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Table 9 Summary of number of suppliers who participated in data collection and total market share for each

fresh product type

Product Number of Suppliers UK Market Share (%)
Strawberry 3 75
Raspberry 3 70
Lettuce E 75
Tomato E 70
Apple 6 50
Cimion 4 a1
Pokato 6 G0
Avocado 3 70
Cikrus 3 [=1H]
Broccoli 3 55
Bamana 4 a5
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Key supply chain characteristics include:

Post-harvest life typically ranges from 0-365 days, but is reliant not only on variety, but also on storage
regime (e.g. temperature, controlled atmosphere, ethylene control/suppression [DPA (diphenylamine), 1-
MCP, KMnQ4, Platinum group metal-based ethylene remowval etc.]). The best crop is stored longest with
optimal storage regime (e.g. early harvest cv. Queen Cox for controlled atmosphere (CA)). Mean storage is
S0 days.

Lead times range from 6-24 hours, Stock levels range from 0.5-60 days, but are commaonly bebween 7-21
days (variety dependent).

Shelf-life is again very variety dependent and can range between 4-12 days.

Out of specification product arising in the field is diverted from landfill and sent for juicing, typically resulting
in just =0.01% going to landfill. Howewver, the data shows that loss levels can be catastrophic resulting in
100% of the crop not making it to the retail shelf.

There can be quite high levels of loss and waste at grading and packing as well, as product is rejected due
to not meeting prescribed specifications, though this is also usually diverted from landfill and juiced.

The level of final mean product waste is 39, which will likely go to landfill or energy recovery.

Suppliers commented that waste for imported fruit can be as high as ca. 5-8%.
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Technical C"‘mﬁﬁéﬁfm
recommendations

Continue to invest in improved storage regimes (e.g. ethylene control and
modern controlled atmosphere).

» Improve control over post-climacteric senescence.

* Reduce frequency of packaging design changes (especially labels) and
improve communication between retailer, packaging supplier and produce
supplier to decrease packaging waste and/or consider generic labelling.

» Explore the use of more flexible Brix and pressure tolerances to help reduce
waste.

» Continue with specification changes on size to utilise more apples for the
fresh market (NB: though there was some disagreement between suppliers
on this point and it is important to improve the understanding of how this will
affect overall waste/crop utilisation).

* Improve temperature control during distribution on ships (for imported
produce) and in-store.

www.cranfield.ac.uk



Apple

Case stuol - imoact of 1-MCP

Table 10 Storage regimes employed for UK-grown and imported apples.
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CA-storage
Variety Storage-Marketing RA-storage * or SmartFresh *
Period
Discovery 2-4 weeks All RA not applicable
Waorcester Pearmain 6-B weeks all RA not applicable
Spartan 4-6 weeks All RA not applicable
Rovyal Gala &-7 months 2 mionths 4-5 months
Cameo &-7 months 2 mionths 4-5 months
Cox's Orange &-7 months 2 months 4-5 months
Kanzi &-7 months 2 mionths 4-5 months
Pink Lady 5-& months 2 months 3-4 months
Red Delicious 5-5 months 2 months 3-4 months
| Egremont Russet 3-4 months All RA not applicable
Brasbum 7-8 months 2 months 5-6 months
Golden Delicious 11-12 months 2-3 months B8-9 months
Granmy Smiths 11-12 months 2-3 months £8-9 months
Jonagold AYR * 2-3 months 3-10 maonths
Bramley's Seedling AYR * 2-3 months 5-10 months

Sowrce: cowrtesy of anonymous supplier
* R4 = regular atmosphere (air); SmartFresh = I-MCP: CA = controlled atmosphere, AYR = all year round

www.cranfield.ac.uk
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Key supply chain characteristics include:

Post-harvest life typically ranges from 21-200 days, but is reliant on not only variety (innate dormancy,
period of sprout suppression, dry matter), but also on storage regime (e.g. curing, storage temperature, CA,
sprout suppressants (e.g9. maleic hydrazide (MH), exogenous ethylene supplementation). Mean storage life is
between 120-160 days. The best crop is stored the longest with optimal storage regime (e.g. cold with CA
and ethylene).

Lead times range from 3-30 hours. Stock levels range from 1-7 days, but are commonly between 2-4 days
for volume lines.

Shelf-life ranges between 7-10 days, but can be reduced to five days at the end of the season.

Yield losses can be high (at 21%) but on average there is less loss in the field for onions than for some of
the other products in this study, There are, however, high losses at grading as product that does not meet
specification is rejected.

Storage also represents a significant proportion, due to water loss and internal defects.

The level of final mean product waste at retail is 0.5-1% but can be even lower and the majority will be

disposed to landfill or energy recovery.
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Greater tolerance of aesthetic appearance and size grades would vastly
decrease loss. Such tolerances would need to be coupled with consumer
education that colour, skin finish and size have no impact on eating quality.
This would mean undersized bulbs, for example, which are currently
composted, could be eaten.

* Reduce incidence and impact of internal defects, potentially finding an
alternative to destructive testing to monitor this.

» Improve storage by, for example, optimising use of ethylene supplementation.
* Improve temperature control in-store.

* Investigate whether netted bulbs reduce waste in comparison to vertical form-
fill films, particularly given they provide more ventilation and lower relative
humidity for the product.

* Investigate the impact of variable and high relative humidity on skin finish and
disease incidence

www.cranfield.ac.uk
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Sprout length (% of blub height)

Control Ethylene 1-MCP Ethylene and 1-MCP

Figure 1 Average sprout length (% of the bulb height) of onion
bulbs after 25 weeks of storage treated before or after curing with 1
Ml 11 1-MCP or 10 pl IX ethylene or with both in combination (Error

bar = SE). wuww.cranfield.ac.uk
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Key supply chain characteristics include:

Storage life (transit) ranges from 6-40 days (dependent on controlled atmosphere and ethylene control
strategies and country of origin — 'time on the water’), but can be extended beyond this.

Lead times range from 12-24 hours. Stock levels range from 4-10 days but are typically 4-5 days.

Shelf-life ranges from 2-4 days and is related to whether or not fruit have been conditioned/ripened.

One of the principal sources of waste ocours at quality control where as much as between 1-5% of the
consignment does not meet the specification. Most product waste is sent for animal feed with <1% going to
landfill or energy recovery.

The level of final mean product waste at retail is ca. 2.5-5%, with the majority of this going to landfill or
energy recovery.

Waste arising prior to receipt in the UK has not been measured.

www.cranfield.ac.uk
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Technical C"‘mﬁﬁéﬁfm
recommendations

Improve non-destructive quality control to reduce losses associated with
destructive testing.

« Continue to reduce heterogeneity in quality of supply especially for early
season fruit.

» Improve real-time forecasting of field production and picking cycles to better
inform promotional activity and match supply with demand fluctuations.

« Agronomic management will become increasingly important and thus requires
better vertical integration between supplier and growers.

» Re-educate consumers that aesthetic defects (scarring and other superficial
defects) do not affect the eating quality.

» Improve understanding of effects of transit time, and storage/ripening regimes
on product quality and damage.

» Develop a better understanding of the impact of ethylene across the whole
supply chain.

www.cranfield.ac.uk



Laser Doppler Cranfield
viorometer (LDV)

« LDV = precision optical instrument used for determining
vibration velocity and displacement at a single point

« Senses the frequency shift of back scattered light from
a moving surface: Doppler-effect

vibrating
avocado
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Table 11 Summary of resource maps, detailing percentage loss and waste by product for eleven different fruits

and vegetables through the supply chain.
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Product Field loss Grading loss | Storage Loss | Packing loss Retail waste
(Central range)
Strawberry 2-3% 1% 0.5% 2-3% 2-4%
Lettuce 5-10% Mo data 0.5-2% 1% 2%
Raspberry 205 Mo data Mo data 2-39% 2-30%
Tomato ) 7% Mo data 3-5% 2.5-3%
Apple 5-25% 5-25% 3-4% 3-8% 2-3%
Omion 3-5% 9-20% 3-10% 2-3% 0.5-1%
Pokato 1-2% 3-13% 3-5% 20-25% 1.5-3%
Broccoli 10% 3% 0% 0% 1.5-3%
Avocado Mo data 30% 5% 3% 2.5-5%
CHrus Mo data 3% Mo data 0.1-0.5% 2-2.5%
Banana Mo data 3% Mo data 0-3% 2%
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Recommendations

* Improve data on waste and loss

* Improve supply chain communications
* Review consumer specifications

Work to optimise packaging

Promote technology development and knowledge
transfer

Increase use of production planning systems

www.cranfield.ac.uk
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