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ABSTRACT 

The study was carried out to determine the suitability of liquid digestate from a pilot biogas 

plant of the National Centre for Energy and Environment (NCEE) University of Benin, for land 

application.  Digestate from the anaerobic digestion of cattle rumen was characterized, 

specifically for heavy metal content, presence of microbacteria, nutrient profile and 

rhizobacterial potentials. All replicate samples of the digestate contained the metals Mn, Cu, 

Zn, Pb, Cd, Cr, Fe, and Ni which ranged from 12.60-16.00, 30.00-38.00, 50.00-65.00, 0.20-

0.60, 0.00, 0.60-0.86, 177.00-194.00, and 1.20 -1.80 mg/kg, respectively. However, their 

concentrations were lower than the   specified standard limits. Total phosphorus and total 

nitrogen concentrations were very high and ranges from 1032 to 1409 mg/kg, and 960.06-

3237.62 respectively. The presence of heavy metals in the biogas digestate may have been 

influenced by the grasses that were regularly consumed along with various essential elements 

to promote optimal nutrient supply and optimum growth rates. The bacterial isolates in the 

processed digestates were identified to be Bacillus subtilis, Enterobacter aerogenes, Klebsiella 

spp., Salmonella enterica, Escherichia coli and Clostridium difficle. The isolates in the 

processed digestates were further assessed for their rhizobacterial potentials and intriguingly. 

The study found that they could have beneficial effects on plants in that they could fix 

atmospheric nitrogen, solubilize and produce ammonia and Bacillus subtilis was also 

discovered to produce the plant growth hormone.  
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INTRODUCTION  

The population of Nigeria and indeed economic development have increased the 

demand for food and its consumption, leading to a considerable expansion of the agricultural 

needs of the country. More so, coupled with the negative effects of climate change on 

agricultural operations and crop quality, the food security of the country faces greater threat. 

Moreover, this has implications for national development since the agricultural sector is one of 

the mainstay of the economy, contributing 22.35% of overall GDP in real terms in Q1 2021, 

(National Bureau of Statistics, 2021) and employs 70 percent of the labour force in the country 

(Anderson et al., 2017).  

Unfortunately, the intensive use of mineral fertilizers has adverse impact on soil, 

surface and ground water resources. Furthermore, their residues in food above desirable safe 

level of exposure has negative effects on human and animal health. Similarly, chemical 

fertilizer saturation in agriculture has been linked to reduced soil absorption capacities with 

only 30–50% of fertilizers applied being retained in soils therefore leading to intensification of 

fertilizers usage in the future (Wu, et al., 2021). In most regions, Qiao et al. (2025) reported 
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that about 20–70% of the fertilizer is lost to the environment as dissolved nutrients, greenhouse 

gases, and other pollutants. Other studies have reported that over dependence on inorganic 

chemical fertilizers has led to decline in soil quality, eutrophication and heavy metals pollution 

(Owamah et al., 2014; Zhu et al., 2023).  

In contrast, the application of organic amendments and the consequential reduction in 

mineral fertilizers are considered more environmentally-friendly and economically feasible 

approaches that may enhance the development of more sustainable agriculture and contribute 

to a circular economy through the exploitation of organic byproducts (Ning et al., 2017). One 

recent technology that has shown prospect in both clean, affordable energy with long term 

implication for food security is anaerobic digestion (AD) of organic waste.  Digestate from 

organic waste is considered as an important by-product of anaerobic digestion from organic 

waste, which includes manure, crop residues, urban solid waste, sewage sludge, etc (Tsapekos 

et al., 2021; Gross et al., 2021).  In addition, within the framework of the Sustainable 

Development goals (SDG), AD is a significant pillar towards guaranteeing cheap and 

sustainable energy (SDG 7), while also contributing to additional objectives (SDGs 1, and 2) 

all of centered on poverty eradication and Zero hunger.  

Moreover, in view of threats of global warming and associated climate change, bio-

fertilizer from AD digestate is best considered sustainable for food production which has the 

potential to reduce dependence on inorganic fertilizers. For example, studies have shown that 

digestate from organic wastes contains latent cells of effective microorganisms that assist the 

absorption of nutrients by crop plants when applied via seed or soil by their interactions in the 

rhizosphere (Di Maria et al., 2017; Yasar et al., 2017). Digestate has been reported to increases 

the content of organic compound in the soil and, at the same time, reduces the rate of its 

transformation in comparison to non-digested input materials (Chen et al., 2012; Lopedota et 

al. 2013). However, the application of digestate for bio-fertilizer can sometimes cause nitrate 

and phosphate pollution of groundwater (Piccoli et al., 2021; O'Connor et al., 2022). Other 

studies have reported that the use of digestates involves a high risk of soil and plant 

contamination with heavy metals and toxic compounds (Kupper et al., 2014; Nkoa 2014; 

Montusiewicz et al., 2020). Digestates also contain a high microbial load and therefore require 

treatment prior to the application to soil (Gómez-Brandón et al., 2016).  

However, for sustainable use of digestate as alternative for inorganic fertilizers, there 

is need for profiling and/or detailed investigation of constituents of digestate samples, including 

physico-chemical parameters, heavy metals, nutrients, microbial loads etc, in order to ensure 

compliances with environmental safe limits. It against this background that the present study 

was carried out to determine the suitability of liquid digestate from an ongoing pilot biogas 

project of the National Centre for Energy and Environment, University for possible use as bio-

fertilizer.  

 

MATERIALS AND METHODS 

Sample Collection and Chemical Analyses 

 Digestate was obtained from mesophilic semi-continuous anaerobic digester (35 ± 

1°C) located at the National Centre for Energy and Environment, University of Benin. Samples 

were stored at 4°C until their physicochemical, microbiological and ecotoxicological 

characterization. Digestate characterization parameters; Potassium (k) total organic carbon 

(TOC), total nitrogen (TN), total phosphorus (TP), Nitrate, Total Nitrogen (TN), Total 

Ammonium Nitrogen and metals (Mn, Cu, Zn, Pb, Cd, Cr, Fe, Ni) were measured following 

protocols established by APHA (2005). All laboratory analysis was carried out at Air 

Quality/Gas Geochemistry/ Diamond ENERGYTECH Company Limited, Warri, Delta State.  
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Digestate Characterization   

To understand the impact of digestate disposal a key aspect is its composition, 

especially in terms of polluting substances. The characterization of the digestate determined 

the content of heavy metals load, organic matter content and plant-available nutrients 

concentrations, as well as possible harmful properties, such as pathogens. Raw digestate 

withdrawn from anaerobic digester is a liquid to thick slurry that contains a significant quantity 

of solids. Liquid fraction after solid-liquid separation contain 90-95% of total mass of digestate 

in most liquid anaerobic digestion plants (Sheets et al., 2015). The heavy metals analyzed were 

cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), Zinc (Zn), nickel (Ni), Iron (Fe) and 

zinc (Zn), which were selected based on the certification rules established by the Swedish 

Waste Management Association (Sverige, 2020). The heavy metals in the digestate samples 

were measured according to standardized methods. Cadmium, chromium, and lead were 

analyzed by inductively coupled plasma mass spectrometry (ICP)-MS, copper, nickel and zinc 

by ICP-atomic emission spectroscopy (AES), and mercury by atomic fluorescence 

spectroscopy (AFS). All analyses were performed according to ISO 11466/EN13346 and 

APHA 2005 (APHA, 2005). 

Microbiological Analysis 

The pour plate method was used for microbial isolation and enumeration of viable 

microorganisms present in the digestate. From the dilutions of each sample, 0.1 ml aliquot was 

transferred aseptically into freshly prepared nutrient agar plates and spread evenly on the 

medium in duplicates. The inoculated plates were incubated at 37°C for 24 hours after which, 

plates were examined for growth. Microbial characterization and identification was done on 

the basis of cultural appearance of colony, morphology, differential and selective media and 

by conventional biochemical tests (Cheesebrough, 2005). Gram staining and conventional 

biochemical test as urease, indole, citrate utilization, coagulase, oxidase and sugar fermentation 

tests were carried out to determine differential and selective media. 

 

RESULTS AND DISCUSSION 

Heavy metals content 

Due to the methane content of the biogas, anaerobic digestion is becoming a more 

common process for the treatment of organic waste and the production of renewable energy. 

The waste that is left over after treatment is produced by this biological process as digestate, 

which has a high fertilizing potential. Due to the different organic wastes used as feedstock, 

the various plant configurations and the employed post-treatment processes, the digestate 

composition is highly variable. The agronomic characterization of digestate is crucial in order 

to optimize digestate spreading on agricultural soils by optimizing the fertilizer dose and 

thereby reducing the environmental effects associated with digestate application (Zennaro et 

al., 2022). Table 1 lists the final concentrations of heavy metals in the digestate. The results 

are contrasted with the limit values specified in Turkish, Swedish, and SPCR regulations. In 

reality, there is no specific law that governs the use of agricultural biogas digestate on land. 

However, it is crucial to control the maximum heavy metal content in digestate from cattle 

rumen treatment plants used for land application. As a result, these laws (Turkish, Swedish, 

and SPCR) were compared in this work. Mn, Cu, Zn, Pb, Cd, Cr, Fe, and Ni concentrations in 

the digestate ranges from 12.60 to 16.00, 30.00 to 38.00, 50.00 to 65.00, 0.20 to 0.60, 0.00, 

0.60-0.86, 177.00 to 194.00 and 1.20 to 1.80 mg/kg, respectively. All of these concentrations 

fell below the regulated maximums (Figure 1 and Table 1). 
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Table 1:  Physiochemical properties of digestate 

Heavy Metals Min-Max Range Mean±SD 

SPCR(Sverige 

2020)  

Turkish 

Standard 

Norway 

Standard 

Mn 12.60-16.00 3.40 13.87±1.55      

Cu 30.00-38.00 8.00 34.33±3.01  600 1750  1000 

Zn 50.00-65.00 15.00 60.67±5.79  800 4000  1500 

Pb 0.20-0.60 0.40 0.43±0.19  100 1200  50 

Cd 0.00 0.00 0.00  1 40  1 

Cr 0.60-0.86 0.26 0.78±0.09  100 120  100 

Fe 177-194 17.00 185.17±6.85      

Ni 1.20-1.80  0.60 1.50±0.22  50 400  30 

Nutrient Min-Max Range Mean±SD      

K (cmol/kg) 1.31-4.46  3.15 2.34±1.13      

TOC (%) 0.22-2.08  1.86 1.012±0.86      

TK (mg/kg) 588.90-978.90  390 724.10±187.19      

TP  (mg kg-1) 1032-1409  377 1231.00±181.01      

Total Ammonium 

Nitrogen(mg/kg) 957-3237  2280 2143.42±1189.88   

 

  

Nitrate 2.37-2.76  0.39 2.58±0.19      

Nitrite 0.27-0.66  0.39 0.47±0.19      

TN (Mg/kg) 960.06-3237.62  2277.6 2145.83±1189.22      

 

Nutrient profile  

The digestate can be used as a plant fertilizer directly or after further processing, 

contributing to the closing of global energy and nutrient cycles (Alburquerque et al., 2012; 

Möller and Müller, 2012). According to Jain et al. (2019), digestate could replace 5–7% of the 

inorganic macro nutrient fertilizer currently used globally if the potential of biogas industry 

were fully utilized. Digestate is generally spread directly onto fields, like manure (Odhner et 
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Figure 2:  TOC concentration in cattle 
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al., 2015). However, due to the high share of plant-available macro- and micro-nutrients, the 

nitrogen (N) content in a digestate from cattle rumen feedstock may typically be small of the 

dry weight, digestate also has the potential to replace mineral fertilizers in protected 

horticulture.   

Due to the high content of nutrients, mainly nitrogen, this product can be successfully 

used as a fertilizer. This study compared the digestate sample total nitrogen (Ntot) and its 

selected fractions from five other replicates. The nitrogen fractions included N-NH4, N-NO3, 

and Norganic. Samples used for the research came from six (6) replicates in total. The results 

obtained showed that digestate from the fixed dome is a nitrogen-rich fertilizer. The content of 

Ntot in the tested samples ranges from 960.06mg/kg to 3237.62mg/kg. The N-NH4 content in 

the analyzed material ranges from 957 to 3237 mg/kg.  The ammoniacal nitrogen (N-NH4) 

content in the analyzed material ranges from 957 to 3237 mg/kg (Table 1).  

The lowest content of N-NH4 was found from the digestate solid fraction for biogas 

replicate 6 and the highest was found in replicate 2.  Total organic carbon (TOC) in the six (6) 

samples replicates varied from 0.22-2.08 (%), respectively. High TOC was observed in cattle 

rumen digestate in replicates 4, 5 and 6. However, TOC in replicates 1-3 digesters were still 

very low compared to TOC of cattle rumen digestate from replicates 4-6 (Fig. 2).  The primary 

nutrients in manure are phosphorous and nitrogen, therefore the effect of manure processing 

on the biogeochemical P cycle may be pertinent. Studies have shown that, solid fractions of 

cattle rumen digestate show significantly higher concentrations of phosphorus. Total 

phosphorus (TP) concentration ranges from 1032 to 1409 mg/kg, while Total Nitrogen (TN) 

ranges from 960.06-3237.62. Replicates samples 1-3 had the highest compared to 3-6 (Figs. 3 

and 4). 

 
 

 

The lower C:N ratio in the digestates may be as a result of NH4+ accumulation during 

the AD process (Monlau et al., 2015). The high ammonium concentration may help balance 

low nitrogen feedstock like lignocellulosic biomass (Fig 5). 
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Figure 4: Total available nitrogen in 

cattle rumen digestate 
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Nitrogen (N) and NH4 + concentrations in the six (6) replicate digestate samples from cattle 

rumen is important to avoid excessiveness in case of land application where maximum N 

application is 150–250 kg N/ha/y according to the European Commission (Saveyn and Eder, 

2014). Figure 5 shows TKN concentrations and its distribution into suspended particles, coarse 

colloids, fine colloids and dissolved matter (NH4 + and dissolved organic nitrogen) (Fig 6).  

Microbial characterization digestate samples 

The occurrence and levels of the eight microorganisms investigated in the anaerobic 

digestate samples from the selected replicates are shown in Table 2. All investigated 

microorganisms showed similar occurrence and levels at the six replicate samples. The 

suitability and usage of cattle rumen digestates produced after five weeks of anaerobic 

digestion as alternative sources of biofertilizer was assessed. The bacterial isolates in the 

processed digestates were identified to be Bacillus subtilis, Enterobacter aerogenes, Klebsiella 

spp., Salmonella enterica, Escherichia coli and Clostridium difficle. The isolates in the 

processed digestates were further assessed for their rhizobacterial potentials and intriguingly, 

it was discovered that they had beneficial effects on plants in that they could fix atmospheric 

nitrogen, solubilize and produce ammonia, and Bacillus subtilis was also discovered to produce 

the plant growth hormone (Indole-3-acetic acid) (Table 3). 
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Table 2: Results of microbes in cattle rumen (CR) digestate 

Week 0 Week 1 Week 2 Week 4 Week 5 

E. coli E. coli E. coli E. coli E. coli 

Pseudomonas 

aeruginosa 
 Klebsiella spp. Klebsiella spp.  Klebsiella spp.  Klebsiella spp. 

 Klebsiella spp.  Enterobacter  Enterobacter  Enterobacter   Enterobacter  

 Enterobacter  
Salmonella 

enterica  

Salmonella 

enterica 

Salmonella 

enterica  
Salmonella enterica  

 Salmonella enterica   Bacillus subtilis  Bacillus subtilis  Bacillus subtilis   Bacillus subtilis  

 Bacillus subtilis   Bacillus cereus  Bacillus cereus  Bacillus cereus   Bacillus cereus  

 Bacillus cereus  Clostrdium spp. Clostrdium spp. Clostrdium spp. Clostrdium spp. 

  
Clostridium 

difficle  

Clostridium 

difficle 

Clostridium 

difficle  
Clostridium difficle  

 

Table 3: Bacterial isolates from the digestates and their plant growth promoting  

     characteristics 

  Plant growth promoting properties  

Bacteria Identity N2 NH3 IAA PSB 

Bacillus sp.  + + + + 

Enterobacter  + - - + 

Salmonella + + - + 

E. coli + + - + 

Key: N2 = Nitrogen fixation capacity, NH3 = ammonia production, IAA = Indole Acetic Acid 

production, PSB = Phosphate Solubilization Capacity 

 

CONCLUSION AND RECOMMENDATIONS 

The findings suggested that agricultural applications could make use of the biogas 

digestate produced by the pilot anaerobic digestion of cattle rumen project. In terms of heavy 

metals content, this study indicated that the biogas digestate from cattle rumen could be utilized 

for agricultural activities. Since such agricultural residues have no commercial use (they are 

discarded as waste) and the cattle rumen has to be managed properly in an environmentally 

friendly manner, the end products of anaerobic digestion process, such as the digestate, can be 

used in rural areas for agricultural purposes. In addition to the heavy metals content, the 

pathogenic bacteria and mineral nitrogen (N) contents of the biogas digestate should also be 

taken into account when evaluating the potential use of the biogas digestate for soil 

applications. 
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