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ABSTRACT 

Chicken manure (CM) is an agricultural residue with significant bioenergy potential but inherent inhibitory 

constraints. This study evaluates, for the first time, hyperthermophilic biohydrogen production from CM using 

Thermotoga maritima without any pretreatment. The toxicity assay showed 27.5% inhibition compared to pure 

substrate conditions, with non-adapted CM fermentation yielding only 10.5 ± 1.1 mL H₂/g VSadded. To overcome 

this limitation, adaptive laboratory evolution (ALE) followed by co-digestion with wheat straw (WS) was 

implemented. Adaptation increased hydrogen yield by 26%, while subsequent co-digestion achieved a maximum 

of 34.98 ± 1.8 mL H₂/g VS, showing nearly a threefold improvement over non-adapted culture CM digestion. 

Volatile fatty acid analysis confirmed enhanced carbon conversion efficiency, with acetate selectivity increasing 

from 46.8% in adapted CM systems to 64.3% in co-digestion reactors. 

Introduction  

Waste valorization and circular economy strategies enables transformation of biowaste into valuable energy 

resources while reducing environmental burden. Poultry farming generates significant quantities of chicken 

manure (CM) which has high amount of and organic content present a valuable resource for bioenergy production 

(Tawfik et al., 2023). Despite this potential, several inherent constraints such as high nitrogen content, a low C/N 

ratio, and complex nature restricts its efficient use in bioenergy systems (Tawfik et al., 2023). To overcome these 

limitations, strategies such as optimizing the nutrient balance via co-digestion, addition of additives, acclimation 

of microbial community and pretreatment methods were employed (Tawfik et al., 2023).  Dark fermentation (DF) 

presents a viable and sustainable approach for biohydrogen production from a wide range of organic wastes, 

including animal manure and lignocellulosic biomass, while simultaneously enabling waste management and 

offering a low-cost alternative for renewable energy generation (Gopalakrishnan et al., 2019). Hyperthermophilic 

(>70 oC) fermentation may offer several advantages; such as  faster hydrolysis of complex substrates, higher H2 

production yields, reduced contamination risk by H2-consuming microorganisms and waste stabilization especially 

relevant to feeds such as manure. The bacterium Thermotoga maritima is a hyperthermophilic microorganism (Topt 

~ 80°C) that has a diverse array of thermostable hydrolytic enzymes including cellulases and xylanases, which are 

crucial for degrading complex lignocellulosic wastes (Frock et al., 2010). This study is the first to evaluate T. 

maritima for biohydrogen production from CM, applying adaptive laboratory evolution (ALE) to improve inhibitor 

tolerance and co-digestion with lignocellulosic materials to enhance process performance (Dragosits & 

Mattanovich, 2013; Tawfik et al., 2023). 

Materials & Methods 

Thermotoga maritima JCM 10099 was cultivated in modified medium from Boileau et al. (2016). Raw CM and 

wheat straw (WS) were blended for homogenization and utilized as substrate without physicochemical 

pretreatment. Batch fermentations were conducted in 110 mL serum bottles with a 60 mL active volume and 

operated at 80 °C under anaerobic conditions. In all experiments, the total substrate concentration was adjusted to 

15 g VS/L.Two experimental sets were conducted. In Set 1, an anaerobic toxicity assay was conducted to evaluate 

the inhibitory effects of CM under three reactor configurations: (i) pure substrate (xylose, PS), (ii) co-substrate 

(CM + xylose, Co-S), and (iii) CM as the sole carbon source. While Set 2 investigated adaptive laboratory 

evolution and co-digestion with wheat straw at CM:WS ratios of 75:25, 50:50, and 25:75. At the end of 

fermentation, volatile fatty acids (VFAs) were quantified.  

Results and Discussion  

In Set 1, net hydrogen production decreased from 37.9 mL in pure substrate (PS) reactors to 26.9 mL in co-

substrate (Co-S) reactors (Figure 1.A), corresponding to a 27.5% inhibition upon addition of CM (Speece, 1996). 

When CM was used as the sole carbon source, the wild type culture achieved a hydrogen yield of only 10.5 ± 1.1 

mL H₂/g VS. The inhibition is likely to due to the complex matrix of the CM containing potential inhibitors such 

as high ammonia, antibiotics, or heavy metals (Tawfik et al., 2023). To overcome this limitation, 2 strategies were 

tested in Set 2 (i) adaptive  laboratory evolution of T. maritima and (ii) co-digestion of CM and WS at varying 

mixing ratios. Adaptation of T. maritima to lignocellulosic waste increased hydrogen yield by 26% compared to 

the wild type culture. On the other hand, co-digestion significantly improved fermentation performance, with the 
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highest yield (34.98 ± 1.8 mL H₂/g VSadded) obtained at CM:WS 25:75, representing nearly a threefold 

improvement compared to only CM digestion. 

Increasing WS proportion enhanced hydrogen yield while reducing total VFA accumulation, indicating improved 

carbon conversion efficiency (Table 1). Although acetic acid concentrations remained relatively stable (31–38 

mM), its relative contribution to total VFA increased from 47% in only CM digestion to 64% at CM:WS 25:75. 

This shift suggests enhanced acetate-type fermentation, which is stoichiometrically favorable for hydrogen 

production. The dominance of acetate under co-digestion conditions explains the substantial improvement in 

hydrogen yield and demonstrates improved metabolic selectivity toward efficient H₂-generating routes.  

 

 

Figure 1 Net hydrogen production of the reactors in A) Set 1, B) Set 2. 

 

Table 1 Hydrogen production and VFA analysis in Set 2 reactors. 

Reactors 
Net H2 

produced (mL) 

Yield  

(mL H₂/g VSadded) 

Acetic Acid 

(mM) 

Total VFA 

(mM) 

Acetic 

Acid/ Total 

VFA (%) 

CM_adapted 11.86 ± 0.5 13.18 ± 0.6 38.5 ± 1.5  82.34 ± 0.1 46.8% 

CM:WS 75:25 24.71 ± 0.8 27.46 ± 0.9 35.3± 2.1  60.81 ± 2.4 58.1% 

CM:WS 50:50 29.25 ± 3.0 32.50± 3.4 31.8 ±1.9  50.41 ± 1.8 63.1% 

CM:WS 25:75 31.48 ± 1.6 34.98 ± 1.8 31.8 ± 2 49.44 ± 8.0 64.3% 

 Conclusion 

Adaptive laboratory evolution and co-digestion effectively mitigated chicken manure–induced inhibition, 

increasing hydrogen yield by 26% after adaptation and up to threefold with co-digestion conditions, without any 

pretreatment methods. To the best of our knowledge, this is the first study demonstrating the use of T. maritima 

for biohydrogen production from chicken manure as a sole carbon source. This integrated strategy provides a 

scalable and economically feasible approach for sustainable biohydrogen production from agricultural wastes 
within a circular economy framework and could be investigated further for scale-up.  
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