Optimizing Dark Fermentation of Olive Mill Wastewater via Inoculum Pretreatments,
Selection of Inert Gas, and Control of Process Parameters
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Italy produces 250-400 kt of olive oil annually, according to data from the Istituto Nazionale di Statistica (ISTAT),
generating about 3 million tonnes of olive mill wastewater (OMW), a highly polluting
effluent. Environmental friendly management of OMW is crucial, especially given the growing demand for energy
and materials and dependence on fossil resources. Dark fermentation (DF) can convert organic wastes into
biohydrogen (H,) and volatile fatty acids (VFAs), including acetic, butyric, and propionic acids, which are valuable
precursors for bioplastics such as polyhydroxyalkanoates (PHAs). Methanogenic activity limits DF efficiency,
reducing H, and VFA yields. This study evaluates inoculum pretreatments to inhibit methanogenesis and enhance
fermentative pathways, supporting OMW conversion into bio-based energy and material production with a
perspective toward process scale-up.

The inoculum came from the Agricultural Cooperative "Speranza" mesophilic cow-agricultural digester
(Candiolo, TO), while OMW was obtained from an Imperia (Italy) olive mill (2024/2025). D-(+)-glucose
(=99.5%, Sigma-Aldrich) was used as a model substrate in the first phase of the study, while OMW was employed
as a target biomass in the second phase. Three pretreatment strategies with potential applicability at a larger scale
were investigated: thermal, acidic, and alkaline (Table 1). For the thermal pretreatment, the inoculum was heated
at 100 °C for 1 h using a heating plate, with temperature continuously monitored by a thermocouple (Mazzanti et
al., 2026). For the acidic and alkaline pretreatments, the inoculum pH was adjusted under continuous stirring to
pH 3 using 5 M HClandto pH 10 using 5 M NaOH, respectively, monitored with pH meter (XS PH
60, VioLab) until stabilisation. The initial pH was set in the range 6.5-7.0. DF were carried out in triplicate in 500
mL Pyrex glass bottles (Duran) with a working volume of 80 %, operated in batch mode at 35 °C using a
thermostatic water bath (55L Julabo Corio-C, Merck). The reactors were loaded at 6 % total solids and manually
shaken. Substrate inoculum ratio was 1:1 based on volatile solids. Anaerobic conditions were established by
purging an inert gas (N, or N,/CO, mixture, 92:8 v/v) at a flow rate of 50 mL min~ for 15 min. Experiments
lasted 7 days to control solids retention time (SRT), previously identified as optimal (Tanvir et al., 2022). The
experimental campaign comprised four pretreatments. Each pretreatment was carried out under uncontrolled and
controlled pH (5.5-6.5) conditions with N, or a N,/CO, mixture to evaluate their effects. H, and gas productions
were expressed as net production, and inoculum performances were evaluated and subtracted. Total solids (TS)
and volatile solids (VS) were measured according to (Epa & of Science, 2001). Elemental composition of
dried samples was determined using an elemental analyzer (Elementar Vario Macro Cube) to quantify CHNS-O.
Biogas composition was analyzed daily using a Micro-GC (SRA) equipped with Molsieve 5A and PoraPlot U
columns with a TCD detector, measuring gas volumes via a 100 mL syringe. Volatile fatty acids (VFAs) were
quantified by HPLC (LC40DXR, Shimadzu) using a Rezex ROA-Organic Acid column (300 x 7.8 mm,
Phenomenex) and a high-sensitivity refractive index detector (RID-20A, Shimadzu). To assess process scalability,
DF experiments were further performed in 2 and 5 L UniVessel® glass bioreactors connected to a Biostat® B
control unit (Sartorius). The reactors operated at 35 °C under mesophilic conditions, with pH maintained in the
range 5.5-6.5 via automated dosing of 5 M HCI and 5 M NaOH. Mechanical agitation ensured proper mixing and
mass transfer.

The physicochemical characteristics of the inoculum and OMW are reported in Tables 2 and 3. Preliminary
results on glucose indicate that inoculum pretreatment has a significant impact on DF performance. Thermal
pretreatment achieved the highest gas production, especially under pH-controlled conditions with N, purging
(95.33 NmL mg~! VSs), indicating effective methanogenesis inhibition. Acidic and alkaline pretreatment
exhibited intermediate performance (66.22 and 56.67 NmL mg~! VSs respectively). pH control consistently
improved process stability. OMW fermentations are ongoing; selected configurations will be validated at a larger
scale (up to 5 L).

Inoculum pretreatment plays a key role in enhancing dark fermentation (DF). Among the tested strategies,
thermal pretreatment showed the highest effectiveness, whereas strict pH control was critical to maximize
hydrogen yield and VFA production. These results provide a basis for defining optimized conditions for OMW
valorization into H, and VFAs.

Table 1. Inoculum pretreatment methods for fermentative H, and volatile fatty acid (VFA) production
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Pretreatment Description

Thermal Heating the inoculum at 100 °C for 1 h
Acidic Setting the inoculum pH to 3 using 5M HCI
Alkaline Setting the inoculum pH to 10 using 5M NaOH

Table 2. Physicochemical characteristics of the inoculum and the olive mill wastewater (OMW).

Parameter Units Inoculum OMW

TS % 5.25£0.12 4.24+0.02
VS/TS % 81.00£3.37 86.38+0.37
C % 46.69+ 3.24 56.98 +2.68
H % 5.65+0.31 7.18+0.10
N % 3.25+0.33 1.40+0.08
S % 0.18+0.08 0.17+£0.03
0 % 44.06+4.07 33.72+2.78
C/N ratio 14.46+0.08 41.68+1.28
pH 8.35+£0.02 4.64+0.03

Values are averages of three samples. TS = total solids, VS = volatile solids, C = carbon, H = hydrogen, N =
nitrogen, S = sulfur, O = oxygen (determined by difference as 100% minus the sum of measured elements and ash)

Table 3. Specific chemical characteristics of the olive mill wastewater (OMW).

Parameter Units OMW
NO5 mg/L 188.5+14.8
NH3-N mg/L <5
PO43- mg/L 147.2+5.9
K mg/L 3552.5+31.8
Ptot mg/L 54.3+1.3
TN mg/L 592.0+£70.7
COD g/L 43.6+34.5
TOC g/L 17.7+£0.1
DOC g/L 13.8+1.5
VFA g/L 6.05+0.76
Phenolis mg Gallic acid /mL 971.79+11.75
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