Development of Bioprocessing for Biological Ammonia Production
Abstract
[bookmark: _GoBack]Ammonia is an indispensable chemical for fertilizer production. The current ammonia production Haber process contributes to global warming through CO2 emission. Hyperammonia-producing bacteria (HAB) was used to ferment soybean for ammonia production. Glucose among other non-protein constituents in whole soybean flour (SYB) retard ammonia production. Soy protein isolate (SPI) and its hydrolysate (HP) gave higher ammonia concentration (1,250 mg/L). Future work on thermochemical hydrolysis and process upscaling will be required to make biological ammonia industrially feasible.
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Introduction
Ammonia is a well-known chemical for its wide range of industrial applications. Albeit useful in several industries and sectors of the economy, approximately 80% of the ammonia produced globally is channeled into nitrogen fertilizer production (Giddey et al., 2017). The main industrial route for ammonia production is the Haber-Bosch process, a reaction of dinitrogen (N2) and dihydrogen (H2) at 400-450oC and ~300 atm in the presence of iron catalyst. Haber-Bosch process produces more than 160 MT of ammonia annually but consumes upward of 2% of the world’s annual energy generating about 300 MT of CO2 /year (Tanabe & Nishibayashi, 2013). Thus, the need for innovative approaches to reduce CO2 emissions during ammonia production. Biological ammonia production processes are an emerging area that has the potential to alleviate CO2 emission. Several studies have reported the production of ammonia by biological means (Choi et al., 2014; Rapson et al., 2020; Tatemichi et al., 2020). The animal rumen is a natural biorefinery for ammonia production. Ruminal microbes deaminate amino acids in protein to produce ammonia. The present study is to develop bioprocessing approach for biological ammonia production.

Methods
Soy Protein Extraction and hydrolysis 
Soybean flour of particle size 0.425 – 1 mm was soaked in 0.5% ammonium hydroxide (NH4OH) at 1:10 sample-to-solvent and incubated at 55o C with continuous shaking for 12 hours. The mixture was centrifuged at 10, 000  g, 25oC for 10 min. The supernatant was collected and its pH was adjusted to 4.5 – 5. The protein isolate was sedimented overnight, the sediment was retrieved and washed (2 dH2O) and dried at 60oC for 24 hours. The extracted SPI was hydrolyzed according to the protocol used by (Cui et al., 2013). 
Fermentation
Enrichment culture of hyperammonia-producing bacteria (HAB) was used to inoculate, at 1% (v/v), tubes containing 1.5% (w/v) of basal media supplemented with respective substrates, including whole soybean flour (SYB), soybean protein isolates (SPI), hydrolyzed SPI (HP), peptone (PEP), casamino acid (CSA). Inoculation was done in the BACTRONEZ Anaerobic Chamber, Sheldon Manufacturing Inc. Following inoculation, the corked fermentation tubes were transferred to the incubator with continuous agitation of 130 rpm at 39o C.
Microbial Growth Profile 
A 2 ml sample was collected in the BACTRONEZ Anaerobic Chamber, Sheldon Manufacturing Inc, and filtered as required before measuring the optical density at 600 nm in UV-Vis Spectrophotometer (Varian. Cary 4000).
Ammonia Quantification
The quantity of ammonia produced in each fermentation treatment was determined by colorimetric assay using the Nitrogen-Ammonia reagent kit (Hach Company, Catalog No. 50-199-6332). The protocol for the Nitrogen-Ammonia reagent kit was followed and quantities of ammonia in mg/L were measured in the DR3900 laboratory spectrophotometer with the NH3-N program.
Results
Effects of different protein sources on ammonia production
To determine the effects of different protein sources on ammonia production casamino acid (CSA), peptone (PEP), and whole soybean flour (SYB) were fermented using rumen microbes. PEP yielded approximately twice the quantity obtained from SYB, while CSA produced about as much as SYB (Fig 1). Glucose and lipid present in SYB are believed to have influenced the low NH3 observed for SYB relative to other protein-containing substrates. With PEP outperforming CSA at every time point, it is assumed that the enrichment culture of HAB used as inoculant contains obligate peptide-fermenting bacteria more than amino-acid fermenting bacteria. Despite less growth seen in the PEP and CSA treatments, much more NH3 was formed compared to SYB. Apparently, glucose in SYB culture supports the growth of the entire microbial population, but glucose-starved population in PEP and CSA are nutritionally stressed and regulated their metabolism for increased NH3 production.

Fig 1. Ammonia production from different protein-containing substrates
Protein extraction using Ammonium hydroxide
Soybeans protein was extracted using ammonium hydroxide at different processing conditions. As shown in Fig. 2, interactions between solvent ratio and extraction time caused an increase in protein extraction yield, resulting into a maximum protein yield of about 65% at a time and solvent ratio of 12 h and 1:10 w/v respectively. However, further increase in time and solvent ratio after reaching the optimum caused a corresponding decrease in protein yield. Also, variations in NH4OH concentration and solvent ratio showed that protein yield was highest when NH4OH concentration was at 1.0 % (result not shown). Further increase in extraction time doesn’t have much effect on protein extraction yield in the selected range of study.  
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Fig. 2. Effect of extraction time and solvent ratio on protein yield
	Soybean protein extraction and hydrolysis aided ammonia production
To determine effect of protein extraction and hydrolysis on ammonia production, the extracted protein (SPI) and hydrolyzed protein (HP) were fermented using SYB as control. A relatively short lag period was observed with HP as it formed a high amount of ammonia, ~1,050 mg/L, as early as 48 hours of fermentation (Fig 3). SPI formed as much ammonia relative to HP, but at a slow rate with only around 500 mg/L NH3 at after 48 hours. SYB showed a relatively high delay as ammonia was not produced until after 72 hours (Fig 2). Only 48 hours of HP fermentation generates around twice the amount of ammonia made from SYB and almost the same amount as that produced from SPI at 168 hours. Investing in enzymatic hydrolysis of SPI, therefore, promises to produce a relatively high rate and quantity of ammonia.


Fig 3. Yield of ammonia from soybean protein isolate (SPI) and its hydrolysate (HP)					
Conclusion
In vitro technique for biological ammonia production by ruminal microbial fermentation of soybean and soy meal protein is promising. When optimized and scaled up, it has a huge potential to decarbonize ammonia production. Sugar is revealed to hinder ammonia production from whole soybean. Thus, extracted protein and its hydrolyzed form are more resourceful raw materials for biological ammonia production. Results presented have shown the need for more strategies to pretreat protein through modifications of hydrolysis method prior to fermentation for a higher yield of ammonia. 
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