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Why this topic in FoodWaStop: rationale and objectives

• Postharvest rots drive losses in the citrus chain (blue mold, brown rot).

• Control options are limited and still rely on a few treatments.

• Citrus processing generates large peel side streams.

• Bioact-LM (lemon peel fermentation) as a case study aligned with FoodWaStop

themes.

Source: PeelPioneers
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Aim and approach

Aim: Develop Bioact-LM to reduce citrus postharvest losses and fit a circular approach.
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Bioact-LM: production in brief

• Starting material: lemon peel powder 

(by-product).

• Fermentation with L. plantarum N3B2/M2B2 →

bioactive formulation (Bioact-LM).

• Tested by contact + volatile-mediated activity 

(VOCs).

Key idea

Use fermentation to enrich lemon peel-derived matrices with antimicrobial metabolites (organic acids, phenolics, VOCs).

References: Riolo et al., Biological Control (2024); La Spada et al., Journal of Agriculture and Food Research (2024).
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Screening pipeline and broad-spectrum activity

• 13 LAB isolates recovered from citrus peel and identified (MALDI-TOF).

• In vitro screening with dual-culture overlay and agar diffusion tests.

• Pathogen panel: fungi and oomycetes (including Penicillium and Phytophthora spp).

• Two L. plantarum isolates (N3B2, M2B2) selected for highest and consistent inhibition.

Reference: Riolo et al., Biological Control (2024)
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Chemical profile of Bioact-LM

Main metabolite classes detected in fermented lemon medium

• Major: lactic acid, acetic acid.

• Minor: phenolic acids (incl. salicylic acid), phenyllactic acid.

• VOCs: volatile mixture (second mode of action).

• M2B2 showed higher lactic acid; N3B2 showed higher DL-3-phenyllactic acid.

Interpretation: multi-compound, multi-target activity rather than a single active ingredient.

References: Riolo et al., Biological Control (2024); La Spada et al., Journal of Agriculture and Food Research (2024).
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Blue mold control on oranges (Penicillium italicum)

In vivo test (orange fruit)

• Treatments: control vs fermented LM with N3B2 or M2B2.

• Outcome: reduced disease severity over time and reduced conidia production.

Interpretation for the value chain

• Lower sporulation may reduce 

cross-contamination in packing and 

storage.

References: Riolo et al., Biological Control (2024)

III COST FOODWASTOP MEETING – ZADAR, CROATIA, 5-6 FEBRUARY 2026, UNIVERSITY OF ZADAR



Brown rot (Phytophthora spp.): contact activity

In vitro MIC/MFC of Bioact-LM

• Test range: from 0.6 to 300 mg/mL (microplate assay).

• Range: MIC 18.75–150 mg/mL; MFC 37.5–300 mg/mL.

• Species-dependent response (e.g., MIC 75–150 mg/mL; 

MFC up to 150–300 mg/mL depending on isolate).

Why relevant for postharvest

• Contact activity supports applications such as dips, sprays, or coatings.

• Target pathogens include citrus brown rot agents (P. nicotianae, P. citrophthora, P. palmivora, etc.).

Reference: La Spada et al., Journal of Agriculture and Food Research (2024).
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Brown rot (Phytophthora spp.): VOC-mediated inhibition

• Bioact-LM releases volatile organic compounds (VOCs) that inhibit mycelial 
growth in a sealed-plate headspace assay (no direct contact).

• Species-dependent inhibition (e.g. P. pseudosyringae (100%) and a marked 
effect for P. ramorum)

• Practical meaning: may contribute under storage conditions.

Reference: La Spada et al., Journal of Agriculture and Food Research (2024).
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In vivo brown rot control (orange and apple)

• High: 65–70%;

• Moderate: 50–60%;

• Lower: ≤35%. 

• Species-dependent efficacy.

Reference: La Spada et al., Journal of Agriculture and Food Research (2024).
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Limitations and next steps

Limitations

• Packinghouse protocol not optimised.

• Efficacy depends on conditions (cultivar, wounds, storage).

• Batch-to-batch variability (fermentation and peel batches).

Next steps

• Define dose and contact time (dip/spray).

• Stability + compatibility (coatings/waxes, sensory).

• Semi-commercial validation + regulatory pathway.
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Where Bioact-LM can fit in the citrus postharvest chain

• Packinghouse: dip or spray after washing/sanitising.

• Cold storage: support disease suppression; reduce cross-contamination risk.

• Formulation route: liquid treatment or ingredient for biodegradable coatings.
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Peer-reviewed publications

Riolo et al., 2024 — Biological Control

La Spada et al., 2024 — Journal of Agriculture and Food Research
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Take-home messages

• Bioact-LM is obtained by fermenting lemon peel by-products with L. plantarum strains from 

citrus peel.

• Bioact-LM reduced blue mold (P. italicum) and brown rot (Phytophthora spp.) in fruit assays.

• Two complementary effects were observed: contact inhibition and VOC-mediated 

inhibition.

• This is aligned with FoodWaStop themes: loss reduction and citrus by-product valorisation.
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Related publication linked to FoodWaStop

III COST FOODWASTOP MEETING – ZADAR, CROATIA, 5-6 FEBRUARY 2026, UNIVERSITY OF ZADAR



Thank you
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