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Table 1 Properties of the inoculums and SMS

P i o G
2 Spent mushroom EITZZD; Al ) Acid-acclimated
Parameters Initial inoculum -
substrate inoculum
[i5] T4 % 4
Total solid content/% 90.18 18.76 1483
RN B T 0 55
Volatile solid content/% 80.67 7.94 6.10
ISEERIIR /i
Total organic carbon 50.70 2.06 1.44
content/%
24 4 [ AN R
ins %Uﬁ ZE8 /}'ﬁl
Total nitrogen content/% 1.00 0-10 0.07
pH {H pH value - 7.74 7.65




250 Ll THE2AH (http:/www.tcsae.org)

2020 4
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HALSK QTR I« R B B 275 1% pH E
S N R RE PR AR S PR RN IR . 4 ANYIER B T
12, 220 32 F1 40 REW, BAHr B A BRI &
MG LTUER B ARG Fao HIETE. BAYIMEIE RS
4240 d, 7€ 37 CHMERIEFRAE TEAT . IR &P Btk
MR ERRE, HHRRSEE 50%00 E, EMyH
FIRM ORIEE AR TR IRE 20 A7 A RE R
1.2.2 RAFLAEEF %

IRECT KR O B 77 2, RERI 2 P 4 R
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FAMRATEEEN S LW D BEE RN g, &5 FiER LK
EIRRBORZEH AR E O, il s R ) T
ISR EREAEME. KEARA R EE S8R EE
LM AL R OB SRS . BT 1R B A8 35T
1E 37 CHIEER TR T . fE KB, & 1~2d e
SE. BhigE. BN 3 A AER.
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Table 2 Composition of digestion materials

1.2.3 REKEH N FHH
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AT B B I AUA TG s BOAS IR R 40 d
1 B e

M=P, -exp{—exp[R, e (A—1)/P,+1]} (1

KA M A ¢ B ZI0E R BAR e  /, Likgs ¢ N K EEI
|, d; P, NAKBESBR Wi, L R, NHCK”H b
#, L/ (dkg) 5 A NREEERT, do
1.3 IBFRNE RS AE

pH 1K F#E pHS-3C %Y pH it (EHERERIRZEA
A PR A R E RS D ME; TS KM 105 CHE 24 h,
ZEEIENE; VS K 550 CHIBE 4 h, ZFEikile;
R BRI 2 2 e, 0SB EAR IR
BRAME I RGED 8 s SARAARFURT B AR AR 2 £050 ) SR
R ETF(LML-1, KFERFEIEHE SR A R I A FD
FAEHE AL ANE A BT (Biogas Check, #¢[E Geotech)
Wi LR NN SRR EmE 5 EIR =S
BRI B EEREIS RH TTC-H i B2 e
T o K B S SR P BRI 0 e i) B F420 TS R
MRS, MR s A TAM TR (R
et A R A 7@ id lumina MiSeq il & 77 & #E47
3T

K H SPSS18.0 A ELEAT J7 ZE Ge it FIAH S 73BT,
T EIHTIERE Tukey-HSD J7v2k.

2 HR5SH

2.1 FEMHYYIMLEES T
AR BRI A A B0 L G M IE N A AR

TR ) i o REXTFHEEIRE N, Xiao ZEVRFIAE 7 400 mg/L miik
Ene ik B wme . . i 87 71 i 1
IR G g MEBRD R T, BRI RA IR RN
roporti h itial Water/ . e s o v ..
acid-acclimated ;rlllisstrr;(;gl inoléllitli?rln/g inoculum/g alere 2t BB LRI I IR AR R IR B LR P iR
inoculum/% 8 N N S N .
0 O 800 1626 0 2706 47 e, R H AT LATE 8 200 mg/L ZFRIKFE R =< R I . Jain
S EE R g e A LT 2 A Y 3R
50 800 919 919 2513 47 R 1077 B e b o BTN 2 AT 2 R BLAE L 8 g/L THREHE
75 800 492 1476 2395 47 ST B (42 P ) I FH 81028 S 7 3% ) DR R e,
100 100 0 2116 2260 47 PASRAR REF 7SRO, WK 1,
o i fipHIti pH value after acid adjustment :© —— LRk # Acetic acid conversion rate T I“'JC/E! ]":'f fitDaily production of methane
8.0r o= C)ﬁpHﬂ'f pH value aftgr gas production % zg' == LRV INEE Acetic acid addition 12 :; %25-_9' HI%EK 5 Methane concentration 5 °§
, 7.5[0000000°0%0%0 0ga000200°0 9200050000 - £ 7] 02 Ex £
2 |esessscsccce B Zeof 18 HE =% £
= 70t % S sof S35 LS5 8
o] esecsecece = 8 40 16 2% m°S [ g
3 6.5 B ; & ° ® ‘S 10 S
o SEEE 1a 33 28 2
eeccecscce 15} & T 3B g
o & 20[ s T 2 s
2 6.0 eoscceee o 1P 2 5 5t s
5 10k g & >
T S R e SR S olePedied®” . . . . . . o
550 4 8 12 16 20 24 28 32 36 40 < ¢ 4 8 12 16 20 24 28 32 36 400 % 4 8 12 16 20 24 28 32 36 40
It} ¥ Time/d It} ¥ Time/d A I ) Time/d
a. pHfH b. ZERTR IRk 2R c. eIk A H 7= ik
a. pH value b. Acetic acid addition and conversion rate ¢. Methane concentration and daily production

A1 Efhiids

Fig.l1 Acclimation process of the inoculum
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Fig.2 Variation of enzyme activities druing acclimation of the inoculum
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Table 3 Relative abandances of Archaeal communities in inocula
before and after acclimation

ECES SR AR i R 4% Fh )
Archaeal communities Initial inoculum/% Acclimated inoculum/%
$ﬁ/\§ﬁ)§ 4.20 58.10
Methanosarcina
B RE R )&
Methanoculleus 22.54 2009
R e R T
Methanospirillum 1694 943
FBE R 1
Methanobrevibacter 8.05 0.37
PRIt 22 1 )&
Methanothrix 3.99 0.58
FBE R T )
Methanosphaera 3:90 0.09
Ko
Unclassified 3447 6.76
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Fig.3 Effects of Amount of acid-acclimated inoculum on biogas yields
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Fig.4 Curve of modified Gompertz equation for cumulative
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&3 {BIEHI Gompertz FIESH
Table 3 Related parameters of modified Gompertz equation
T FR e o 204 o
¥ Parameters Amount of acid-acclimated inoculum/%
25 50 75 100
P,,,/(L-kg'l) 68.32 70.83 75.24 68.90
Rm/(L~(d-kg)'1) 2.93 3.16 3.49 3.28
Ad 4.72 4.28 4.34 4.33
R 0.996 0.994 0.997 0.998

T MO e IR BAR R G, Lke s ¢ AREER A, d; P, R
BEBEEE, Ly R, ARIT R, L(dke)'s 2 KRBT, d.
Note: M is time ¢ cumulative methane production, L-kg'l; t is fermentation time,
d; P, is total cumulative methane production by fermentation, L; R, is the
maximum methane production rate, L+(d-kg)™; 4 is fermentation lag time, d.
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Effects of acid-acclimated inoculum on solid-state anaerobic digestion of
spent mushroom substrate

Zhu Jiying, Zhong Hui, Lu Yu, Zhang Qi
(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: Solid-state anaerobic digestion (SS-AD) generally operates at solid content between 20%-40%. Due to the low
water content, mass transfer in the digestion material is slow and the intermediate acids are apt to accumulate locally.
Excessive acid accumulation might inhibit the activity of methanogens, reduce bigas yield, and even result in failure of the
SS-AD process. Acetic acid is the most important intermediate in anaerobic digestion, and its concentration directly affects the
activity of methanogens. Spent mushroom substrate (SMS) is a feasible feedstock for anaerobic digestion, because it has high
organic content and the fiber and lignin have been greatly degraded during mushroom growth. However, using spent
mushroom substrate as feedstock for SS-AD is easy to result in acid inhibition due to the rapid hydrolysis and acidification of
the organic matters. In order to avoid acid inhibition and improve the stability of SS-AD process, the inoculum was acclimated
by gradually increasing the concentration of acetic acid in this study. The acclimation process was divided into four stages at
the pH value of 7.2, 6.7, 6.2 and 6.0, respectively. During acclimation stage, the pH value of the inoculum was adapt to the set
value with 6 mol/L acetic acid solution and the biogas production, methane content, additive ammout of acetic acid and
conversion of actic acid were measured every day. The activities of dehydrogenase, CMCase and Co Fy,, were measured at the
last day of each acclimation stage. The acclimation lasted for 40 days and a acid-acclimated inoculum that can prouduce biogas
quickly under the condition of acetic acid concentration of 10 200 mg/kg and pH value 6.0 was obtained. Compared to the
original inoculum, the diversity of methanogens in the acid-acclimated inoculum decreased and the abundance of acetic acid
diauxotrophic Methanosarcina was obviously enriched. The activity of dehydrogenase increased 101.5% in the first
acclimation stage (pH value 7.2) and then kept decreasing during the next 3 stages. The activity of dehydrogenase reflects the
metabolic capacity of all the microorganisms in the digestion system. With the decrease of pH value during the acclimation,
the activity of some microorganisms was inhibited. Coenzyme Fj is present in various methanogens. It often be used to
reflect the methane production activity of sludge. The activty of coenzyme Fy,, also reached the highest in the first acclimation
stage because the pH is optimum for most methanogenes. Although the abundance of the acetic acid diauxotrophic
Methanosarcina was significantly enriched in the final acid-acclimated inoculum, the diversity of the archaea communities
was reduced due to the low pH value. The activity of cellulase in the acclimation process reached the highest in the third stage
(pH value 6.7). To investigate the effects of acid-acclimated inoculum, SS-AD experiments of SMS were carried out by adding
different proportion of acid-acclimated inoculum. The results showed that adding acid-acclimated inoculum could avoid acid
inhibition and accelerate the start-up of SS-AD. The methane yield increased 56.1% when acid-tolerant inoculum accounted to
75%. The results can provide some theoretical guidance for effectively solving acid inhibition in SS-AD process.
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