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PROJECT REPORT: Please provide a clear description for each of the following:

Executive Summary (200 words maximum)

A few paragraphs covering what was discovered, written in a manner that is easily understood and relevant to
SA growers. A number of key dot points should be included which can be used in SAGIT communications.

Seed colour is an important quality trait in faba bean. Unlike other grain crops, the seed coat of faba
continues to change colour after harvest. Hull colour is an indicator of product freshness/age, and light
green/tan beans fetch the highest prices in high-value, whole faba bean export markets. Medium or
dark brown faba beans are considered old-crop beans and have a much lower market value.

In this project, we sought to better understand hull browning in faba beans and to identify strategies
for limiting the browning process during storage.

Major findings of this project:

e There is genetic variation for faba bean hull browning during storage, that could be exploited
for breeding new varieties with improved stability of hull colour.

¢ Hull browning can be reduced by limiting exposure of stored faba beans to high temperatures,
oxygen, humidity and sunlight.

o Storage tests with different treatments suggest that oxidation of substrates in the seed coat is
involved in hull browning, but more research is needed to identify these substrates.

e Identifying the oxidized compounds would help us to devise effective strategies to reduce hull
browning.

Project objectives
A concise statement of the aims of the project in outcome terms should be provided.

This project had three ambitious aims:

(1) to identify biochemical mechanism/s behind the hull browning process in seed coat of faba bean
stored after harvest;

(2) to find a low-cost post-harvest treatment able to slow down the browning; and

(3) to assess varietal differences in storage browning.

Overall Performance

A concise statement indicating the extent to which the project objectives were achieved, a list of personnel who
participated in the Research Project including co-operators, and any difficulties encountered and the reasons for
these difficulties.

Project activities were designed to address each of the three project aims and are outlined in previous
progress reports and the technical details section below. Significant progress was made towards
resolving the mechanism responsible for hull browning in faba bean, and while we did not identify a
low-cost post-harvest treatment suitable for industrial application, our experiments highlight the value
of limiting the exposure of stored faba beans intended for the highest-grade markets to high
temperatures, humidity and sunlight. Assessment of varietal differences in storage browning is novel
research.

Please note that the Colour Difference Index calculation in early progress reports was incorrect. Actual
Colour Difference Index values should be sought from data accompanying this final report.

Due to a change in management at Australian Grain Exports (AGE)/ Integra Foods and our initial failure
to secure written agreement, we were ultimately unsuccessful in securing third party financial support
for the project. SARDI accept full responsibility for this budgetary error. Please refer to the financial
report below for the adjusted final budget.

Additional personnel: Dr John Carragher (consultant to SARDI), Dr Julie Hayes (University of
Adelaide), Hieu Bui (SARDI technical support)
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KEY PERFORMANCE INDICATORS (KPI)

Please indicate whether KPIs were achieved. The KPIs must be the same as those stated in the Application
for Funding and a brief explanation provided as to how they were achieved or why they were not achieved.

KPI

Achieved

If not achieved, please state
reason.

A single bulk stock of mature faba beans
harvested, post-harvest treatments
immediately applied, initial colour
measurements collected and accelerated
storage studies underway

Yes No [

Accelerated storage trials completed, all
monthly colour measurements recorded.
Faba bean seed coat samples supplied to
UniSA for metabolome screening; screening
analysis underway

Yes No [

Results communicated to stakeholders, final
SAGIT report completed

Yes No [
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TECHNICAL INFORMATION (Not to exceed three pages)
Provide sufficient data and short clear statements of outcomes.

Project activities were designed to address each of the three project aims. We first developed a
standardized protocol for L*(lightness), a*(green-red), b*(blue-yellow) colour measurement of faba
bean hulls, using images taken with a digital camera and light box and publicly available image
background removal and colour classification software.
Colour change between images can be objectively determined by calculating a Colour Difference Index
(AE*ap):

AE* 4, = V[(AL*)2+(Aa*)2+(Ab*)?]

Forty-nine post-harvest treatments were applied to replicate sub-samples of var. Samira, sourced from
Australian Grain Exports (AGE) receivals following the 2023 harvest. Treatments were applied in Jan-
Feb 2024 and samples then stored for 12 months at 30 °C or 40 °C. Of the treatments tested, the most
effective for arresting colour change were low temperature storage (Fig. 1A), darkness (Fig. 1B), low
humidity (Fig. 1C), and treatments limiting Oz exposure — e.g., other gases, or coating the seeds with
an oil (Supp. Fig. 1). An O2 gas treatment markedly accelerated browning, suggesting oxidation
reactions of one or more substrates in the seed coat are involved in the colour change process.
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Figure 1. Progression of colour change in commercial faba bean samples (var. PBA Samira) stored for 12
months in different conditions, showing effects of (A) storage temperature, (B) exposure to sunlight at ambient
temperature and (C) exposure to high humidity conditions at ambient temperature. Colour change was calculated
as a difference index, AE*ab, using changes in L*a*b* colour values. Plotted values are means + standard error
for 6 (A) or three (B, C) replicate samples.

Hulls were separated from bean samples stored for 2 months in O, gas, and under vacuum (Fig. 2),
then milled and snap-frozen for metabolite profiling by UA Adelaide Analytical. Hull samples were
extracted using two methods: (i) by room temperature incubation in 80% methanol, and (ii) with 70%
acetone, followed by reconstitution in 80% methanol. All sample extracts were analysed by HPLC-
QTOF-MS/MS (Agilent). Acetone extracts showed more distinguishable colour differences between
the treatments than the methanol extracts. However, the peaks detected and quantitative differences
between treatments were similar for both methods. The forty largest peak areas were compared to
compound databases. Treatment differences were generally small, but significantly higher peak area
ratios were observed in the darkest hull samples (O2 gas storage at 40 °C) for five compounds: three
putatively classed as flavonoids, one as a small peptide, and the fifth an unknown compound.
Significantly lower ratios were observed for ten compounds: piscidic acid (putative annotation), four
compounds putatively classed as flavonoids, two as fatty acyls, one as a small peptide, and two
unknown compounds. UA Adelaide Analytical reports for the analyses are provided as Appendices.
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Figure 2. Sample images for commercial faba beans (var. PBA Samira) after 2 months of storage in oxygen gas
(A, B) or under vacuum (C, D), at 30 °C (left panels) or 40 °C (right panels). These samples were provided to
Adelaide Analytics for metabolite profiling.

Replicate samples from 20 faba bean varieties sourced from a varietal field trial (UA-SARDI student
James Manson; trial conducted at Kapunda, 2023), were stored at 12 °C, 30 °C and 40 °C and were
assessed for colour change after 1, 2, 4, 6 and 12 months of storage. Data for colour change after 12
months of storage at 40 °C is presented in Fig. 3. There were significant varietal differences at 40 °C
storage across all time points, and at 30 °C storage after 12 months (Table 1). PBA Samira and PBA
Marne showed the greatest colour change, while varieties Ascot and PBA Warda were among the most
resistant to colour change (Figs. 3 & 4, Supp. Figs. 2 & 3). Final lightness values (L*) of the beans
reflected the measured rates of colour change (Fig. 4). Further, lightness values recorded for beans
harvested and stored from two additional field trials (Roseworthy and Narrabri (NSW), 2022) indicated
that while Ascot hull colour was influenced by environment, observations for PBA Warda, PBA Samira
and PBA Marne held across environments (Fig. 5).
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Figure 3. Measures of colour change (AE*ab) for 20 commercial varieties of faba bean harvested from a field
trial at Kapunda in 2023, after twelve months of storage at 40 °C. Varieties are divided into Southern (blue) and
Northern (orange) adapted categories and, within each category ordered (from top to bottom) by year of release.
Data are means * standard error (N = 3).
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Table 1. Significance of the effect of variety on seed coat colour change values after storage for up to 12 months
at temperatures of 12 °C, 30 °C or 40 °C. P-values from one-way ANOVAs for each storage condition (2-3
replicates) for beans harvested from a field trial at Kapunda in 2023, are tabled (NS: not significant; P>0.05).

Storage temperature
Storage time 12°C 30°C 40 °C
1 month NS NS 0.0060
2 months NS NS 0.0005
4 months NS NS 0.0003
6 months NS NS 0.0008
12 months NS 0.0312 0.0004
PBA Marne PBA Samira
a*=135 a*=11.0
b*=29.0 ”.‘. .“.. b*=30.5
Ascot PBA Warda
L* =53.0 m@ L* =515
a*=75 a*=8.0
b*=31.0

b*=31.0 . ‘“

Figure 4. Example images and L*a*b* colour values of four commercial faba bean varieties harvested from a
field trial at Kapunda in 2023, after twelve months of storage at 30 °C.
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Figure 5. Lightness (L*) values for Ascot, PBA Warda, PBA Marne and PBA Samira harvested from field trials
at Roseworthy in 2022, Kapunda in 2023 and a site in NSW in 2022 (Narrabri), after 12 months storage at
elevated temperature. For each environment, varieties sharing letters were not significantly different for L* (N =
3 replicates). Two-way ANOVA showed significant influence of environment (P <0.0001), variety (P <0.0001) and
their interaction (P <0.0001). PBA Warda remained lighter than the other varieties regardless of environment,

while PBA Marne was consistently significantly darker than the other varieties.

CONCLUSIONS REACHED &/OR DISCOVERIES MADE (Not to exceed one page)

Please provide concise statement of any conclusions reached &/or discoveries made.
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Significant differences between faba bean varieties were observed for rates of colour change at storage
temperatures at or above 30 °C. For some varieties, these differences were independent of the growing
environment. Recent varieties PBA Marne (2017) and PBA Samira (2013) showed the highest rates of
storage browning from a multi-varietal trial harvested at Kapunda in 2023 and were also among the
darkest beans from additional trials. The introduction of seed coat colour and its storage stability as
selectable grain quality traits for Australian faba bean breeding may be warranted.

To our knowledge, this is the first report of genetic variation for hull browning in faba bean.

Whilst we were unsuccessful in identifying compounds that were clearly different between dark and
light coloured faba bean hulls, methodology is available to research this further. In storage tests, we
consistently observed treatments reducing the exposure of beans to oxygen to be effective in
minimising hull browning. This suggests oxidation reactions of one or more substrates in the seed coat
are involved in the colour change process, providing clues as to the genetic factors behind observed
varietal differences.

INTELLECTUAL PROPERTY

Please provide a concise statement of any intellectual property generated and potential for commercialisation.

The most significant findings of this study for industry were that there are varietal differences in hull
browning. As these are already commercial varieties, the opportunity for commercialisation of new
knowledge is limited.

APPLICATION / COMMUNICATION OF RESULTS

A concise statement describing activities undertaken to communicate the results of the project to the grains
industry. This should include:

Main findings of the project in a dot point form suitable for use in communications to farmers;

A statement of potential industry impact

Publications and extension articles delivered as part of the project; and,

Suggested path to market for the results including barriers to adoption.

Note that SAGIT may directly extend information from Final reports to growers. If applicable, attach a list of
published material.

Main findings of this project:
o There is genetic variation for faba bean hull browning during storage, that could be exploited
for breeding new varieties with improved stability of hull colour.
¢ Hull browning can be reduced by limiting exposure of stored faba beans to high temperatures,
oxygen, humidity and sunlight.
o Storage tests with different treatments suggest that oxidation of substrates in the seed coat is
involved in hull browning, but more research is needed to identify these substrates.

e Identifying the oxidized compounds would help us to devise effective strategies to reduce hull
browning.

Effective reduction of hull browning in faba beans would extend the time for selling this commodity into
premium export markets, currently restricted to around nine months from harvest (GRDC GrowNotes).
A genetic solution could reduce the reliance of grain traders on cold storage facilities, reducing the
economic and environmental costs of storage.

Through Dr John Carragher, we communicated our findings and sought industry perspective from our
industry partner, Australian Grain Exports (AGE). While unable to make a financial contribution, they
expressed interest in our work, acknowledging that any extension of the season for selling into premium
markets would dramatically improve Australia’s market share in Middle Eastern faba bean trading.
They advised that beans stored for 12 months at 12 °C still met the highest-grade hull colour for export.

On 20 August 2024 we hosted a visit from SAGIT (Dr Jenny Davidson and Mr Malcolm Buckby), where
results to date were presented and discussed.
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POSSIBLE FUTURE WORK

Provide possible future directions for the research arising from the project including potential for further work
and partnerships.

Further research into seed coat colour change could include:

¢ More expansive metabolite profiling. A time course analysis (i.e., after 0, 3, 6, 12 months’
storage) of hulls of several faba bean varieties known to differ in their propensity to change
colour types would be valuable to reveal key compounds contributing to seed coat colour
change.

¢ Population development for identifying genetic determinants of seed coat colour change.

o Active selection for reduced hull browning in faba bean breeding programs.

o Exploration of whether there is genetic control of colour change within a variety. Fig. 2A
shows a single bean within the sample for PBA Samira that remained light tan in colour. Is
this a selectable trait? Similarly, ‘evergreen’ faba beans are particularly pale green at harvest
and remain so. They occur rarely within a crop, across all varieties. Currently, evergreens are
graded out of premium faba beans along with dark beans, broken beans and foreign objects.
A small, niche market for these beans met by individual growers (pers. comm. Andrew
Vogelsang, AGE) could be expanded if the evergreen phenotype could be produced at crop
scale and market acceptability was proven.

e Engineering solutions to reduce grain storage temperatures and exposure to light and oxygen
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