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WE AT I ERS PS5 EFE G D desulfurrcans WAL AN SR LT R HSRBIEH T
REHARBW ERGHR 4.5 me/l WRRERDRAA2E 0.0 mg/L HBERARETF
ok Ko B BT NaCl J BT 0. 81848 . SRB T E¥ A K A E 0. ST0~0 I8KH . A 4k
EATRBRHEY AR AT 24N AR L 430# 4, 57 P Fo' A8 K8, SRB A%
HEMER. A RGENER Fo B4 SRB A RAFAREAH DT 1315 mg/L, B & FRA
R SRB A&k 4 H 4 MR ESRRT SRB A R0 iE R pH 4 6.5~7. 3. K &2 pH % 7.5,pH

FF LS HATBO,.SRBAKEEX. FARFE T SRE £ pHE~S8.5 'ﬂﬁitiﬁ?}iﬁé{ﬁ,
%X # AARLLREERE: WERL: 0 UMk b2k j
hEA S EE . TE3ST. 51 XREPRIRED A Iﬁﬁ%l%ohyﬂmmmamgne

BB 38 BT ¢ BTk SRB) ik PR ok B i
FERERE— S ENELE RS HHOEE. E4
MR — B R AN, SRR
BmEMAEN ERMERARN.SRB EH™
R EAARR AR EEE MR A
B, MR I — R R M BRI EE R
KT AN B 4 5 3R I o R
HIc & ik FF % SRB BTEMEA D EMEE. Y
HAEROEMATT — BT MBI WEFE B, %
WA R T2 A LR SO % B SRB f
W, A IE R LD EXERPDR AR T LR R
THEhHERERE.Cl .F'"#EEERE pH 5 SRE 4%
KM% 5 SO0 T3 B JE B AR,
3 i 7 AR R 4R LI A SRB B K AR
BB R T HA.

1 #RAE5RE
1.1 & #

SRB @ &% 0 @ B b 0 I 5 O D, desalfur-
cares 48 1 TR EE KK EE

R B 1994-10-12
BeGR.oHERSLLR EETE 95F. 4210

1.2 ExE
KH,PO, 0.5 g/L:NH,Cl 1. 0 g/L;Na,8O, 4.5
g/1.;CaCl, 0. G6 g /L MgSO, « 7THy'» L v g/L:BEEE
E L ogll:FeSC, « THO 0.5 g/l BLEEER 3 ml./
Letn mag 0 2 g/ (B KE .pH 7. 2,121 C#
FUKHE 20 min BB 37O, ERUBEEGER
HEH.
1.3 H8AE
EEFHMEHEESY" B FITHERER".
1.4 REEHAE
L1 £BF5% ERHEFFEHMEERSAET
IR T R RE FA e’ T
BB IR
1.4.2 EXFE EXRITLTRAZERAFTRRL.
LFERAERAMNTRESE 16 KR4 it
SER A RIRR T 1.7 121455 24 2.8,11.13:
B3 HE 3.5.10.16:%8 4 # 4.6,9.15, LBE H—
950 mm .~ 300 mm HIEE . EHRE 100 mm &4 F—
REEO . S¥r - FHUREAEE. #7880 X
A E4r B K TS 0 4 AT 2995 mL MDA T

FEEM KR, B RABRA FE AR TR AFLMETIRA.
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ARKEEHERE. B 155 mL WE, BESH,
BAYEEOMSA.EETEFLEREAR. KT
EEF—EHBEAELN SRR EARE DO, iR
FEEAR HEAEARESHNERRRTRE.
B 2d RENEE + SRB H B K Fe'* . Fe'* ,pH

THHERL. 10d BHRLR . FWESHR RhE=R,
R ERTY. EXIRERBBERETH
o RFBE IR T ER KPR 4 AR

SRB %X HE B, HBE DA HETETF

KPR aREEY.

1 ERAFR

Tab.1 Factor and levels

BERS B % K1 *EI *F X *FN
A Fe*t/mg « L™} 0.5 5 50 100
B Cl~/mg + L™? 50 500 2 000 5 000
C eH 5 6.5 B 9.5
D Op/mg + L™ 0 3.0 9.0 4.5

$£2 4HEFXSRB EKEWHEE I
Tab. 2 Polar difference analysis on growth of SRB

73] X
A B C D

I 13. 05 10,63 10. 03 14.01

I 3. 63 6. 37 9.1% 9.43

| 2,98 6. 77 3.36 0

i 7.35 3.05 3.96 3. 40
2.1 EWER™ SRB £ichEM

EER—EH% SRBIHA KR EED, B
M-SR EFHSRBBREGEARTHFSE HEF
F#¥%. HE,SRBHERELXLHME. ERE
RER AMmHFEH+ 2 Hey SRB YBERENK 3.0
mg/L B, B F B S RRE 10'~10° N/ mL &
Z B 4.5 mg/L B, 1A —4 SRB H Rk P
T A/mL HMBHRE/MFREO Omg/L)
SRB FEBERE.

A% 1 G O o RO ) 3C- 16 9 o 4tk 3B 0 DR R o

*F

— B QS R O o - OO W

{g{cell concentration)
(calls/ul)

./

0 2 4 6 8 10
Time /d

B1 EEE 0 mg/L &S SREHERME
Fig.1 The growth curves of SRB in media
with 0 mg/L oxygen content

18 CAY T 12 EO) 14 tH@)

K FEEEME R 0. 2~3 mg/L.SRB L EKTF 10°
A/ml. ESHKT KEEUNBEFERAN 5.0
mg/L,SRB 58] 100 /mL, 5L REREF —H.
KSHEHFUTHEA:

()SRB RS FHA FHEMEPE. E3XR
3 18 0 BE I B P ( Desul fovibro) o R TR £ £ B #F
HE B8 &1 5 1k B§ (superoxide-dismutase ),
NADH % LB (NADH oxidase) , if 4, % K (cata-
lase) , LW FRESRECEELBRFRS RS
5%, dBAMAACEREREAZERPHE
KEAGRIME (D, gigas) 2 BRM . desulfuricans
FHEFOELERE AU ER AR ERE
FETFEMERA. X—REFRFHFAREDE
RERR. RAERIRESEMRM A F A, SRB &
HERNTERBIRARLERUCEFELE AWM,
SO & R B 5 91 76 B2 4% B B0 3 I e T
UL ERAERE SRR E & ER AL R, SRB
SmmE A FEFH SRBAEKEBMH .,

ol - B R ¥ B - T B - - B -]

lg (cell concentration)
{cells/ul)

- i 1 i —

2 4 6 8 10
Tize /d

B2 BHEE 3 0mg/L #IAH SRB M4 K B4
Fig. 2 The growth curves of in media
with 3. 0 mg/L oxygen content
24 (AL BT 11 O 13 H (@D
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(2)SRB fIF iR Y RMGHE &g MR E
AHIRET, BRI T SRB W SMRAEH RIS &
R EEWHEIREFAERNEYEAKELAX
H,.SRB KBEFERIY HARH NTERE
BRI RBER. XRPHTEASES

3] L] [ o
- T

(cells/w1)

e
T

lg(cell concentration)

0 2 4 § g8 10
Time /d

B3 AWK 0mg/L EHAASRBYEKEE
Fig. 3 The growth curves of SRB in media
with 9. 0 mg/L oxygen content
34HCA),5 D, 10 A, 16 4 (@)

AT LU B ik, D. desulfuricans RFREER
FE AR 4.5 mg/L KD ERESE. HWH
BB RAEUERANENBREEEURKKPHY
SRB. 4 % 5L 4 0 2 K O AR 4L 3. 08
me/L B, B EMHTEFEHRRELELE
ik 0. 688 mm/a, H K 5 B QUE FEH L 4. 745 mm/

a AT B AETE KRB ALE dilt, FBEF -

MEKBERESE, BLEFIR K SRB XAKZIE2H
RS AR D AR AT, T O K IR
BESHANVEENLE. AXEPLFSRBEE
MEEH. SFE AAANH BN A M ARNTH.
2.2 NaCl R B SRB KA K

B ENEmEELKPEEET LW
Y EEHLE AR R ARER .
EEMRRAFETS . BIEXLRERA, AEIEH
b NaCl K, SREBEHRMEKFZEME.
BRRATFIRERILES, XY NaCl #kENR 9.72 g/
1.13.0g/L.16. 26 g/1.,22. 8 g/L & ,SRB 4 £ &
B.ARBAETER. DREREESD 1. 5X10° 4/
ml, MEAEPEHET 20d PEEFRMEHE
HRBEERAR . BEBRHAHPHCRE, SRME
R E . A HMEPRAREHENB TR B
#HH L SRB, VA P AIA 2 & SREB, it BB &
1¢ AN/mL X EHFRBAMANER S FU @ RTRE

AWrdis, BREFERERGYS, EERFLER
R MAXIE W mZIEF o B e E. A RE
HEHHLERE, TLIHR SRB BERENFET
B EERE TR

SR
w O

lg (cell concentration)
(cells/ml)

e -
n o= o in

o

2 4 & 8 10
Time /d

BN 4.5 mp/L IR R4 SREMEKHE
Fig.4 The growth curves of in media

with 4. 5 mg/L oxygen content
4.6 A A, 11 A, 13 8@
fER. MR PR REE S SRB 4K,
HERXLBEERTN,FREF NaCl I|E AT
0.818%8f ,SRB Al LIIE # 4 & ; I BE#E 0. 972% ~
2. 2800t , REBZEAK FULBHEPER KT 2.45%
kT EZPME.

lgleel! concentration) (cellis/mlj}
e 0 W h & =

0 2 1 6 B i
Time/d

B 5 NaCl BEEX SRB 4 £ R¥m
Fig.5 Effect of NaCl concentrationon
ont D. desulfuricans growth

(A)B. 18 g/L, (M)24. 54 g/L,40. 90 g/1..57. 25 g/L.80.7 g/L.
2.3 Fe'*3fSRB £KHEM

Fe** 2 SRB 418 & Fr M i A B 2K C,(Cye-
tochrome C;). g i & B (Ferredoxin ). 4 & it JE B
(Rubredoxin) . i A EMEHEHER
Fe'"MBEAR B A % SRB = K E K. Z£IEX
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TR HTHEREFH P RERZERRMHE
BESEAERHEMR, ERTENLERE Fe R
STHEEHHEFRERZN HEZNIFERSER
THH Fe'* X SRBRER., FEFXRERTA
6.3 3 B, BUATAHEATSE.:

_- k) W R T = o8 WO
L m— T —

lgicell concentratlon}icells/mL)

0 2 :1 tli é 10
Time/ d
B6 KR Fe HET SREA4£KHE

Fig. 6 Cell concentrations of SRB versus time
in media with different Fe**concentration
(1. (2. (A3, (D4, (@5

(DFRFE P Fer ALK, SRBRBEHE
IR E KRR,

(DFeEFALRTPHEREEFT N Fe' 1y
AF . x—HFEET SRB B LRI A Fe* ER
FEE BRSO BEREF . AFHERY. 5 -
HE @ SRBARM £ K HS SRRERLER
ERR A fEfE, Fe** BET{E2G SRB W B F34& .

TBPSRBEMEEBRBFEEL SO SRIER. T
Fe* & BB HF"BEZRBTHRABT
SO, U B+ Fe't 15 B8 T %k xf SRB 4
ERERYTZ BRI, 28 Festal LA 34k R Fe**,
A AR AR Fet E AR EHER RSN
HEEMABHEEL Fe' —>F M EAMERE
B FrERY, Pt Fe EFiMR. BT T X
& Fe' fE28 Fe™* . & H#iTi8.

(3>t 4,5 4 SRB & 10 d {54F 10° 4~/mL,
REEBEREERM HSKEHRX HH1,.2.34
SRB {EEAR B THRIEFETHE HS W RALE
A BT, 1,2 45 MR A 29k i fsk,
M 2ABHH Fe't  Fe* SR SHE 1 HUB T4
£iEE SRBAK HEL, NS 1,2 48 SRB
BB TR R THAK SRB liIAMBEE 28K
Fer* WtEF . 2155 3 4 SRB & K g 28 B Fe* " 4k #a
BAhH Fe BR&I SRE A KKK TRE 13~15
mg/L 4. £ 4HAXBE 8d.10d Fe™ E 4 H
% 17. 68 mg/L,16. 32 mg/L..SRB K E ¥R ¥
107 /ml, EXE—EBE L BiF T4,

(DRERENR 3. Omg/L. HHEXLR 448
SRB & i 4 , W B8 7 & B! SRB XEH
MmEAS. LWL I3HEHXBRPH Fe'' IRE R
150 mg/L LA k,SRB B & {3 $ X &/ & 10° 4~/
mL,

%3 Fe BTHRERMMBMEL

Tab.3 Fe ion concentration versus in media

1 2edE /d 0 2 4 6 8 10
Tke Fel* Fe'* Fel* Fe't Fett Fett Fei* Felt Fe?t Feit Fei* Fe'+
1 1. 36 1. 90 2.17 0. 82 2,17 0 1.08 0. 55 1.08 1.08 1. 08 1.08
2 2.72 4. 90 2.17 0.55 3.26 0.54 3.80 0 1. 08 1.91 1. 63 1. 36
3 6.8 9.52 6. 53 8. 70 8.43 4.00 7.6 4. 46 3.80 8.16 8. 69 1. 63
4 16.32  12.51 7.88 12. 79 7.06 18.32 11.96 13.61 6.5 11.12  14.69 1. 63
5 3.0 10.4 23.12  19.04 17.68 23.58 25.03 25,29 20 07 17.5 32.6 18.6

2.4 pH ¥t SRB KB K6

pH ERBEYHESHREATEEFSHRER
FRBHREARNG R, A OEMARE LR
Wi, &38R pH R AEYTE RLHHS, E
TEBGEF SETRNEHFENERAHAR
AR EFRBEROATHEAREEERMERN &
B OH'Ef J5 %€ H 48 5530 2 pH A ® . EH® pH
EERETR ABARESTRETHE. LB
FERERME 4.

#4 pHEBAFIRF pH M EMHEL
Tab. 4 pH Versus time in pH
single-factor experiment

e TG ] 2 4 & 8 10

1 59 5.0 50 50 50 5.0
5.5 55 55 55 55 55
6.5 6.5 65 65 65 6.5
7.5 7.5 75 .5 7.5 7.5
5.0 80 80 80 B0 80

LELIENE R TL N
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EXEABP pH ARBENBE. HELE
TEBRER FEEXERICFEBENTE L.

(1)SRB 7£ pH6. 5~7.5 A LI R iFHi & K& . 7
P 7.5 4 SRB W EIS{HIAER T 10° 4~/mL, 7] LA
¥ SRB B{E pH Ri#E 7.5 X5 BB, D. desul
Suricans BR¥E (5. 9) B #E(7, O PR R 0] 8 40 e
Mo pH 2{H SR AH pH BEE 7. 1~7.5, 248
EET ERER,

o W s th O~
T

lgtcell eoncentration)icelis/mL)

e |

] 2 4 &
Time/d

t

B 7 TR pH T8 SRE 4 £ gl 25

Fig. 7 pH Versus time in pH single-factor experiment
1,5¢A 20013 3¢00,4(@)
(2)SRB R EEE pH /A F 5. S IR BT & 7,
1969 4F Tuttle FHPHAL A HABRBET EAFH
SRB Ri & 98 & & ( Desu! fovibrio ) ¥ 75 pH £ F 5.5

BEHK -

HRETERLRERE.

(S E R A SRB F 7% pH X F 8. 0 9%
BEFE MEAERE Y. LN EEXLBRE 2
.55 1348 . % 15 444 .SRB # pH 4 8.8.5 B {
BEEFENERB KFHEENTABER. A GH 55
%K.

308 @

(DSRBAEFHMRER, MEHATHRER
HHM.SRBAEM % 4. 5 mg/1L. WA BEREE B4
ANERERXTTARESF. WHERKUERAN
E R ELE R SRB.

(2)YHE A NaCl 58/ T 0. 818%0f,SRB
BT ERERK, SEA0.972% ~2. 28% 8¢, 0T
AEEPERK. KT 2. 45%N,SREE K R2Z2 3
M.

(FEFF o Fe' MM A SRB R EsHE
B AR RGRI R Fe* R4 SRBAEKMEKET
FRIE13~15 mg/L. REMEE FSEY SRBA K
FANHIER.

(OHREFET SRBEKR pH KEH 6, 5~
7.5pHE 7.5 EE M HE KW BEpH £8 .M F
5.58 kK F 8. 0f.SRE ALK . EHEHIE
F.SRBE 8~8.5 8f HEELEH,. N EHMA.
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The study of growing regulation of sulfate-reducing bar-:teria
ZHANG Xiao-li', LIU Hai-hong', CHEN Kai-xun!,
GUO Sheng-wu?,CHEN Zhi-xin®

(1. Department of Chemical Engineering ,Northwest University, Xi'an 710069,China;

2. Tubler Goods Research Center,Xi'an 710065,China)
Abstract; D. desul furicans screened {rom oll {looding water were studied, the results showed: (1) The SRB
strain had the ability of oxygen-resisting about 4. 5 mg/L dissolved oxygen concentration, but can’t grow
with 9. 0 mg/I. dissolved oxygen concentration. it was not obligate anaerobes but annex anaerobes; (2) It
can grow both in liquid and deposit while NaCl content was below 0. 818% . and can grow only in deposit
from 0.972 to 2. 28%, and can’t grow when NaCl content was over 2. 45% ; (3)The increasing of Fe**
concentration was better for the SRB growing, and it can’t grow when Fe?* concentration was below 13~
15 mg/L; high iron ion content has no depressing effect on SRB ; (4) In anoxic condition its appropriate
growing pH range was between 6. 5~7.5 , and about 7. 5 was its optimum pH value. In oxygenic condi-
tion the SRB can also grow between 8. 0~8, 5,

Key words ; Sulfate-reducing hacteria (SRBJ; culture of SRB;microbial corrosion:oil well flooding water

(8% 396 )
(2] kXERTVHE.ERE LI 2E REA LT EM) R 800 s AR . 1992, 94,
(3] ¥ BT EFRIZ). LR 8 T R . 1986. 454
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The lab simulation of the industrial wort
fermentation in beer-brewing

I . Heat effect monitoring and following of the wort fermentation process

DONG Sui-ming ,ZHAO Hong-an,ZHONG Guang-xue|,SHEN Jie-ru

(Institute of Analytical Science, Northwest University . Xi'an 710069,China)

Abstract ; A DDC- I type Digital compensation calorimetric system with the specially designed calorimetric
vesse] (see pt, I Jwas used in the simulation experiments of the industrial wort fermentation through heat
compensation. Heat effects during the fermentation process were continually and automatically monitored
and recorded, and the total heat effects were calculated from the thermograms at regular time intervals.
Analogous fermentations were carried out with glucose solutions at the same sugar concentration as that of
the wort;and a comparison of their thermograms gave,{rom the angle of heat monitoring,a verification of
the reported mechanism of wort fermentation. conditional tests for wort fermentation were made with the
same calorimetric procedures by changing remperatures,sources of yeast solutions,ete,that wasknown as
the dominating factors,To test the agitation effect.experiments were also conducted by bubbling gas
through the liquid media at the selected gas flow rates (see pt. I )and valuable results were obtained.

Key words; wort fermentation ; beer-brewing compensation calorimeter ;lat simulation of industrial fermen-

tation process
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