NE-1036 Postharvest Biology of Fruits

Minutes of the 2010 Meeting in Waterville, NH
June 25-26, 2010
Renae Moran convened the meeting at 8:30 am.

Introductions and Attendance

Renae Moran, University of Maine (Chair)

Dan MacLean, University of Georgia (Secretary)

Brad Hillman, Rutgers University (Administrative Advisor)

Randy Beaudry, Michigan State University

John Fellman, Washington State University

Jim Mattheis, USDA ARS Wenatchee

Bruce Whitaker, USDA ARS Beltsville

Dave Rudell, USDA ARS Wenatchee

Jun Song, Agri. and Agri-Food Canada, Nova Scotia

Chris Watkins, Cornell University

Jennifer DeEll, OMAFRA, Ontario

Dave Rosenberger, Cornell University

Penelope Perkins, North Carolina State University

Nobuko Sugimoto, Michigan State University

John Labavitch, University of California, Davis

Cindy Tong, University of Minnesota

David Rudell, USDA ARS Wenatchee

Andrew MacNish, University of California, Davis

Elizabeth Mitcham, University of California, Davis

Carolina Contreras, Michigan State University

Alan Woolf, Auckland, NZ

Jason Johnston, Auckland, NZ

Jinwook Lee, Cornell University
Fang Geng, University of Maine
Announcements:

Renae Moran:
Get receipts for registration.
Brad Hillman
Advisor of 5 groups.  Multi-State administrators must spend 25% on multi-state research projects (Hatch funds).  What is expected is that you not only have meetings, but have real collaboration and co-publications, co-grant submissions.  These are the metrics that the program is after.  Trend is towards larger projects (NIFA), and getting more $ from congress but funding higher profile projects with high – immediate impacts.  

When we do write a new project, we should tailor with NIFA objectives.  

OBJECTIVE 3.  Develop technologies and practices that optimize returns and promote increased consumption of health-beneficial fruits through preservation or improvement of fruit quality attributes.

Elizabeth Mitcham (CA)

3.1. Mitcham/Barrett (Sergio) – fresh cut of mango.  Firmness, color changed during fresh-cut shelf-life.  Stem-end was softer than blossom end (due to change in ripening).  Inner always softer than outer.  Progression of ripening was reason for observed differences in color and firmness.  No differences in TSS, but TA was higher in the center of the mango (which may not be related to the ripeness of the fruit).  Purpose is to do some prelim work towards development of a fresh-cut mango industry.  
Also plans to use 1-MCP, and a sachet for a slow-release of 1-MCP, CaCl2 dips.  Also 1-MCP prior to treatment (but this work has been done before).  Effect of 1-MCP on mango is marginal.  Slow-release works well when binding sites are turned over so quickly (Beaudry).  Penny – soluble pectins – do they bind the 1-MCP.  Flavonoids make up 30% of your TSS in apple?

3.2. Makkumrai (Student from Thailand) – pear ripening and softening.  Postharvest ethylene treatment in order to ripen.  Looking at ways of stimulating ripening of pear.  Comparing methods with a focus on sensory quality.  Changes in cell wall breakdown, soluble pectin, volatiles, sensory work as well.  Problems with data collection (cool weather), but had mild treatment effects.  Looking at two types of pears.  Changes in rate of ripening, intermediate temperature does stimulate ethylene production (10°C) does the best job.  Cold storage and ethylene treatments were also performed, but the ethylene treatment did not do as good of a job as was expected.  Volatiles are higher in softer fruit.  Will do individual fruit analysis – too much variability.  

Beaudry – can you take IEC in pear.  Rudell, Max Williams paper from 1960’s.  Proper technique on how to take IEC from pear – taken from the side instead of calyx. Under vacuum, add salts to the water.  Nigel Banks used a technique leaving a pin in a banana.  Make a hole with a needle and septum.  Only use 100 µL under water.  

David – Are all pears going to cold storage?  Beth, plenty of fresh, California is early on the market.  David, Can you store immediately at 10°C?  Don’t want to encourage it, because they might want to start storing it at that temperature.  Bartlett has an extra copy of ACS that winter pears to not have.  Comice included this year.  Canada has cold temperatures going into harvest, so no problems with postharvest ripening.  Alan – Anjou needs 3 days of ethylene treatment.  Comice is 2 days.  Anjou should have 5 probably.  Packham pears in NZ, may not need ethylene to promote ripening, but may be required to promote aroma production.  Longer ethylene to promote aroma
3.3. Mango.  Keep mangoes.  Different ways of measuring maturity.  Page 16.  Different firmness measurements.   Compared 5 different measurements.  David Slaughter built a stand for consistent impact of pin (mostly non-destructive).  Worked better on softer fruit.  Aweta acoustics and impact modes.  Acoustics worked best.  Impact did not work as well on the impact mode.  Penetrometer then durometer worked best (ability to detect differences in maturity).  How to get TSS.  Compared industry and lab practices.  Filtering with cheesecloth did not make a difference.  Extracting with your hand, and you are squeezing out the ripe stuff in the middle.  Compared ways of measuring dry matter content – hot oven vs microwave.  Works better with ripen thin sliced fruit.  Temperature was 60°C.  Penny – did you measure pH?  pH will increase during ripening.  An easier indicator for grower.  Changes a lot during ripening.
3.4. Andrew MacNish – Asked by strawberry industry to compare shrouds for shipping.  Commissioned by an industry to compare products.  An independent analysis.  Four different systems, two have plastic shroud with CO2 injected or bags.  Other two had MAP covers.  No difference between fruit decay, possibly some weight loss.  Even after 2 days at RT, no difference in decay.  Include a sensory component.  Also look at firmness and taste differences.  Huge amounts of decay in all samples.  This year has some potential differences.   Pallet is open at bottom.  Use of the term MAP is loose.  But a CO2 shock up to 15% will stop metabolism for a short time, and takes a while to recover.  No differences in atmosphere leaving and at arrival.  Focus is on flavor quality though.  No differences in sensory.  John L. seal bottom, and sample at three different heights for CO2.  Log over time (hobo type product).  Cover does help with weight loss (humidity).  Techtrol, take off as arrival, whereas other companies say it’s okay to keep covered as room temperature increases.  Techtrol, CO2 starts at 15-18%Co2, and arrival in FL is 4-13% CO2.  Challenge is to get a good seal of the pallet.  
3.5. Andrew MacNish – working with pears.  Effects of ethylene on 1-MCP efficacy.  Competitive or non-competitive binding???  Exogenous ethylene will reduce efficacy of 1-MCP treatment.  Ripening rooms can often be contaminated with high levels of ethylene.  Treating with 300 ppb.  A 1:1 ratio will result in a significant reduction in efficacy.  Will result in a robust treatment for growers.  Bruce – will 300 ppb ever result in complete inhibition on Bartlett?  How to reduce effect?  Temperature, maturity, duration of storage.  A 1:1 resulted in an intermediate response.  Alan W. A really high CO2 (20%) to knock off the 1-MCP and promote ripening in avocado.  Jim M. takes much more co2 than c2h4. Different harvest maturities, IEC, and hopefully develop a model of ethylene at this level, should be 1-MCP treatment at this level.  
Chris Watkins (NY)
3.1. Empire apple.  Cross of delicious and mcintosh.  Fresh-cut (can get 12 months).  1-MCP seems to increase the diffuse flesh browning.  Different concentrations of 1-MCP.  Nothing seems to work to diminish browning.  With 1-MCP = browning.  No 1-MCP = no browning.  Intensity of browning was less under 1-MCP, though there was more of it.  DPA has no benefit on flesh browning.  Braeburn is just around the core, and DPA did reduce the browning, and made it acceptable to market.  Jim M. sometimes high level of control, other times 20-30% miss.  Thoughts are that DPA working more at the induction phase.  Theory why 1-MCP increases browning.  Empire is chilling sensitive.  Ethylene is important for reducing chilling sensitivity – by removing ethylene, increase damage.   David R. glyphosate of damage on fruit.  Brown core resulted.  Non-target effects of glyphosate may actually be residual in soil for 20-30 years?  Non-target to minerals.  Phosphites are not as easily metabolized.  High phosphorus may increase glyphosate release from soil?
3.2. Honeycrisp – tried CA storage.  Industry demands it though a few years ago, results were not so promising.  Ranges of oxygen 1.5 to 4.5% O2.  Two sites, that crop load is an important factor for quality.  Honeycrisp is such a large fruit, could only do a single 4 day disorder evaluation.  Higher CO2 resulted in lower levels of grease skin.  Higher CO2 = higher flesh browning.  Orchard to orchard variation between browning, greasiness.  No obvious optimal atmosphere.  3/1.5 if forced to.  
3.3. Retain, harvista – IEC in mcintosh does not behave normally.  Hudson, south, geographical limit of HC, were lots of drop (possibly sun stress).  Harvista works well on HC, but you must have drop for it to show up.  Champlain and Champlain no treatment effects on drop.  High T and RH in August will result in severe drop.  Sunscalded fruit will drop.  HC responds to ethylene in a odd manner.  Jim M., overheading cooling could work well for HC, but would only work in dry climates.

3.4. SmartFresh has been approved for multiple application.  Applied 1, 4 and 8 days after harvest.  H2, was 3 days after harvest 1, while H3 was 7 days after H1.  Firmness responded as expected.  However, flesh browning decreased with delay of treatment after harvest.  While more advanced maturities also resulted in an increase in flesh browning.  

Dan MacLean (GA)
3.1 1-MCP treatment resulted in the stimulation of ethylene production and higher TSS content in all three cultivars.  Furthermore, the treatment resulted in an accelerated loss of firmness in 'Brightwell'.  However, the 1-MCP treatment had no effect on percent US #1 or TA content. Results from this study suggest that a postharvest application of 1-MCP has limited applicability for the blueberry industry.

3.2 Crispy-fleshed cultivars were significantly more firm than those considered melting-fleshed.  Furthermore, the percent US #1 in melting-fleshed cultivars was significantly and negatively impacted by the mechanical harvesting process, whereas the crispy-fleshed cultivars were mostly unaffected.  The crispy-fleshed cultivars were consistently more firm than melting-fleshed fruit; however hand harvested fruit was always more firm than mechanically harvested fruit, irrespective of flesh-type.  
Bruce Whitaker (USDA - MD)
3.1. Eggplant – fruits are high in hydroxycinnamic acid content.  Chlorogenic acid is most abundant, typically 75-90% of total.  One wild relative (Solanum viarum) was found to include a high percentage of four novel complex chlorogenic acid derivatives. Starting to look at phytonutrient activity of novel compounds.  S. viarum is an invasive species from Brazil, collected from USDA-ARS PGRCU in Griffin, GA.

3.2. Identifying capsaicin-related flavor and nutraceutical compounds in fruit of the South American hot pepper species Capsicum baccatum that could be introduced into sweet pepper (C. annuum) through breeding to add more flavor, aroma, and health benefits. The ester analogs of amide-linked capsaicinoids (e.g., capsaicin) are not hot and have appealing aromas.  

Randy Beaudry (MI)
3.1. Honeycrisp – soggy breakdown different from flesh browning.  Stored under different CA, 1-MCP, and DPA variables.  7 different orchards.  With different pre-conditioning.  Index of 0-4 (4 = >50% internal brown).  Air storage still had some disorders, but DPA completely eliminated the presence of the disorders.  Pre-conditioning also suppressed disorder. High CO2 and low O2 was greatest browning.  Lens damage increased with time.  (treatment of 1000 ppm in DPA)  Germany has banned DPA.  May 2010 is the last application of DPA, and banned in Europe in May 2011.  Residual problems, on equipment.  Chris – has been discouraging DPA usage.  HC is a sweet fruit with lots of stem damage.  Randy – working on thermo-fogging. Chris – CA wipes out soft-scald?  Randy – there is still soft scald, but much more internal browning.  Chris – CA wipes out soft scald, but still lots of internal browning too.  Randy – DPA reduced soft scald on the surface, and can reduce it in Fuji (Jim).  
3.2. Blueberries – CA combinations of CO2 and O2 must add up to 21%.  Used a Durometer (00) for firmness.  As CO2 increase went up, firmness went down (all vaccium species).  Some cultivars are more susceptible to CO2 injury.  Funded by Chile.  Internal discoloration can double by increasing CO2 concentration.  Decay was suppressed all about the same above 8% CO2.  

Cindy Tong (MN) - delayed
Jun Song (NS)
3.1. Highbush blueberry.  Trying to tap into the fall to Christmas window (before Chile fruit arrive).  10%O2 and 12-15%CO2 to suppress decay.  Hexanal vapor – 900 ppm to headspace, will 100% kill monolinia?  Three cultivars grown in Nova Scotia.  Treat at harvest, and after 1 and 2 weeks.  50-70% reduction in decay, and some reduction in split.  Split might be related to growth of fungal mycelium and spores.  Increase in marketability.  Can maintain quality up to 15 weeks of storage.  Evaluated after 1 day and 7 days (at 10°C).  Hexanal fruit still okay, while control were all lost at 10°C poststorage shelf-life.  Preharvest disease pressure – potential inoculum sources.  Fruit come in from field with high levels of spores.  Sensory test performed by a company.  Hexanal tasted more ‘fresh’.  Using natural source hexanal in order to get approval.  John F. does hexanal induce a response in the fruit, or only act on the spores.  Jun – both.  Hexanal may be deactivated by fruit.  John L – is natural source of Hex pure?  Jun – 98% pure.  Chris – is there any chance that hexanal could be registered for use?  It is on the GRAS list, but would need to be registered for a crop or treatment.  David R. – are blueberries sprayed with fungicides prior to harvest.  Penny – just a few days prior to harvest.  Pristine.  Scholar is phytolabile, thus only used for postharvest drenches.  Hexanal solution can not kill spores, only vapor.  Jim M. monitoring spores at bloom – cherry, uses fungicides throughout season in order to reduce postharvest decay.  Latency of infection (John F).  
3.2. 1-MCP treatment of apple fruit during ripening.  Looking at phytonutrient content at ripening stage of fruit.  

Jennifer DeEll (ON)
3.1. BC and Ontario grown Ambrosia.  Analyzed both.  Both prone to soft scald.  1-MCP a good treatment up to 7-9 days after harvest still with effect.  Tested LO CA, fruit would be more firm, and fruit are tolerant to the low oxygen.  Disorder ‘skin bronzing’ – diffuse skin brozing?  But 1-MCP did not increase rate of incidence.  John F. Latent sunscald.  Fruit exposed to sun prior to harvest, and appears during storage.  Beth – looks like a patch.  John F. UV light can induce postharvest.  DPA will get rid of sunscald.  Jim – DPA will not reduce sunscald injuries.  It is found right out of storage, 2 out of 3 years.  You get soft scald in air, and DPA controls it too.  David Rose. Is sulphur increasing the susceptibility of the fruit to disorders?  David Rud and Jim M. early harvested fruit had more sunscald after treatment with 1-MCP.  No maturity relationship to the appearance of the disorder.  Must harvest before yellow background color appears.
3.2. Honeycrisp.  Reduction in softscald when using harvista.  Had been using 120 g/acre.  Used 60 g/acre, but did not reduce the soft scald significantly from the control.  Soggy breakdown, little effect at 120, but not 60.  Not consistent from year to year though.  Rate is important. 

3.3. Bartlett pears.  Finally full registration of SmartFresh.  No inhibition in ripening.  Still color change and loss of firmness as they should (Beth, check ethylene during treatment).  Early harvested Harrowcrisp, stored for 4 months in air.  Smartfresh really increased the rate of the cavity disorder.  Sundown, slowed everything down.  Needed to treat at green stage.  Bosc, finally responded to the SmartFresh.  300 ppb.  Chris – preharvest temperatures.  Potential for cold nights in Canada than in California.  It’s the low temperature before harvest that’s important.  Do the pears produce ethylene at harvest?  JD. No.  
John Fellman (WA)
3.1. Confocal laser microscopy.  Used a creepy finger. In Golden Delicious apple.  Applied Eng. In Agric.  The closer the cells are to airspace, the more susceptible they are to dying.  Blue (in fig) is dead cells, green is living.  The damaged cells increase in large air space areas.  The bigger the apple cells, the more susceptible they are to damage.  Also, potential decompartmentalization of cellular components.  Can now treat with various singlet oxygen reagents to get some antioxidant responses.
Jim Mattheis (USDA - WA)
3.1. Low oxygen based protocols for Anjou pears.  LO great for scald control, but called other disorders.  Can get higher black speck.  Work done at 0.5°C.  0.5% O2 vs 1.5 O2, the latter had started to develop scald.  But core browning did start to appear in 0.5%, but only in seed cavity wall.  HarvestWatch (Chlorophyll florescence).  

3.2. high levels of ethylene used in combination with 1-MCP.  Used a 900 ppb ethylene present during 1-MCP treatment.  High degree of variability between lots.  (All fruit stored in air).  Also tested one lot in CA, but after 8 months, fruit did not ripen at all, even with ethylene present in co-treatment.  Use a 1:2 ratio?  Beth – fruit recovered much more slowly after a CA treatment.  Only using a 7-day post-storage shelf-life.  But, they did not change at all.  20% CO2 after storage, can be used to kick-start ripening (S.Africa work?).
3.3. Honeycrisp.  Fruit tasted bad, despite other quality parameters checking out okay.  Lower the oxygen, the greater the impact that you have on the ability to produce aroma volatiles.  Balance between storability and palatability post storage is difficult to strike considering the variability of the fruit going into storage.  1-MCP did not increase internal browning, but CO2 did (increased with increasing levels of CO2).  Very low rate of soft scald incidence.  Chris – have WA used CA?
3.4. Harvista – late harvest had more soft scald.  Lower temperature at storage had more.  Harvista stored at higher temperatures had more soggy and soft scald, but not in SF.  

3.5. Gala – internal browning.  Browning, only at the shoulders in order to see the injury.  All treatments that had received SF had a relatively high % of browning.  Fruit that did not get SF, and had a delay prior to CA, effected injury rate.  There was some reduction in browning if receiving CO2 during delay.  All fruit had symptoms after 6 months except for air, and some of the delayed fruit.  Whatever the origin of the browning, it does not point to CO2.  SF tends to exacerbate disorder.  Tend to be in larger fruit too.  
Cindy Tong (MN) - minutes
Minneiska, if reaches correct ‘wholesale quality’, then can be called Sweet Tango (SweeTango).  1-MCP does not have an influence.  Chris – air, shrivel problem in Dec, and CA works very well, maintains firmness.  David Ros. Many volatiles are lost after 60 days of storage.  Survey, HC from WA had very high quality.  Minneiska, consumers were willing to pay >$3 lb for one month fruit.  Randy – though flavor did not change too much, but was dehydrated.  2-years in a row CA was very good (Chris).  Acids and sugars make the apple so good (Chris), whereas other cultivars, volatiles are so important (Empire).  Acids can enhance volatiles, need a combination of GC, trained sensory panels, etc.. to get a flavor picture.  Industry wants to compare Sweet Tango to Fuji and Jazz (on the market at the same time).  Internal browning in HC greater in late harvested fruit.   Fuji, water core, limb cooler, you can replicate environment GDD.  Narrow band where if it’s too hot or too cold, you will not get watercore.   Cindy is going to try different ways to determine harvest maturity. 
Cindy Tong supplied summary
1) Two-year MN 1914 (AKA Minneiska AKA SweeTango) data
 
Results: In both 2008 and 2009, Minneiska fruit softened to < 15 lb. within 3 months of cold storage.  MCP-treated fruit were more firm than air-stored fruit, but still exhibited < 15 lb. firmness after 3 months of storage.
 
2) Consumer Taste Survey at Farmers Market
 
Results: Consumers surveyed at a farmers market preferred newer releases rather than older apple varieties, and were willing to pay up to $2.00 to $3.85 per pound for them versus < $1.00 a pound for more established varieties. They were willing to pay about $ 0.80 to almost $ 2.00 more per pound for newer over older varieties.  They thought that farmers markets, but not supermarkets offered enough apple varieties for sale.
 
3) Honeycrisp internal browning
 
Results:  A majority of Minnesota growers found that ?Honeycrisp? fruit developed an internal browning disorder in 2009. This was more commonly found with later harvested fruit than with first harvests. The number of growing degree days was lower compared to previous years, except perhaps in 2004, in which some orchards also observed internal browning In ?Honeycrisp? fruit. Internal browning was also observed in ?Minneiska? fruit.

OBJECTIVE 2.  Develop or adapt postharvest strategies and technologies to improve quality and market competitiveness of emerging production systems, including organic, local and small-sacle.
MacNish, Pesis (CA)
ULO to prevent scald in Granny Smith.  Three levels of O2.  Scald and bitter pit are both reduced.  The leaking 6% was no different from control.  Chambers were flushed down with nitrogen, then sealed (at room temperature).  CO2 increased to 15-17%.  Flow-through and static similar results.  Ethanol and acetaldehyde levels were elevated, but had no influence on quality (firmness, acids, etc…)  6 months of air storage, and no scald (very limited).  Bitter pit was also reduced.  

Delta – don’t expect luggage to arrive. 
David Rosenberg (NY)

Penicillium decay are due to recycling of dump water or drench tanks.  Can not include bioides with DPA (oxidizer and oxidant).  Two trials, one for decay control, one for scald.  Used 9 nail wounds/fruit.  25 top and bottom.  Golden Delcious as filler fruit.  Mist with penicillium inoculum.  DPA vapor was captured by a plastic garbage bag, to prevent drift in storage room.  Just by not using recycling drench, a 65% reduction in decay.  But recycling drench is effective when Scholar or Penbotec are in the solution.  No effect of placement of inoculated fruit in the bin with percent decay.  Superficial scald was very effectively controlled by recycling or non-recycling DPA.  You get very good control with DPA – even if complete coverage is achieved.  Chris W.  Historical data has shown that drenching is done in a certain manner for a reason, and that this experiment was not performed with that literature in mind.  However, David said that in his experiment that garbage bags were used to capture the DPA vapor.  Garbage bags were kept on the bins for the duration of the storage.  Can be used as an alternative to fogging.  
New fungicides, Scholar, Penbotec and Captan.  Concerns about chemistry rotation in postharvest fungicide environment.  Already a high level of resistance to Penbotec in Botrytis, but still effective in penicillium.

Botryosphaeria – Numerous chemistries were evaluated for organic growers.  In a wet summer, organic grower would have lost 20-60% of fruit (Royal court), storing organic fruit in a humid environment does not appear very possible.  Carbril and NAA to remove mummies.  Attempting to hand thin the mummies to remove the sources of inoculum.  
Dan MacLean (GA)
2.1  Pomegranates are increasing in popularity in the south, with multiple cultivar trials and postharvest studies being put into place.  HPLC and antioxidant analysis is being performed, as well as cold storage studies.
2.2 In a postharvest storage trial, it was found that BioSave 10 LP has potential benefit for extending the postharvest storage and marketing windows of the muscadine grapes.  Future studies will need to explore lower rates of SO2 to prevent damage, while still maintaining biological activity.  In the controlled inoculation study, it was demonstrated that a consistent low dose exposure to sulfur dioxide does offer some potential for control of storage pathogens.  However, this same study demonstrated a much greater effectiveness of BioSave 10 LP under the same conditions.

Renae Moran (ME)
HC – With early maturity, delayed cooling resulted in soft scald and soggy breakdown.  Chris -  7 days at 17°C – suggested considering using 10°C.  Randy – look at nitrogen and mineral nutrition going into harvest.  Fellman – high nitrogen will reduce calcium uptake.  Ethephon rate was at label rate, and did ripen up as you would expect them to.  Ethephon did not work in orchard 2, and there was little to no bitter pit at harvest.  Jason – orchards with high N going into harvest seemed to have more soft scald.  Orchards that have non-optimal irrigation regimes, were also more prone to soft scald.  David Ros. Feels that water content/stress should be included in any nutritional study.  Crop load has been related to soft scald.  David Ros.  Leaf yellowing, transport issues – does the entire transport system inadequate in the HC relative to other cultivars.  Cindy – phosphorus has not been an issue in MN, but is important with carbohydrate metabolism.  David Rose – HC used in breeding.  Sweet Tango has soggy breakdown issues as well. 
Allan – over twenty years, the trees will ‘settle down’

Randy Beaudry (MI)
2.1 packaging of blackberry, is open or closed, petroleum vs bio-based packaging, does it make a difference.  PLA vs polystyrene.  Berries lost more moisture in PLA.  

2.2 the effect of the materials on the aroma profiling

2.3 cyclodextrins to capture trans-2-hexenal, and could suppress decay in blueberry.  If you had to heat-treat to release the cyclodextrins, you will lose some of the hexenal.  More complicated than 1-MCP release from cyclodextrin.  Looking at other methods of moderating the release of the 1-MCP using sachets, waterphilic materials, etc…

Penelope Perkins-Veazie (NC)
Raspberry.  Has high resistance to botrytis (Nantahala).  A long way to go for heat tolerance in piedmont region.  Rating scale that was used by subjective hand firmness evaluations. Golden west and Autumn gold, good potential for area. 

Muscadine.  Three types of fungicide treatments.  Conventionally sprayed might be delayed in ripening.  100 ppm worked well to clean the fruit up.  Thoughts of using airblast to blow off dust and pests in field.  Joe Smileck, proxyacetic acid (Tsunami) but is not IR-4 registered in the field.  Releasing agents had marginal success.  Jasmonic acid, as a releasing agent, possibly?
Jun Song (NS)
Fruit maturity and cutting on volatile production.  Ambrosia and Gala.  When you cut fruit, enzymes come into contact with substrate to produce volatiles.  Harvested at 3 maturities.  Early, optimal and late based on IEC and starch.  Flow-through system for 2 days, then measured fruit volatile production, then cut fruit and measured volatiles.  Respiration increased 3-fold by cutting.  Total volatile production was greater in cut fruit.  Straight and branched chain esters also increased.  Some terpenes decreased by cutting.  If you make apple fresh cut, you have to use volatile production after cutting, not volatiles produced from intact fruit production.  
Ika blender (Daiger). 
Business
Next year’s meeting.  Late May meeting.  

ISHS Postharvest unlimited (Bart Nicolai).  May 25th.  Last full week of May in Leavenworth, WA
Hawaii, ASHS in late September.  

Beach in NC
Minnesota

Georgia (Sapelo Island).

ISHS should be focused on technologies (sorting/grading, sensing).  While other sessions to physiology, biochemistry, working sessions focused on the future of postharvest Tropical, temperate and subtropical fruits.  Meeting would be May 21st and 22nd
Timing – July

Chris – attracting people from the south – Don Huber, Jeff Brecht, Steve Sargeant, Carlos Crisoto, Greg McCollum, Don Archibald, Dean Kopsell
We have members who are not attending.  

Kansas State University, small scale postharvest job advertisement

SCRI’s a good way to document collaboration

Should we be promoting our discipline?  Postharvest is a dying discipline?  David Rud, looking at QTL’s and phenotyping working with breeders.  
Should be looking at markers, and performing genomic studies to evaluate storage potential without significant material available for analysis.  

Where is our market preference people.  Carolyn Ross.  

ASHS meeting will be in August 2-5th, Palm Desert, CA. Workshop on control mechanism of ripening and senescence.  

Penny – ASHS, packaging seminar, plastics and packaging, edible.

Beth – Gene expression profiling, found target genes to determine the proper stage of fruit harvest maturity.  Whatman filter paper, dab tissue samples, send, and analyze.  Would like to detect disorders.  

Saturday June 26, 2010
Reconvene at 8:30 a.m.
OBJECTIVE 1.  Determine genetic and biochemical mechanisms governing loss or retention of fruit quality after harvest.
Elizabeth Mitcham (CA)
1.1 Blossom end rot – tomato and apple.  Max Saure.  Calcium is not the primary reason for calcium deficiency disorders.  Spraying calcium does not necessarily help with BER.  It is not only how much Ca is present, but where it is located, and how it can be mobilized.  Taking Ca away from plasmamembrane, causes breakdown and damage.  1) cell wall, PME, increases binding sites in CW by desterification of pectin.  Silenced PME compared with WT, and WT had greater incidence of BER.  Slightly more soluble Ca in PME silenced fruit.  Less Ca in pericarp tissue of PME silenced.  

1.3 Granny Smith, bitter pit separated into presence/absence groups.  More Ca in vacuole of healthy cells of fruit with bitter pit, and higher expression of PME.  
1.2 ABA eliminates BER, GA enhances BER.  Apply a GA inhibitor, no BER.  ABA is having other effects, have a huge increase in the amount of CA in ABA treated fruit.  If you calculate the amount of transpiration, you could never move enough water through the xylem to account for the 3x increase in Ca in the ABA treated fruit. 

Mutant that can accumulate 3x more CA, but is still susceptible to BER, which suggests that it is where the Ca is located, not the amount.

Randy – what are the ABA levels early after bloom.

Beth – Ca is tightly regulated in the cytosol, but not necessarily in the apoplast and vacuole.  

Zakarov - Apricots and volatiles, expression of aroma forming genes.  A 70% reduction in volatiles after 1-MCP treatment.  

Labovitch – Fruit pathogens.  Dr. Ann Powell, now leader of botrytis with tomatoes.  Dario Canto – 2008, impact of fruit where PG and expansin (cell elongation and fruit ripening) where suppressed, and the susceptibility of these fruits to pathogens, and found that fully red ripe fruit that do not express PG and expansin, and do not metabolize cell wall pectin, retain their resistance to CW pathogens, even in red ripe.   Gray mold, has 6 different PGs during infection of substrates of fruit.  So why does the pathogen PG and the fruit PG both need to be expressed in order for fruit to be infected.  So, perhaps the fruit decides when it is susceptible to infection (i.e. seed dispersal).  

Susceptibility of tomato mutants to botrytis.  Because of theory described above, you would expect mutants that do not express PG and expansin to be susceptible to B. cinerea, but the non-ripening (nor) mutant does not become susceptible, but RIn, NR does become susceptible.  (Barbara Ph.D project).  What is the difference between NOR or RIN, as NOR does not express PG or EXP.  

Also looking at Alternaria (and other important pathogens in CA).  Pathogen specific PG inhibitor protein (does not act on fruit PG), and does protect fruit from pathogen attack.  PGIP – tomato has PGIP (as well as other fruit) are normally in a green fruit, a CW associated protein.  PGIP becomes much more soluble (un-associated with CW) as the fruit ripens.  (Perhaps fruit is interested in becoming susceptible to the pathogen as it ripens).  However, PGIP will inhibit pathogen PG.  So, if pectins remain intact, they will remain non-pathogenic.  Botrytis-PG has some of the 6 PGs silenced (the ones believed to be most important for infection).  Non of the PGIP has been shown to inhibit the PG of higher plants.  
Pierce’s Disease – in CA, a vector replaced the small sharp shooter (xylem feeder).  Very important vector for grape wine industry.  Dandakar – used PG as a marker for the transgenic grape production, and showed that they have enhanced resistance to botrytis and a degree of resistance to Pierce’s.  The pear PGIP that was placed into grape, did inhibit bacterial PG.  Grapewine have 2 PGIP of their own, and are either inadequate or non-specific to the vector of Pierce’s.  Grape growers commissioned review of Pierce’s group research, and developed a strategy to transform grape rootstock that expressed pear PGIP.  (PGIP was found in canopy).   That way the fruit growing tissue is not transgenic, whereas the rootstock will be considered transgenic.  
He was Chair of a Bard, and reviewed a proposal about grafting melons and tomatoes, why can’t we develop rootstocks for other crops, such as tomatoes, so that you don’t have to have a cultivar by cultivar disease resistance development.  Feasibility study commissioned to demonstrate that PGIP in transformed rootstock lines can be found in the canopy.  

Pecticlyase genes have been found in fruit (formely believed to be solely a pathogen gene), and when silenced can significantly decrease loss of firmness.  
David Rose – how do you challenge fruit.  Small puncture wound, and introducing a small drop of conidia.  Has not found an effective way of inoculating fruit without a wound.  What if you added mycelium instead of conidia?  Would you expect a different physiological response?

David Rosenberg (NY)
Herb Aldwinckle – AFS RNAi in Granny Smith.  If you silence AFS, you should knock out the expression of the pathway leading to the production of the products that are responsible for the superficial scald.  First transformation experiments, but low vigor of cultures, potential contamination.  New bud wood recently collected from Geneva.  Trying to develop assays to detect AFS in young shoot cultures.  Wounding?  Chilling?  

Chris Watkins (NY)
1.1 Honeycrisp and McIntosh – HC higher levels of ethylene, and MC firmness declines over 10 days after harvest, while HC stays firm.  HC ethylene related genes expression was either same or higher than MC.  Looking at CW genes, higher in MC.   Uronic acid was higher in HC than in MC – Cindy, is this normal.  Content is not out of line.  Would expect to see less uronic acid in HC.  Water-soluble version increasing over time.   Jazz is slow softening model, Cox Orange is the fast softening model – will be presented at Gordon.  

1.2 Browning of Empire apple.  Browning increases in response to the 1-MCP treatment.  Antioxidant enzyme work.  Browning is greater in the stem end.  AOX in calyx and stem end, as a comparison.  Very little indication that antioxidant enzymes have any relation to the browning.  
Metabolomics – partially-squared discriminant analysis.  GABA is related to browning.  Ascorbic acid as a potential candidate for relation to browning.    Though Asa is not likely the cause, but the effect.  Beth – treat with DPA, will it maintain Asa acid content.  Will DPA inhibit PPO?  
Fellman – if it’s brown, it’s going down.

MacLean (GA)
1.1 Progress on the use of VIGS for study in horticultural crops.

1.2 Treatment with SmartFresh resulted in a 3-fold delay in the change to red color in fruit held at room temperature (3 versus 9 days), while fruit held in low temperature storage saw a similar delay (day 8 versus 22).  The combination of 1-MCP and cold resulted in a 7.5-fold extension in shelf-life, as compared to a 3-fold extension using cold alone.  In general, expression was greater in control and warm fruit, but this may be related to the drawn out expression in cold or 1-MCP treated fruit. Thus, total expression might be similar resulting in comparable ripeness between treatments.

Bruce Whitaker (USDA - MD)
1.1 Wild apple accessions (Malus sieversii) from Kazak collection grown at USDA-ARS PGRU, Geneva, NY were checked for scald susceptibility or resistance. Found widely varying degrees of susceptibility.  Focusing on accessions with the same number followed by different letters, indicating seeds were obtained from fruit of the same tree. Two such accessions showed major differences in scald incidence and severity. Nearly 100% severe scald after 4 months in the highly susceptible accession. Farnesene and CTol content determined at 3 months – very high farnesene in both accessions, about twice that of Granny Smith. CTols also moderately high, enough to induce scald in most susceptible cultivars.  

1.2 Highly scald-susceptible Granny Smith apple is being transformed with RNAi silencing constructs of the alpha-farnesene synthase gene MdAFS1. The aim is to genetically block synthesis of a-farnesene and thereby greatly reduce or prevent development of superficial scald. Seven transformed lines were isolated.

1.3 Isolating and characterizing fungal polygalacturonase (PG) enzymes that serve as virulence factors in postharvest decay of apple and pear fruit by Penicillium spp. Biochemical and biophysical properties of PG produced by P. solitum during decay of Anjou pear fruit were different from those of PG produced by same fungus in decaying apple tissue, indicating host-specific isozymes. Both PGs show exo- and endo-activity, but cannot hydrolyze galacturonate dimer or trimer. Randy – what buffer do you use for pH range?  Acetate?  Citrate?
Randy Beaudry (MI)
1.1 Branched-chained amino acid analysis.  Jonagold.  2-methyl-butyl ester.  Trying to report on the presence of a pathway that hiertherto, had only been found in bacteria, and not higher plants.  Labeled 2-ethylmalate was found in apple, suggesting pathway for butryl-CoA is present.
Isoleucine straight-chain of ripe vs unripe.  Branched chain changed significantly, while straight chain was not significantly different.  

CIM gene (+His tag)  Added purified protein to bacterium.  IPM is preferred substrate to MdIPMS1.  Pyruvate CIM does have activity with MdCIM1.  CIM seqences, 50-70 amino acids, and find out if gene is targeted to chloroplasts.  And gene is localized is the chloroplast. Is real CIM protein found in fruit.  
John F – substrate may be limiting during long term storage.  Gene expression is high during storage, but protein activity is not known.  John gives Nuboku kudos.  

1.2 LPOX, find when apples start to smell like an apple.  Autonomous system for the production of volatiles.  A great deal is done after cell disruption.  Sensory evaluation (triangle, discrimination test), +/- 1-MCP, and found that sensory panel started to smell ‘apple’ up to two weeks prior to harvest.  Cis-3-hexenal was declining, unexpected, but has been found in tomatoes, which is counter-intuitive, as hexanal was increasing.  Should be in parallel.  David Rud, is there a substrate relationship?  John F – free fatty acids?  What are the sources?  Bruce linolenic vs linoleic, could have a disproportionate amount of production based on substrate.  Might be something else that is limiting besides substrate and/or enzyme relationship.  Short-chain fatty acid synthesis – but may be questionable.  Most of the lipids are in plastid pool.  There is specificity of LPOX isoenzymes.
1.3 Could esters be produced in your mouth?  Poked holes in apple, and monitored over time.  Modeled the reaction – very sharp burst in aldehydes (moments), then alcohols, 30-90 minutes of esters.  Sequential production as the compounds are synthesized  (enzyme reactions).  You are only getting aldehydes (quick burst).  But will be relevant for fresh-cut industry.  Very difficult to detect aldehydes as the fruit ripens.  
Cindy – time between sample preparation and placement for sensory evaluations was minimized by encapsulating macerated tissue.  Negative notes should be declining in a ripening fruit.  
Jun Song (NS)
Proteomics to study fruit ripening.  Q-TOF-LC/MS.  Can identify increasing amount of proteins in +ethylene treated fruit. Run annotation program, to focus why protein content is changing. 

SIDL - You can label total protein, digest, you can quantify protein content.  Now have a program to analyze the data.  Day 7 – 48 proteins, 190+ and 200+ in latter times.  Antioxidant, ethylene perception, stress response, allergen proteins, kinases all increased.  Down-regulation include, catalytic activity…

Formaldehyde labeling – mass-shift for detection.  Three mass-shifts +4, +8 and +28.  Eliminates 2-D gel.  Can monitor 200-300 targets at once from 3 biological samples.  
Alan W. Avocado, using iTrack?  Apple sample too, development of soft scald.  100-200 protein hits.  Deep sequencing.  Cindy – does transcriptome and proteome match up?  Still need to be determined.  Jason – Deep Sequencing.  Gene expression, all the genes at once that are being expressed, and then identify them.  Was using microarray, which is dependent on what is on the chip.  With new technology, can get fingerprints, or target genes of interest.  17k NZD for 12 samples.  Advantage, you can analyze your tissue of interest by using fruit that are known to be phenotypes of your interest (e.g. ripening).  

Chris, W - You can’t revert back, otherwise you would be where you started.

Deep seq – soft scald, braeburn browning disorder, texture question around Jazz and Cox Orange.
Allergen – is allergen ethylene related?  Does 1-MCP reduce allergen content?  ACtin and Ubiquitin as house-keeping genes.  Four families of allergens.  First family has 18 members.  1 and 2 are major, 3,4 are minor.  1 - Pathogen resistance proteins.  Non-lipid transfer proteins, Profidin?    Found that allergens are absolutely ethylene dependent and 1-MCP can reduce allergen.  
Banana, when temperature too high, the degreening becomes irregular.  Looked a volatile biosynthesis, and physiological work (chlorophyll flor).  Total volatile production increased, and AAT corresponded to loss of Chloro Flor.  Numerous genes increased with ripening and in response to ethylene treatment.  LOX seems to be sensitive to ethylene treatment.  

Gene expression in relation to ethylene perception and ripening.  Primers from NCBI.  Ethylene related genes. 12 genes changed significantly.  Control sample ripen normally, ethylene treated.  Relative response to Day 0 and ACT and UBQ as housekeeping genes.  

John Fellman (WA)
3 sets of WA pears.  Purge and Trap, PDMS fibers, different techniques will result in different profiles (different selectivity).  Differences in cultivars.  Fruit were purchased from a Safeway in February.  
David Rudell (USDA – WA)
1.1 Looking at cell death disorder, metabolome of the peel changes in response to the treatment and before the symptoms appear.  Try to identify some components, betaphytosterols.  Purified phytosterol conjugates, synthesized standards for each compound, all positively identified.  All free sterols, 96% betacytosterol esters.  Highly linked with early periods of scald development, and linked when DPA treatment stops working.  Metabolome changes right when DPA stopped working.  Free sterols change, but in a different pattern.  Also investigating the removal of the sterols after storage, and shelf-period, and correlate with scald development.  Also checked an intermittent warming, and the pattern holds.  Sterols remained altered throughout storage.  Ripening-related.  Antioxidant treatment correlation very interesting.  ASG related to stress-response.    Response of sterols decrease very rapidly after removal from storage. ASG increase, while saturated ones decrease.  Randy – did you look at total fatty acids?  No.  Search for things that are linked with scald – sesquiterpenes, and numerous other pathways are also display tremendous flux in response of treatments.  Gene expression, ASG, no probes available for them though.  UDP-SGT, developed probes, but no strong linkages yet.  Randy – 18-Carbons.  Some C-20.  18:0 and 16:0 and a little 20:0.  
1.3 HC, soft scald.  Warming or not-warming.  10°C.  Great induction of disorder.  Many of the sterols were also associated with soft scald.  Beth – can you predict what tissue to collect?
John L. doesn’t the egg come before the chicken?

New Zealand guests:
Flesh browning with braeburn – harvested apples at different times in diurnal cycle (6:00 am and 2:00 pm), and put into storage.  Browning was 30% for fruit picked in the morning.  Did not have an immediate CA treatment, so it could have been much worse.  Braeburn, harvested in march, warm 25°C day, cool, clear nights, is when the browning is more severe.  Looked at sugars.  Sugars should be high in morning in apoplast, and lost during day.  
Cox orange – darkening response in stem end, just in russet tissue.  1-MCP works for texture, but results in the side-effect of the darkening.  Independent of amount of russet.  Dosage of 1-MCP was critical.  625 ppb, but by reducing it to 300 ppb, reduce disorder by 90%.  But, do you start to lose efficacy of texture?  Only for long storage periods, beyond reasonable market periods.  Suberization is causing darkening.  Gene expression approach, looking at regulator genes of phenylpropanoid pathway into suberin production, and 1-MCP increased metabolism through the pathway.  LC data demonstrates a 3-fold increase in chlorogenic acid in response to 1-MCP.  Browning can occur within two days of 1-MCP treatment.  Higher application temp = higher incidence.  Fungicide Benamyl for summer diseases in apple, drought, then rain spell in August resulted in cracking of stem bowl.  Suggest using Benamyl as an enhancer.
Texture – do you believe penetrometer?  TXT2 Food texture analyzer (different from Instron).  Using a microphone to measure sound of crispness.  Force-deformation in conjunction with sound energy production.  Randy – have you looked into toughness in 1-MCP treated fruit?  No.  
Biology of texture – a cross that is being analyzed for crispness.  Compiling QTLs of population.  Included are fruit that are soft, but very juicy.  

Alan Woolf
Challenging to get funding for our objectives 2 and 3.  Only one marketer for kiwi fruit Zspree? from NZ.  They are funding the dynamic CA.  Core postharvest does not get much funding.  Kiwi and apples are greatest source of funding.  Wine, kiwi worth 1b, apples are 0.5b.  Then others are under 0.1b, avocado and other summer fruits, smaller studies.  Trying to encourage getting breeders involved with postharvest research.  Some rapid phenotyping tools.  Zspree, screening 60-80k seedlins/year.  Trying to rebuild a group that is very interactive with other groups (engineers, pathologists, breeders…).  Clams that changes color during avocado ripening, stop people from handling fruit. Trying to rebuild bridges with other groups.  
Disinfection – working with entomologist, water-blasting, hot water drench (trying to get around Isreali patent), ethyl formate (non-toxic GRAS chemicals).   Internal funding, royalties (Zspree), about 10% of income.  Have about 20 million, 600 scientists.  Not completely competitive, and government is starting to just give out money.  Postharvest in science in NZ is still strong.  Highly integrated with industry by necessity.  
Elizabeth – anyone wants a capillary flow board for give away.  Strange pear damage.

John L. – discussion leader for pathology session on weds evening.  Wants to have an hour discussion in the session.  

Alan W. traffic light system.

Renae and closing comments:  Jim M.  If we have this meeting in May, there may not be anything new to report.  Chris W. May – supports International conference.  NC – encourages Florida people to come.  WA for 10, NC 6.
Thank you Renae.

Meeting adjourned 1:00 p.m.
