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Abstract: Effects of exogenous enzymes on anaerobic co-digestion at medium temperature (35 °C)
were explored. In batch experiments, the mixture of straw and sludge (mass ratio =1 : 2) was used as
the substrate. Under the optimal dosage, five groups of protease and cellulase with the ratio of 1 @ 1,
1:2,2:1,1¢:3 and 3 : 1 were set. The gas production, methane content, ammonia nitrogen,
polysaccharide, protein, volatile fatty acids ( VFAs) and enzyme activity were analyzed. The maximum
methane production (373.05 mL) with the TS removal efficiency of 10% and the VS removal efficiency
of 43.5% was obtained when the ratio of neutral protease and cellulase was 1 : 2, and there was no VFAs
accumulation. Therefore, the enzyme ratio of 1 @ 2 could be used as the optimal dosage of exogenous
enzymes for anaerobic co-digestion of straw and sludge. The slurry of multi-enzyme combined reaction was

determined by HPLC. It was found that the main macromolecule substances of anaerobic digestion
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products were biopolymer and high molecular weight humic acid.

Key words: corn straw;
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Tab.1 Physicochemical properties of corn straw and municipal

sludge

WiH |T1S/% |VS/% | C/% | N/% | C/N | pH{H

FEFF | 93.2 | 71.2 | 48.29 | 0.62 |77.89 | —

151 5.9 | 2.8 |24.66 | 5.05 | 4.88 | 6.80
PRAH AR5 e I 3 52 95 2 [F] IR CSTR J2

hig, TS 4 3.5% ,VS i 1.3% . S50 fr FH AN

Tt B &R T v, Pk AR S 60 000 U/g,

LF A E IR 9 50 000 U/g,
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municipal sludge;

anaerobic digestion; cellulase; protease
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Tab.2  Experiment design of batch mixed fermentation with

single enzyme

g FEFMI‘JE?JE/ FEFE/ @’&T&bq;ﬁ/ i 2 B/

m g |(mg-g TS) mL
1# | 68.00 |2.15 0 — 350
24 | 68.00 |2.15 60 HEHEM | 350
3 | 68.00 |2.15 80 EEEE | 350
4# | 68.00 |2.15 100 HEM | 350
54 | 68.00 |2.15 60 LY 2| 350
6# | 68.00 |[2.15 80 FEFEN | 350
7# | 68.00 |2.15 100 LPEEM | 350
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Tab.3  Experiment design of batch mixed fermentation with

multiple enzyme

e TG IR/ | FE AT/ E’&E«i&i}lﬁ/ HEN | R
ml g |(mg-g 'TS)| £LF4EXG | mL
A#| 68.00 |2.15 80 1:1 350
B# 68.00 2.15 80 1:2 350
C# 68.00 2.15 80 2:1 350
D# 68.00 2.15 80 1:3 350
E#| 68.00 |2.15 30 3:1 350
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Fig.3  Volume change of daily biogas and cumulative methane

production with time
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Fig.4  Change of polysaccharide content,cellulase activity,

protein content, protease activity and NH; — N content

2.2.4  MEEG XTIRAHAL TS VS (520

RIEIMEEGEC X TS VS [l2m UL 5,

TSI%

VS/%

45t BR8N

40}

35}

3.00

25t

20}

1.5}¢

1.0t

0.5}

0
A# B# C# Di# E#

45
a. TS

2.5¢1 B RN BRI E

A# B# C# D# E#
415
b. VS
5 IRRLFER TS 1 VS EL
Fig.5 Change of TS and VS during the reaction



www. cnww1985. com

EHHE INRBE R AT RS R AE AL AL

#3645 H15H

AL EAREEBOINR AN (BRI G TS A1 VS
P—3, i FAASMIREG IR 1O R IR
AR TR R B WO DR A AL 2 AU 45 455 5 TS
VS MHZETC L. 2 4R B TS 2 BR 3R 70 51
H15% 10% \10% 10% F1 17.5% . %41 K B
VS (£ BRI 47.8% 43.5% 43.5% 39.1%
F147.8% .

A# E#I TS VS KRR 8 T HABA, W Z 5
BiEHC LA 2S5 (A
2.2.5 RIS H R A X201 BRI 2R

Laspidou %" $& 11 T 5 — FRIE , Vi M Pk A
9 (SMP) 5y fif bk EPS J2[a] —#) . A< 52

MERRC A L 110225 112331
TS ETAN A 6 Fis .
2.5¢
1.5+
>
g
mg 1.0t
F o5t
=
0
_0‘Soooo‘ooooo
S &5 &5 & & & & & &
N <t = oo (=] N <t O 0
R ] /s
a. A#
2.5¢
—04d
2.0t W 1 :5d
. —#
g 1.5} —4
E =7
3 1.0t % 2 —7d
Z 05}
0
_O'Sooooooéooo
S & 5 &5 & & & & 3
N < O [eTe] (=) N <t O o0
W B 1S 1] /s
b. B#

UV,5/10° mV

200
400
600
800
1 000
1200
1 400
1 600
1 800

R ] /s
c. C#

2.5¢
20}
=
15}
=
= 10}
Z
5 05}
0
-0.5 L
(=) o o o (=) =) =) =) =) =)
(=) (=) (=) (=) (=) (=) (=) (=] (=}
N < =l o0 (=} N < o [e7e}
Ve J5E B 1) /s
d. D#
2.5t
20}
-
E 15t
=
S 10
-
5 05
0
-0.5 -
= (=) (=) (=) =) (=) =) (=) =) (=)
(=) (=) (=) (=) (=) (=) (=) (=] (=)
N <+ el o0 (=) N <+ O (%}
R JI5E B 1) /s
e. E#

6 A# B# C# D#Fn E#EEBILE

Fig. 6 Chromatograms of A#, B#, C#, D# and E#

AT E T, R A A ) (SMP) 1y
FES T 5 5k I o P o ) T AR . SMIP {3
(1) B A TE 949 s A1 1 040 s PR IBERT [R], 735
T TR 9 1572 264 u( i 1) F1 13 202 u
(W 2) , 3530 5 A= 0 3R 6 W R o Do o e 2%
WA X AR IR EYR S (I 1) 2
SMP [ = BELL R4 , FLUIE 8 43 0T 6 1) J 4 28
Y (ig2)
3 it

@  AFEER SIS R I AT R
F L &4 80 mg/gTS,

@ K AHRAERENC L E A YR =
12, BRI Rk ik 373,05 mL, H TS 1 VS
FB RN MK 10% F143.5% , BEECHL 1 : 2 450
PR e 7 0 R o 2 B SR AR T o

@ BAEMGRGHE L N NG - PR =13
T PENIR R, TRESE A TEIZ I L R AR
fiff 25 i AN E B, S 0K A R AL BT R 8 7R
YA, DR = FBE TR, S BT R SR

@  REWE AL FE T, 7= 953 o it B S RN
W/, DRAEH AL W b s A T R ER AR

<11 -



736 %

% 15 #1

T OE % K H K

www. cnww1985. com

BRI 231 R SRR o

S E 3k

(1]

(2]

(3]

[4]

[5]

(6]

(7]

[8]

2 A XUME R , MRS, 2. TR TR RS AT 575 D8
RA PRI AR [T ] A58 TR 74,2018,
12(10) :2959 —-2965.

Li Huili, Liu Pengcheng, Chen Zhiqiang,et al. Effect of
slurry recirculation on mesophilic anaerobic digestion of
straw and sludge[ J]. Chinese Journal of Environmental
Engineering,2018 ,12(10) :2959 —2965(in Chinese) .
Guo H,Wu Y,Hong C,et al. Enhancing digestibility of
miscanthus using lignocellulolytic enzyme produced by
bacillus[ J]. Bioresour Technol,2017,245 (1) :1008 —
1015.

Roman H J, Burgess J E, Pletschke B 1.

treatment to decrease solids and improve digestion of

Enzyme

primary sewage sludge [ J]. Afr J Biotechnol, 2006, 5
(10) ;963 -967.

SFF. EFYEFR BN I0O FOKAE AT DA A W e 1
M D]. st Jeatsfill R, 2015.
Wu Dan.  Effects of Cellulase
Methanogenesis from Anaerobic Digestion of Corn Straw
[D].
Chinese) .

B R, 25N R SN SR AR AR T e K A Y
WA [T]. HEERNE,2010,31(3) 763 -767.
Luo Kun, Yang Qi, Li Xiaoming, et al.

Addition

on

Beijing: Beijing Forestry University, 2015 ( in

Enhanced
hydrolysis of excess sludge by external enzymes [ J].
Environmental Science, 2010, 31 (3):763 — 767 (in
Chinese) .

Recktenwald M, Dey E S, Norrlsw O. Improvement of
by
combined with chemical treatment[ J]. J Residuals Sci
Technol ,2015,12(4) ;205 —-214.

FAER BT Wi, A, Heh i 0 8 S Sy 3
PRAR™ W BE RERYRZMA [T ], BR4E TR 241 , 2017, 11
(1).541 —545.

Wang Jiajun,Lu Hongyu, Chen Zhigiang,et al. Effect of

industrial-scale  anaerobic  digestion enzymes

inoculation ratio for methane potential of food waste on
mesotherm anaerobic digestion[ J]. Chinese Journal of
Environmental Engineering,2017,11(1) ;541 — 545 (in
Chinese) .

Angelidaki I, Alves M, Bolzonella D, et al. Defining the

biomethane potential ( BMP ) of solid organic wastes and

- 12 -

(9]

[10]

[11]

(12]

[13]

energy crops: A proposed protocol for batch assays|[ J].
Water Sci Technol ,2009,59(5) :927 —934.

SET . GUEREAT DAL AR TE [ D] 22 M 22 M
T.R2£,2017.

Dang Ning. Study on Anaerobic Co-digestion of Sludge
Straw[ D]. Lanzhou; Lanzhou University of Technology,
2017 (in Chinese).

Laspidou C S, Rittmann B E. A unified theory for
extracellular polymeric substances, soluble microbial
products ,and active and inert biomass[ J]. Water Res,
2002,36(11) :2711 -2720.

Li W, Cao M, Young T, et al. Application of UV
absorbance and fluorescence indicators to assess the
formation of biodegradable dissolved organic carbon and
bromate during ozonation [ J]. Water Res,2017,111;
154 - 162.

Umar M, Roddick F,Fan L. Impact of coagulation as a
pre-treatment for UVC/H, O, -biological activated carbon
treatment of a municipal wastewater reverse osmosis
concentrate[ J|. Water Res,2016,88:12 —19.

Yu W, Campos L C, Graham N. Application of pulsed

UV-irradiation ~ and  pre-coagulation  to  control

ultrafiltration membrane fouling in the treatment of
micro-polluted surface water[ J]. Water Res,2016,107 ;
83 -92.

EAR(1970 - ) 2o, BRIRVIRE IR I T
W WG 5 ) R 7K 35 g i 2 AR
Tk,

E — mail : huilihit@ 163. com

5 H #1:2019 - 05 - 15

S



