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Objectives and Rationale 

 

There is a need to develop new and alternative phyto-control agents, for use in post-harvest 

fruit protection. The aim of this project was to extend previous PHI projects on lipopeptides 

(LPs), produced Bacillus spp., as a bio-fungicide product. Within this aim three separate 

workpackages were developed: i) Production and testing of the LP product at scaled-up 

volumes, ii) Investigation of the efficacy of LPs against single spored isolates of Botrytis cinerea, 

causing blue mould on pears and Penicillium expansum causing blue mould on apples and iii) 

examine the toxicology of the product using zebrafish as models. 

 

Methods  

 

(Method numbering corresponds to objective numbering under section 4) 

1. Scaled-up production of LPs 

Bioflo110 1L and 5L reactors were used to cultivate Bacillus spp., under conditions optimised in 

Previous PHI projects. LP product was recovered using acid precipitation. HPLC analysis 

determined purity and composition of the product. 

2. LP product optimisation 

Extractive fermentation using Aqueous Two-phase Separation (ATPS) was developed for LP 

purification (specifically iturin and fengycin purified from surfactin) using a PEG-salt system. 

Product partitioning and effect on organism growth was determined using 

spectrophotometric and HPLC analysis. Reactor development was conducted using a 

continuous extraction, backextraction fermentation system was developed and tested. 

3. E50 measurement 

Twenty Key phytopathogens isolates of blue mould were isolated from symptomatic apples.  

PCR-RFLP and confirmation sequencing of selected isolates using a partial beta-tubulin gene 

region was used to determine species ID. A range of concentrations of LP product was used 

to amend liquid media containing resazurin dye indicating respiration. The EC50 of the two 

fungicidal compounds was determined in Statistica V. 13 from the growth curve. 

4. Toxicology 

Zebrafish embryos were exposed to various LP concentrations (against a control of zero 

concentration). Mortality, heart rates, length measurement, apoptosis and gene expression 

measured at various times post-fertilization. 

5. In vivo testing 

A ‘challenge inoculation’ method was used where fresh fruit were scored, inoculated with 

phytopathogen culture and various amounts of LP product. Rot was monitored over 

approximately 10 days, and an in vivo efficacy of our product against each phytopathogen 

determined. 

 

Key Results 

 

LP product was successfully produced under scaled-up conditions in 1L and 5L reactors. 

However, limitations with current reactor configurations were noted – a significant outcome of 

this project. In order to circumvent these issues, an extractive fermentation methodology was 

instituted, to recover the LP product in situ. This result significantly enhances the product, 

through removing the need for expensive further downstream processing steps. Further, a 

partitioned bioreactor system was developed in which this extractive fermentation can be 
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done was developed and tested. LP product of consistent composition was produced and 

recovered using acid precipitation. This product was tested on HPLC to determine purity and 

composition (of the LPs: 72% fengycin, 17% iturin and 11% surfactin). The methodology of the 

resazurin-based microtiter assay was successfully optimised for P. expansum. Botrytis cinerea 

assay conditions had been optimised for other fungicides in a previous study. Both fengycin 

and iturin A did not sufficiently inhibit the two pathogens in vitro at the tested concentrations. 

High variation was observed, possibly due to an interaction of potato dextrose broth with the 

resazurin dye. A higher range of lipopeptide concentrations is currently also being 

investigated. Using a conventional methodology of amending potato dextrose agar with 

lipopeptide acid precipitate from the culture filtrate of B. amyloliquefaciens, it was shown that 

the higher concentrations of 2.79 mg/L fengycin and 0.63 mg/L iturin A effectively inhibited 

mycelial growth of one P. expansum in vitro. Toxicology testing showed no toxic effect on 

zebrafish embryo development even up to surfactin concentrations of 100ppm. This 

significantly improves our understanding of the applicability of LP products, since it is the first 

study to examine this. 

 

Conclusion and Discussion 

 

The project successfully demonstrated the scale-up and production of LP product, even 

though 

it was identified that for industrial application, non-traditional bioreactor configurations will be 

needed. Steps towards developing appropriate reactor and separation technologies were 

made 

in this project, despite the short time frame. Encouragingly toxicology tests showed to toxic 

effects even under concentrated conditions, indicating that the product falls within safe 

consumption limits. 

In vitro testing showed some efficacy of the product against a number of phytopathogenic 

organisms, however, further testing will be needed to determine optimal product 

concentrations. 


