
 
 
Incorporation of substrates and inoculums as operational strategies to promote lignocellulose 

degradation in co-composting of green waste 
 
 

E.R. Oviedo-Ocaña1, J. Soto-Paz1, V. Sanchez-Torres2 
 

1Escuela de ingeniería civil, Universidad Industrial de Santander, Bucaramanga, Santander, 680002. Colombia 
2Escuela de ingeniería química, Universidad Industrial de Santander, Bucaramanga, Santander,680002. Colombia 

Keywords: Green waste, co-composting, bacterial, inocula, lignocellulose.      
Presenting author email: eroviedo@uis.edu.co 

 
 

Abstract  
Green waste (GW) represents a management challenge due to its heterogeneous composition and predominance of 
lignocellulosic compounds such as cellulose (40%), hemicellulose (20-30%) and lignin (20-30%) [1]. Although 
composting can be used to valorise GW by transforming it into a product with potential agricultural value. The difficulty 
to degrade lignocellulose increases the processing time and generates low quality products [2,3]. To optimise GW 
composting, several strategies have been developed to accelerate the biodegradability of lignocellulosic compounds [2,4]. 
The incorporation of co-substrates such as sawdust (SW) and rock phosphate (PR) have been used to provide porosity 
and phosphorus [5,6], but few studies have evaluated the addition of food waste (FW) as an amendment, which in 
developing countries constitutes more than 70% of municipal solid waste [7]. The incorporation of bacterial inocula 
during the cooling phase is other strategy that represents a key operational change to improve the process [8]. Despite 
this, some studies reported no significant effects associated with inoculation on the composting process due to the 
potential competition and antagonistic relationship between microbial species. [9,10]. This study evaluated the 
incorporation during the cooling phase of a bacterial inocula obtained in a previous study consisting of the bacterial strains 
Bacillus sp. and Paenibacillus sp. in the co-composting of GW with FW on the efficiency of the process and the quality 
of the final product. The search for options to improve the composting of GW can contribute to a greater implementation 
of this technology for the urban management of these wastes. 

The study was carried out with the GW generated at the Universidad Industrial de Santander, located in the city 
of Bucaramanga (Colombia). The FW were obtained from a market place where separation at source is carried out and 
were made up of PFW and UPFW [11]. Sawdust (SW) and rock phosphate (PR) were incorporated as bulking agents. SW 
provided carbon, porosity and adjusted the moisture content. On the other hand, PR provided phosphorus and also porosity 
and the amount was defined according to [6]. The substrates were manually mixed at a ratio of 50% GW, 32.5% UFW, 
2.5% PFW, 13% SW and 2%PR and the C/N ratio was higher than 25. The experiments were conducted in reactors with 
a volume of 120 L according to [12]. Three treatments were considered: i) Treatment A: (substrate mix + inocula); ii) 
Treatment B (substrate mix only); and iii) Treatment C (GW only). Before starting the experiment, the GW, UFW and 
PFW were manually crushed to a particle size between 30 and 50 mm [4]. Table 1 presents the physicochemical 
characteristics of the substrates and treatments. 

 
Table 1. Physico-chemical characteristics of substrates and treatments 

 
Treatment  Moisture (%) pH EC 

(mS/cm)  
TOC  
(%, db) 

 TN 
 (%, db) 

C/N ratio Lignocellulose 
(%, db) 

PFW 75.5 ± 7.6 4.9 ± 0.4 4.9 ± 0.1 22.2 ± 7.4 1.9 ± 0.3 11.7± 0.5  17.0 ± 2.6 
UFW 79.1 ± 8.3 5.1 ± 0.3 3.1 ± 0.4 33.5± 5.9 1.2 ± 0.6 27.9 ±2.8 17.8± 3.3 
*TA, TB 58.2 ± 2.5 6.3 ± 0.2 3.5 ± 0.4 47.7 ± 3.1 1.7 ± 0.3 27.6± 1.8 23.8 ± 1.9 
TC 27.3 ± 4.9 6.9 ± 0.1 3.0 ± 0.3 26.6 ± 5.8 1.2 ± 0.5 22.2± 0.4 35.1 ±6.1 

* Characteristics of TA, TB includes SW and RP.  

The bacterial inocula consisted of Bacillus sp and Paenibacillus sp strains with concentrations4.85*105UFC mL-1 y 
1.44*105 UFC mL-1 respectively: The inocula was prepared prior to the onset of the cooling phase (i.e. when the 
temperature was close to 45°C). The lignocellulose concentration was determined according to the protocol of the 
National Renewable Energy Laboratory (NREL) considering the moisture, ash content at 550°C and aqueous and organic 
extractives of the sample [13].  

Figure 1a shows the temperature profiles of each treatment during the process. The mesophilic phase in TA 
and TB occurred until day 1 of the process, while for TC it lasted until day 4. Longer time in TC is associated with a 
higher presence of slowly biodegrading organic carbon [14,2]. In the thermophilic phase, TA reached the highest 
temperature of (64°C) after 8 days of processing. In contrast, TB reached (i.e. 60.7°C) at 9 days, showing no 
significant difference with respect to that found in TC (p <0.05). The results indicated that the incorporation of FW, 
SW and PR had a significant (p<0.05) and synergistic effect on GW composting [15,11]. During the cooling stage, 



 
 
the incorporation of the bacterial inoculum influenced the temperature profile of AT, increasing the temperature 
gradient (i.e. day 19) after its incorporation and extending until day 27 of the process. This is associated with the fact 
that the inoculum stimulated the degradation of OM and lignocellulose, possibly by secretion of lignolytic enzymes 
[16]. The results found in this study are similar to those reported by Wang et al. [2] in GW composting with eggshells 
and rice husks. Then, the temperature decreased gradually in all treatments, with TA being the treatment that reached 
room temperature (i.e. day 38) the fastest, demonstrating the synergistic effect of inoculation. In contrast, TC required 
47 days to reach room temperature, showing significant differences with respect to TA and TB (p =0.19). In addition, 
it showed that the incorporation of co-substrates also had an impact on reducing the processing time. 
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Figure1. Temperature and lignocellulose profiles 
 

Figure 1b shows the degradation of lignocellulose over time. At the beginning of the process (i.e. mesophilic phase), 
lignocellulose degradation was limited and did not release lower molecular weight organic compounds to satisfy the 
needs of the microorganisms [1]. This was mainly observed in TC, where the predominance of difficult-to-degrade 
carbon may have limited biological activity and prolonged the duration of the process. In contrast, in TA and TB, 
biological activity was stimulated, and rapidly degradable carbon was consumed, which increased the temperature, 
an aspect that may have favoured the secretion of xylose and cellulose. According to different authors, part of the 
cellulose and hemicellulose present in lignocellulose can be degraded when the temperature exceeds 60°C. [17,18]. 

LBR increased in all treatments after the start of the composting process. During the cooling phase, LBR 
increased to values of 31.7%, 23.1% and 15.5% for TA, TB and TC respectively. These results are consistent with 
those observed by Yu et al. (2018) due to mineralisation and humification processes. The higher LBR for TA is 
associated with higher TN content which promotes the enzymatic activity of cellulose, xylanase and phenol oxidase 
among other ligninolytic enzymes [19,20]. Likewise, pH values closer to neutrality in AT could stimulate microbial 
activity [21]. Fuerthermore, Kausar et al. [22] report that delignification takes place more rapidly at natural pH than 
at acidic or alkaline pH.  The results found here were higher than those reported byYu et al. [23] on green waste 
composite with an exogenous inoculum (27.81%). 

The study showed that the best TA treatment with inoculation during the cooling phase reduced the 
processing time by 4 to 13 days compared to the treatment without inoculation (TB) and control (TC) with a 
lignocellulose degradation of 31.7%. In addition, the incorporation of co-substrates such as UFW, PFW, AS and RP 
are useful to improve GW composting. 
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