A5 A fLAFfEE R R
Table 3  Results of physiological and

biochemical characteristic of strain SPEO-28

Wvkams  D/dfl Pk iEE 1/(U - mL™") 5 H 14 & SPEO -28

SPEO -1 2.21 10.01 WL R +
SPEO - 22 2.75 10.08 U =K feaN +
SPEO -23 3.10 9.58 2% +
SPEO -24 3.37 10.97 5% £ +
SPEO -27 3.29 9.51 7% +
SPEO -28 3.88 12.52 pH=5.7 +
SPEO - 29 3.05 9.72 ALK A TE R +
SPEO - 30 4.33 11.76 I +
SPEO - 34 3.33 9.11 [EVR(ER +
SPEN - 14 3.36 9.54 PN +
HEsb +

PR, FERHZ AR AT 43208 48 58 07 1 A 1 A 19 V. P i +

AL
2.2 BELERSEMMATERETE

PR ALt =5 7 B R SPEO — 28 1 1 % TE A5 R
Bk AT S A5 R LA 2. 1A 2 AT iR PR
PRV IR O, Y IS R T
2 RYL 5 M Yk A= 2R . BBk SPEO - 28
(AR FRA AL RRAE S e 45 S WL 3. i 3 mT A,
Bk SPEO — 28 7 i) 48 1k & Bl ; 76 T 2 73 4K
2% ,5% F1 7% WAL B FAEE R BIRe A T A
TR N CER(SE N N 2 A S
By V. Pl 2 P AR (R 222 1
OYIHRUE I Y I R R M A 2 AT

( Bacillus licheniformis) .

y . 4
PA :
. '.. “
. i‘ : N /’
[‘...,;;'/ b 4
«‘__/
WKL E WE RIS

B2 HE# SPEO -28 84 % Sfetm i S

N

Fig.2  Morphology of colony and
cells of strain SPEO-28

PHZ R R PCR 400y 45 SR 4258 NCBI
s AT HEXT, & SRR P 3k 2] 100% 1 Ee
XY B 45K H A AT 18 . 2755 IBIE S
Az PRAE ACRRIE RN 2 5 8 25 R TPk SPEO —
28 115 S i AR 2R AT B
2.3 ¥k SPEO - 28 FEE{L BB R BE SR

2.3.1 ZEEREXTE M SPEO - 28 = EE{L B
EAW R BUR Bk SPEO - 28 Y Ff )

1 mL, 82 AR % B 5 32 3k (30 mL/100 mL =
FE) , F 37 °C,140 v/min Z50F F ERER: IR, B
24 h JURE— IR, & B2 [B] %) TR Bk SPEO - 28 7=
e ARG 77 152 an &1 3 F s (il 2k 5 AS ]
INEFRFRR AR EE2Z S (P <0.05), F
[f]). il 3 A, &R 3 d, #ikk SPEO - 28
FEBRALEEG 1 B HE T K3 d i),
Pk SPEO - 28 7= g {1k il 15 1 1k 2 fe KAH, Hi%
B 7= g i S ) B S e B (P <
0.05) ; &3 d J5 , itk SPEO - 28 F=afb it
TFFUE T B A BT G, 22 800™ 1 25 96 18 16
16 ~20 h n[3EFIFRE W], 24 h 53 A ZW , 5~
B0 5 A 7 T R A K 1 v i B e
ARWFFEERE SPEO - 28 ()7 Fis Ak B3 il & A= 16
R AR AR .
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2.3.2 XREEREXTEH SPEO - 28 = E5 LB
TEIRIRNE SRR 3 d, AR A
PEAE it 32 ~ 57 CARBHRIETE BB ZA
[Fl 3t 5 X B Bk SPEO — 28 7 i b i 15 1 1952
Wi, 5 R AN 4 B, i1 4 AL Bk SPEO -
28 £ 57 °C ey i i AT FL AT i B 7 i A BT
J1, HoAE 42 ~ 57 C il A eV B Y, T RR
SPEO -28 = Wi L Mg i& J1 2 R A B FH (P >
0.05),52 ‘CHY kK SPEO - 28 jFg fL A /) Bt
5, 1% 12,68 U/mlL, [N I, P Rc DG ) A 1 7 i
PRIy 52 °C. i AR RN 32 e i 1 = i 1k
Bt A R E , T RE -5 2 A AR B HA TR 32 55 T3
BERYRREAT O, R A TR kR

12

~ 11 g
T b
?10' be be
jum)
= of
IS
M8 r
=
= 7 be
om
=
6_
1 1 1 1 J
> 1 2 3 4 5
i ) /d

B3 A Bt iE A 4k SPEO - 28
7 BB & J) 0% v
Fig.3 Effects of fermentation time on the

estercase activity by strain SPEOQ-28

—_
W
1

—_

w2
T
©
[«]

fifi 3% #1/(U
S = o
g

\\

3I2 3I7 4I2 4'7 5'2 5'7
R /C
B4 KBRS H A SPEO -28
= BEACEEE F1 6 %R
Fig.4 Effects of termentation temperature on

the esterase activity by strain SPEO-28

2.3.3 BiEXTE#K SPEO - 28 FFEELERIE 1
b IS S N LV e S O N DR DT
W 1% (9 F KM K Bz TE R A L R
PR IR A B RE IR B TP IR, T 52 CARF R
W% 3 d, BRIEXS R PR SPEO - 28 7 Pg AL AT 7 1Y
SEWANE S P, LS R AR BR IR 225
Wi Ak SPEO — 28 (147 P AL Bl 15 17 , %k B Fn3e
BN E R w25 (P <0.05). RLZK B A i i
I, bk SPEO — 28 1% 7 I il i ) fie ok, w1l 3k
19.99 U/mL, J5{ PR AT RE 22k B2 v A9 5 77 i fiE
eVt AR B IR SR . e b, 5 At R A L
R B A DAy SO B T 8 )7 e, R PR IZ
Hy = HBOR M AEE IR & SR o, A E AT
TR A ) 4 A TR AR i L ] A v G ) B R
TNEL, AR A R ISAS
2.3.4 RIFEXEH SPEO - 28 FE{LERIE A
URONE  TERERE DR R R AR A L
30 WS s e BE Dy 1% Y B LRy, NH,NO,
RE AR R G IR 5 i R, B 48
FRR A K I TR AL BT 0, S IR X R Pk SPEO —
28 P EELEES SRR R AN 6 B (AEJE EJ7
AR NG FHRRRAFAERERZESR (P <
0.05), FIF). fi B 6 al %1, LA NH,NO; % I
i, bk SPEO - 28 7= B ALl /1 fresik, H A5 H
il 4 FhSCIEAH EERZM BN 55 (P <0.05) . It

21.0
a
a
b
I I be

TRM MK R MATEE R
3
BS Rkt @k SPEO -28
B ALER & A 49 %R

Fig.5 Effects of carbon source on the

20.0
19.0
18.0

17.0 |

P ALBEG F1/(U - mL7™)

16.0

15.0

esterase activity by strain SPEO-28



BB F ARG FBEABEFAENSEELR

HRBEA RO R <19 -

A1, NH,NO; 45 FI| F Fi#k SPEO - 28 Fa L)
HLAN 3.
2.3.5 % pH E X E#k SPEO - 28 F=Eg{L
EHRIEME DL NH,NO, AR, Bk AR,
FoAh 25 AN 4 SR T & BE WP i pH R
5.0,6.0,7.0,8.0 #19.0,F 52 C,140 r/min
ST RIR KB 3 d ¥ 45 pH {E X B Bk
SPEO - 28 =g LG 1 g ma ant&l 7 fioR. i
7 AT, KBRS pH {EAE 5.0 ~ 8.0 JEE A,
Ptk SPEO — 28 7 [ig fb B 15 ) %A W B 22 &
(P >0.05) ;1% pH {E7E Bl N 1) B AL S 135K
F20.0 U/mL, 36 BH 2 B A 7 1 2 T8 v R 3
BERAY pH (BT P 1 HLAT 55 v 19 7= TR AL it
73, CHZWI G pH A 6.0 I 5 .
2.3.6 TEH# SPEO -28 FFEEER A B &K IE
TIRERUERSHFESH  Hitk SPEO -28

22.0

A NH,NO, JR%E A
N
B 6 HRIBRxTHEk SPEO -28 FBiiE /6%

Fig. 6 Effects of nitrogen source on the esterase

activity by strain SPEO-28

T;; 200
7200

= 19.0
¥ 18.0
17.0 |
16.0
15.0

T LT % /(U

4 23.0
22.0
S210p a . .
wa 20.0
fec) b
5 19.0
am 18.0 1 1 1 1 )
5.0 6.0 7.0 8.0 9.0

pHfH
B 7 An¥s pH 1A H # SPEO -28
BB E J1 6 h
Fig.7 Effects of initial pH value on the

esterase activity by strain SPEO-28

LAY A S LS N R A e W E SEEE S
W4, T5 2T WAL S.

HIZE 4 MIZE S n 1, X i #k SPEO - 28 7=
i A T 3 i A B2 MR B/ NI I A U 4
f o pH (E > Z > B > LR, R &
9 AByCiDy, BTG pH AR BRI IR XX R
PR EE GRS 1 XA BE R . B At %
PR R i B SR DI A I 2 1R D - ATE R M D
NH,NO, &I, ¥iks pH (H 6.0, 7£ 47 ‘C &
PN ARES d fEI R BEARE T, TR PR SPEO - 28
(TR P BG4 1k 522, 83 U/mlL, H AL AL AT $
T 82.6% , BRALBHE T3 AL )E E’J@afki’i{ﬁﬁ

k4 EZUGRBEH R ERALMENAT
Table 4  Orthogonal test design scheme,

results and range analysis

) EE @Eﬂc?ﬁj}w
A B C D (U-mL™")
1 1 1 1 1 18.79
2 1 2 2 2 20.49
3 1 3 3 3 20. 81
4 2 1 2 2 17.86
5 2 2 3 1 22.83
6 2 3 1 3 19.25
7 3 1 3 3 19.10
8 3 2 1 2 19.25
9 3 3 2 1 22.67
K, 20.030 15.583 19.097 21.430
K, 19.980 20.857 20.340 19.613
K, 20.304 20.910 20.913 19.307
R 0.360 2.327 1.816 2.123

i KR R IESGAEAR ZE T

RS ERRBLERE T ENH
Table 5 Analysis of variance on results

of orthogonal design

R ML A T
A 0.228 2 1. 000 19. 000
B 10. 584 2 46.421 19. 000 *
C 5.175 2 22. 697 19. 000 *
D 7.903 2 34.662 19. 000 *
R 0.230 2

. FREREFH(P<0.05)
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P2 R PR FE XA R T DO TR K il 3 5 0 B 381 1) 55
72 g Ak B I 2T 45 2 5 MY 1 ( Sphingomonas
sanguinis) """, F W F Bk SPEO - 28 HATTEAERY
SR IS P (.

3 4hig

AR SCR AT RN BT A v, R T I o
P A T e A B AR B 81 Bk I Ak I 2E A0 1A
PRI & T 52 0t 7 TR Ak I O R Y T B
SPEO -28, 25 5 L A 2% A #LAE AL R AIE F 16S
rDNA J¥ 51 43 Ar 4 JH %8 0 o b A 2 A6 AT TR
( Bacillus licheniformis) . % B[R 2548056 A1 1FE 38
RIGUEAL T B bk SPEO — 28 it 7= 15 Ak il % 1% 15
FAA, RIWIG pH B B 5 R0 260 50T 32 A
PR ACEES ) A 2 RS, 15 TR R
Pa Ak T o5 D0 W 25 0 Sl LLVE M R Bk DR
NH,NO, SH &I, #1hs pHAE K 6.0, 78 47 C 5%
R RRES d. fEdb R B T, ik SPEO - 28
FEREALEGTE 1355 22. 83 U/mL, FeAR AL T4 &
T 82.6% , HLA W AE 0 Tolk b M (8. ASBIF 5%
JICRAT B A v A T8 T 1 o g A ORI &
SR R A 7= 35 B AR ) B SRy et T o) i T
ZRMHEARS %

Xk
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Optimization of fermentation conditions for the production of butyric acid by
Clostridium tyrobutyricum RL1
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R : ) 1. College of Food and Bioengineering, Zhengzhou University of Light Industry ,Zhengzhou 450001,
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BRART 5 T B AR AP 2. He'nan Songhe Distillery Co. , Lid. ,Luyi 477265, China;
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Key words: . N . . .
WE . UNMRERAGBER Y 2 BF3 08T R E RLL( Clostridium tyrobutyri-

cum RL1) AR R %, R A 2B X2 5 5 X e AL A #k = T BR 69 R B 4

Luzhou-flavor liquor

pit mud ; Clostridium

tyrobutyricum ; M R A, BT RARA RLL 6948 = T BRA B4 4 A B35 R R An 4
butyric acid; pH =6.8, %% 3 100% , 327018 /Z 34 C , 3413 3% (WRAR 540 , iE R 7 A 5k,
optimization of LB B LR ImEAR 0.5 /L. BiZ KB 5MT B THRMKRE RLL 69 TR~ %
fermentation condition T3%10.66 o/L, 55 ALHT 425 T 41.76% .

W #E H #9:2018 - 06 - 19

HELWAB: PEEILRAA QB EARLHEEZHEAHALRA B (2017)J012) ;4000 22 Tk 5 e AHHF K & K 8 R
B (2016BSIJO18) ; #f g 42 Tk S 12 K 22 A AR FE A B
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EAEAEE ATHAT(1970—) , 5 7Ty B T LA #4213k SR, W&, ERATR S ) Kok T2
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Abstract; The fermentation conditions of Clostridium tyrobutyricum RL1 isolated from Luzhou-flavor liquor pit

mud for the production of butyric acid was optimized using one-factor experiment combined with orthogonal

experiment. The results showed that the optimal yield of butyric acid termentation of Clostridium butyrium RL1

was the initial pH value 6. 8, the volume of culture media 100% , the culture temperature 34 °C , the inocula-

tion amount 3% (volume fraction) and the dosage of the deoxidizer ( sodium thioglycolate) 0.5 g/L. Under

the optimal fermentation conditions, the production of butyric acid by Clostridion tyrobutyricum RL1 reached

10.66 g/L, which was 41.76% higher than that before optimization.

0 55

TR WA N EE N 2 HFY
—, AT AR by v A AU T HC At o B A )
(AT BR CPRFICLRRSE) i & BURT IR . e,
TR A AR ) o ARG 4k T
an B S FURE T IR A HATT AR W i)z i T
O B B2 SRR A SR AT, 4
RN T R W R 7E 8 x 10" 1 L |,
HA Mt TRAE kT8
o5 R AU E W) R . AT, L
TR EA I A5 ik PR AR B ) A= 7
AT B A B R PE Y, & H i Tk b A7 T 1R
(O 7 SN |56 0 i E < 0 a: -3/ S ONE R4
Tl FAAT AR O 10 ™ B T G, Gl A= ) Kk I
2 PR IR R ) B g 2 A AR TS G 1) & I Ao A A
AP A o S5 R I A ROk B B AR
R A AR B, R A R
TEARRNG BAT BRI i R s ).

H AT, T W & ek A 7 T IR Pl >k Y T
PR B KA A, 35 R 1 ( Clostridium
spp. ) « J BRFT & ( Butyribacterium spp. ) &
( Fusobacterium spp. ) . B ¥ B ( Eubacterium
spp. ) « T BRINER ( Butyrivibrio spp. ) 7= AR
AT ( Bacteroides melaninogenicus ) it {25 &
Jig A ( Treponema phagedenis ) FIA M AL HEBK

( Peptostreptococcus asaccharolyticus ) ol

Hr LT 0 e W g T BR R 16 ( C. tyrobutyri-
cum) FI T TRMR T ( C. butyricum ) W53 3 257
28 T I D TRT i v A 28 S il 1) R A

RS 2 8 Bh AR A, L dwe v AHALLTE 23 )
C. tyrobutyricum , C. acetobutylicum , C. butyricum ,
C. sporogenes , C. bifermentans , C. indolis , C. klwyvert
C. cadaveris F C. bifermentans'®’ . Forb | Ji% T R 12
T TRAE S fk , T R M IR Z , HABAR ™
TERBE S AR B T T R R W) R WY
ERERER ), AW LA B & TR T R =
RS TR RLL ( C. tyrobutyricum RL1) &y
Hh R PR, R B DR 20U 4 5 B S I e Ak
HOP T BRI KW 25 A, DA Ry A ) e v A
7T AR IR IR S

1 Me-SIE

1.1 ##5i5H

PR T PRI IR RLL, AT g vk
T Al P b 23 B AR, PR A7 TR 42 T
b2 B K T T AR 2

o315 Al 15 9% Jk - 4 1R 3 52 1% 77 2 (RCM
Rigest) .

KRGS REL AN 30 o/ L, EE I 10 /L,
"EINE 10 /L, ERER 3 ¢/L,NaCl 5 g/ L, BETR A
3 o/L,F kAR ER£L 0.5 ¢/L, pH=6.8,F
121 °C 44T i e K1 20 miin; g 4 B 51K
KA ) e A5 AR 5

FEEH: TR.2 - CHETm, ¥ 6%
2l B HAS TCT 23wl s Hoarilon X o i g,
Hréfi.

1.2 FEMHEMEE

LDZX - 50KBS #57 A S 78 1K i de , b

M Z ST A ) s C - 11 BUR S ™= RUAR,



Sk, S B T BRARE RLL 7 T BRR B 4 TR L AT R

.23.

C —41 RIEFRAS H AR =380 F] 77 ; ME204E #I
HL - ROF, M Rr ) — R 2 AU A PR v 75
SHP - 250 AVR ReA- {35 I, By #f i 15t
FAHRAFF;SW - CJ - 1D AL TAES , I
M AT IR A 7 77 TGL - 166G BUES.LL,
bR A 7820 A B A,
HP - INNOWAX #I E 40 & {4 3% A (30 m x
0.255 mm x0.25 um) , 3¢ [EZHEAE A H ™.
1.3 SRA*E

1.3.1 EETERWRE RLI #FHl& H-20 C
HmE ORI B T BRIR T RLL B Fh 300 pl, #
T4 10 mL RCM 8538 108, B TR
SEIEFRARN, T 37 CHRAMFTHEFR 24 h, [y —
QP FEAERT IO I B Al DU 73 8
5% WIHE AR — R R R TAR IR
100 mL (IR AT, T 37 C & T H55R 12 h,
RIS — 45 b+

1.3.2 BTEHKRERLI £KHE&S5TR~=
BHERERH)  7ENT IR FE Al 1 B R
WAARTR T E 5 % W HE P B4 Fh 28 95 mL
E KR RCM B5 553 (pH =6. 8 ) By KA,
T 37 CAF TR IR B IR 23 I e By 57
0h,4h,6 h,8 h,10 h,12 h,16 h,20 h,24 h,
28 h,32 h,36 h,40 h,44 h 148 h & B 01
PR FE (600 nm ALY OD {H) | 2 il i T 1R
P RLI AR 2. Rl M 5592 0 h,8 h,
16 h,24 h,36 h 148 h K )T BRU L,
2 T BRARTE RLL (T IR h .

1.3.3 ZE&EHRTRIRENE

1.3.3.1 TERIRAEMEZELSH RI—Jndktt
[T 434 7 20 T Wb il 26 . R FR I
2.500 0 g TR T4 &M, IF 1] RCM Bs 57 2
FEAY A 50 mL, e BB 50 mg/mlL AT
AT, 4> A ER 0.1 mL,0.2 mL,0.5 mL,1.0 mL
1.6 mL THERERE T 49 10 mL 28, I
RN AN 40 WL (1 2 — 2L TRRAE R INAT,

JH RCM A B SR BE 2 B2 BELR, 43 e i U5
EHWE N 0.5 mg/mlL, 1.0 mg/mL, 2.5 mg/mL,
5.0 mg/mL F1 8.0 mg/mL [ T FRFRUEVS IR, &
CBEZERANALAE N 0.22 pm L g L D8 o
AR LIS R B AR, T IR
52 - ST R AW T AR OB AR bR, 2 T
IR

1.3.3.2 fFEmAE  WH 15 mL ZEEH,
F 10 000 r/min 2545 F &0 10 min, W HX 10 mL
WL N 25 WL BRI 72% 1) H,S0,
TTIRAR , BECA MLIR , £ 40 pl 2 - ZIE TR
YER N AR I FE A3 1R 5, &8 & Tk 28 U L A2 Ky
0.22 pum B L8 AR 0 RIASHR I
1.3.3.3 SHEBEFEHRE KHUHOE
AGHEAT R B T R VR FE A . 3 A 1 2 I
AN RGBS R RS G o, B HERE D1
T EE 200 C HEAFRE GG IR EE 100 °C, f/FF 1 min;
PL 10 C/min ) T i R TE £ 220 C, 1+
2 min; K I £ R BE 250 C; MR R & H,
35 mL/ min, %25 K 400 mL/ min, B X X
20 ml/ min; PEAETT HO IR AR, o0 R AR L
K20 1 ERERRUL L

1.3.4 BREFRRKE

1.3.4.1 REHEMEHNHEE 0K
B 1% ,3% ,5% ,7% F1 9% {4 Fh i ¥ 15 1k
U A W A C KR Y R B 7 A
(FFHIRE 3 P47, ), T 37 CHRMAETE
F¢ 48 h e & R WA P T IR R
1.3.4.2 REEHREWHE RREMEK
TAERFR Ny 100% , 53 51 ) DR 460 26 A AR
RFLH 30% ,50% ,80% FiI 100% (1) % M 45 5%
B, UL 3% (AT 27 ToRe iR v, S48 (A 0 50
R B A R 7R, T 37 C A M HEIR
B g7 48 h, I E A5 R T B T R o e vk
1.3.4.3 REEFEENBE MEREN
100% Wy KBRS, LA 3% AP i A —
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R, 4> BT 26 °CL30 °C,32 °C,34 C,
36 °C,37 °C,40 Cfl44 C L& F R348 h, il
TE A R BER ) T R T R
1.3.4.4 REXZBEFENSE pH ENHE
F e BE R 3 mol/L [ HCl §1 6 mol/L [
NaOH ¥R 372 200 4 pH {H 5 319k 4.0,
5.0,6.2,6.5,6.8,7.1,7.4,7.7,8.0 §119.0, )
3% AR A R TI, F 32 CHRMUT
R 35 7% 48 h, W & A W P 0y TR o o
W,
1.3.4.5 REXEFNHE EHELEHER
£, FeSO, , it L R 51, Na, SO, #1 Na,S 5 Ff
I D FRE Ry A T Y %) o3k 2R ), A 4 S o i
¥R 0.5 g/L, DL 3% W fp i A 9 Ffh T
T, W B R R A O 100% , F 32 °C 4444
T RESR 48 b, W £ A TR TR A TR o e A
1.3.4.6 REFZXEFEFRMENHE Kinkx
TE I D) R B A5 R, A 0 DL 0 g/L,
0.1 ¢/L,0.5 g/L,1.0 g¢/L,2.0 ¢/L,4.0 g/L,
8.0 g/L,10 g/L 112 g/L iy % Il 45 fi il i
SR AR B R v, DL 3% Wb ar i A
TR R, R RS SR AL R Oy 100% , T
32 CHRAMTRFR 48 h e K KR T T
P I Y 3
1.3.5 EXiRI 7ERERREHEM LR
MIERSR S AL S T BRI RLL 7E#f B 35 57
M T HRAT A T B 0 R B AR AR
VR SRR (A) (R W 7R 3500 16 pH {H (B)
LW R (C)3 DR TR G Bz A KR H &,
AR AR Ly (37) 1B, DA &
FE LR 3 AR EREH T B T BRI RLL 7
TRRERAS. % 1 HIECRE R EAKTE.
1.3.6 #HiESH RHALHEER T 250k
(ANOVA) H#gfal— & s 3 454 T B AS [ K
SEXTEE T ER M B RLL 7= T IR fig 71 1 i 35 MY
i (P <0.05 A i3, SN BE).

A1 EZRBEREZARTR
Table 1

Factors and levels of the

orthogonal experiment

K- A= .
A/C B C/ %
32 6.5 50
2 34 6.8 80
3 36 7.1 100

2 RS0
2.1 TERERAEMEZ

Fe S I T5 o BAE BR s i A T IR b oA il 2
DL, HBIH 7R vy =5. 971 6x +0.449 5,
HASERECR Ay 0.998 7, W% Hh ZE ARk A
PR RSB EA B A DG, AT LA
E B R T ERIY s R

9
gL y=5.9716x+0.449 5 (R°=0.998 7) =
Tt
—
w6
S5t
&
4L
i
(3 ¢
=l
E2
1+
v
0 ‘ ‘ ‘ ‘ ‘ ‘ .
00 02 04 06 08 1.0 12 14
TR 5 bR TR AR LL (8

Bl TERAREEX
Fig.1 The standard curve of butyric acid

2.2 BTEARE RLI £RKMZ%S TR~ EML%
M TERMR I RLL AR 25 T IR 1 il
ZEULI 2. P 2 Al AL T RRAR I RLL (9 4 I
BFRAE R R o = A BL.0 ~4 h A
K18 ,4 ~16 h PRI, 16 h 5% A4
Kl TRGE, MW EETE 32 h kB R fH, &
2 TR PR 1D A K 2 LA SHL TR 1) 228 i 2] X 2
MRS E ). A h T IR AE 8 ~24 h &
PRESE OS24 h JRHTIRZNE B TP i
TR RLL & T MR Y 3 1A R B O A K
TR , X4 J M I B bk v = T R A 4
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—
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2 =
8§ 4t 14
i
3F 13 &
2t -25
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B2 B THBMAHE RLI AKWEL TR”Z WA
Fig.2  Growth curve and butyric acid production

curve of Clostridium tyrobutyricum RL1

SIS RIVR] R A ) T 40 i A R i B 3R A A F
T A T R AR X R .
2.3 BRFARERSHW

PRl PR BRI | K I B SR )
fi pH (B 38 D 50 1 Sl ads i) 45 T 2 X T T
BRI B RLL 5 80T BR A2 Wi B 25 2R UL AT 3.
Horp, gk 105 A RNS RN AR 260
FAAE R E P25 (P <0.05).
2.3.1 HMEXETRRE RLI ST R
MR REAP RS T AR A RLL 5 0T BRI
SO UL 3a) . SR LU, SRR X T R AR T
RLL 7= T HRAE ST R ML/ IN. BEFR A 340, 1%
PRI T R ™ B 5E T, AR5 T B Bk T
FsE. M 3% I, K BER BT IR T
W R, A5 8. 24 o/L. (MG, % T PR AR 1A
RLI Ay feidi iRt 3% .
2.3.2 FEREXETRRE RLI ST RE
MR R I T AR A RLL 5 0T BRI
SO DLIET 3b) . BRI AR AE A [ 25 i 25 1 R B g7
PAFH T MR = AT FE R 2 5% (P <0.05) . 2
W 30% I, AR P T RR TR AU
0.50 g/L, g 25 I T H A e 0 IN 1) T 1 4
WP I N, T RS v i AR, 2
BN S0% IF, T R IR E N 6. 86 ¢/L,

290 B Wi 30% WY 14 £ M E KT
50% b, T RR A AR AT — T3 I, (L3 i ok
/N s RGN 100% I, A R T R o
WA B 5 KA 8. 24 o/ L. B T ERIR I RL1 &
PEERSS 11 TR 7™ ek =2 T LA I 25 AR 184 o i 384 o
X B T A AR A IR AR AR TR,
PR O, 5 i Bl o 25 R At A 3 I o 2,
TS BB VR T 22 1 355 5 35 Hh A A i H A7 A
XA, A A 2 B ok 1) AR K 205 R B %
PRAEAE R R v ™ AR R B AR, o 5 e I
R Y 33 S e R A HE L B PR b R I B R
PRAE—ANDRE AL, L, PEHL 100% 1 25 Y
PoBTSiE S 58

2.3.3 EFEREXVETERKEE RLI §KT &
RIS BE IR X T MR RLL G AL T
BRI RZN WL 3c) . ZEAN R RE SR IR T 1%
WA TR e 22 5 3% (P <0.05) , Jf H Rl i
EF RS BT N .30 ~37 CHT
R R TR 35 B B2 IXC (), 7E 32 “C B T R it ik
B KAH 8. 92 g/ L. MR = F 37 CEfIk
T30 CHf R BEW H TR T e 34 B 2 T
(P <0.05) , 3B 3k vy it A1 A 1% 73 i B 0k i
TERE RLL 9T WA U YA 25 5 .
WA, 5 3CHRRE Y C. tyrobutyricum ATCC25755
SRR IR & I T RIS T R MR
P RLL S5 ™ T R B AR 32 °C L iX AR
S TR AR AL B PR I e A R 1
Yitk, e B 75 C. tyrobutyricum ATCC25755 &5
oAt B BE AN [R) 7 AR B R A BT B [ L, % B
32 CoNEia SR E.

2.3.4 EEEEFENSG pH BEXETEBRRE
RLI §RTERMIRN KB SR 504G pH (H
XTHE T RRIR A RL1 & BT B2 152 UL 3d).
PR B R, pH (B AT DA o 5 M 5 3R 3 B
TR TR A i B AR AL 4 e S 5 2 5 P A
Pt 16 P S S 5 M B A 40 ) 2 R AR )
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of
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Fig.3 Single factor experiment analysis of fermentation conditions of Clostridium tyrobutyricum RL1

Hi [ 3d) AT, % T BRI I RLL 1Y T IR ™ i bl
B A s pH TS 258 EJTHE TR &
WU pHE N 6.5 ~7.1 B}, TR & %
i ( >8 g/L) , Hor Y pH B 6. 8 I, T RS it
VTR B fi RAE 9. 05 g/L. G Ab, FH XS T B8 1
WH(pH >7.7) , % W MR AE R M3 55 (pH =
4.0)BE AT Z 0 TR, i T IR BT vk FE 2
JypH (BN 8.0 Iy 6 5. 25 b, B T BRI
RLI 7EfR P (4.0 < pH < 7. 0) B 5a T B o 1tk
(pH >7.7) BT T B2~ 5t W] i 0 &, B PR
fEIEHPE pH 5 FHEE A A 2 TR, Hix
iE pH fH2K 6. 8. PRIt I pH {E )y 6. 8 fieidi
R I pH H.

2.3.5 FEFNETEKLE RLI &5 T RH
FMm 38 JF D BT RRAR I RLL 5 80T BRI

S UL 3e) . PRARAS A PR IET T IR IR T8
RL1 b 47 A4 S50 A T IR 2 e ) S 2 i, Y
B, B NA 38 1 3 70 AT DA R AT 055 77 38 P 55
SR B, AR HE D AR AR R T R I AR
B B 3e) TN, S Tl RN T BR A L 9 52
MR/ IMEN - A S BERR AN > P e R Eh >
FeSO, > Na,S > Na,SO, , M ¢ 2 BERR 401 Ry il
Ji R0 B A R R TR TR MR B R K, N
9.43 /L. [A it % BB AX £ 2 1R 1 oAy e 3 ik
JE5).

2.3.6 mEXEFRMEIET BREE RLI
AR TRAFME ol id A 2 BERR Y
IS B T FR AR T RLL & BT IR AY 52 Wi AL
E 30). & TR RLL 19 T IR = &
RN 0 3t 1) T S IS BT IS R R
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B BRI N 0.5 o/ L i, T RR vk ik
B, M 9.53 ¢/L. Ik, #EHL 0.5 ¢/L K
SRR 2 PR A 4 e 335 A
2.4 EXRHRELER

FE RN ZRI6 i REmE b, R A Ly (3°) IERS
RIS AL BRI K e 0 97 45 0, IE 2SR 36 180
TR RNEK2.

%2 ERRBEHFIELLR

Table 2 Orthogonal test design scheme and results

S EEN T Eﬁiﬁ%ﬁ%fﬁ“/
A B C (g-L7)
1 1 1 1 8.67
2 1 2 2 9.63
3 1 3 3 7.94
4 2 1 2 9.48
5 2 2 3 10. 66
6 2 3 1 7.69
7 3 1 3 9.58
8 3 2 1 8.02
9 3 3 2 8. 64
K, 26.24 27.73  24.38
K, 27.83  28.31 27.75
K, 26.24  24.27 28.18
k, 8.75 9.24  8.13
k, 9.28 9.44  9.25
k, 8.75  8.09  9.40
R 0.5 1.35 1.27

H13¢ 2 AR, UK P T IR BE 4R,
R 5 A 2 5 W 8 A A% 2 T DR R 8 SR O O
KWERIR A G pH > 2R > IR IR,
WRACAL G N A,B,Cy, BV 25 K T s 37 FE ) 4 pH
{H 6.8, 3o 100% , Hi 3R i o 34 C
I, W T BRI RLL 7= T RRAE /) feoit. 258
PRZR 56 A E 5 a3 4 2R al A, I T PR AR T
RLL 7= T BRI S 0 A B A - K e B SR 29
i pH =6. 8 Byt 100% , 5 IR 34 C 4%
Mt 3% , i JU5R) 0 B4 2 R A LGS
0.5 o/ L AR ABER YT RS e ATk
10.66 ¢/ L, 3AALHTAY 7.52 o/ L $215 1741.76%.

ASSCLAR A WA B I A e R I T IR AR T
RLY Oy H A B A, 2000 25 B b i R L 1%
FRLIE RIS SR ) 0 pH R I8 0] B LS
e 6 ANHER SR TN Z AR 45 A 1E 2
XERBR T R 1 R B A PR b AT T LA AT 9. TS
TR RLL 7= T R A foe DL A W 25 AF 0 < A T
FiIR ARG pH = 6. 8, 240 100% , S5 SR JE
34 °C 45l 3% , ik J5GR D i £ WE o HLH
SN 0.5 o/ L AL KBS , B8 T BB
 RLL {9 T /R ™ & n] ik 10.66 ¢/L, B AL A
R T 41.76% , Hop= T B A 1 B9 P AL 38R
e

ABETEA B RETR H Al Ak 41
WL EE 5 el R (0 7, D s AR W K I8
AR T R B 5 BORSCRE, M #E 2 £k
AW R B A 7 T IR P A AR
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Abstract : The high-throughput sequencing technology was used to study the microbial characteristics of nitrosat-

ed granular sludge in aerated upflow sludge bed. The results showed that compared with the initial inoculated

flocculent sludge,the sludge Shannon index increased from 3. 869 to 4. 590, which inicated the microbial popula-

tion diversity of nitrosated granular sludge was more significant,and the relative abundance of Nitrosomonas in

the sludge was reduced from 12. 08% to 6. 15% , and the relative abundance of Nitrobacter was reduced from

5.43% to 0.32% , which also indicated the nitrosation stability of nitrosated granular sludge was better.

0 35

F IR T 2R 5T W A S 1 R 4
SRR H R A T S5 ML -
RESEA T ZAH, BRRA TZEA A
RS RERE TGRSR IR | ¥4 U 7= e (R A0 i /AL
REAEE T BT, 2R E @O IE B AT
100 £ M A MR T 2Rk Y (H % s
KT AL SRR A S K AR A SRR T
IR T E IR AR S AR T A T T K Ak
B, w] {5 K AR ER TR RE IR A 45 R F] 90%
BTG KA B T 2 AR B e

TS IIX — HAR , R 1 A Ak 5 17 e 5k
iy, R AR R [ % 15 R T R R A Rk SR Ak
W (NOB ) AN 5 5 410 il ¥y [) R IV i Ak 0K V5
P S —Fh EA WAL RE I A R RS R,
A UUREE B 47 S R U A i K Bt o
i G077 B8 77 R A Ak PR B AR S A, AT LA
ARG Hi fiff ke A1 A [0 B, Sy S LRSI A Ak
PEALT AT RE. [E NSNS E R LRI T AR 2
5 (0 T B PR P 4 [ BTG 45 e I SBR
S A Fr SO o e il Ak UKL TS TR Y
W Hb BT T8 56 F 3% 2 i I i 4
HH SIS A SR 5 8 14 2B AR S R L 3
DRI, S SCAB R e 3 e 0 B R, X g
Tl T5 e IR (AUSB) H3IF il 4k 50RE 15 1 19 1
A YIRRAE A TR 5, AHOUR %) 71 3 43 BT 5 TR
FASM T LR E WAL A BRI, LA 3h
F M A LA AR R T ¥ 7K A 3 453
14 1z .

1 MRS
1.1 FERAFS5E&EHF

+ % 3% #). NaHCO,, Hel,, KI, NaOH,
C,0,H,KNa,C,H,,N, - 2HCl,C,H,N,0,S,NH,S0, H
FHCL, 328 40t fi, W A f8 = (ORHEE) 1 2siR]
AR

FEAL AR UVT55B R 4E AT UL 43 o0
I, B B ER AR A R A A 7 5B -
6CV8.0 I COD M5 A, At ot iR &k ey
PR 7] 77 5 Multi 340 74 7K it 22 2 500 5 43, 78
WTW 2 H] ™=
1.2 LIERE

SEEE ) AUSB S 2 B A HIL 38 268 4l g,
A% 100 mm, & 1800 mm, G245 FH 20 L, 73004
FUI2 L, scgn e BRI ULIE 1.l & 1 AT, I
N A TR HE K ORI R A, R i s %
getoK, iR T H AT IR AR, K RS
7k b B g TR 7K IXCRE A AT 43 )
O3B AR TE AR = AH S B e A K
1.3 £@EKMATEERNEEEREEN
EFHE

O g 3 A 2R T I 5 T R ik AR i 5 K
KA 18 ~24 C, FEIKFFE 5 40T : COD
220 ~460 mg/L, %% 60 ~ 100 me/L, W fil§ fah
B0~ 1 mg/L, fFRER A 0 ~ 3 mg/L, B (L)
CaCO, 11)404 ~542 mg/L,pH (7.2 ~7.4.

S vh o A i AR5 Je At (AUL) F
FeoE 12 17 1Y 0 il A6 B0RL s U AE i (AU2)
2% 10 mL, ZJESCHER [ 10 ] 19 J7 i 42 B DNA
ATriE I E. AUL B BTG KA BT i<t
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Fig. 1 Schematic diagram of experimental reactor

I8 SBR[ s 2 AL (200 mg/L) Hilfk, , i
A AR A IR kA B 5t/ i IR £6 /A=
B FR A BR R R A L 2 ) 4ERFAE 90%
A 15 I BIRAR 207 wm. AU2 JXH SO A%
FaE B AT A (FERT5 R Ja 55 65 d) |, HO A Ak
BIE 0% /iy, i F-HAhife o 518 pum.

SR E R FH AN Gl 43 060 BE s (I
FE WA 420 nm) EEMNE R N -1 - 5L
TG EE B (DU E K 540 nm) |, A AL
FE R EE A0 a3 006 FE v (Il g 4K 220 nm Al
275 nm) ;COD R FH PR T A 125 000 7 5 V3 ik 4L
pH R R B2 >R 7K 5T 22 2 85000 A3
1.4 MEMFHES R E

W PR HUR) DNA FE ik 28 Bl AR TA )
TARFARNR 55 A B W] 4T ey i B I . ey il
FHIF PCR BT B 5144 Miseq I 7 F- & 1Y
V3-V4 3l FH5 |4 341 F/805R (il A 341F ; CCTA-
CACGACGCTCTTCCGATCTNCCTACGGG NGGC
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Abstract: The banana peel was used as raw material and modified with acetic acid to obtain modified banana

peel adsorbent. The modified banana peel adsorbent was used as adsorption carrier to investigate its cyclic

adsorption performance of Pb’" in wastewater. The results showed that the modification of banana peel with

acetic acid could significantly increase the specific surface area and pore volume, and provide favorable condi-

tions for the adsorption of Pb>* in wastewater. The modified banana peel adsorbent had better adsorption

capacity for Pb’* in wastewater. The adsorption efficiency reached 97.9% , and the adsorption efficiency was

still up to 92. 1% after 4 cycles of adsorption.
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Fig.1 SEM images of banana peel adsorbent before

and after modification
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Fig.2 FTIR spectra of banana peel adsorbent

before and after modification

B — 0 AT 45 T a2 1 (P 3 A 4 T8 A =
XTI FLAR S A 2R ) . N 3 ] LA, =
PR S48 T TV BUSEIRZ , fLAR 0 A AR A, %
B = FpAE S B LRI g A FLEA5 . 3R 1 X
R BRI A AR DGR B R 1 RTN, TRAE
B B FR A b 2 T AR L FLAR RN - 34 L AR 4 )
3488 m’/g,0.35 ecm’/g #1 2.9 nm; kMRS, H
S804 B FH 5 F 858 m’/g, 0. 76 em’/g Fil
4.6 nm, 5K 1 b 2 17 AR AL A RR SRy g R
Ph? " BEAE T A7 FI 0 25 1. Ao 7 4 Az R o )
Bt Pb* " 5, Lo T AR FL AR BRI S L A% 4
TREF 508 m*/g,0.52 em’/g 1 3.3 nm.

U B0 F A B R AT TCP A, 7 45 1z 2k
PRI IR R RS L3R 2. e 2 Wl R R AR
ROV S 1947 W B 590 6 PB* B A 8 A R
4 90.9% F197. 9% ,4 URAIE I B I A9 1%
AR IR 92. 1% , f& T SCHR H 9 W B 2k %
(90.2% )", S st e P A AR 15 T 7
FE 7 W A5 % B 4 P TS AR IR A
3 45g

AT LR R 45 Bz W Rk AT ekorE, O
DA I A5 A 7 5 1 W B0 SR A Sy W T 28844k, % 1
KR AR BT P’ W RE AT 4
RARH] P fS 1 A 2 B R BRI Y e R AR AL

1

a 7 5 IR 8 571
b TR 7 20 B R 76
e PR A Ay T W%U—Phh

0.05r
— b
'500.04F ac

"2 0.03
= 0.02
Z
=o.01f
=

0.0

>4 ¢ 8 10
fLA%/nm

1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
AHXF R JI(PIP,)

B3 BUR e A AR R A e
BOMEA R BRMEF) — P’ Z A ey
B — LI A B 2
Fig.3  Adsorption-desorption isotherm curves of
three samples of banana peel adsorbent before
and after modification, modified banana

peel adsorbent-Pb**
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Table 1  Date on three adsorbent samples
. BET Ebi!%?ﬁ}i 2 E‘LJZIS AL
/(m” g7 ) /(em’ + g™ ) /nm
T HE K7 W% B 571 488 0.35 2.9
SO A A B MR AR 858 0.76 4.6
AP A BB - Ph® T 508 0.52 3.3

F 2 BTG 69 R M SR
Table 2 The adsorption data of the banana peel

before and after modification

A SRR AR R BRICRL

T
e MR 2 3 4
RN 2+
Hlk P ﬁqﬁ/ 600 600 600 600 600
(mg-L7)
1 e 2+
Wefttfe Pb leE/ 545  12.5  19.0  35.4 47.5
(mg-L7)

Ui &L 90.9  97.9 96.8 94.1 92.1

PRBL AN 7 3 4L A% 43 501 H JR R 1 488 m’/g,
0.35em’/g Ml 2. 9 nm F} 5 F] 858 m’/g,
0.76 cm’/g Fll 4.6 nm, H K A AL
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Rapid start-up and stable operation of low-matrix Anammox filtration for

treating low nitrogen sewage
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FE . A£21.0~26.0 CEMHT,BE@EBFREFT KL EAYEAE, BT
PR = A ISP E G A B, BF 50 Anammox SR 6 Brik B AR AIRE R

};’f‘\gg-i%; Kl 2 HFHREETRE. EREN 5 | HEAZAR. HWEEBAT, KI5 G0
e TR R A B 1.7 h3gmZE6h, & REBARRESL, LB BEA BRI H THEH
KAk 22 B R R AR IBAT IR TR K B KB R E A, % 101 d BF, R 2 3

KB B BLRAR, B RERELY A 40% , R % 23 m ;% M -5 A4k
Key words: AR ABEA R IEAT, ERERFER G L 89% , R ERMFARE A1 mg/L,
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filtration ; DO ;

wastewater treatment
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Abstract : The ordinary activated sludge was inoculated into the volcanic rock biological filtration at 21.0 ~
26.0 C. The parameters of the three experimental stages were adjusted to investigate the rapid start-up of the
Anammox reactor and its stable operation strategy under low ammonia nitrogen conditions. The results showed
that the first stage was high ammonia nitrogen and high alkalinity operation, the hydraulic retention time
increased from 1.7 h to 6 h, the total nitrogen removal effect was not satisfactory, the reactor didn’ t start suc-
cessfully ; the second stage was high ammonia nitrogen and low alkalinity. The pre-filtration unit was operated
and added to reduce the dissolved oxygen in the influent. On the 101st day, the effluent of the reactor showed
obvious denitrification effect, the total nitrogen removal rate was about 40% , the reactor started successfully.
The third stage was stable operation with low ammonia nitrogen and low alkalinity, the total nitrogen removal
rate was up to 89% , the total effluent nitrogen was 11 mg/L, and the effluent nitrogen reached the first-class
A effluent standard of the “Integrated Emission Standard for Pollutants in Urban Sewage Treatment Plants”
(GB18918-2002). By controlling the lower DO value and the appropriate pH value, the rapid start-up and

stable operation of the low-matrix Anammox reactor could be achieved within a certain temperature range.

0 515

AR, B V5 /K AL FRGT IR AL 2R py £
XF 15 7K AL R R EESRAN W A 5, DR AR 2 8 A ( Ana-
mmox ) .2 7E F IR /K — I 75 K A B e i) )i
FH A2 28k B 2 19 5C . BT Anammox, J& 45
UTAER A B — ol B LR B A2, BDTE DR A8 4%
T R A AT L BN A S A
FRER AN LTS A, B A AN AR I e Ak
R M e U AR S R A AL g R AL -
FAEAE T2, DA Anammox Jz i N F AR BITH) H
FEMA LT LA 60% K BERE .90% R =
SR AN 100% B9 HLER IR, [ I B AT 35 8
PR G RIS P Y A S H AT
AATABPIRA T .

W5 R W], Anammox f A= ¥ 38 45 7 5 it
ARSI TR BRI Anammox 1 4 K 2%
18, JUHAE B T AP 22 LY T ¥ 7K v 5 e LA
B, SEOZ M Anammox T2 A 3 K ka g
A TR RME. P, el 78 5 i AR A SR
TiE1T Anammox T EANA ik — 2 0F5% .
Anammox A ) B #E: BB 4% 7K 52 AR Jk 5T F 4 R 1Y
7K 7 674 IS BRI S R K e b B
W, AR SCHUR Y I3 L o 2 P A B 6

WFFE Anammox 2 i i A BRI 311, DL ARG
RAME TR E s TR, LI HEshiZ T 27
L R R K A H i | S8R 3 I K
1) e SARAFE AL .
U BbR ik
1.1 RXF 5SS

TR (NH, ),S0, ({4 4l) , NaNO,
(P4 4h) , NaHCO, ( 43 #r 4k ) , MgSO, - 7H,0
(43Hr4k) ,KH,PO, (43 #r4f) , CaCl, (43 #74k) ,
DL 350 B 8 B TR R A .

FEAY AR TUIBLO AU AN GBI T, A
BT IE A A B2 F] 7 5 Multi3430 7 465
KEZSHOK B E AL, FEE WTW 2 77
1.2 #MiTR

B RS U6 b3 8 0 TS U TR A VAR T (]
& MLSS ( mixed liquor suspended solids)
4.2 o/ LRGSR MERIE B & MLVSS (mixed
liquid volatility suspended solids) 3. 1 g/L, 33
PO 1 L. 523 FHOK g N CHRCK, 3% s i
F:(NH,),S0, }471.4 ~235.7 mg/L, $2 L4
%;NaHCO, 2 2 685.3 ~1 678.3 mg/L, 2 {iths
Jif; MgSO, - 7H,0 4 150 mg/L; KH,PO,
68 mg/L;CaCl, 4 68 mg/L.
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Fig.1 The setup and operating principle

schematic of the reactor
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(EFIELEE R T WTW 222800 % A 5E -

EEGAAAUT
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HAREMBRE - BABEABRE 000
#HKBRRZIRE
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oK SR B — oK S SR F R

X — BARS % 100%
PR ERAERE ’

BRER AT =
#HARKERABRE -BRKERRAZRE
B T

2 #ERGihe

2.1 SER.BEERNSITHE

TESVLIY SR 1 BB, 9 PRig s 35 - Anam-
mox & , 5 I R FH e 2 R e 2 9 0 3 0 3
BAT B TE] A 60 d. JE SR AR , 2
KT CHRT) 2 1.7 h i, {59 S E
AR {5 e AR O AR . B 2 B B T R
e =R & 2 R R — /N
MR EAL NI, - BR R AL TR IR
A XU MEERR A T5 PR s PR 2. fE B A
PEACGRAE T AR s 22 S EOL S
gAY K ED, W AN RGP

% 1  Anammox JE A 6915 4T R
Table 1  Operating parameters of Anammox filter column
BB BATEEE EKEAFUE KA ik 5 K It Bk ik dik VS
/d W/ (mg - L) W/ (mg - LY /(mg - L) IEI(HRT)/h - pHAE  pH{H hiE/C
1~15 100.21 99.27 1600 1.7 7.97 8.00 26.0 —

| 16 ~45 99. 89 99.93 1600 3 8.00 8.05 25.3 $EK HRT
46 ~60 99.82 99.91 1600 7.99 7.99 26.0  fiE{ HRT

61 ~75 100.21 101.23 1200 6 7.90 7.97 23.4 [EAR A B
I 76~107 100.03 99.58 1200 6 7.92 7.99 23.7 HEHE BT 18

(F% DO)

108 ~ 131 101.22 99. 60 1200 6 7.90 7.97 23.4 EHiBIT
M 132 ~165 49.76 49.33 1000 3 7.87  7.94  21.4 (RAEEET
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Fig. 2 The trinitrogen changes of phase I in the reactor
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Fig.3 The trinitrogen changes of phase [ in the reactor
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Abstract : The large eddy simulation model was divided into three outlet apertures. The flow field in the prima-

ry separation cylinder of the oilgas separator filter element for the fuel injection screw air compressor was com-

pared and analyzed. The results showed that the outlet aperture size was tangential speed and axis. It had a

certain influence on the velocity distribution;it had certain influence on the free vortex and the forced vortex

region, the value of the upstream flow, the degree of the secondary flow and the distribution of the oil drop-

lets. Based on various factors, the 2 mm aperture outlet had a good separation effect.
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Filter element diagram

Fig. 1
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Abstract : Inview of the complicated structure and the large size of the regular electromagnetic valve and valve

block and the difficulty in their integration with micro-fluidic chip, a new type of the electromagnetic microv-

alve was designed using PDMS, a new type of valve body. The numerical simulation of the static and dynamic

flow rate characteristics of the electromagnetic microvalves with different valve-openings was made by Fluent

software with UDF function under typical driving pressure. And experiment was made on the flow characteris-

tics of electromagnetic microvalves under On-Off model and PWM model. The results showed that under the

same driving pressure, electromagnetic valve flow was proportional to its pressure difference ; under the same

pressure difference, the average flow of electromagnetic valve was inversely proportional to its driving fre-

quency and its opening flow was proportional to its duty cycle. The designed electromagnetic microvalve had

high flow control precision, low cost of encapsulation and could improve the integration and control of pneu-

matic micro-fluidic chip.
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Abstract : The structural model of the cable antenna was obtained by the force density iterative method. The

Gaussian distribution was used to simulate the manufacturing error and thermal deformation error. The finite

element model of the cable network structure error analysis was constructed. Taking the manufacturing toler-

ance and working temperature as variables, the influence of structural error on the antenna surface deviation of

the cable was analyzed by a specific example. And comparison was made with the profile deviation analyze

caused by the analysis of the cable antenna manufacturing error with the Monte Carlo method. The results

showed that the method had the accuracy and feasibility of structural error analysis, which could be used to

evaluate the impact of the structural error to the antenna profile accuracy.

0 515

ULAER , 1 T2 TE A ZEF G 2, RS 1 gyl
HHAREL , 32 12 480RE 1 i BRI , K Azl
FHERMRLZBEZMER ™ RWRL -
EES DR ING 7RI Z AN TE ETTINEE SR
Gt [ P B A S S R, B e — I i R P T
YRR RECEE Y, WAL 1 B, A28 7130 B K 5l
B ERMIRL AT LA R TT, IR BB i R
7.

Al fMXZL

Fig.1 Cable net antenna

2R W LK 2R P T i R ) 4 e B R
EE RSG5 RIS Kk, I, AT
TE 14 2R TR B8 A S ) R 2 L PR RE Y R R 2
— X TRHARRM R, BRI 3R 22
(hndfilid e 22 ETE IR 2255 ) 2 BRI K 4%
(o RET " FEIR ZE IR (0, 3 0 A A
SRR TN AT 1 22 , {ELI Ty 36 v

AP AR, PR AR A fil L 2003 4, ML
Mehem " i+ 5241 1 T5 S 437 1 R )
TR 22X R AN L R, (HR % 8 BV IE ik
FRZE MR, H. Tanaka " $2 1 T MR 48 K 2%
$8 A A A TR 2R IO R £ ) TR A 22 ) D 0, R
FTF R 28 R R AR e 22 A, AN BEFH T ik
TR IR By B, A7 78 5K A SRy BR-E. S - R
A TR R A bR AR AT T AR B B R
FERP R RENG BE R0 , (HZ 5005 LB B
HAARE BRI R IE M. HAT, 505~ %
ST R T R 2 I AT e L (R
FIRZSPRGE T KL TAR IR AR R, R
KL G PRI S5 R 18 0 Ak R o i 44
AR RS 2R W R R B ThAS (S, AT — € SR
FRAE.

ST, ARSI FIAT BROC IR R AR 0 A il
i TR 2 FIEAVIE TR 1 25 ) 2R ) 2 TR T A 2 ) 2
Wi , LA e 11 Al 25 DR 25 6 I E IR BE Y 2.

| NEPSS i ) it

XR B R AR ZE T, B
MR BRI T, , i85 ) % B kAU ikt
TP R BT, 15 51 3 R LRI 45 b A5
T JRIBUER ) 4R R 4 T SRy 8 2R A 0 A, DL
& 2.

RIS W T AR B
AR, ZI T ALY 32 0 -



- 68 -

Ba5 201847 A 4533 % 54

B2 kM@ AFRT &
Fig.2  Part node of cable net
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Abstract ; In view that the traversal area repetition rate and the total length of the traversal path of the traversal

path planning algorithm of the cleaning robot based on the biologically inspired neural network are large, the

algorithm was improved. In the relief algorithm, the method of real-time monitoring of the neurons in the

neighborhood of the robot was adopted to shorten the path for the robot to get out of difficulty. The state criteria

of neighboring neurons were introduced to make the robot traverse along the edge of the obstacle traversal when

obstructing obstacles in an island. Simulation results showed that the improved algorithm could effectively

reduce the traversal area repetition rate ,the total length of the traversal path and the number of turning.
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Abstract : In view of the unreasonable data iteration and the problem that the new effective information can not

be fully utilized of the grey prediction model in the short circuit current peak prediction of power system,a grey

BP neural network dynamic prediction model was proposed to adapt for power system. By introducing the

dynamic data iteration model, the traditional gray model was improved with the minimum relative error as the

target parameter. The short circuit fault model of power system was built by Matlab/Simulink for simulation

analysis,and the current data of short circuit of power system under different initial phase angles were ob-

tained. The improved grey model was trained by the short circuit current,the fault initial angle ,the prediction

result of the grey model and its relative residuals as the input of training BP neural network to obtain the final

prediction model of the short circuit current peak. Verification experiments showed that the model could

achieve fast and accurate prediction of short circuit current peaks,and was suitable for complex systems with

few original sample points, significant nonlinear features and strong randomness.
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Abstract ;: Using the implicit and explicit viscous iterative algorithms for nonexpansive semigroups , convergence
theorem of the common elements of the set of common fixed points of nonexpansive semigroups and the set of
variational inequalities with a strongly monotone maps were established in Hilbert space, which generalized

and improved the results in related literature.
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Abstract : In the space of probabilistic metrics, the existence of common fixed points for a class of twice power
type mapping was studied. Under certain conditions, the common fixed-point theorems of such twice power
type mappings were established, and the related results in some references were improved and generalized.
And the existence and uniqueness of solutions of a class of functional equations that originated from dynamic
programming were discussed, which was of great significance to study the existence and uniqueness of solutions

for all kinds of operator equations.
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SCHRLS = 7] #E) 7 3CHk[4 ] hrygs R, SCHk[8 ] WH5E 1 Ciric-Altman BYBLGR (A5l s 1A TE
PE. AR, SCERLO - 20 ] RS 1 T AR PE R AN B s A

B R NS R, HARTSE, D A Ao A R L

EX 1 WX REESEF X xX— D, AR A,y e X, 7010 R F(x,y) I8 H
Fo ) UFR(X,F) SRR AEA 4R 3 i s (]

IF (1) =1,Ye >0, A Y x = y;

HF,, =F ., Vx,y € X;

F, (0) =0,Vx,y e X;

V) %Fw(t) =1,F (s) =1, F. (maxit,s{) =1,Vx,y,z e X.

EX2 ZJu(X,F,A) FRAAEFTEATE Menger AL fE 23 0], 25 (X, F) & —3F BT HOR FEAR
REE RS, A SR T IR0 A - %k

V)F, . (maxit,s{) = A(F, (1),F, .(s)),VYt,s e R,,Vu,y,z2 e X

WK =gl g-[0,1] =R, JZELSH JMHEN),g(1) =0,2(0) <+ o |

X3 AEPTHORE Menger A 23 W] (X, F,A) R (C) , BIAEFTEOKTE Menger HEAHE
2R INRAFAE g € KA Va,y,2 e X, Ve =0,4gF, (1) <gF, (1) +gF. (1).
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EX4  JEFTHOKEE Menger HERFE 25 (8] (X, F,A) Fr (D), BIFEFTEOKE Menger A4
ZRI6) AR g e K 5 g(A(s,1)) < g(s) +g(1),Vs,t e [0,1].

SIZE 170 a) ASRARBTHEKFE Menger HERJE BZS (0] (X, F,A) JE(D), B, (X, F,A) it
(C), BI.b) MR (X, F,A) ZAEPTEERTE Menger MR EZ R4, HA = A, Hrp A (a,b) =
max{a +b - 1,0} ,U(X,F,A) &(D), By, Hrg(t) =1 -1,0 € [0,1].

R X J258 4 (D), BIAEFTEOKE Menger MR T 145 8], WA 40T 1 SRS | BE

EXS5  BAMSKEX P A HIBER A S FROARN, #7limgF g, 5. (1) =0,V >0,
fx, | 2 X q1F50, limAx, = limBx, = u e X.

SIIE2 WS, A:X o> X EMHREMSE WNE Az = Sz,z € X, ASz = SAz.

IERH 4w, = 2,0 =0, Wlimdx, = limSx, =Az, HIBRG S, A MRIFPERT A gF . 50 (1) =
}iﬁrggFAS%W“(t) =0,VYt > 0.

I gF i (1) =0,Y¢ > 0,30 ASz = SAz.

EEE.

2 FEL
EE1 WA,B,PHQIBHNXHHBWESR WL AP = PA,BQ = QB,H Vx,y € X,
t >0,
(&F ypengy (1)) < H((gF, (1)) ,8F 1p. (1) gF, 1o, (1) ,gF, 4o, (1) &F, 1 (1),
gF, i (1) gF, 5o, (1) ,gF, (1) gF, 4. (1) ,gF, 1. () gF, p, (1)) )
Hep H 2 RS — R, X —7F R IE WU s

2Vt >0,max{H(¢,:,0,2¢,6,2¢) ,H(£,0,:,0,0,0) | = k(o) M) —iil) , FTEw e X,
Wit Au = Bu = Pu = Qu = u.

WEBR Va«, € X, ¥ «,,,, = APx,, ,%,,,, = BOx,,,,,n = 0,1,2,-- iz O nJ15

(gF. . (1)) = (&F p po. (1)) <
H((gF, . (1)) .gF, . ()gF, . (1),gF . ()gF, . (1),

gk, . gk, . (),gF . (gl . (1),gF . (gl . (1)) @

LAFAE 1y > 0, ffi15 gF, . (1) > gF, . (1)) ,H Q@ T4
(gF,, . (1)) < H((gF, . (1,))".gF, . (4))*,0,
2(gF, .. (1)), (gF, . (1))".2(gF, . (1,))*) = h(gF, . (1)) < (gF, . (1))’
SHSTE. o Ve >0, F¢F, . (1) <gF, . (), \Ix Ve >0,d:0 Q@ a1y
(gF, . (1)) <H(gF, . (1)) ,(gF, . (1)),0,

2(gF, . (1)), (gF, . (1)) .2(gF, . (1))*) = h((gF, . (1))

Koy, TRIERXE Vi > 0,6 (gF, . (1)) < h((gF, . (1))*). HIx Vi > 0,4
(gF, . (1)) <h((gF, .(1))")

THUE {2, | A X HY Cauchy 731
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ks, (1) = gF, . () R EA n A s, (1) = gF, (1) =0,Yt>0,0x,,, =x,, il
APx,, = BQx,, , = x,, = u.
ORI
(&F pupga (1)) < H((gF, (1)) ,8F, 1p, (1) &F, 19, (1) ,&8F, 3o (1) gF, 1p, (1),
gF, ap () gF, 5o, (1) ,gF, (1) gF, p,(t) ,gF, i, (1) gF, 1, (1)) = H = (0,0,0,0,0,0) = h(0) =0
TJ& APu = BQu. i1l 15
(8Fp, (1)) = (&Fipp (1)) = (&F ippy g (1)) <
H((gFp,,(1))*,0,(gF, ,(1))*,0,0,0) < h(gF,, ,(1))*),Yt >0
XFEW gFp, (1) =0,V >0, FJ&Pu = u B, A Qu = w. Al Au = APu = u = BQu =
Bu. X O 5 0EM u J& A,B,P,Q MM — A HARZ . R B, R FEA n, s, (1) =
gF, (1) =0,Yt >0, M AB,P,Q WAFFEME — ARG S B A n, 7 s,(1) =
gF, . (1) =0,VY¢>0,0MA,B,P,QfFEME—AIARZ S LA F Al Vn=0,s,(2) >0,V >
0. F&X Vi > 0,4 5,(1) < h(s, (1)) <s,,(1),¥Yn e Z" (AEFIELLE). FHitxt Vi >0,
{s,(t)} EXT n A& IESS, B Ve >0, {s, ()} s Ym,n e Z° ,n<m, 1 5F1) fl
i) Af
(6F.. (1) < F(aF,, (1) = Fé(n = 3, WO 0l o
() (s () = s, (¢ m-l (1) £(1) S0
2 LE?()t() —( h)(sillztg ))) S & f‘\-,ﬁm y - fyz(y)dy ) Lﬁm y —fyl(y)dy ) fsz,mp(y)dy

52(1)
1Y > 0, s, (0) | MCBIEE AL i) FTfHlim | p(y)dy = O, TTTAN (x| f2 X s
Cauchy %. &limx, = u e X, HHA,B,PH Q%E%:45 APu = limAPx,, , ,BQu = limBQx,, ., ,#Efu =
limy, , = limBQx,,,, = BQu = limx,,,, = limAPx, = APu. [N AP = PA,i§ @ X n5

(8Fp, . (1)) = (8F ippu(1))7 = (&F ippypou (1)) <
H((gFp,,(1))*,0,(gFp, ,(1))*,0,0,0) < h((gFp,,(1))*), ¥t >0

xR gF,, (1) =0,V >0, TJ&Pu = u RKLUH, A Qu = u. Witk Au = APu = u = BQu =
Bu. X © FZUEW] u & A,B,P,Q BME—AIHAF) 5.

E2 O ARSCERL 5SRO ] e B2, DAL, AR SCE I 1 AN EER H 2t T A i
SCHRL L] Ay 3 1L 1 WA R SR 1] g2 1 2.

WERH H WS AR Mg i 2 A R 51 25 5.

EE2 WAB,PHQYINNX BN HEHIRG WL AP = PA,BQ = QB,H VYx,y e X;t >
0,6/

o

(&F 1o, (1)) < H((gF, (1)) ,8F, ip. () &F, 3o, (1) ,gF, 5y, (1) gF, 4 (1),
gl i (1) gl 5o, (t) ,gF, (8)gF, v (1) ,8F, ip.(t)gF, p. (1)) ®
Ho H 2 RO — R, X —A8 R AR Y _E 2% 2l B, Ve > 0,max{ H(t,,0,2¢,¢,2¢} ,H(2,0,t,
0,0,0)! = h(t) WM 1)—iii) ,WHFEw e X2 Au = Bu = Pu = Qu = u.
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B VY, € X, = APy, x,., = BOx, . n = 0,1,2, - HH | EBIAT S x, | 2 X
iy Cauchy 4. 2limx, = u e X, @ Al
(&Fyp (1)) = (&Fypppe. (1)) <
H((gF,. (1)) .gF, n(0)gF, . (1).gF, (1)gF, (1),
gk, (gl . (1),gF,  ()gF, (1) ,gF, p()gF, (1)), Yt >0
L n— oo JEELARBR, A
(&Fyp, (1))* < H(0,0,0,0,0,(gF, n,(1))*) < h(gF, ,(1))*, Y1 >0
YU rI 43 gFp, (1) =0,V > 0,401 u = APu, [R3 013 v = BQu. ] AP = PA 1=\ 3 n[1%
(8Fp (1)) = (&Fypp (1))7 = (&F i o (1)) <
H((gFp,,(1))*,0,(gFp,,(1))*,0,0,0) < h((gFp,,(1))"), ¥t >0
KW gFy (1) = 0,1 > 0,0 Pu = u, [{HA Qu = u FHik
Au = APu = u = BQu = Bu

X @ B UM u & A,B,P,Q [iE—AHAF) .

3 EH 2 UEWIRCA MG ] s I EE L1 RG22,

EE3 KA,B,SHXFNAFIELME WEAX) UB(X) CS(X) ,AFBIIS SHZ,
H VYt >0x,y e X,

(&Fy 5, (1))" < H(gFy, , (1)gFy, 5 (1) ,gFs, 5 (1)gFy (1),
gl 1 (1) gl 5, (1) ,8F 1 () gFy 5 (1)) @
Hr H: R — R, XA R ERE AR, Ve > 0, H(t,t,a,,a,0) = (1) iR 50 1)—(iii) ,a,,
a, € 10,1,2} ,Ha, +a, =2,WA,B,S HME—/NIAZ)A.

WERBl WA(X) UB(X) CS(X),Vx, € X,BUix,| e X,ffi15 Ax,, = Sx,,,,,Bx,,,, = Sx,,.,,
n=0,1,2, giE# | HHUEH{ Sx, | & X i Cauchy F51). & Sx, —>u(n— o) G Ax,, —u,
Bx,, ., —u(n— o). [A S LN, SAx,, — Su(n— o ) KA Y5 SHE,H ASx,, — Su(n— = ).
Hi A ELEA1§ Su = limSAx,, = limASy,, = Au.

S JEFELLN, SBx,, ., — Su(n— o ). A B 5 SHI% 4 BSx,,,, — Su(n— o ). Fil BiELLA]
f#Su = limSBx,,., = limBSx,,,, = Bu. th Su = Au = Bu FI5|HH 2 W[4§ SAu = ASu,SBu = BSu, |
st @ T

(8F 550 (1))" = (gF 5,5, (1)) < H(gF g, 15, (1) 8F g, 5, (1) ,8F 5, 5, (1) gF g, 45, (1)
&F s 15, (1) 8F 550 1, (8) ,8F g, 45, (1) gFs, 5, (1)) <
H(0,(gF 5, 5,(1))*,0,0) = h((gF 5 (t))*), ¥t >0

HIH gF 55, (t) =0,V >0,i3X K ASu = Su. 4, SSu = Su. HILV1F SSu = SAu =
ASu = Su = BSu. [Nt Su J& A,B,S (AIAT & X @ ik Su & A,B,S ME—AFARZ) .

E4A SR e B2, 2 A H A A SO B3 NELR H S BT DAAS D SCER 1] Hp
RIS L. 1 g3 1. 2.

BWR=(-n,+0) XHYZEIBanach 3 [H],S C X ApRAASE], D C YV RIS E],B(S) &



. 106 - Ba5 201847 A 4533 % 54

S bRy a RS FESE sRE, x iy 43 AR ) fE AR SR ) i, T oA AR A e f () S H AR IR « 1
AU Bl A E R 3, HE R IR T SR A7 R 5 T8 0 A A7 A6 e — k.
£(x) = optlulx,y) + G,(x,y fi( T(x3))) | ®

i =123.0e S,opt = supsiopt = infu:SxD—R,T:SxD—S,G:SxDxR—R %
hok e B(S),t >0, F, (1) =e  ,Hid(h,k) =supll h(x) —k(x) | :xeS|. % Ya,b
e [0,1],H0A(a,b) = maxia +b - 1,0, W5 H(B(S),F,A) Z5%&1 (D), BRI AK
Menger MEZE B i 25 (0], E T E 5 1B ATAT(B(S) F,A) W2 5E 41 (C) , RUAERTHOKFE Menger #32
s, g 1 [0,1] —»[0,0),g(x) =1 -x,Vx e [0,1].

EE4

Du,6,(i =1,2,3) 5.
s \/H (gFon () gF,, 4, (1) ,gF,, 0, (1), . (1),

gl . (gl ., (1), gF,, ,.()gF,, , (1))

Hr,x e S,y e Dik,hoe B(S),k#h,t >0,8:[0,1] >[0,00),g(x) =1 -x,¥xe[0,1].

H:R — R, Wa—Arg B, Ve > 0,H(t,t,a,t,a,0) = h(t) R ) —iii) ,a,,a, €
10,1,21 ,Ha, +a, = 2,48 F

A, (x) = optu(x,y) + G (x,y,0,(T(x,3))) | % € S, € B(S),i =1,2,3
3)A(B(S)) UA(B(S)) CA(B(S)).
4) XA, (i = 1,2,3) iR AEER  y, |- CB(S),y e B(S),H
limsup |y, (x) - y(x) | = 0= limsup |4y, (x) - A;y(x) [ =0
5) MERM i, b2 CB(S) IR Epw € B(S), Y
limsup [A s, (2) —p(x) | = limsup|Ayp, (x) -p(x) [ =00 =1.2

2)1 —e”

]
lim supg (F 1, 0 aap0 (1)) =0, Y1 >0
Mz e I B & 1 B(S) PAFLEME—fE.

R XMEER Ak e B(S) X d(h,k) = supll h(x) —k(x) 1,2 e St,M(B(S),d) K
SeR LR AS A g1 1) ATALLA, 2 B(S) —B(S),i =1,2,3,f14) FS) alHl,A, A, A, ZHESR, I H.
Ay 5 A A, 5 A BB A opt = sup, Wl 2) A, (w) B9 CATHT AHEER) bk e B(S),
x e SIMEEM e > 0, 4718 y,2 e D, FHIATFEAAL:

Ak(x) <u(x,y) + G (x,y,k(T(x,y))) +&
Ah(x) < u(x,z) + Gy(x,z,h(T(x,2z))) +&
Ak(x) =u(x,z) + G, (x,2,k(T(x,2)))
Ah(x) = u(x,y) + 6, (x,y,h(T(x,y)))
P ] 15
G (x,z2,k(T(x,2z))) — Gy (x,z,h(T(x,z))) —& < Ajk(x) — A,h(x) <
Gy (x,y, k(T(x,5))) = G (x,y,h(T(x,y))) +¢
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SRS
d(Ak,Ah) = SXIEIE)| Ak(x) —Ah(x) | <l G, (x,2,k(T(x,z))) = G, (x,z,h(T(x,z))) | + &

% e—0,1%

d(Ak,Ah) <I G (x,2,k(T(x,2))) - Gy (x,z,h(T(x,z))) |
FEXN Ve > 0,4

d(A kA )
1l-e ' <1-e¢

X Ve > 0, i &&E2) 15

H(gF R ,x(t)gFA;)', ,y(t> ’gF,‘i,x,A,)([)gF s ‘x(t) ’
g(Fy () < e b U ©
gFASx,A,x<t)gFA}x,AE)‘<t) 9gFA}y,A‘:c(t)gFA}x,Azy(t) )

47 opt = inf, 5 FTaIE B B, AT A0 © Bor. T2t e # 3 vl AN A, A, Ay BME— St
ANl v e B(S) Bl v Az sk i f2d] G BnE—/2 .

3 ik

ASOK 45 ] Altman BYBRG (AR 5y 55 BRFS AL B ABE 88 i 25 1] b, YEARE 0 88 i s () v gt ST
T—ZF )5 Y Altman B4 11 28 6 AS 2l o5 0 A7 78 M e B, AT 00t A ) 17 7 2 SOk Hp i) A iz 245
R, I PR s ()X — AN Bl S8 BRE T R U5 T S A R 1 — 2837 bR 7 R A 1 A R M A —
M FE B2 T R AR O A7 A A E— by i ELA S B R X
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