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A AE 0.45 ~2.00 mm, V5 Ve HE & B R W
(VSS) #4575 g/ L JAEAR (TS) 29 107 g/L, S A 5
1HURFE L 13.20% , JK 43 7 B AR 34.40% , 1 fig
RA4F,
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D2 & TR O PN 10 DR 403 B8, 40 301 s A A TR 4R 3%
ARV R TS [ 0 R RN A ) A B, %
R AR AR 4R B 1 A E N SR IR R B
KBS, HE Y & SR K AR A B
HIRA

A

HUH ]

3 4
I—HURE O 2—IRGIKIGAS s 3— R B 4—4E400; S—EfH,
Bl 1 Sendes

Fig.1 Diagram of experimental device
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Tab.1 Factors and levels of orthogonal experiments

A B C D
T S YT oY, izli‘s/ R/
(mg-L™") C n-2ed-1) (g Vss-L™")
1 Fe(1) 35 1.52 11.25
2 Co(1) 40 0. 86 20. 63
3 Ni(1) 45 0.63 30. 00

2) TEFMARAI SR 5 1 38 iR o B, 15
MBS H A A, 5SS 9 L A4 &
XL, AR BT AR AR AL B2 9 S g TR Y 5
— 2 A WIRTE EE AT RAE AL
1.5 MEIEHR

1) VA R0 E R AR A $h K 5 il 5%
NGRS W o

2) Wb & e . R A S, i,
TDX-01 f54>F i L FEAE (2 m x 3 mm) , K i 25 . 4
SHES(TCD) , 2. &4l N, , Jiti# 30 mL/min, {4
T AF  HERE IR 150 °C |, K I 28 R 150 °C A
Ui .80 °C , MR :0. 3 MPa, SR LR . 1 mL,

3)SCOD {E I : 5K H COD PRk 43 #7305

4)VSS TS il . R AHE BRI E

5) pH {HINE ; %] pHs-25 AIEL S pH $HIE

6) EE KR IR (volatile fatty acid, VFAs) 2
SRS RDE SR A ARE e, ik A
TR A KB-Wax 30 m x 0. 25 mm x 0. 25 mm F 4
B, S IABE TR IS (FID) |, 70 b 20: 1, 2
SONEAEA S, FEWTE 0.3 MPa, HERE L1 AR I 2%
TRBESY312h 200 260 C, #EFER 1 wl, HECR AR
JPTHE, #IUREE 80 °C, PR FE 2 min, L THE# % 20
°C/min, BT+ 120 °C , FELA 10 °C/min 2% #7 7+ 3]
190 °C , {2 % 2 min,

2 FHRE5HMH

2.1 EXRBERSH

RGBT 2 HE 10 % 9 AR U™ i
BB 0.5 d LR —IR OV AT — 22 A, S H PR
EIZLEFE SCOD {HAE TRE , n AN K e B
4R
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2.1.1 VFAs pH 143 5547

H o5t 7= & 5 VFA  pH {E A 224k A %5 % V1Y X
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Fig.2 Changes of VFAs content in 9 groups of

experiments during fermentation
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Fig.3 Changes in daily production of methane in 9 groups of

experiments during fermentation
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Fig.4 Changes of group 4 VFAs, VFAs

composition and pH
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Tab.2 Results of orthogonal experiment
C D .
S A B FHLT Ve V(CH,)/mL  POSCOD)/
e oTeS (KE)/C i S g -l (mg-L7")
(kg COD*m~-d™") (g VSS-L7)

1 Fe 35 1.52 11.25 614 343.0

2 Fe 40 0. 86 20. 63 551 227.0

3 Fe 45 0.63 30. 00 584 354.5

4 Co 40 1.52 30. 00 843 222.0

5 Co 45 0. 86 11.25 692 178.0

6 Co 35 0.63 20. 63 411 99.7

7 Ni 45 1.52 20. 63 567 427.5

8 Ni 35 0. 86 30. 00 503 165.0

9 Ni 40 0.63 11.25 253 196.0
Fe .Co Ni [EEEH N 1 mg/L,

#3 DIRGe ity B bR E S i 25 0t WEERCARE

Tab.3

Range analysis of orthogonal experiments with

methane production as target

SIS A B C D
K, 582.78 509. 33 674.58 519.59
K, 648. 55 549. 05 581.94 509. 85
K, 441.34 614.28 416. 14 643.23

W R 207.21 104. 96 258. 44 123. 64

K, K, B Ky Y0 P304,

NI 3 3R 4 SIS,

1) H2 3 F R 22 9 DR /N m] L UL ) B ¢ 4% [
O FGE i S MR ) OB R A AL (C) (Bl
HITR(A) J5IIKE (D) REZ(B),

2) T AR IE S5 1 1E A BT i 25 1) B A
BOE, WA 4 IR T i 22 F 5 fid /N iR 2281, J7
2T IR 4, R 4 TR 4 AR i 227 J7 A
Hh P X — T )l 2 75 AL D/ , T A 32 it
J3E Bl 2 7 R DR i 22 O F JRLIBE A Al 22 F O
AR R A4 F R 58227 J7 R A HBEE

x4 BB LRI 220
Tab.4  Cumulative variance analysis of

methane production

A
;i fjiu g P Eﬁ Bt
IEILE 67 264. 63 2 3.992 9. 000
T 16 849. 06 2 1. 000 9. 000
HPLAG 102 862. 07 2 6.105 9. 000
BIRHE 33 173. 66 2 1. 969 9. 000
TR2E 16 849. 06 2

M4 nl, F YT Fy o 90% BIHEAR 1
4 b DR 22K S A0 ks b B e = R 5 0 G Y 35 25
S S CHALGUR S 5 A 3 R R A, HE e

,/\5"%

3) K EAKRIRE LW~ P iy R Z ik T2
ZAHA ] A, B,C, D, Bl Co 1 mg/L, & BERE 45
C AHLIAT 1,52 kg COD/(m®-d) Fefhi5 e ik &
30.00 g VSS/L,

2.2 IZMUERSR

IER IR 25 R, AL A F A A, B, C
D,, 59 AsEg ) B bt i R EE 4 AR A
IFE—30 BFHE TS, SE AT, —
H A N Co 1 mg/L, KRIEIRIE 40 °C, A HL7
i 1.52 kg COD/(m® - d), 4% 5 I ¥ 30. 00
g VSS/L, i A4 ; 7 —4 R . Co | mg/L, K EEIR
45 °C , A HLA 1,52 kg COD/(m® - d) |, #ERP 5 e
J&30.00 g VSS/L,ic N4,

FET H W ey i B be o ARk, 25 R
5. HIES ATAL R ARTG £ 41 H B r= i I i
W CHMEATT A 1 RIIR B A, 5
54 0.44 0.58 L/d, X2 H TH4EF5 Ue o iy ik
YRR 25T , CALIR R 20 T
Tt DA 25 SR WD R T T AR PR B R, S AN
AT T A K 25 A R i AP 40 B
REHERT (2 d J5 ), A WL KT FE , B 5
X B Z M B A A w4, W S A UE P AR
A SIS A R AL B RS 18, B LA & th A 3,
4.5d HH g B CHI g, B CHNES
PR T Rk B K AL, 430 S 0.012,0. 032
L/d, BB AT I Ry B 7 i PN IR K 2 092 7K 2 482 30 AN -
FEIRA

HE S mIAL Y PRI A 0 R e B AR 4
FARILAFLL, WIS IS REAL, 2 d J5 & A8k
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BETREE, KBGO By Ry
1 d JE B R R AL, 2l R 82.82% . 84.12% .,
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Fo R B A AL R T ARAR Y e B
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Fig.5 Changes of dailymethane production and methane

contents in two groups

TR 1C By B R 75 g 2 vh
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DA 1 v, e 2 W e % i AT AR E 7E 70% LA
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AR, g S A S B AR X T e A
—EMBEEMER e R L6 T RE
A, s T BE =it

AR A, 2 BRH B i 970 mL,
AL T TF T 15.10% , RFBUH Lt 7= R 15 344. 49
mL/ (g SCOD) , LA AL HT (293 mL/ (g COD) ) 48 &
T 17.56% , WEAR T HE 8 H e 7= % 350 mL/ (g COD),
Zhu 2RI ABR 2N #5 Ak B K 5 KK K H
SN DL B S 15 8 B OBE R AE 165.4 ~ 226.33
mL/ (g SCOD) , 5HAH LA B R IE T Ak 52 55 1Y
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3 % it

1) it 4 PIER 3 K IE SIS R K R AR

RS R R AT A0 AT, SE e 45 SRR W, H 32
JEoh AP I e R TSR R

2) M IE A 1 06 45 R X S 1 T SR R ik AT
etk , 7EH G Co 1 mg/L KFEEEE 45 °C A LI
1.52 kg COD/ (m’ -d) JEFMGIRHE 30.00 g VSS/L f
SN R BRI 308 344. 49 mL/ (g SCOD) ,AH
AR S A 17.56% , Wk s M
84.12% ,SCOD ZFRZHR AL 84. 00% .,
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Parameter Optimization of Methanogenesis of Soybean Wastewater

TANG Renshi, ZHANG Yanping®, CAI Xiaoyang, WANG Xin
(School of Food and Chemical Engineering, Beijing Technology and Business University ,
Beijing 100048 , China)

Abstract: In order to improve the methane production in the process of soybean wastewater degradation,
effects of the trace elements,fermentation temperature, organic loading rate, and sludge concentration on
the amount of methane produced by anaerobic fermentation of soybean wastewater were studied by the
orthogonal experiment. Meanwhile, the effecting order of the factors and optimal technological conditions
were confirmed. The results showed that the factors which had the greatest influence on the methane pro-
duction were organic loading rate, followed by the addition of trace elements and sludge concentration,
and the fermentation temperature had the least effect. The optimized combination of technological condi-
tions was as follows: 1 mg/L Co, fermentation temperature 45 °C , organic loading rate 1. 52 kg COD/ (m’-d) ,
and the sludge concentration was 30. 00 g VSS/L. Under this condition, the cumulative methane produc-
tion was up to 970 mL, which was increased about 15.10% . While the cumulative methane yield, the
methane content in the biogas,and the removal rate of soluble chemical oxygen demand (SCOD) were
344.49 ml/(g SCOD), 84.12% , and 84.00% , respectively.

Keywords: soybean wastewater; anaerobic fermentation; methane production; organic degradation;

process optimization
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Response Surface Methodology to Optimize Fermentation Process of
Vaccinium uliginosum L. by Mixed Bacteria

SUI Shuang, WANG Ping”
(School of Forestry, Northeast Foresiry University, Harbin 150040, China)

Abstract: Saccharomyces cerevisiae, Lactobacillus plantarum and Acetobacter pasteurianus HN 1. 01 was
mixed to ferment Vaccinium uliginosum L. . After determining the pH value, protein content, reducing
sugar content, total phenols, flavonoids, procyanidins and anthocyanins content, antioxidant capacity in-
cluding hydroxyl radical scavenging rate, and total antioxidant capacity to obtain the proportion of bacteria.
The single factor test was conducted with pH value, protein content, reducing sugar content, total phe-
nolic content, hydroxyl radical scavenging rate and total antioxidant capacity in order to determine the op-
timum range of fermentation time, inoculation volume, fermentation temperature and initial sugar con-
tent. The Box-Benhken center combination test was conducted based on the total phenolic content and hy-
droxyl radical scavenging rate to optimize the fermentation process. The results showed that under the
conditions of fermentation time of 62 h, inoculation volume of 6% , fermentation temperature of 38. 5 °C ,
and initial sugar content of 15. 5°Bx, the total phenolic content reached (53.27 +0. 16) mg/100 mL and
hydroxyl radical scavenging rate reached (83.88 £0.19)% in ten-fold diluted Vaccinium uliginosum L.
fermentation liquid, which respectively increased by 56. 91% and 34. 34% after optimized. The hydroxyl
radical scavenging rate was significantly higher than that of the positive control group (p <0.01) and it
was about 5 folds higher than that of the 2 mg/ml vitamine C solution. The test was expected to provide

guidance for the deep processing of Vaccinium uliginosum L. .

Keywords: Vaccinium uliginosum L. ; Saccharomyces cerevisiae; Lactobacillus plantarum; Acetobacter

pasteurianus HN 1. 01 ; fermentation; antioxidant activity ; response surface methodology
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