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Effects of Organic Silica Gel on Methane Production Potential
of Cellulose through Anaerobic Digestion

Sun Chen Ding Zexu Cao Weixing Wang Juan Zhao Guohua
(College of Biological and Chemical Engineering, Jiaxing University, Jiaxing 314001, China)

Abstract; The addition of carriers to anaerobic digestion ( AD) systems to provide spatial structures and
colonization sites for microorganisms, thereby enhancing community stability and biogas potential, is a
focal point of current research. However, when selecting novel carrier materials, it is imperative to first
evaluate their toxicological impacts and potential inhibitory effects on the methanogenic process. Through
a fed-batch fermentation mode, the effects of AB silicone at five different dosage concentrations (2% ,
5%, 10%, 15% , and 20% ) on the cellulose degradation and methanogenesis process were
investigated, to evaluate the feasibility of utilizing this AB silicone as a carrier material. The results
demonstrated that the addition of AB silicone led to a significant decrease in the CH, yield, with the 2%
dosage exhibiting the most pronounced inhibitory effect on methanogenesis. Across the three consecutive
experimental rounds, the cumulative CH, production was decreased by 41.3% , 31.8% , and 31.1% ,
respectively. The relative abundance of the dominant hydrolytic bacteria Bacillota ( Firmicutes) was
decreased from 69.7% to 57.9% , whereas that of Synergistota was increased from 10.8% to 15.7% .
Furthermore, the relative abundances of Methanosarcina and Methanoculleus declined from 15.4% and
2.4% to 10.0% and 1.4% , respectively. Distinct from typical chemical inhibition, neither terminal
accumulation of volatile fatty acids ( VFAs) nor pH instability was observed during the experiment,
indicating that the inhibitory effect likely did not stem from toxicity to the methanogenic consortia, but

possibly because the organic silicone filled a portion of the volume, hindering the contact between
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microorganisms and cellulose, which led to a portion of the cellulose remaining undegraded. Specific

methanogenic activity ( SMA) assays conducted on the residual fermentation digestate after the three

rounds of experiments revealed that the half-maximal inhibitory concentration (ICy,) of AB silicone on

the SMA was 1.8%.

Key words: cellulose; anaerobic digestion; organic silica gel; biotoxicity; methanogenesis; microbial

community
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Fig.2  Effect of different addition amounts of AB silicone on anaerobic digestion gas production performance
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Fig.3 Effect of different addition amounts of AB silicone
on pH value and alkalinity of fermentation liquid at end

of batch-fed anaerobic digestion
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Fig. 4  Effect of different addition amounts of AB silicone on residual VFAs in batch-fed anaerobic digestion

RIS ST T IR 5T Wk 2 43 1135 (3. 21 £0.06) mg/ L,
(2.04 £0.09) mg/L;20% 4H 3 %X )5 T M wk JE AR
WH(3.72 £0.03) mg/L. (3.03 +0.31) mg/L,
(4.77 £0.42) mg/L, #1050 24 T B K F T & 1
B VFAs 8Tk . BFoE o, T B8 nl 28 3% 40 i i
WA A pH {E, 10 0 Al 69 95 1Y BLBEE 5 R
P4 (U0 Synergistota) H4 5 ' o py e AT WL, A AB fiE
2 1 K e RS 4 o ) Al L, LS R B T R /N
TR, A REHE— B BEAN T CH, ™ 4k,
2.3 ABEEXHELEMEME
2.3.1  AB Bl B0 B BEE B A 5200

J TSRS X IR AL & AB R i O vk
FERR I BEBOGA I BT E2 A ) 5 3 A0l 00 45 5 X iR
H.2% . 10% 20% AB fif & 41 B &, 50 Bl i 5k
Blank ,Control 2% . 10% .20% , JT J& sk A= W) B 7K 45
BT B S A AR A 9 11 KT R0y 1 g /K
BT 8 AR 2 AR RE R S A AR A B

M B 5a w] A,

Bacteroidota, Pseudomonadota .

Bacillota, Synergistota .

Methanobacteriota .
Chloroflexota . Halobacteriota 42 K %8 JH 1k & 4t i #% 0>
AT 5 SRR 5 IR T A O T R AE —
ﬁ[m: o Bacillota( J& 4 Firmicutes) i& B pH {H 5 Bl &
6.5 ~8. 6, &M AKAIIRETE , TEA K F AR 42 2
i ((>50% ), T e 8053 il 48 4 32 0T IR 5 A LT
iR e 5k AR Y ) 4 Rl R Bacillota A X
FE R 54.77% ; % 3 i 56 45 K J5 Control 21 A1
2% 10% \20% AB ff: i A X 53510 69.7%
57.9% \59.6% \58.6% . W] UL AB fif J5 T 40 4 7K figt
A Bacillota #HXF 4= B2 #2 7+, H LA X F 5 5 CH, ™

LS IEAE (p <0.05, R >0.86) , fE— A HE S
AB B JB 0 ] A0 B oK A T A A, 8 T AR AT R 40K R
AR 6

LA, Synergistota iy ™A% K48 7™ LR T, W] K I
BAEWR KK A R VE T, T e R LR

I HoA [ Spirochaetota [ Cloacimonadota
[ Atribacterota [ Halobacteriota ~ [] Chloroflexota
[ Methanobacteriota [_] Pseudomonadota [ Bacteroidota
[ Synergistota [ Bacillota
100 f === = — = ==
. 80r |—— 1
1N — |
b
H 60F — —— —
= [
Z
B 40
%
= 20 L
0 ! — ! I I
Blank Control 2% 10% 20%
ZH 7))
(@) I'T7KF
= HAb [ Candidatus_Methanofastidiosum
I CandidatusMethanopl [ Methanoculleus
1 Methanosarcina [ Methanothrix
[ Meihanobacterium
100 == | — _— —
- 80f L
g
g
# 60 [
o |
== [
B 40 i
%
e 20
I 1 I I 1
Blank Control 2% 10% 20%
205
b) JBKF
&S ANIE] AB fi JB oS i i 2R W RV AR
IR

Fig.5 Effects of different addition amounts of AB silicone

on relative abundance of microbial communities



74 &k L

W% 2026 4

' i H Blank 41 (6.3% ), Control 2% . 10% .
20% #H ff) Synergistota 3= J& 3 g & Fh %5 (p <0.05) ,
Sy ik & 10.8% . 15.7% . 17.7% F1 12.6% , 5
2.2.2 T IR AT R Synergistota A K B9 HE IR —
B HED AB R e AT S 32 DR R 4 IR B A 5 5 R
A Ak R R 7 B BR B, R B LR A R
Bacteroidota J2& [ it 2F 4 K | 2F 2F 48 R 19 B0 W 1,
Af e A S R L %R
B UR A Fp ) B R X R AR 17. 7% AL JEEE 4 3
K W J5, Control 4 5 £ ik ¢ 41 A0 X =+ BE AL Ky
10.2% ~11.6% , 454 31 53 5K F A # Synergistota
it . Pseudomonadota “k Jj fig 2 (19 /K fff B BE , =
S AL TSGR R R AR TR DI RERR S
HERF " o Blank 41 XS 2l 12.4% 3 B K LS
WS, Control 41[EZ 2.4% ;2% 20% fik: i 240 4% 4 5
7.9% 10.5% , i % & T Control 41 (p <0.05) ,IH A
T 5 3R T A 3% R T ek S A AR R
S A N T IR R
Methanobacteriota J2 /= F 4 JC BB BE 2% . 10% Fif I8
LA X BE IR (Y 1.3% 3 & 1.9% .2.3% .
AFAE T 2.2.2 555 M AB Ak FEAR CH, ™ & &
T Ao A0 T K R T S B, Tl R R R e
LSRR

H1E Sb Al 1, AH X F Blank 41, % W 45 55 %t
WREH K4 AB fi g 20 7 FY e ol T 7 45 4 22 S W
Fo MXTEELEH TR, Control 4 Methanobacterium
F143. 5% [% % 40. 4% ,2% ,10% A1 20% 2 W 53 51 7+
& 51.6% .58.2% K1 48. 6% ; Control 2% ,10% #I
20% 21  Methanothrix #H %} F BE ¥ 5 F B a4,
WIUh 48.4% 4y 5 B & 40.2% . 36.0% ,36.0% Fl
38.9% , Methanobacterium K &5 37 B r= B b i
PLH,/CO, 5 W R S ¥, %t H, 26 f ) 8, 7F H,
7o R B H B Rg 18R . Methanothrix Sl WL 7, iR
IR e T O — B RS BRI SR, 16 T Tl
b B A ) A 3 DA AN T AR A R T O
COQf':EF"}()'%HSW o TELTRFE R, Methanothrix Sk 3 B2
PR e T . SR T, BE Kk 45 A i Blank 41 LU
Methanothrix 5 {. Control #H ' Methanothrix 5
Methanobacterium W &5 H AH 24, 7 4% & #F I 4 DA
Methanobacterium i 3, BN A AB I 28 T 5
A Fo W ObE B 45 . ik S, Control 4 1Y
Methanosarcina ( 15. 4% ) K1 Methanoculleus (2. 4% )
WS E T 2% 4 (10.0% 1 1.4% ) . 10% 41
(4.2% F1 0.6% ) F1 20% 24 (10.7% F1 2.1% ),
Methanosarcina 7] i £ TR 24 V208 37 AP L8 5
% ¥ 142 7 CH,, Methanoculleus W) & ¥ H,/CO, 1

Pseudomonadota

T AB R IR AR AR A R S — MR T Ak
FHLERE T

e 3 B R R R U AB RE RS POk
fip 1] Bacillota AH XJ F B 1 25 [ AR (69. 7% [ =
57.9% ), ft # 5= B B B Methanosarcina
Methanoculleus 3 & JRAS[R] 2 B T B, Bacillota fE K
DR AR AR O K fife 7 R T, FG R B2 e IR 2 1) 5
LFUEFKMRRE S T . A4 HBS pH H AN VFAs %Y
B A T A A AL A S T BE B A AR BRORR B (A B
HT A OO 23 18] | 28 3% 18T B B R ), R A
AR PR TE T3, 175 5 8 ) T 00 4K ik v AN H e T
S A RE VR BT R T B0 b b B 4
ZAW
2.3.2  AB X Alpha Z 4¢P 1Y 5200

%t Blank .Control 2% 10% F1 20% %1 % I W K
i PEAT OTU 732 G2 3, JF 23 Bl % 42 8% OTU % Je
RO OTU B4l T i Alpha ZREE M, 3 2
47 Blank ,Control (2% 10% 1 20% 21 1) s A= ¥ B 7%
Alpha ZHPEFE4L, Chaol FiI ACE 8% tIR 3 8K
T i Xof HEE 2 A0 0 2H B2 0 0 R S ] R AR T
H6 241 F & = T X B 41, Shannon 5 Simpson f§
IR, R I A W X SO P AR O S b B v
JETH W #2301 WA R AL, X IR 4k
Bacillota A% 4 3% ETF(p <0.05) L5 41 W 1A
Synergistota 1 Pseudomonadota & L # | J 2% B
BE L ULHT AB G A AU R A= W RE v 45 4 R R
Yoy, [ i 38 AR T K ff B Bacillota 9 4 25 1
B

% 2 Blank, Control 2% .10 % # 20 % 48 ) 0 &

B¥7% Alpha Z

Alpha diversity indices of microflora in Blank,

Control, 2% , 10% and 20% groups

Tab. 2

g 2l ACE Shannon  Simpson Chaol Coverage
Blank 669. 70 4.20 0. 035 664. 14 0.997
Control 719.39 4.06 0. 045 705.13 0. 996
2% 727. 05 3.99 0. 046 711.11 0. 996
10% 749. 88 4.00 0. 046 737.42 0. 996
20% 728.13 4.10 0.039 720.25 0. 996
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Tab.3 Alpha diversity indices of microflora in
Blank, Control, 2% , 10% and 20% groups

e ACE  Shannon Simpson  Chaol  Coverage
Blank 10. 33 1.23 0.40 10. 33 0. 998
Control 11.83 1.40 0.32 11.33 0.997
2% 16. 14 1.31 0.36 12.00 0. 996
10% 15.71 1.24 0.39 12. 67 0.993
20% 14.38 1.35 0.33 11.83 0. 994
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Fig. 6 Cumulative methane production of each group in

SMA and f,,— silicone concentration curves

A I A AB Rk R 2H TA/PA (K 7%
DCTE], Ui BT AB i i R i o 52 ) R 2 2% v e g DT
P 7= B e, 1 — 20 A I H X 7 e f A R
TR, MAE R G RR AL

%% 5 &y Control 2% 5% ,10% .15% .20% #H 0l
2 HAHAE SMA UE 1k I & W £ 1R o i ok i A8
o CTRAE N BRAEI A AZ O v A B | =
B AR B R Gk e RAEFE bR, 249 75% 1) CH, H #
KRIET o1, AU H ) CH, ™ &, kS nf
WL UL =K G SRR R BRI G , B A H LR
JIE B R b T A a0 45 TR 2 1R M bR e A, 3R
B AB Gk i oK W 3 W 55 000 W RE VR ORI BE D o
SR, 25 FL 4L Control 1 Z R W FEAE NGS5 WG
F&, 25 2 2% 5% 10% 15% 20% 1) £ 2 e JE AE
IS5 1 LI, Bt HE D AB R B AK SR 23 52 i
L W REIE 1T T 5 3L TR AT PERR AR

Lo = B iE i I IR F 5 SR R B i Y pH B . TA/PA VS

Tab.4 pH, IA/PA and VS at start and end of specific methanogenic activity experiment

pH {ii IA/PA VS(H3E) /%
R4 - N
wlhs 4 fuk LN Il 4R
Control 8.23 £0.01 8.09 =0. 01 0.21 =0. 01 0.45 £0.03 1.98 +0.02 1.42 £0.03
2% 8.24 +0.01 8.13 +0.01 0.21 +0.01 0.16 +0.01 1.53 0. 19 1.21 £0.12
5% 8.23 +0.01 8.11 +0.01 0.21 +0.01 0.15 +0.01 1.84 0. 15 1.34 £0.03
10% 8.22+0.01 8.15 +0.02 0.26 +0. 01 0.14 +0. 02 1.53 £0. 12 1.37 +0. 04
15% 8.22+0.01 8.16 +0.01 0.24 +0.01 0.16 +0. 02 1.73 £0.07 1.21 +0.05
20% 8.26 +0.01 8.21 +0.01 0.24 +0.01 0.13 +0.01 1.80 +0. 04 1.28 £0.10




76 ko AL B ¥ i 2026 4
5 BrEFRREEARARMERNEBRRY JIANE S 25 S SR B WS N R 2% 19 AB EREXT IR
ZHMRERE ST AR WY e B 40 A T e o, 3 4 BB CH,
Tab.5 Acetic acid concentration at start and end of E‘JK%IPE%%U ik 41.3% 31.8% 31.1% SMA izt 5@\
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