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Effect of acidification pretreatment time of biogas slurry on the
physicochemical properties and methanogenic characteristics of rape straw
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Abstract The lignocellulosic components of rape straw are recalcitrant and nondegradable, resulting in low
methane production and excessive biogas slurry during the anaerobic digestion of rape straw. To overcome
this problem, the rape straws were pre-acidified using biogas slurry with 10% solid content under micro-
aerobic conditions at 35 C for 18 days. The temporal dynamics of the physicochemical properties of rape
straw were evaluated by analyzing variations in the weight loss rate, pH, volatile fatty acids (VFAs), and
microbial communities during the pretreatment process. The effects of pretreatment time on the methanogenic
characteristics of rape straw were compared. The results showed that the weight loss rate increased gradually
with the extension of the acidification pre-treatment time, and the cumulative weight loss rate of the acidizing
materials on the 5" day accounted for 43.34% of the total. The pH of the acidifying material on day 4 was the
lowest (4.9), and the concentration of VFAs was the highest (468 mg/kg). The dominant bacteria at the genus
level changed from the initial single Bacteroides to Bacteroides and Prevotella on the days 3—5. The highest
methane yield (154.02 mL/g) was achieved using feedstock materials pretreated for 5 d, which was 28.89%
higher than that of the control, but not significantly different from the treatment for 4 days (147.29 mL/g). This
study determined the optimal time for the acidification pretreatment of rape straw with biogas slurry, which
significantly promoted the methane yield of straw, and provided a theoretical basis for the development of a low-
cost straw acidification pretreatment process with certain engineering application prospects for the harmless
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and resourceful reuse of methane.

Keywords rape straw; biogas slurry; bio-pretreatment; anaerobic digestion; methane production
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Table 1 Physicochemical properties of the fermentation raw materials and inoculated sludge

& br Testindex

MRS Rape straw

VAT Biogas slurry BERI5 78 Inoculated sludge

JA[EH A% & Total solid content (wW/%) * 87.03 £ 1.70 0.41 £ 0.02 8.39+0.26
1% PEE 755 & Volatile solids content (w/%) ° 92.58 + 0.52 35.51 +0.83 75.37 £ 117
S L Total organic carbon (w/%) ° 40.36 £ 0.14 — —
S Total nitrogen (w/%) ° 0.96 + 0.06 — —
AL CIN 4216 £ 1.89 — —
aEVEY) R 2 & Soluble matter content (w/%) ° 17.54 £1.19 — —
P4 Z ) £ i Cellulose content (w/%) ° 38.28 £3.17 — —
LT YEZ N4 & & Hemicellulose content (w/%) ° 21.98 +2.36 — —
AR JFR B4y & & Lignin content (w/%) ° 13.30 £ 1.52 — =

aRIREETIRIE, bR IRE T T H.

The letters a and b represent the values based on wet weight and dry weight of the samples, respectively.
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Fig. 1 Daily weight loss rate (A) and cumulative weight loss rate (B) of acidified pretreated materials.
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Fig. 2 Changes in pH (A) and VFAs concentration c (B) of acidified pretreatment material.
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Fig. 3 Community composition of the microbes at genus level in
acidizing pretreatment materials.
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Fig. 4 Daily gas production (A) and biogas composition dynamic change (B) of the rape straw anaerobic fermentation under different

pretreatments.
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Fig. 5 Cumulative methane production (A) and cumulative methane production in real time as a percentage (B) for anaerobic
fermentation of the rape straw under different pretreatment conditions.
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Fig. 6 Methane volumetric production rate (A) and special methane production rate (B) of the rape straw anaerobic fermentation under

different pretreatment time.
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