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Evaluation of protein composition influence on
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production

Bevilacqua, R., A. Regueira, M. Mauricio, J.M. Lema, M. Carballa

Department of Chemical Engineering, Institute of Technology, Universidade de Santiago de
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Abstract: The influence of protein composition on volatile fatty acids (VFA) production is not
clear and need to be further studied to valorise protein residual streams. For this purpose, two
continuous stirred tank reactors were inoculated with acidogenic biomass and fed with two proteins
(casein and gelatin) having different amino acids compositions. Casein showed a higher
acidification degree and double the VFA productivity of gelatin, despite its imbalance between
electron acceptor amino acids and donors. Experimental VFA spectra highlighted n-butyric acid as
a major product for casein and propionic acid for gelatin. Finally, we hypothesised preferential
consumption for some amino acids (AA), with the experimental results confirming it. For this
reason, previous models based on fixed Stickland stoichiometry could be inaccurate at describing
proteins degradation. This knowledge helps to better predict the outcome of the process when
fermenting protein rich substrates.

Keywords: mixed culture fermentation; substrate influence; VFA production

INTRODUCTION: An appealing alternative to biomethane generation is found in the
intermediate products of the fermentation: organic acids, ethanol and hydrogen. Their value lies in
their countless applications as precursors for more complex compounds (Bathia et al., 2017). VFA
can be potentially obtained from renewable sources, through anaerobic fermentation of organic
wastes and sidestreams. The process has been studied for what concerns the degradation of sugars
(especially glucose). Little is known about proteins fermentation: Ramsay and Pullammanappallil
(2001) compiled a stoichiometric matrix of amino acids degradation based on Stickland reactions,
proposing it was sufficient to describe a generic protein fermentation process. Even though it can be
used to preliminarily evaluate VFA selectivity, it is contradicted by the experimental results of
Breure and Van Andel (1984), through which it is possible to appreciate the influence of pH.
Having a better knowledge on the process should allow for predicting and driving the process
towards target VFA composition of the effluent. For this purpose, this study is focused on
evaluating protein composition influence on the fermentation outcome, VFA selectivity in
particular.
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MATERIALS AND METHODS: Two continuous stirred tank reactors of 1 L working volume
were used. Both CSTRs were maintained at 25°C. Hydraulic retention time was adjusted to 1.0 - 1.5
days. Proteins were fed to the CSTRs in the same concentration of 8.0 g COD/L as sole carbon
source of the influent, leading to different OLR: 8.0 g COD/L-d for casein and 5.3 g COD/L-d for
gelatin. Their composition in AA is described in table 1. No pH control systems were implemented:
neutral values between 7.0 and 7.5 were obtained by sparging nitrogen (= 10 mL/min), also meant
to remove the hydrogen from the liquid phase. The reactors were inoculated with acidogenic
biomass coming from a lab scale fermenter (VSS content of 1.0 g/L). Average biomass
concentration obtained oscillated between 0.3 and 0.4 g/L in both CSTRs.

Standard analytical methods were used to monitor the conditions of the reactors. VFAs from C2 to
C7 were measured through gas chromatography as with the gas composition of the headspace
volumes.

Table 1. nominal AA abundancies of the chosen proteins with related VVFA resulting of their degradation

Nominal molar composition (% mol)

AA Casein (Brunner, 1977) Gelatin (Eastoe, 1955) Stickland-related VFA(S)
Aspartic acid 6.52 5.02 Acetic
Glutamic acid 19.4 7.99 Acetic/n-butyric

Serine 7.73 3.93 Acetic
Glycine 3.05 37.3 Acetic
Histidine 2.63 0.55 Acetic/n-butyric
Arginine 2.79 5.06 Ac/prop/n-val

Threonine 3.95 1.87 Acetic/n-butyric
Alanine 4.00 12.5 Acetic

Proline 11.4 14.5 Ac/prop/n-val
Tyrosine 4.31 0.15 Acetic/aromatic

Valine 6.73 2.22 Iso-butyric
Isoleucine 5.58 1.33 Iso-valeric
Leucine 8.78 2.63 Iso-valeric

Phenylalanine 4.10 1.40 Aromatic
Lysine 6.42 2.95 Acetic/n-butyric
Methionine 2.58 0.58 Propionic

RESULTS AND CONCLUSIONS: the two reactors were continuously operated and fed with
casein and gelatin for more than 100 days. Casein reactor reached a close-to-steady state in 30 days
of operation. Afterwards, no methanisation was observed. Average acidification degree was close to
50% of the influent total COD. Gelatin reactor reached stability in 15 days. As with the casein
reactor, no methanisation was detected. To increase the acidification degree from the initial 10% to
40% (in COD basis henceforth) several strategies were implemented: increasing HRT, cross
inoculating with anaerobic reactor biomass and adding selenium to the feedstock. Still, casein
reactor performed better at transforming the substrate to VFA: it reached a productivity of 4.06
0.51 g O2/L-d, while gelatin one reached 2.12 £ 0.21 g O2/L-d.



Furthermore, VFA composition of the effluents produced during the experiments is different for the
two reactors (Figure 1).
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Figure 1. VFA spectra of the chosen proteins, shown as molar fraction of each detected organic acid

Fermentation of both proteins leads to VFA spectra dominated by acetic acid, especially gelatin
(70% of total of VFA). Relevant differences are found in the other products: n-butyric acid is the
second most abundant casein VFA, while in the case of gelatin fermentation it is propionic. Iso-
acids have higher relevance in casein spectrum while the opposite applies to n-valeric acid.
Considering the experimental results, it was determined that proteins with different composition in
AA lead to different acidification degrees. We hypothesised that either fixed Stickland
stoichiometry is not suitable for describing AA degradation or redox roles of some AA were
assumed incorrectly. In fact, casein is more easily acidified than gelatin despite its imbalance
between electron acceptors and donors (Table 2). Moreover, a preferential consumption of a
selected few AA over the others could have affected the process: gelatin fermentation might be
hindered by its high content of glycine (Table 1), whose uptake is inhibited for some bacterial
species until all proline is consumed (Barker, 1981). Furthermore, glycine degradation depends on
a specific reductase enzyme, which requires selenium to be produced. Despite selenium dioxide (1
M) addition to the feedstock, no increase of the acidification degree was observed, suggesting that
glycine was not being consistently converted.

Table 2. Amino acids distribution in redox roles based on Stickland reactions

AA redox roles - molar basis

De Vladar - 2012 Ramsay - 1997
Role Casein Gelatin Role Casein Gelatin
Acceptor 21.0 56.8 Acceptor 14.5 51.8
A/D 20.0 9.25 A/D 21.1 6.06
Donor 59.0 33.9 Donor 62.1 40.9
Uncoupled 2.25 1.29




Influence of AA abundancies was also identified in terms of selectivity, hinting to preferential
consumption of some over the others:

e Casein higher abundancies of glutamate, lysine, histidine and threonine lead to higher values
of butyric acid than for gelatin (Table 1). COD values for both proteins reflects the
stoichiometric prediction when considering the experimental acidification degrees.

e Valine consumption is higher than the average AA consumption for both proteins, based on
the experimental concentrations obtained for iso-butyric acid. When comparing the proteins
composition (table 1), it appears that preferential consumption of valine is stronger for
gelatin.

e Iso-valeric acid production is lower than expected, possibly indicating that leucine and
isoleucine degradation is subordinated to the abundancy of other AAs.

e Propionic and n-valeric acids depends on arginine, proline and methionine consumption, but
their proportions do not reflect stoichiometric values: the first shows higher concentration
than the second (COD basis). This suggests the need for further validation of their
conversion reactions.

In general, a preferential consumption of some AAs can explain the deviations from theoretical
VFA spectra predicted through the fixed Stickland stoichiometry, especially when considering that
it assumes 100% of AA consumption, against the 40-50% of acidification degree obtained
experimentally.

In conclusion, this study successfully evaluated the influence the amino acids abundancies on mixed
culture fermentation processes, both in terms of acidification degree and selectivity. Possible
discrepancies in AA roles with previous literature and mechanisms of preferential consumption
were highlighted. Using this knowledge, prediction of the VFA spectra should be feasible and could
help drive the process towards desired products through optimal blending of different protein-rich
sidestreams. Still, mechanisms related to preferential consumption have to be further investigated to
improve the prediction. Study of pH influence on the process is the next step, with the objective of
optimising the process adjusting the operational conditions.
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