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Scanning report (EIP format for practice abstracts) 

*Project title (native language): EUFRUIT: Europäisches Obst-Netzwerk 

*Project title (English): EUFRUIT: European Fruit Network 

*Author/native language editor: Dr. Angelo Zanella, BSc Stefan Stürz, Laimburg Research Centre, Laimburg 6, 39040 Post 

Auer, BZ-Italia, Angelo.Zanella@laimburg.it, +390471969540 

Section A. Summary for EIP dissemination 

*Keywords:    Thematic Network, Fruit Sector, EUFRUIT, 

    Superficial scald, dynamic controlled atmosphere, diphenylamine, 1-MCP   

*Main geographical location:  ITH10 Bolzano-Bozen 

Other geographical locations:  ITH10 Bolzano-Bozen 

*Summary (native language): 

Verbesserungen von Lagerungstechnologien ermöglichen maßgeschneiderte Lagerbedingungen, welche v.a. positive Effekte 

aber auch manche ungewollte Nebenwirkung mit sich bringen, wie das Auftreten von gewöhnlicher Schalenbräune. Dabei handelt 

es sich um eine physiologische Störung, welche bei einigen Apfelsorten nach der Ernte auftreten kann. Die Störung äußert sich 

in braunen oder schwarzen Flecken auf der Fruchtschale, wobei die Symptome während oder nach der Lagerung auftauchen, 

nie am Baum. 

Verschiedenste Ansätze wurden verfolgt um die Faktoren, welche für das Auftreten der gewöhnlichen Schalenbräune 

verantwortlich sind, ausfindig zu machen. Nach derzeitigem Wissensstand wird die Störung durch einen Kälteschock zu Beginn 

der Lagerung hervorgerufen. Zur Weiterentwicklung der Störung gibt es verschiedene Theorien.  

Über die Jahre hinweg wurden vielversprechende Instrumente zur Bewältigung von Schalenbräune entwickelt und untersucht, 

wie z.B. das Fruchtverhalten bei sehr geringer O2-Konzentration, wie die „Dynamisch Kontrollierte Atmosphäre“ (DCA). Die DCA 

mittels Chlorophyll Fluoreszenz oder Respirationsquotient haben beide einen positiven Effekt zur Kontrolle der Schalenbräune 

ausgeübt. Niedrige O2-Werte unterbinden wahrscheinlich die Oxidation von α-farnesen zu konjugierten Trienolen, welche 

möglicherweise die Symptome der Schalenbräune verursachen. Derzeitige metabolomische Untersuchungen ergeben jedoch, 

dass die Effektivität von niedrigen O2-Strategien möglicherweise auf den sortenabhängigen metabolischen 

Rekonfigurationsstrategien unter Sauerstoffmangel beruht. Die Lagerung bei sehr niedrigen O2-Werten hat Auswirkungen auf die 

Fruchtqualität. 

Eine weitere Alternative zur Reduktion von Schalenbräune ist die Behandlung von Äpfeln zu Beginn der Lagerung mit dem 

Ethylenhemmer 1-Methylcyclopropene (1-MCP, SmartFresh by AgroFresh). 1-MCP hat eine etwas andere Wirkungsweise 

bezüglich der Schalenbräunekontrolle, indem es den Effekt von Ethylen unterdrückt. 1-MCP Behandlungen wirken auf die Lipid-

Komposition und auf den Sorbitolhaushalt der Früchte und führen so zu einer verbesserten Kältestresstoleranz und dadurch zu 

einer reduzierten Entwicklung von Schalenbräune. 

Dank der verschiedenen erfolgreich eingeführten Strategien zur Reduktion von Schalenbräune war es möglich in Südtirol (Italien) 

komplett auf die Nacherntebehandlung mit dem Antioxidant Diphenylamin (DPA) zu verzichten. Fragen, wie diejenige nach dem 

Handling von Kreuzkontaminationen, bleiben jedoch weiterhin zu klären. 

Die Temperaturen in den Apfelanlagen haben einen bedeutenden Einfluss auf die Anfälligkeit hinsichtlich Schalenbräune. Wenn 

Anlagen weniger als 150 Stunden Temperaturen unter 10°C erfahren, so ist das Risiko für Schalenbräune höher. Temperaturen 

über 25°C während des Monats vor der Ernte erhöhen das Risiko für Schalenbräune. 

 

Summary (english): 
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Improving storage technologies enable tailor made storage conditions, which lead to many positive effects but can exhibit some 

undesired side effects on fruit quality, such as the promotion of the occurrence of superficial scald. This is a postharvest 

physiological disorder of certain apple cultivars. The disorder leads to brown or black patches on the fruit skin, whereby the 

symptoms always appear during or after storage, never on the tree. 

Different approaches have been pursued to fully reveal the factors responsible for the occurrence of superficial scald. 

According to current knowledge, the disorder is induced by a chilling shock at the beginning of storage. Different theories try to 

explain the further development of the disorder. 

Over the years, promising tools in managing superficial scald have been developed and researched, such as the apple fruit 

behavior at very low O2 levels as the “Dynamic Controlled Atmosphere” (DCA). The DCA applied by the means of Chlorophyll 

Fluorescence and of Respiratory Quotient both led to a positive effect on scald control. Low O2 is possibly inhibiting the oxidation 

of α-farnesene to the conjugated trienols, which are probably causing the scald symptoms. However, current metabolomic 

investigations state that the effectiveness of low O2 strategies possibly rely on the cultivar dependent metabolic reconfiguration 

strategy under hypoxia. Storage at very low O2 levels affect the fruit quality. The treatment of apple fruits at the beginning of 

storage with the ethylene inhibiting compound 1-methylcyclopropene (1-MCP, SmartFresh by AgroFresh) provides another 

alternative for scald control.1-MCP has a different mode of action regarding scald control, suppressing the ethylene effect. 1-MCP 

treatment affects the lipid composition as well as the sorbitol household of the fruits, leading to an improved cold stress tolerance, 

resulting in a reduced scald development. 

Due to the successful implementation of different scald control strategies, it has been possible to replace the post-harvest 

treatment with the antioxidant diphenylamine (DPA) completely in South Tyrol (Italy). However, there are still some issues left to 

discuss, such as the handling of “cross-contaminations”. 

Orchard temperatures have a relevant influence on scald sensitivity. Roughly, scald risk of fruits originated from orchards 

that have experienced less than 150 cumulative hours below 10°C is high. Moreover, temperatures above 25°C during the month 

prior to harvest increase the risk of scald development. 

Section B. Project information 

*Project coordinator: Michelle H. Williams; Aarhus University, Department of Food, Kirstinebjergvej 10, 5792 Aarslev, 

Denmark; mw@food.au.dk; +45 25170049 

*Project period: 2016 - 2019 

*Project status: Ongoing 

*Funded by: Horizon 2020 

*Total budget: €1.8m 

*Geographical regions: DK011 Copenhagen, DK012 Copenhagen and its environs, DK013 North Zealand, DK014 Bornholm, 

DK021 East Zealand, DK022 West- and South Zealand, DK031 Funen, DK032 South Jutland, DK041 West Jutland, DK042 East 

Jutland, DK050 North Jutland, BE211 (Arrondissement. Antwerpen), BE212 (Mechelen), BE213 (Turnhout), BE221 (Hasselt),  

BE222 (Arr. Maaseik), BE223 (Tongeren), BE231 (Aalst), BE232 (Dendermonde), BE233 (Eeklo), BE234 (Gent), BE235 

(Oudenaarde), BE236 (Sint-Niklaas), BE241 (Halle-Vilvoorde), BE242 (Leuven), BE251 (Brugge), BE253 (Ieper), BE254 (Kortrijk), 

BE255 (Arr. Oostende), BE256 (Arr. Roeselare), BE257 (Tielt), BE258 (Veurne), BE310 (Nivelles-Nijvel), BE331 (Huy-Hoei), 

BE332 (Liège- Luik), BE334 (Waremme-Borgworm), BE335 (Verviers), FR8 Méditerranée; FR81 Languedoc-Roussillon, FR6 

SUD-OUEST, FR512 Maine et Loire, FR611 Dordogne,  FR812 Gard, DE6 (Hamburg), DE8 (Mecklenburg-Vorpommern), DE9 

(Niedersachsen), DEF0 (Schleswig-Holstein), DEE0 (Sachsen-Anhalt), DEA (Nordrhein-Westfalen), DE111, DE112, DE113, 

DE114, DE115, DE116, DE117, DE118, DE119, E11A, DE11B , DE11C, DE11D, DE121, DE122, DE123, DE124, DE125, DE126, 

DE127,DE 128, DE129, DE12A, DE12B, DE12C, DE131, DE132, DE133, DE134, DE135, DE136, DE137, DE138, DE139, 

DE13A, DE141, DE142, DE143, DE144, DE145, DE146, DE147, DE148, DE149, DE600 Hamburg, DE932 Cuxhaven, DE933 

Harburg, DE939 Stade, DEF09 Pinneberg, NL1-NL4 + NLZ Holland; NL 224 zuidwest Gelderland, NL 226 Arnhem/Nijmegen, 

NL230 Flevoland, NL310 Utrecht, NL321 Kop van Noord-Holland, Nl322 Alkmaar en omgeving, NL338 oost Zuid-Holland, NL33A 

zuidoost Zuid-Holland, NL341 Zeeuws-Vlaanderen, NL342 overig Zeeland, Nl411 west Noord-Brabant, NL413 noordoost Noord-

Brabant, NL414 zuidoost Noord-Brabant, NL421 noord Limburg, NL422 Midden-Limburg, NL423 zuid Limburg, ES620 Murcia, 

UKG11 Herefordshire, UKG12, Worcestershire, UKH12 Cambridgeshire, UKH16 North and West Norfolk, UKH17 Breckland and 

South Norfolk, UKJ22 East Sussex, UKJ35 South Hampshire, UKJ36 Central Hampshire, UKJ37 North Hamphshire, UKJ41 

mailto:mw@food.au.dk


[Angelo Zanella] – Scanning report / Practice abstract 
 

 
EUFRUIT Page 3 of 5 

Medway, UKJ42 Kent, UKJ43 Kent Thames Gateway, UKJ44 East Kent, UKJ45 Mid Kent, UKJ46 West Kent, ES618 Sevilla, 

ES511 Barcelona, ES512 Gerona,  ES513 Lérida, ES514 Tarragona, CH0 Schweiz/Suisse/Svizzera, ITH51-59 Emilia Romagna 

region,  ITH10 Bolzano-Bozen,  HU101 Budapest, HU102 Pest, RO111, RO112, RO113, RO114, RO115, RO121, RO122, 

RO123, RO124, RO125, RO126, RO211, RO212, RO213, RO214, RO215, RO216, RO221, RO222, RO223, RO224, RO225, 

RO226, RO311, RO312, RO313, RO314, RO315, RO316, RO317, RO321, RO322 RO411, RO412, RO413, RO414, RO415, 

RO421, RO422, RO423, RO424. HU101, HU102, LT001 Alytaus apskritis, LT002 Kauno apskritis, LT003 Klaipėdos apskritis, 

LT004 Marijampolės apskritis, LT005 Panevėžio apskritis, LT006 Šiaulių apskritis, LT007 Tauragės apskritis, LT008 Telšių 

apskritis, LT009 Utenos apskritis, LT00A Vilniaus apskritis.  

  

Project web page: http://www.eufrin.org/index.php?id=55 

*Project Objectives (native language): 

1. Errichtung eines europäischen Netzwerkes, welches sich auf den Obstsektor konzentriert 

2. Entwicklung und Umsetzung einer systematischen Vorgehensweise zum Festhalten und Synthetisieren des bestehenden 

wissenschaftlichen und praktischen Wissens 

3. Schaffen eines kontinuierlichen/anhaltenden Dialogs mit relevanten EU, nationalen, sowie regionalen politischen 

Körperschaften 

4. Identifikation und Unterstützung von neuen prioritären Forschungsgebieten durch das kontinuierliche Monitoring und 

Analysieren von bestehender und aufkommender Forschung und Innovationsaktivitäten. 

Project Objectives (English): 

1. Establish a European network focused on the fruit sector. 

2. Develop and implement a systematic approach for scanning and synthesizing existing scientific and practical knowledge. 

3. Establish an ongoing dialogue with relevant EU, national and regional policy bodies. 

4. Identify and support new priority areas of research by continually monitoring and analysing existing and upcoming research 

and innovation activities. 

*Project partners: 

1. Aarhus University, Department of Food Science (Denmark) • AU 

2. Research Station for Fruit npo (Belgium) • Pcfruit 

3. Centre Technique Interprofessionnel des Fruits et Légumes (France) • CTIFL 

4. Obstbauversuchsanstalt Jork (Germany) • OVA 

5. Stichting Wageningen Research (Netherlands) • WR 

6. East Malling Research (United Kingdom) • EMR (terminated 08-02-2016) 

7. Institut de Recerca i Tecnologia Agroalimentàries (Spain) • IRTA 

8. Federal Department of Economic Affairs, Education and Research (EAER), acting through Agroscope Institute of Plant 

Sciences (Switzerland) • Agroscope 

9. Laimburg Research Centre (Italy) • Laimburg 

10. University of Agronomic Sciences and Veterinary Medicine of Bucharest (Romania) • USAMV 

11. National Agricultural Research and Innovation Centre Fruitculture Research Institute (Hungary) • NARIC 

12. Lithuanian Research Centre for Agriculture and Forestry (Lithuania) • LRCAF 

13. Assemblée des Régions Européennes Fruitières, Légumières et Horticoles (France) • AREFHL 

14. Variety Innovation Consortium South Tyrol (Italy) • SKST 

15. Freshfel Europe (Belgium) • FRESHFEL 

16. Elbe-Obst Erzeugerorganisation r.V. (Germany) • EO 

17. Fruitconsult BV (Netherlands) • FC 

18. University of Greenwich (United Kingdom) • UoG 

19. University of Hohenheim (Germany) • UHOH 

20. Università di Bologna (Italy) • UNIBO 

21. Institut National de la Recherche Agronomique (France) • INRA 

22. NIAB EMR (new 09-02-2016) 
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Section C. Annex: Scanning report1 

Scanning report 
Angelo Zanella and Stefan Stürz, Laimburg 

Author: Dr. Angelo Zanella, BSc Stefan Stürz, Laimburg Research Centre, Angelo.Zanella@laimburg.it, 

+390471969540 

Country: Italy 

NUTS 3 region(s)2: ITH10 Bolzano-Bozen 

WP no. and title: WP4, Improvement of fruit storage methods 

Date: 03.05.2018 

Source materials and methodology 

Gasser, F., Eppler, T., Naunheim, W., Gabioud, S. and Hoehn, E. 2008. Control of the Critical Oxygen Level during Dynamic CA 

Storage of Apples by Monitoring Respiration as Well as Chlorophyll Fluorescence. Acta Hort. 796: 69-76. 

Robatscher, P., Eisenstecken, D., Sacco, F., Pöhl, H., Berger, J., Zanella, A. and Oberhuber, M. 2012. Diphenylamine Residues 

in Apples Caused by Contamination in Fruit Storage Facilities. J. Agric. Food Chem. 60: 2205-2211. 

Lurie, S. and Watkins, C.B. 2012. Superficial scald, its etiology and control. Postharvest Biol. Technol. 65: 44-60. 

Bordonaba, J.G., Matthieu-Hurtiger, V., Westercamp, P., Coureau, C., Dupille, E., Larrigaudière, C. 2013. Dynamic changes in 

conjugated trienols during storage may be employed to predict superficial scald in ‘Granny Smith’ apples. LWT Food Sci. Technol. 

54 (2), 535–541. 

Zanella, A. and Stürz, S. 2013. Replacing DPA Postharvest Treatment by Strategical Application of Novel Storage Technologies 

Controls Scald in 1/10th of EU's Apples Producing Area. Acta Hort. 1012:419-426. 

Zanella, A. and Stürz, S. 2015. Optimizing postharvest life of horticultural products by means of dynamic CA: fruit physiology 

controls atmosphere composition during Storage. Acta Hort. 1071:59-68. 

Brizzolara, S., Santucci, C., Tenori, L., Hertog, M., Nicolai, B., Stürz, S., Zanella, A., Tonutti, P. (2017): A metabolomics approach 

to elucidate apple fruit responses to static and dynamic controlled atmosphere storage. Postharvest Biology and Technology 127: 

76-87. 

Busatto, N., Farneti, B., Commisso, M., Bianconi, M., Iadarola, B., Zago, E., Ruperti, B., Spinelli, F., Zanella, A., Velasco, R., 

Ferrarini, A., Chitarrini, G., Vrhovsek, U., Delledonne, M., Guzzo, F., Costa, G., Costa, F. (2017): Apple fruit superficial scald 

resistance mediated by ethylene inhibition is associated with diverse metabolic processes. Plant J 93: 270–285. 

 

Best practice findings 

Superficial Scald Management: An Overview   

The post-harvest life of apple fruit is further prolonged by the means of continuous improvement of technologies which allow the 

application of tailor made storage conditions. Besides all the positive effects of the different storage technologies on the fruit-

preservation, they can exhibit some undesired side effects on fruit quality. One of them would be the promotion of the occurrence 

of superficial scald, a postharvest physiological disorder of certain apple cultivars (in the South Tyrol ≈33% scald susceptible 

cultivars), whose etiology and biochemistry of development is until now not fully understood. The disorder is expressed primarily 

by brown or black patches on the fruit skin, whereby the symptoms always appear during or after storage, never on the tree. 

Since it is not always easy for the layman to correctly interpret the symptoms on apple fruit skin, in the framework of an EU-funded 

INTERREG V-project we develop the online platform and application “Frudistor” for smart mobile devices in order to provide 

                                                           
1 Equivalent to ‘final report’ in EIP-AGRI format. 
2 Please see ec.europa.eu/eurostat/ramon/nomenclatures/ for details on NUTS regions, level 3 
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assistance in the correct identification of physiological disorders and parasitical diseases of apple fruit. Around end of 2018 the 

software will be available.     

Different approaches have been pursued to fully reveal the factors responsible for the occurrence of superficial scald. 

According to current knowledge the disorder is induced by a chilling shock at the beginning of storage. The further development 

of the disorder is tried to be explained by different theories. A widespread accepted theory is that the accumulation of α-farnesene 

and its subsequent oxidation into conjugated trienols leads to the damage and death of dermal cell layers, causing the typical 

scald symptoms. More recent studies are assuming, that the chilling shock at the beginning of storage leads to a disorganization 

of mitochondria and chloroplast structure, leading at the end to the development of superficial scald. 

Over the years promising tools in managing superficial scald have been developed. In this regard, specific research 

conducted on the apple fruit behavior at very low O2 levels has to be highlighted, whereby the most sophisticated application can 

be evidenced in the development of the “Dynamic Controlled Atmosphere” (DCA). Recently it was tried to apply the concept of 

DCA in different ways, whereby the most advanced are those conducted by the means of Chlorophyll Fluorescence (CF) or 

Respiratory Quotient (RQ). Both proved to be efficient in preventing scald. Regarding the DCA by the means of CF (DCA-CF), 

the development took place to a large extent by our group at Laimburg Research Centre. Additionally, the scale-up and the 

implementation in practice was triggered and accompanied by Laimburg. The principle consists in identifying by the CF the lowest 

possible oxygen level in the storage atmosphere which is tolerated by the fruit during the whole storage period, without inducing 

any undesired fruit quality losses. Besides positive effects on fruit quality, DCA-CF proved to be very efficient in the control of 

superficial scald. Also the application of the DCA by the means of RQ proved to be an option with respect to scald control. To get 

sound standing knowledge about DCA-RQ, Laimburg entered into collaboration with Agroscope (CH), University Leuven (B) and 

the companies “Isolcell” (I) and “Van Amerongen” (NL). Another alternative for scald control is offered by the treatment of apple 

fruits at beginning of storage with the ethylene inhibiting compound 1-methylcyclopropene (1-MCP, SmartFresh by AgroFresh). 

The understanding of the mode of action of the above mentioned “scald control techniques” is still limited and not fully 

revealed. It is supposed that techniques relying on very low atmospheric O2 levels such as DCA are effective in controlling scald 

development, since low O2 is possibly inhibiting the oxidation of α-farnesene to the conjugated trienols, which are probably causing 

the scald symptoms. However, current metabolomic investigations state, that the effectiveness of low O2 strategies possibly rely 

on the cultivar dependent metabolic reconfiguration strategy under hypoxia. It is proven by many different studies, i.e. 

investigations conducted by Laimburg Research Centre, that storage at very low O2 levels affect fruit quality. Especially the 

production of fermentative metabolites such as ethanol is fostered. Compared to DCA the 1-MCP has a different mode of action 

with respect to scald control, by suppressing the ethylene effect. According to our recent studies, 1-MCP treatment is affecting 

the lipid composition as well as the sorbitol household of the fruits, leading thereby to an improved cold stress tolerance, resulting 

in a reduced scald development.    

In the apple fruit producing area of the South Tyrol (Italy), due to the successful implementation of different scald control 

strategies it has been possible to replace completely the post-harvest treatment with the antioxidant diphenylamine (DPA), used 

in the past for scald control. Nowadays in the EU the postharvest use of DPA is not any more allowed, but there are still some 

issues left to discuss. One is the issue of how to handle the so called “cross-contaminations”, meaning that nowadays still DPA-

residues can be detected on never treated apples but stored in earlier DPA-treated storage rooms. In this regard the EU has to 

compromise when defining new maximum residue levels. Moreover each storage facility is under obligation to find solutions which 

fit best to their individual situation. 

The efforts in understanding better the etiology and biochemistry of superficial scald go on steadily, approaching step 

by step the pursued goal, namely the full disclosure. It has long been established that orchard temperatures have a relevant 

influence on scald sensitivity. Roughly, scald risk of fruits originated from orchards that have experienced less than 150 cumulative 

hours below 10°C is high. Moreover temperatures above 25°C during the month prior to harvest increase the risk of scald 

development. Recently, it has been tried to predict scald susceptibility of apple fruit soon after harvest. The method consists in 

developing a threshold-index, relying on a relationship between the precursors α-farnesene and conjugated trienols, which should 

predict scald susceptibility. The different approaches concerning scald management seem to have a promising potential, it is up 

to the research now to exploit it. 

 

 

 


