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Abstract
Plant waste (PW) and excess sludge (ES) are two main organic matters of municipal solid
waste. However, there are few reports on their anaerobic co-digestion. In this work, the mixed proportion
of PW and ES anaerobic co digestion was �rst optimized at mesophilic temperature, and then the
anaerobic co-digestion of PW and ES was enhanced with strong oxidant calcium peroxide (CP). The
results showed that the optimal mixing ratio of PW and ES was 1/1 (in terms of volatile solids), and the
C/N of mixed digestion substrate was 23.5/1, the maximum methane production was 172.6 mL/g (in
terms of volatile solids).  CP could enhance methane production from anaerobic co-digestion of PW and
ES. When the content of CP was 0.2 g/g (in terms of total suspended solids), the maximum methane
production was 234.8 mL/g, about 1.4 times of the blank. The mechanism investigation showed that CP
promoted the release of organic matter during the co-digestion, and the higher the content of CP, the
greater the release of soluble chemical oxygen demand. The presence of appropriate amount of CP
promoted the activities of key enzymes in anaerobic fermentation process, and then increased the
e�ciency of methane production. The results of this work provide an alternative strategy for the resource
utilization of PW and ES.

1. Introduction
With the rapid development of urban greening, the treatment of growing plants wastes (PW), such as
litter, lawn trimmings and residual �owers, has caused great pressure on the urban ecological
environment (Abreu et al. 2016; Perin et al. 2020). PW contains a large number of carbon sources, which
is a valuable renewable resource. Generally, the main ways for PW reuse include fertilizer utilization,
biochar preparation and composting (Ermolaev et al. 2019). However, the quality of compost products is
di�cult to control, and it will produce odor to pollute the environment (Vaverková et al. 2020). Therefore,
an e�cient PW processing strategy is urgently needed.

Anaerobic digestion uses the synergistic effect between microorganisms to convert organic matter into
energy materials (Li et al. 2019a; Rodríguez-Valderrama et al.2020; González-Arias et al.2020). Anaerobic
digestion not only reduces the volume of fermentation substrate, kills pathogens, but also obtains energy
materials (Wei et al. 2018; Wang et al. 2019; Zhao et al. 2020a). Therefore, anaerobic digestion is
considered to be a promising technology for PW treatment. Carbon/nitrogen (C/N) is a key parameter
affecting anaerobic digestion, which has a signi�cant impact on microbial activity, organic matter
conversion e�ciency and expression of key enzyme activities (Zahan et al. 2018). It is generally
considered that the ideal C/N ratio of anaerobic digestion is 20–30/1 (Chiu et al. 1997). PW contains a
lot of C, but N is relatively de�cient. Therefore, anaerobic digestion of PW alone is prone to low e�ciency
and poor stability. Excess sludge (ES) is the main by-product of wastewater treatment (Yang et al. 2010).
ES also contains a lot of organic matter, and the inherent C/N of ES is relatively low (~ 7/1) (Feng et al.
2009). Co-digestion of PW and ES has many advantages, such as toxicity dilution, and C/N ratio balance
(Du et al. 2021). The mixing ratio of PW and ES is an important index affecting co digestion. However,
there are few reports on the co-digestion ratio of PW and ES.
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Calcium peroxide (CP) is a widely used and safe inorganic compound peroxide, which is considered as
solid hydrogen peroxide (Qian et al. 2013). When CP is dissolved in water, hydrogen peroxide and calcium
hydroxide will be released slowly, which makes the water have the characteristics of alkalinity and
oxidation (Wang and Li 2016). In addition to the degradation of pollutants in water or soil, CP has also
been used in the resource utilization of organic wastes in recent years. Zhang et al (2015) explored the
degradation of phenolic endocrine disruptors by CP, and analyzed the effect of CP on sludge dissolution
and anaerobic digestion. The results showed that when the content of CP was 0.34 g/g (calculated by
TSS content), the reduction of VSS was as high as 27% (Zhang et al. 2015). At medium temperature, CP
can promote the anaerobic fermentation of sludge to produce volatile fatty acids (VFA), and when the
content of CP was 0.05–0.3 g/g, the hydrolysis and acidi�cation performance of ES were signi�cantly
improved (Li et al 2015). In addition, CP combined with other pretreatment technologies such as
microwave, ultrasound and free ammonia has also been proved to improve the ES anaerobic digestion
performance (Wang et al. 2018; Li et al. 2019b). The alkaline environment caused by CP can destroy the
structure of cellulose in PW and extracellular polymer in sludge, which is bene�cial to be consumed by
anaerobic microorganisms and biotransformation (Sträuber et al.2015). PW contains a large amount of
lignocellulose, and Wang et al (2019) con�rmed that CP promoted the degradation of lignocellulose and
humus in ES, which provided guidance for CP to enhance the anaerobic co digestion of PW and ES in this
work. However, up to now, there are few reports on the effect of CP on PW and ES anaerobic co-digestion,
and the mechanism of CP enhancing PW and ES co-digestion is not clear.

Therefore, the feasibility of co-digestion of PW and ES was �rstly evaluated in this work, and the mixing
ratio of PW and ES was optimized. Secondly, the effect of CP content on anaerobic co-digestion of PW
and ES was investigated, and the optimal dosage of CP was obtained. Finally, the mechanism of CP
enhanced PW and ES anaerobic co-digestion was analyzed by measuring the metabolic transformation
of organic matter, the activity of key enzymes in the co-digestion system. The results of this study provide
an available technology for PW resource utilization, and expand the application �eld of CP.

2. Materials And Methods

2.1 Source of the experimental materials
PW was taken from the waste of a �ower market in Changzhou, China. After the PW was retrieved, large
particles of impurities, such as plastic bags and glass, are removed manually. The PW was then
mechanically crushed to a particle size of less than 2.0 mm. Then, a certain amount of tap water (the
mass ratio of PW to tap water was 1/2) was added to PW to improve the water content of PW. The main
characteristics of PW after treatment are as follows: pH 7.6 ± 0.1, total solids (TS) 84 ± 3.2%, volatile
solids (VS) 75 ± 2%, protein 0.16 ± 0.02 g/g, carbohydrate 0.44 ± 0.05 g/g, soluble chemical oxygen
demand (SCOD) 251 ± 4 mg/L.

The ES used in this study was taken from the secondary sedimentation tank of a sewage treatment plant
in Changzhou, which mainly deals with urban domestic sewage. The recovered ES was �ltered by a 2.0
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mm sieve, and then left for 24 h. After that, the supernatant was removed manually, and the remaining ES
was used for the experiment. The main features of ES were as follows: pH 7.1 ± 0.2, TS 12300 ± 220
mg/L, VS 7900 ± 150 mg/L, SCOD 52 ± 5 mg/L.

CP was purchased from a Biochemical Co., Ltd. in Shanghai, and the purchased CP was stored in a
moisture-proof glass bottle. The main features of CP are as follows: white crystalline powder, odorless,
the relative density 2.29, and the melting point 275 ℃.

The inoculum was taken from the sludge anaerobic reactor in our laboratory, and the main characteristics
of inoculum are as follows: pH 7.1 ± 0.2, TSS 9800 ± 50 mg/L, VSS 6800 ± 40 mg/L, VFA 56 ± 5 mg/L,
SCOD 68.5 ± 5 mg/L.

2.2 Optimization of co-digestion ratio of PW and ES
In this test, �ve groups (named R1-R5) of sequencing batch reactors (SBR) were established, and each
group consisted of three identical reactors (working volume 1000 mL). The reactor was equipped with
mechanical agitator, and the speed of the reactor was controlled at 100 rpm. An air collecting bag was
arranged above the reactor to collect the biogas produced by the anaerobic co-digestion of PW and ES.
The side part of the reactor was provided with a feed inlet and a discharge port. First of all, the mixture of
PW and ES was added to each reactor in different proportions, and their initial ratios were controlled to be
about 1/0, 2/1, 1/1, 1/2, and 0/1 (PW/ES, calculated by the content of VS). The initial organic matter
content was controlled to be approximately equal. pH is the key parameter affecting the anaerobic
digestion of organic matter. It is generally considered that the optimal pH for methanogenic archaea
metabolism was in the range of 6.5–7.5. Therefore, the initial pH of PW and ES anaerobic co digestion
was controlled at 7.0 ± 0.1 by manual addition of 4.0 M sodium hydroxide or hydrochloric acid, but not
controlled in the co-digestion process. Finally, all the reactors were placed in an air-conditioned room with
a constant temperature of 25 ± 2.0 ℃ for 30 days. The optimal proportion of PW and ES was determined
by measuring the co-digestion gas production of PW and ES.

2.3 Effect of CP on the co-digestion performance of PW
and ES
According to the results in Sect. 2.2, the optimal ratio of PW and ES for anaerobic co-digestion was set at
1/1. Therefore, the initial mixing ratio of PW and ES was controlled at 1/1 in this test, and the volume of
mixture was 600 mL. Then, different doses of CP were added to each reactor, and the contents of CP were
0, 0.05, 0.1, 02 and 0.3 g/g (in terms of TS), respectively. The other operating conditions were consistent
as those described in the Sect. 2.2. The optimal dose of CP was determined by measuring the methane
production in each group.

2.4 Analysis method
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The determination procedures of COD, SCOD, TSS and VSS are in accordance with the standard methods
(APHA 1998). Protein was determined by Folin phenol method, bovine serum protein was used as
standard substance, anthrone colorimetric method was used to determine polysaccharide, and glucose
was used as standard substance (Lowry et al. 1951; Dubois et al. 1951). Methane was determined by gas
chromatography, the model of gas chromatography instrument was GC-2010 (Shimadzu, Japan). VFA
was determined by HPLC. The model of liquid chromatography was DIONEX U-3000, the column was
ZORBAX SB-Aq (column length was 150 × 4.6mm, diameter was 2.3), the injection volume was 10 µL, the
column temperature was 30 ℃, and the UV detection wavelength was 210 nm. C/N is the ratio of total
carbon to total nitrogen, and total nitrogen is determined by Kjeldahl method after boiling. The functional
enzymes in anaerobic digestion process include protease, amylase, �lter paper enzyme, CMC enzyme and
F420 coenzyme, and their determination procedure are shown in Ref. (Chabrière et al. 1999; Zhu et
al.2020a; Gupta et al. 2012),

2.4 Statistical analysis.
All the experiments were performed in triplicate. The results were statistically signi�cant when the
probability was less than 0.05 (p < 0.05).

3. Results And Discussion

3.1 Optimization of anaerobic co digestion of PW and ES
Mixing ratio is the key parameter of anaerobic co-digestion, which affects the performance of co-
digestion (Haider et al. 2015). The effect of co-digestion ratio of PW and ES on the methane yield was
presented in in Fig. 1. It can be clearly found that the methane production in each reactor showed a sharp
rise �rst, then a steady increase, and �nally a basically stable trend. However, different proportions of PW
and ES have a great impact on the cumulative methane production. In R1 or R5, PW or ES were digested
alone, and the maximum cumulative methane production was 103.2 mL/g and 128.6 mL/g, respectively,
which was similar to the previous reports (Wang et al. 2019). When PW and ES were co-digested, the
cumulative methane production was signi�cantly increased (Table S1), and when the ratio of PW to ES
reduced from 2/1 to 1/1, the maximum cumulative methane production increased from 146.5 mL/g to
172.6 mL/g. However, when the ratio of PW to ES further reduced to 1/2, the cumulative maximum
methane production decreased to 136.4 mL/g, but still higher than that of PW or ES digestion alone. The
above experimental results clearly show that co-digestion of PW and ES improved methane production.

Figure 2 further showed the daily methane production during the co-digestion of PW and ES. As shown in
Fig. 2, the daily methane production rate in each group showed two peaks, about on 2 d and 20 d,
respectively. The �rst peak was due to the high content of digestive substrate and the low concentration
of ammonia nitrogen, which led to the high activity of methanogens. The second peak appeared mainly
because methanogenic microorganisms adapted to the digestion and operation conditions. The mixing
ratio of PW and ES also had a great impact on the daily methane production. In R1, the daily methane
production rate was low during the �rst 15 d, which was mainly due to the high content of refractory
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organic matter (lignin, cellulose, etc.) in PW (Croce et al. 2016). When the ratio of PW to ES reduced to
1/1, the daily methane production rate reached the maximum value of the experimental group, indicating
that the daily methane production in R3 was the best. However, when the ratio of PW to ES further
reduced, the daily methane production decreased slightly.

The mixing of PW and ES mainly affected the C/N ratio in the fermentation substrate, because PW was a
kind of organic matter with high carbon content, while ES was a kind of organic waste with high
proportion of nitrogen. Table 1 showed the variation of C/N ratio of each reactor. It can be seen from
Table 1 that the mixed ratio of PW and ES reduced from 1/0 to 1/1, the C/N in the fermentation substrate
reduced from 34.1/1 to 23.5/1, and the ratio of PW and ES further reduced to 0/1, and the C/N in the
fermentation substrate also reduced to 7.2/1. C/N is one of the key factors affecting the activity of
anaerobic digestion microorganisms, which has an important impact on the transformation of organic
matter and the expression of key enzyme activities (Dai et al. 2016; Paul and Dutta 2018). Previous
studies have shown that the optimal C/N for anaerobic digestion was in the range of 20–30/1(Zahan et
al. 2018; Parkin and Owen 1986). When the ratio of PW and ES was 1/1, the C/N ratio of fermentation
substrate was 23.5/1, which was in the range of optimal digestion ratio. Although the C/N ratio in R2 was
also in the optimal range, the PW content in R2 was higher and the refractory components (lignin,
hemicellulose, etc.) were more, which were di�cult to be hydrolyzed. Therefore, the optimal mixture ratio
of PW and ES to produce methane was 1/1.

Table 1
Changes of C/N ratio of digestive matrix with PW and ES mixture ratio

Reactor R1 R2 R3 R4 R5

C/N 34.1 ± 2.3/1 28.6 ± 1.3/1 23.5 ± 1.6/1 16.5 ± 1.1/1 7.2 ± 0.8/1

 

3.2 CP enhanced the co-digestion of PW and ES
Figure 3 presented the effect of CP content on the co- digestion of PW and ES to produce methane. It can
be clearly seen that the change trend of methane in each reactor showed a sharp increase at �rst and
then a slow change trend. However, when CP was present in the co-digestion system, the methane
production potential of the mixed matrix changed greatly. When the content of CP increased from 0 to 0.2
g/g, the maximum cumulative methane production increased from 172.6 mL/g to 234.8 mL/g. However,
further increasing the content of CP to 0.3 g/g, the maximum cumulative methane production decreased
slightly and decreased to 209.7 mL/g, but it was still about 1.2 times of the blank. CP has the
characteristics of strong oxidation, and the presence of excess CP can inhibit the activity of
methanogenic archaea, thereby reducing methane production. It can be clearly found that CP promoted
the co-digestion of PW and ES to produce methane.
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Methane is the end product of anaerobic digestion of organic matter. In the blank, the maximum
cumulative methane production time could be considered as 21 d (Fig. 2). The maximum cumulative
methane production time was slightly delayed with the ES digestion time alone, which may be related to
the presence of refractory hemicellulose and ligneous acid in the digestion matrix in this work (Mustafa et
al. 2016; Mamimin et al. 2020). When CP was present in the digestive system, the maximum cumulative
methane production time was shortened to 19 d, 2 days earlier than the blank. The reduction of the
optimal digestion time is of great signi�cance in practical engineering, which can improve the treatment
e�ciency of organic matter (Qu et al. 2020). Therefore, the results obtained in this work clearly showed
CP improved the co digestion e�ciency of PW and ES, and shortened the optimal digestion time. The
mechanism of CP enhancing co digestion of PW and ES would be described in detail in the following
chapters.

It is considered that anaerobic digestion of organic matter must go through disintegration stage, and the
change of SCOD in fermentation system can re�ect the degree of disintegration (Liu et al. 2019; Kuang et
al.2020a; Dong et al. 2020). As shown in Fig. 4, the concentration of SCOD in each group increased �rst
and then decreased slowly. However, the content of CP greatly changed the concentration of SCOD in the
fermentation broth. It can be clearly seen that the higher the content of CP, the concentration of SCOD in
fermentation broth. For example, in the blank, the maximum content of SCOD was 1584 mg/L, and when
the content of CP was 0.05 g/g, the maximum concentration of SCOD increased to 1826 mg/L. The
concentration of CP further increased to 0.3 g/g, the maximum concentration of SCOD also increased to
2793 mg/L, which was about 1.7 times of the blank. When CP was dissolved in the fermentation system,
calcium hydroxide and hydrogen peroxide were released slowly, which increased the pH value of
fermentation (Wang et al. 2018). Previous studies have shown that alkaline pH was conducive to the
dissolution of cellulose and hemi�ber in the straw, which leaded to the increase of degradable organic
matter content (Mancini et al. 2018; Bolado-Rodríguez et al. 2016). PW is rich in carbon sources, most of
which are cellulose, lignocellulose and so on. The degradation of lignocellulose can be enhanced by CP
(Wang et al. 2019), which improved the anaerobic digestion performance of PW. In addition, alkaline
environment was conducive to the decomposition of extracellular polymer in ES, releasing extracellular
organic matter and increasing the content of dissolved organic matter in fermentation broth (Chi et al.
2011; Kim et al. 2013; Kuang et al.2020b). The hydrogen peroxide released by CP can also promote the
transformation of refractory organic matter from PW or ES, thus increasing the concentration of SCOD
(Ping et al. 2018).

Protein and polysaccharide are the main organic compounds in ES. This work also explored the effect of
CP on the dissolution of the two organic compounds. As shown in Fig. 5, the change trend of soluble
protein and soluble polysaccharide was similar to that of SCOD. The higher the content of CP, the greater
the release of soluble protein and polysaccharide. For example, when the content of CP was 0.3 g/g, the
contents of soluble protein and polysaccharide on 8 d were 535 mg/L and 442 mg/L (calculated by COD
concentration), respectively, which were 1.9 and 2.2 times of those in the blank. In this study, the
concentration of polysaccharides was high, accounting for about 36% of the total SCOD, which was
signi�cantly higher than the results of ES anaerobic digestion alone reported before (Wang et al. 2019).
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The reason for this phenomenon may be due to the large amount of PW in the digestive matrix, and there
was a certain amount of polysaccharide in the PW. The strong oxidation of CP increased the release of
organic matter from fermentation substrate, which provided su�cient materials for subsequent
acidi�cation and methanation (Liu et al. 2019).

3.3 Effect of CP on yield of VFA during the co-digestion of
PW and ES
VFA is a key intermediate in organic anaerobic fermentation process, which has an important impact on
the utilization and activity of methanogens. As shown in Fig. 6, CP can affect VFA accumulation during
the co- digestion of PW and ES, and the maximum accumulation of VFA was closely related to the CP
content. When the content of CP increased from 0 to 0.2 g/g, the maximum accumulation of VFA
increased from 361 mg/L to 751 mg/L (calculated by COD concentration), which indicated that
increasing CP content promoted VFA accumulation. It should be noted that when the content of CP
increased to 0.3 g/g, the accumulation of VFA was inhibited to a certain extent, and the maximum
accumulation of VFA was 503 mg/L, lower than that of 0.2 g/g CP group, but still higher than that of
blank. The conversion of dissolved organic matter to VFA requires the metabolism of microorganisms,
which is a biochemical reaction. The change of pH in this study is shown in Fig.S1. The results showed
that the higher the CP content, the greater the increase of pH. 0.3 g/g CP reduced the content of VFA,
which may be due to the fact that the maximum pH was beyond the tolerance of acidifying
microorganisms (Zhao et al. 2010; Lin et al. 2013). The high pH produced by high dose of CP had a
negative effect on microorganisms, and the VFA content was not the highest in the presence of 0.3 g/g
CP.

VFA is the main substrate in the process of methane production, and the components of VFA can also
affect the accumulation of methane. As shown in the appendix, CP could affect the proportion of VFA
components and promote the relative percentage of acetate. When the content of CP increased from 0 to
0.1 g/g, the proportion of acetate increased from 42.3–49.5%, indicating that proper increase of CP
content was bene�cial to the biogenesis of acetate. Further increasing the content of CP had little effect
on the increase of acetate percentage. In the blank, propionate was also a major VFA component,
accounting for about 26.5%, while the increase of CP content reduced the proportion of propionate,
especially when the content of CP was 0.2 g/g, the proportion of propionate decreased to 24.3%. Previous
studies have shown that methanogens were more likely to consume acetate and convert to methane,
while more di�cult to consume propionate (Zhao et al. 2019; Zhang et al. 2021). In this work, the
increase of CP content increased the proportion of acetic acid and decreased the proportion of propionic
acid, which also provided the basis for improving the activity of methanogens.

3.4 Effect of CP on VSS reduction during co-digestion of
PW and ES
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One of the main functions of anaerobic digestion is to reduce organic matter (Li et al. 2011; Zhao et
al.2020b; Zhu et al.2020b). The effect of CP dosage on VSS reduction was also evaluated. As shown in
Fig. 7, the presence of CP improved the reduction rate of VSS, and the higher the content of CP, the greater
the reduction rate of VSS. In the blank, the reduction rate of VSS was about 26.5%, while when the
content of CP was 0.05 g/g, the reduction rate of VSS was slightly increased to 26.9%, indicating that the
reduction rate of low content CP was not obvious (p>0.05). When the content of CP was further increased
to 0.2 g/g and 0.3 g/g, the reduction rate of VSS increased to 32.6% and 33.9%, which were 1.23 and 1.27
times of the blank, respectively, indicating that high concentration of CP signi�cantly increased the
content of organic matter in the PW and ES co-digestion system. Previous studies have shown that the
removal rate of VSS was consistent with the gas production rate, that was, the higher the removal
e�ciency of VSS, the higher the gas production (Ra�que et al. 2010; Li et al. 2019b). However, in this
work, 0.3 g/g CP led to the highest removal rate of VSS, but the content of CP in the group with the
highest gas production rate was 0.2 g/g. This inconsistency may be due to the strong oxidation effect of
0.3 g/g CP on anaerobes, thus inhibiting the activity of methanogens.

3.5 Effect of CP on the activities of key enzymes in the co-
digestion of PW and ES
Anaerobic digestion is mainly carried out under the control of anaerobic microorganisms and key
enzymes. The activities of key enzymes can re�ect the activities of microorganisms (Zhao et al.2020c;
Zheng et al.2021a; Zhu et al.2020c). Protease and amylase are the key enzymes to decompose protein
and polysaccharide in ES, while �lter paper enzyme and CMC enzyme are responsible for the degradation
of total lignocellulose and cellulose in PW (Romero-Güiza et al. 2016; Gu et al. 2014). As shown in Fig. 8,
the presence of CP has a great impact on the activity of hydrolysis and acidi�cation enzymes in
anaerobic digestion process. For example, when the content of CP was 0.2 g/g, the relative activities of
protease and amylase were 115% and 109%, respectively, which were signi�cantly higher than those of
blank group. Similar experimental results were also found in �lter paper enzyme and CMC enzyme. The
presence of CP promoted the dissolution and release of refractory organic compounds in PW and ES,
thus providing the favorable conditions for the hydrolysis of key enzymes. In addition, high dose of CP
inhibited the above key enzymes, especially �lter paper enzyme and CMC enzyme, which may be related
to the strong oxidation of CP. Coenzyme F420 is unique to methanogens and is sensitive to the external
environment (Zheng et al. 2020b). The presence of CP decreased the activity of F420, and the higher the
content of CP, the greater the inhibition of F420. This phenomenon may be due to the increase of
oxidative stress by CP, and the optimum pH range of methanogens was 7.0–8.0 (Lay et al. 1997). CP can
strengthen PW and ES anaerobic digestion to produce methane mainly because CP promoted the release
of organic matter and provides su�cient material guarantee for the digestion process. Although it has a
little inhibition on F420 enzyme activity, it promotes methane production as a whole.

4. Conclusion
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PW and ES anaerobic co-digestion was implemented in this work. The results showed that the optimal
mixing ratio of PW and ES co-digestion was 1/1, and the maximum methane production is 172.6 mL/g,
which was signi�cantly higher than that of other groups. The strong oxidant CP was used to strengthen
the anaerobic co-digestion of PW and ES. The presence of CP promoted the release of organic matter in
the process of anaerobic co-digestion of PW and ES, and the content of CP was positively correlated with
the amount of organic matter released. The optimal dose of CP was 0.2 g/g, and at this time, the
maximum accumulation of methane was 234.8 mL/g, about 1.4 times of the blank. Enzyme activity
analysis showed appropriate amount of CP promoted the activity of hydrolase, but decreased the activity
of coenzyme F420.
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Figure 1

Effect of PW/ES mixing ratio on the methane production in the co-digestion process. Error bars represent
standard deviations of triplicate tests.
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Figure 2

Effect of PW/ES mixing ratio on the daily methane production. Error bars represent standard deviations
of triplicate tests.
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Figure 3

Effect of CP on the methane production from anaerobic co digestion of PW and ES. Error bars represent
standard deviations of triplicate tests.
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Figure 4

Effect of CP on the concentration of SCOD in PW and ES co-digestion system. Error bars represent
standard deviations of triplicate tests.
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Figure 5

Effect of CP on the soluble protein and polysaccharide during anaerobic co-digestion of PW and ES. Error
bars represent standard deviations of triplicate tests.
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Figure 6

Effect of CP on VFA accumulation during anaerobic co-digestion of PW and ES. Error bars represent
standard deviations of triplicate tests.
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Figure 7

Effect of CP on the reduction of VSS in the co-digestion of PW and ES. Error bars represent standard
deviations of triplicate tests
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Figure 8

Effect of CP on the activities of key enzymes in anaerobic co-digestion of PW and ES. Error bars represent
standard deviations of triplicate tests

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supportinginformation.docx

https://assets.researchsquare.com/files/rs-339830/v1/33b080e3d80362d5862161ce.docx

