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Fig.1 Schematic diagram of anaerobic fermentation reaction of cassava residue
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Tab.2 Experimental design parameters

. . oA adEs SRR /mL
a At/ T T BEFRIL it/ m
Fermentation L . Total fermentation
Group Temperature Cassava Bagasse . Inoculum Vaccination ratio
concentration broth volume
M1 37 150.3 30% 150 30% 500
M2 60 100.2 20% 150 30% 500
M3 37 100.2 20% 150 30% 500
M4 37 50.1 10% 150 30% 500
M5 37 150.3 30% 250 50% 500
M6 60 50.1 10% 250 50% 500
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Fig.2 Changes in daily gas production (a), cumulative gas production (b), methane content (c), cumulative methane
production (d), and cumulative methane production efficiency (e) with anaerobic fermentation time
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Tab. 3 Kinetic analysis of methane production from anaerobic fermentation of cassava residues in different groups

2H Group P,/(mL-g"'TS) R,./(mL-g"' TS h) Mh R’
Ml 16.79+0.01 0.31+0.016 15.66+2.89 0.99+0.02
M2 185.39+1.41 1.18+0.07 219.82+ 5.41 0.99+0.04
M3 193.02+1.65 1.05+0.047 714.83+ 56.92 0.99+0.06
M4 216.64+3.68 1.08+0.12 265.47+11.52 0.99+0.03
M5 2.12+0.01 0.03+0.01 14.54+ 14.02 0.99+0.02
M6 351.68+5.69 1.38+0.14 94.32+ 13.51 0.99+0.01
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Note: The purple bar chart in the figure represents the concentration of acetic acid; yellow represents the concentration of propionic acid; blue

represents the concentration of butyric acid.

Fig. 3 Changes in VFAs and pH generated by different fermentation groups (M1-MS5) with anaerobic fermentation time
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FRAHR I, 3% 7] BB FH THRAKAY TS L TuHa R R
A1, AR TR T A S A P g T M v
I, FEIR A R G Pras A7 Hh, e i A H b B A S g
WIS R TP S 3l I BT R A 2 PRk
fif, FELRUE =R RGu ke M, ol LIS ZEAR TR
SEBRAE AT A BRI

3.2 [EMIPERRER  UNIEl 5-a TR, REELA) TSR
[P A B i ) PR R SR B B 25 5, 5k A&
P8 AR | R PR A e B S
YIAHSG . e R BRI A TS S A, il
TN T AR R VR T 80T IR (E AR 1k .
M6 211 TS ) 46 A e A% (5 & 43 50K 5.02%), B¢
i e AR R B 1.3% ZiAq, FEIRBICR IR ) 2
74%, T REVRT A 0 AT SR A B A kR
1) 8 R T, R B R T IR A K
Pz K ) B RS, TR /K i R Ak R R e Ak B B
PS8 T AR, SR M1 LTS TS
FE 28%, TS FEMBUEREAR, (UL 14%, X Al HE
HHMAYTE A=A K. M2, M3 Al M4 4111
TS BRI 90 49%. 58% 1 61%, FFLH

SRR . R M2 B B R A,
KR RE W& = SRR, XAl e 28 s
o S BE AR R, FARE SR AT, AR
W B2 AT BB Ty, HE T R F b A A A ALY
Rk Ff T 2E P () T 1, S ) A A AR, 31X Sunar™!
FMESIE L (ERTERRE, MS AP TS
[T i 43 B R 26%, B AR R R 22%, X M1 4,
[ B} 23545 T ) 20 #r, MIS 2H A DR 4k e i 2 T i
FEE TR P 1 32 400 o] e DR 4R 2% 1 AN B e 4 Tl
R, B BRI R B T, IR AR R B A ()
BB gk BUE U, B TS BL A
P EEFR i, 76 i A A B B A I R T 53X
15 Yin®? A5 BRAR R

Al ML 2 75 4 B (SCOD ) L J2 1 5 R 48 &
Pt B oA ML B (R FE AR b, RO T R R ]
WA R A A LY B i . SCOD &
ot 1 A i 20 A ) PP Bt 1 7 i IR SR R TR I 35K
Rl & 5-b F 5-c AIAL B M1, M5 K BEALAP,
M2, M3, M4, M6 %% 1A & 352 Se AL 11 A2,
Horp M6 2H DGR IR 22 325 mg- L' 3] & % 39 d,



282 M EYER ( REIL) J. Trop. Biol.

2026 4F

FEARE] T 6 072 mg L, BHRRIAE] 71.25%, 454
R EECHRE , T L b PHEE R ik 1) 52 24 W SO e T
R 5 v ) i BB A 0 G AL 1 K i AR Ak
AR, AR AR IR T AR S i b Y 52 A LA P
A6k SCOD My R, 42 T ¥ i ml A FH 1 o
[, 40 B R E T RS LS B
YR TR, A BT — 2P M Al SCOD %
R BE, BEAh, MR AT R UE W RIS 454
Tk, B e TE G R, RS R R, A
MEZEL T SCOD 1Y oy B fifk 28 0 R e ™ s 42 7
SR M1, M5 A B 5HUHR 4.7%, 5.6%, W]
YRR T K At B, AR 52 ™ F et e, 3
5 M1, M5 d77 307 B RAEAEY) & o #E—25 4
BT, M1 203230 SCOD [ fige {1 4 Ji R A] RE R T
A RIS, B R N RUE P B R R DU
YT ESE ., PUER . BRESNMEIREE, X5
B PR SRR I 45 R — 3, T B AN R Tk
AL R TS BRI . BRI TS MR N
TG TR Ty, 30 T A W B R AIOR,, [
I o VA B Y 2T BB T FR e B A . 2o
R I T /IR g, SEEAE,
— 25 R T G W AT A R R IR
I, 2R TS FHERN BT MS 4R BERCE I

SCOD Ffif R IR
33 REABRENELHE-ZHERE #Hil
500 270000 500
450 25000 450
400 180000 400
gx 350 135000 & 350
~ 300 90000 300 ‘
250 45000 250 e <

200 0
300350400450500550600
Ae/DM

500
450
400

£

£ 350

3

300
250

90 000
75 000
60 000
45000

<
30 000

15000

200 =% 0
300350400450500550600
Ae/DIM

---------- 15000 250

00 ;
250300350400450500550600650
Jre/IIML

20 0
300350400450 500550 600
Jrepy/IIML

Y Y 5R 55 R DR AR B J TR VR T S i A L)
(Dissolved Organic Matter) #E17 43 #r, 7 LA P8 8
R -R TP (Ex/Em) ¥4 615 R 43k 5 A4 X
I (220 ~ 250 nm/280 ~ 330 nm), [T (220 ~ 250 nm/
330 ~ 380 nm), (220~ 250 nm/380 ~ 550 nm),
IV (250 ~ 400 nm/280 ~ 80 nm), V (250 ~ 400 nm/
380 ~ 550 nm), X & X I 43 1) Xof 1 i 2 R 2K AR
[ Jit (Tyrosine-like Proteins). % 24 fR 2% &4 1 Jit
(Tryptophan-like Proteins) . & H 2 254 Jii (Fulvic
Acid-like Substances). ¥ fift 1 T A= 90 AC 8 7=
(Soluble Microbial By-produc) il Ji& 74 g 25 ¥ it
(Humic Acid-like Substances)®!, & 6 7] LAF H,
Rk M5 251, £ S50 2H 56 o X IR B,
TEDOCRE A TR, A SCmAfE VAV IX
B R A, X R BRI P IE R, KA
FEYHE AR, S8 SMP & R, MEE AL
RN AT, HA Wi R, P AREE RN
T m AR, HIR SR WU E RV E 2k
fRBES AR IR, Beoh, IRAIREE T, il
AR S ) T BB R AORD Y e A i, AR S
Yy A B R A M 218 o 1 TS VAR B N v i A R T
ZAFBATREID K] T TR A TP 14 B A, PR Ik 53K
TR, TP ™= &5 i FA TR f &
BEHAL R HA, I RRRED . i Ms 7 1 I,
IV, V500 1 B, 2402 RIIHIA R
100 000

90 000 500

75000 450 80 000

60 000 £ 400 60000

45000 £, 350
<& 40 000
30000 300

20 000

200 ~FEE 0
300350400450500550600
/M

270 000 500 100 000

225000 450 80 000

180 000 400
g 60 000
135000 € 350
~ 40 000
90 000 300

45000 250 20000

() S 0
300350400450500550600
Jep/IIML

6 EERiE=HTEH(EEM)

Fig. 6 Three dimensional fluorescence (EEM) at the end of fermentation
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Tab. 4 Statistical analysis results of microbial sequences in different fermentation groups

i Sample Libifi%\%jig/eu/l;ate Shannon Chaol ACE

i)

Ml 94 1.79 135.19 136.02
M2 94 1.65 139.29 144.89
M3 92 1.76 123.16 124.96
M4 94 1.71 116.53 117.02
M5 96 1.59 116.00 122.00
M6 94 1.84 155.29 157.35
L}

Ml 95 0.59 149.62 202.54
M2 97 0.66 144.57 211.75
M3 97 0.61 147.22 194.57
M4 99 0.53 139.69 169.43
M5 96 0.53 138.71 177.58
M6 92 0.66 174.11 219.39
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Methane production potential and characteristics of
anaerobic digestion of cassava residues under

mesophilic and thermophilic conditions

Wang Yuhao’, Zhang Keying, Xiao Qianyi, Dong Lili"

(School of Environmental Science and Engineering, Hainan University, Haikou, Hainan 570228, China)

Abstract: Cassava residues, an organic solid waste generated from cassava processing, were digested in an anaerobic way under
mesophilic (37+1)°C and thermophilic (60+1)°C conditions, and were batch fermentated at varying total solid (TS) concentrations
(10%, 20%, 30%) and inoculum concentrations (30%, 50%) to evaluate the biogas production potential, gas production patterns,
and microbial community distribution characteristics during the anaerobic digestion process. The cumulative methane production
was fitted using a modified Gompertz model. The results demonstrated that the thermophilic group exhibited significantly higher
total gas production efficiency compared to the mesophilic group. Moreover, the thermophilic fermentation reached peak gas
production within 3—6 days, which was 6—9 days shorter than the mesophilic fermentation. The optimal conditions, achieved at
10% TS and 50% inoculum dosage, yielded the highest biogas and methane production, with an average methane content of 54%,
biogas yield of 666.48 mL-g"' TS, methane yield of 346.96 mL-g' TS, and SCOD degradation rate of 71.25%. Analysis of
microbial community distribution revealed that temperature and TS concentration significantly influenced the dominant bacterial
and archaeal populations at both phylum and genus levels. Thermophilic conditions promoted the enrichment of hydrogenotrophic
methanogens, such as Methanobacterium (49.84%) and Methanoculleus (24.92%), leading to improved methane recovery. The
findings suggest that cassava residues alone could serve as a viable feedstock for biogas production, and that desirable biogas
recovery could be achieved in a shorter time frame through controlling an appropriate TS concentration, increasing inoculum
dosage, and optimizing fermentation temperature. All these findings provide valuable insights for optimizing the anaerobic
fermentation process of cassava residues.

Keywords: cassava residue; intermediate temperatures; anaerobic digestion; influencing factors; microbial community distribution
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