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Orange peel waste (OPW), a major residue of a citrus industry processing over 70 million tons of fruit
annually [1], represents an abundant yet underexploited lignocellulosic biomass. Although rich in fermentable
carbohydrates and pectin, OPW also contains essential oils (EO) (particularly limonene) traditionally viewed as
inhibitory to anaerobic microbial activity. When discarded without treatment, OPW contributes to greenhouse gas
emissions, leachate formation, and other environmental burdens [2]. Expanding its valorisation through the
microbial production of short- (SC) and medium-chain (MC) carboxylates offers a pathway to mitigate
environmental negative impacts while generating valuable biorefinery intermediates at the same time.

Recent findings from our research group indicate that EO, naturally present within OPW, do not hinder
acidogenesis or MC-carboxylate formation, challenging the longstanding assumption that limonene is a universal
inhibitor in anaerobic systems. Based on this observation, the present study investigates whether supplying
exogenous Hz and CO: can stimulate reductive chain elongation (CE), enabling the conversion of SC intermediates
into higher-value Cs—Cs carboxylates. This strategy takes advantage of our microbial inoculum capability to engage
hydrogen-dependent and acetogenic pathways (including reverse f-oxidation) previously demonstrated within our
research team [3].

For this purpose, untreated OPW was homogenized and fermented in 2 L glass reactors
(70 g COD_OPW L), inoculated with activated sludge. Two headspace conditions were compared: N2, serving
as the reference atmosphere, and a Ho/CO: mixture (3:1 mol mol™?) pressurized to 1.3 bar absolute. All reactors
were incubated at 35 °C under agitation, with liquid and gas samples collected every 48 h. Gas composition
analyses enabled tracking of endogenous production and consumption patterns, and all assays were performed in
triplicate.

Under N, fermentation proceeded through a characteristic acidogenic sequence: an initial rise in CO2 and
H> during the first 10 days (Fig. 1a), accompanied by the accumulation of SC carboxylates such as acetate,
propionate, and butyrate (Fig. 2a). After endogenous H: production declined, SC carboxylates production
stabilized, and ethanol oxidation toward acetate became predominant, which is an expected behaviour in mixed
anaerobic cultures. In addition, no formation of MC carboxylates was detected under these conditions.

In contrast, introducing H2/CO: profoundly altered the system’s trajectory. Both gases were actively
consumed from day 7 onward (Fig. 1b), with Hz uptake systematically exceeding that of CO.. The availability of
external reducing power promoted the accumulation of valeric acid, which reached higher concentrations than in
N2-based fermentations. After approximately day 25, valerate concentrations decreased concurrently with the
emergence of MC products, notably heptanoic and octanoic acids (Fig. 2b), indicating that chain elongation was
effectively sustained by H> oxidation and CO: assimilation. These transformations did not occur in the N2 reference
condition, confirming that the exogenous gas mixture acted as a driver for CE.

The observed response is consistent with previous evidence showing that the limonene-rich composition of
OPW does not prevent CE when appropriate redox conditions are provided. Complementary biodegradation assays
further demonstrated partial anaerobic transformation of limonene, supporting the metabolic resilience of the
microbial community.

Overall, the results demonstrate that H./CO: supplementation offers a practical means to shift the metabolic
balance of OPW fermentation toward the formation of higher-value MC carboxylates, under mild conditions and
without removing EO. This approach provides a promising avenue for integrating OPW valorization with CO-
utilization, contributing to more circular and low-emission biorefinery strategies.
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Figure 1. Cumulative gas production in batch fermentation of orange peel waste for 40 days under: a) No;
b) H2/CO:. Mean and standard deviation of triplicates.
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Figure 2. Evolution of metabolite concentrations during batch fermentation of orange peel waste for 40 days
under: a) N2; b) H2/CO.. Mean and standard deviation of triplicates.
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