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Food loss and waste: tensions, trade-o1s, and the 
role of research 
Juliet A. Gerrard, Prime Minister’s Chief Science Advisor, Kaitohutohu Mātanga Pūtaiao Matua ki te Pirimia; 
j.gerrardgapper@auckland.ac.nz 

In this talk, I will give an overview of the work that we undertook in the O1ice of the Prime Minister's 
Chief Science Advisor to tackle the challenging issue of food loss and waste. In particular, I will 
highlight: the tensions and trade-o1s involved in reducing food loss and waste across the supply 
chain; what we know and don't know about the scale of the challenge in Aotearoa New Zealand; and 
how research and innovation can support a move to a less wasteful and more sustainable food 
system. 
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Plenary 2 Plenary Plenary 2 

Postharvest challenges and the promise of genomics  
James Giovannoni, USDA-ARS and Boyce Thompson Institute, United States of America; 
james.giovannoni@usda.gov  

Fruits and vegetables are major contributors to food and nutritional security in addition to critical 
components of food culture and culinary enjoyment. Unlike many staple crops such as tubers and 
seed grains, fruits are prone to rapid decay resulting in significant losses of total yield, especially 
when means of environmental control are not available. E1orts to maintain postharvest life and 
quality generally take the form of early harvest, controlled environment storage and deployment of 
genetics that delay maturation and/or influence texture. While e1ective in maintaining shelf-life and 
essential to meet market demands for fresh produce, unfortunately such approaches can negatively 
impact quality. Understanding of genes and genomes has revolutionized plant breeding and provides 
numerous candidate genes for addressing many problems in plant production, yield and postharvest 
quality. While several high impact GMOs are prevalent in major staple crops, few examples of 
genetically modified fruit crops have made it to market despite the fact that many candidate genes 
have been described with seeming high potential. Nevertheless, a number of notable exceptions 
have made it to market in recent years and gene-editing presents new opportunities. In many 
instances, the genome revolution has opened the door to vast depths of untapped genetic diversity 
that can now be more readily exploited via genome enabled approaches to transfer novel traits more 
readily to elite germplasm via breeding, resulting in non-GMO crops developed through genome 
knowledge. An overview of postharvest fruit quality challenges will be presented with an emphasis 
on tomato, the predominant fleshy fruit crop model, in addition to how the genomics revolution has 
enabled biological discovery and presents opportunities to exploit natural genetic diversity for crop 
improvement.  

Fruit, ripening, tomato, genomics, gene-editing, genetic diversity, GMO 
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 PH.1A.1 Chilling Injuries PH38 

Sugar metabolism as a key determinant of chilling 
injury development during peach cold storage and 
subsequent shelf-life 
Macarena Farcuh, Plant Sciences Building, United States of America; mfarcuh@umd.edu  
Xueying Jiang, Plant Sciences Building, United States of America. 

Cold storage is widely used during peach (Prunus persica (L) Batsch) postharvest to maintain fruit 
quality. However, cold storage is limited by chilling injury (CI), a physiological disorder expressed 
during subsequent shelf-life. Sugar metabolism, besides contributing to fruit quality, might alter fruit 
CI tolerance. The aim of this research was to characterize and compare di1erences in sugar 
metabolism in the melting flesh 'Red Haven' peach stored at di1erenttemperatures throughout 
postharvest. Fruit was harvested at optimal maturity and stored at 0°C, 5°C, and 20°C for up to 30 
days. Evaluations were conducted at harvest (0) and after 1, 3, 5, 15, and 30 days of storage, with 
and without 3 days shelf-life period. We examined CI incidence, transcript levels for sugar 
metabolism-associated genes and their associated sugar contents for all assessed storage 
temperatures and periods. Our results showed that fruit stored at 5°C were sensitive to CI displaying 
reduced expressible juice contents from 15 days onwards. Sucrose contents decreased significantly 
throughout storage for fruit stored at 5°C, 5°C + shelf-life and 20°C, alongside with an increase in 
glucose and fructose; conversely, fruit stored at 0°C and 0°C + shelf-life presented the highest 
sucrose and lowest glucose and fructose contents. These di1erences result from increased and 
decreased transcript accumulation of sucrose catabolism and biosynthesis-related genes, 
respectively, in fruit stored at 5°C and 20°C, as compared to 0°C. Sorbitol contents generally 
decreased throughout postharvest storage for fruit subjected to all assessed temperatures but were 
highest in fruit stored at 0°C and 0°C + shelf-life, which corresponded with the expression levels of 
sorbitol breakdown-related genes. Our results support the notion that sugar metabolism is playing 
key roles in chilling injury tolerance in peaches during cold storage.  

Peach, sugar metabolism, chilling injury, postharvest storage 
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 PH.1A.2 Chilling Injuries PH101 

Postharvest chilling injury in ‘Lemon’ basil is 
accompanied by reduction in ascorbic acid content 
and increased browning enzyme activities 
Arlan James Rodeo, University of the Philippines Los Banos, Philippines; adrodeo@up.edu.ph  
Elizabeth Mitcham, UC Davis, United States of America. 

'Lemon' basil (Ocimum x citriodorum) is popularly used in various cuisines due to its unique citrus 
flavour. Its short shelf life limits its storability while storage in low temperature only leads to chilling 
injury. 'Lemon' basil has been found to be very susceptible to postharvest chilling injury compared to 
other commercial varieties and species and yet, information about the inherent cause is scarce. To 
better understand the chilling sensitivity of 'Lemon' basil, leaves were stored at 5, 10, and 15°C for 6 
days, followed by post-storage at 20°C for 2 days. Chilling injury was assessed together with the 
activity of browning enzymes such as polyphenol oxidase (PPO) and peroxidase (POD). Total 
phenolic content, ascorbic acid (AsA) and dehydroascorbic acid (DHA) contents were also 
measured. Chilling injury was highest in basil stored at 5°C, followed by the ones at 10°C, while 
slight chilling injury was observed in leaves held at 15°C. Leaves stored at 15°C had higher total 
phenolic content compared to the ones at 5 or 10°C throughout the duration of storage and following 
transfer to 20°C. The content of reduced AsA increased in basil leaves stored at 10 and 15°C, while it 
decreased in leaves held at 5°C after 6 days of storage. Total AsA followed a decreasing trend 
regardless of storage temperature. POD activity increased in basil leaves stored at 5 and 10°C after 6 
days. Similarly in these temperatures, PPO activity increased and was highest in leaves stored at 5 C 
after 2 days at 20°C. Both POD and PPO activities remained low in leaves stored at 15°C throughout 
the duration of storage. The increased activities of browning enzymes and the decline in reduced AsA 
coincided with the development of chilling injury in 'Lemon' basil, specially at lower temperatures. 

Basil, chilling injury, ascorbic acid, browning enzymes, low temperature storage 
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 PH.1A.3 Chilling Injuries PH225 

Managing chilling injury of subtropical and tropical 
fruits 
Ringo Jinquan Feng, Plant and Food Research, New Zealand; ringo.feng@plantandfood.co.nz  
David Brummell, Plant and Food Research, New Zealand; 
Jung Cho, Plant and Food Research, New Zealand;  
David Billing, Plant and Food Research, New Zealand; 
Nguyen Van Phong, Southern Horticultural Research Institute, Vietnam;  
Allan Woolf, Plant and Food Research, New Zealand. 

Lowering fruit temperature is the most e1ective means to extend storage life. However, cool storage 
may induce chilling injury (CI), which can significantly reduce fruit quality. Therefore, managing CI is 
critical to chilling-sensitive fruit. Here we use kiwifruit and dragon fruit as examples of CI-sensitive 
fruit to demonstrate a range of techniques to manage CI while maximising the benefits of cool 
storage. For kiwifruit, cold nights prior to harvest not only stimulate fruit maturation, as indicated by 
starch conversion to soluble sugars, but also induce chilling tolerance through acclimation. For less 
mature fruit harvested without su1icient acclimation, low temperature conditioning (LTC) and 
stepdown-cooling are e1ective ways to prevent CI. 1-methylcyclopropene (1-MCP) treatment prior 
to cool storage resulted in high incidence of CI, while delayed 1-MCP treatment reduced CI, 
indicating the potential roles of system I and System II ethylene in response to chilling stress. Dragon 
fruit have no chance of CI acclimation because of their short growth period under warm conditions. 
Fruit harvested during the dry season tend to have higher chilling tolerance than fruit harvested 
during the wet season, possibly because of heat shock proteins and elevated fruit calcium content. 
LTC at 6 or 10°C prior to storage at 2°C reduced CI and extended storage life of dragon fruit. Since CI 
symptoms usually occur during extended cool storage and develop rapidly after warming up, web-
based purchasing, fast delivery and continuous cool chain facilitate more extensive use of low 
temperature. Overall, the use of dynamic temperature management plays a key role in extending 
storage life of both fruits, while mitigating the development of CI prior to consumption. 

Actinidia spp. Hylocereus undatus, maturity, cool chain, low temperature conditioning 
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 PH.1A.4 Chilling Injuries PH255 

Postharvest treatments with sodium nitroprusside 
and methyl salicylate synergistically enhanced 
chilling tolerance of tomato fruit subjected to cold 
storage 
Huertas Maria Diaz Mula, University Miguel Hernandez, Spain; h.diaz@umh.es  
Pedro Antonio Padilla, University Miguel Hernandez, Spain;  
Daniel Valero, University Miguel Hernandez, Spain;  
Maria Serrano, University Miguel Hernandez, Spain;  
Maria Emma Garcia Pastor, University Miguel Hernandez, Spain. 

The exogenous application of sodium nitroprusside (SNP) as a chemical donor of nitric oxide (NO) is 
one of the most commons ways to study NO-mediated e1ects on plants. The involvement of NO in 
enhancing the antioxidant network in plants strongly suggests that NO-mediated applications 
increase abiotic stress tolerance in plants by enhancement of defences mechanisms. Furthermore, 
methyl salicylate (MeSA) is an endogenous signal molecule that play essential roles in regulating 
abiotic stress responses in plants. Tomato fruit is sensitive to develop common symptoms of chilling 
injury (CI) when stored at 2°C, resulting in flavour loss, surface pitting, poor firmness and 
discoloration. However, no information is available related to the action mechanism of SNP and 
MeSA as postharvest treatments, alone or in combination, on quality traits and storability of tomato 
fruit. Mature red tomatoes were harvested from a commercial greenhouse (Murcia, Spain) and 
dipped in freshly prepared solutions of SNP and MeSA (acquired from Sigma-Aldrich) at 1 mM during 
30 minutes. Treatments tested were: 1) Control (distilled water), 2) SNP, 3) MeSA and 4) SNP+MeSA. 
Tomato fruits were dried at room temperature, divided in 4 batches with 3 replicates per batch and 
treatment (5 fruits per replicate, n = 3) and stored at 2°C and 80-85% of relative humidity for 20 days. 
The CI incidence and quality traits were analyzed each 5 d at 2°C + 2 days at 20°C (shelf-life 
conditions). Dipping treatments with SNP and MeSA, alone and in combination, substantially 
enhanced the resistance to chilling temperature in tomato fruit during low-temperature storage. 
Results showed that these treatments significantly reduced weight losses, respiration rate and 
ethylene production compared to control fruits, being the combination of SNP+MeSA the most 
e1ective treatment. In addition, the ion leakage was significantly reduced in those tomato fruits 
treated with SNP, MeSA and SNP+MeSA than untreated fruits. Other parameters of membrane 
integrity were strongly a1ected by these postharvest treatments during cold storage. Thus, NPS may 
serve as a promising agent to induce CI tolerance, acting synergically with MeSA as a stimulator of 
specific resistance responses in tomato fruit. 

Nitric oxide, ion leakage, ethylene production, membrane integrity, shelf-life 
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 PH.1B.1 Non-destructive Assessment (1) PH233 

A super-continuum laser-based, near-infrared 
spectroscopy system for proximal sensing of internal 
quality of kiwifruit 
Zian Wang, Plant Food Research, New Zealand; zian.wang@plantandfood.co.nz  
Jason Sun, Plant Food Research, Bisley Road, New Zealand;  
Andrew McGlone, Plant Food Research, New Zealand. 

Near-infrared spectroscopy (NIRS) is widely used for assessing the internal quality of kiwifruit. While 
handheld NIRS devices are applicable in orchards, they require manual contact with the fruit, 
restricting their capacity to assess a large quantity of fruit e1iciently. Hence, there is a need for a 
rapid and proximal NIRS technique to facilitate high-throughput measurements across entire 
orchard blocks, crucial for optimal orchard management and harvest decision-making. To address 
this, we conducted a proof-of-concept study employing a super-continuum laser as the light source 
for proximal NIRS measurements. This laser o1ers advantages such as high-density light beams over 
considerable distances, owing to its superb spatial coherence and broad-spectrum illumination, 
which is essential for e1ective NIRS modelling. In our study, we constructed the proof-of-concept 
system using a super-continuum laser light source (FIR-20, NKT) alongside a silicon spectrometer 
(MMS1, Zeiss). We compared the performance of this system against that of a hyper-spectral 
camera (Pika XC2, Resonon), which has previously been employed for in-orchard sensing. Our 
results indicated that the super-continuum laser system outperformed the hyper-spectral camera in 
predicting the dry matter and soluble solids content of 'G3' kiwifruit. This outcome underscores the 
potential of super-continuum laser technology for in-orchard applications, promising enhanced 
e1iciency and accuracy in fruit quality assessment and orchard management. 

Near-infrared spectroscopy (NIRS), internal quality, kiwifruit, proximal sensing, super-continuum laser 
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 PH.1B.2 Non-destructive Assessment (1) PH70 

Acoustic estimation of total soluble solids, the 
performance of sigmoidal and segmented 
regressions 
Talon Sneddon, Massey University, New Zealand; t.sneddon@massey.ac.nz  
Mo Li, Massey University, New Zealand;  
Andrew East, Massey University, New Zealand; 
Julian Heyes, SAE, Massey University, New Zealand.  

Horticultural industries desire non-destructive methods for the assessment of internal fruit quality 
factors like total soluble solids (TSS). Specifically, non-destructive methods can reduce fruit loss 
from destructive assessments and allow for continuous measurements of the same fruit throughout 
the supply chain. Commonly, optical methods such as NIR have been implemented and employed 
to assess fruit TSS non-destructively. However, it is possible that mechanical-based methods may 
also allow for TSS estimation. This work aims to use a non-destructive firmness assessment to 
estimate fruit TSS using four years of 'SunGold' kiwifruit data. Specifically, this work will focus on 
using Acoustic sti1ness (AS) to estimate TSS whilst also comparing the performance of sigmoidal 
and segmented regression models. 'SunGold' kiwifruit were harvested from 11, 9, 3, and 5 orchards 
on multiple (3-5) occasions in 2020, 2021, 2022, and 2023 respectively. Fruit were harvested and 
freighted to Palmerston North overnight in a line haul truck (~5°C). Upon arrival the fruit were 
separated into treatments with 30 fruit per orchard assessed immediately (at-harvest), whilst 
another 24 fruit per orchard were assessed after two weeks of cold storage (1°C). TSS could 
adequately be estimated from AS using both the sigmoidal and segmented regression models. 
Notably, both models performed similarly in both the internal and external calibrations and 
validations. Therefore, this study suggests that both segmented and sigmoidal regressions could be 
used interchangeably to estimate TSS form AS. 

Non-destructive, Zesy002, brix, acoustic stiPness, internal validation, external validation 
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PH.1B.3 Non-destructive Assessment (1) PH109 

Assessing and predicting the evolution of persimmon 
fruit flesh texture during cold storage using 
hyperspectral imaging 
Salvador Castillo Girones, Instituto Valenciano de Investigaciones Agrarias, Spain; castillo_salgirb@gva.es  
Marina Lopez Chulia, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Sergio Cubero, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Sandra Munera, Valencia Polytechnic University, Spain;  
Alejandro Rodrguez, Valencia Polytechnic University, Spain;  
Juan G mez-Sanch s, University of Valencia, Spain;  
Jose Blasco, Instituto Valenciano de Investigaciones Agrarias, Spain.  
 
Changes in the texture of persimmon fruit during storage can impact how consumers perceive them. To investigate 
this, hyperspectral imaging was employed in this study to predict pulp firmness and examine spectral alterations in a 
non-destructive way. A total of 1,750 'Rojo Brillante' persimmons were stored at temperatures of 1°C and 5°C for a 
duration of three months. Imaging was conducted (420-1010 nm) on 250 fruits under each condition at harvest and 
monthly thereafter. Subsequently, the texture analyser measured the force required to break the flesh, enabling the 
classification of fruits into three groups (hard, medium, and soft) using K-Nearest Neighbours. The average spectrum 
of each persimmon was then extracted, and the samples were randomly split into a 70% training set and a 30% test 
set. Three predictive models Partial Least Squares Discriminant Analysis (PLS-DA), Support Vector Machine (SVM), 
and XGBoost were trained, all achieving prediction accuracies exceeding 98%. Additionally, significant dilerences in 
spectra were observed, particularly in the water region (970 nm) due to cellular degradation, as well as in chlorophyll 
(680 nm) and carotenoid (475 nm) peaks. Consequently, the optimal storage temperature for persimmons was 
determined to be 1°C. 

Hyperspectral imaging, persimmon, storage, texture 
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 PH.1B.4 Non-destructive Assessment (1) PH128 

Assessment of harvest maturity in loquat through 
non-destructive prediction of soluble solid content 
and titratable acidity using NIR spectroscopy 
Marina Lopez-Chulia, Instituto Valenciano de Investigaciones Agrarias, Spain; lopez_marchua@gva.es 
Salvador Castillo Girones, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Alejandra Salvador, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Sergio Cubero, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Pau Talens, Valencia Polytechnic University, Spain; 
Sandra Munera, Valencia Polytechnic University, Spain; 
Jose Blasco, Instituto Valenciano de Investigaciones Agrarias, Spain.  
 
The loquat fruit must be harvested at its optimal maturity stage. As in other fruits, maturity in loquat is traditionally 
based on parameters such as soluble solids content (SSC) and titratable acidity (TA) evaluated through destructive 
analyses. Therefore, the maturity index used to harvest loquat fruits is the external colour, since it is correlated with 
the internal sugar content. Nevertheless, the visual and subjective estimation of colour as an indicator of maturity 
poses challenges due to the fruit colour heterogeneity and dilerences among varieties. Thus, non-destructive tools 
are required to estimate the internal fruit maturity accurately and objectively. This study evaluated the potential of 
non-invasive technologies based on near-infrared spectroscopy (NIRS) to determine the optimal harvest time for 
loquat fruit. A total of 480 loquats from two cultivars (cv. Algerie and Xirlero) were harvested for four consecutive 
weeks during the commercial harvest period. Once fruits were harvested, spectral data of each fruit was acquired in 
reflectance mode, and SSC and TA measurements were performed using destructive methods for use as reference 
values. Models were developed using partial least squares (PLS) to establish correlations between the measured NIR 
spectra and reference values. The full studied spectrum (450-1600 nm) and two spectral ranges (600-1000 nm and 
700-1700 nm) were studied. The best prediction of SSC achieved an R2 of 0.82 and 0.64 for Algerie and Xirlero, 
respectively. Regarding acidity, both cultivars showed an R2 of 0.74. These results reveal the potential of this 
technology for evaluating the internal quality of loquats, facilitating accurate determination of harvesting maturity. 

Fruit quality, fruit inspection, internal properties, chemometrics 
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PH.1C.1 Innovative Tech (1) PH247 

E1ect of gaseous ozone pre-treatment on the 
storability of fresh onions ‘Bianca di Margherita di 
Savoia- PGI’  
Giancarlo Colelli, DAFNE Universita di Foggia, Italy;  
Ayoub Fathi-Najafabadi, DAFNE Universita di Foggia, Italy;  
Noelia Castillejo, DAFNE Universita di Foggia, Italy;  
Danial Fatchurrahman, DAFNE Universita di Foggia, Italy; danial.fatchurrahman@unifg.it 
Maria Luisa Amodio, DAFNE Universita di Foggia, Italy. 

Ozone has gathered much attention as a potentially e1ective method for preserving fresh 
horticultural produce, owing to its strong oxidative characteristics and notable antibacterial e1icacy. 
This study investigated the e1ect of gaseous ozone pre-treatment on quality preservation of fresh 
onion bulbs of the variety 'Bianca di Margherita di Savoia` which is recognized with a Protected 
Geographical Indication (PGI) label. Gaseous ozone was adjusted to a concentration of 0.5 ppm in 
the di1erent chambers kept at 20°C for a duration of 17, 24, 36, or 48 hours. After treatments onions 
were stored at 20°C for 23 days. The results showed that after 16 and 23 days of storage, the onions 
treated at 20°C for 48 hours, demonstrated the least incidence of decay (5%) and the lowest loads 
for mesophilic and mould population were seen after the 9 and 16 days, resulting in a good quality, 
when untreated bulbs showed an incidence of decay higher than 20% after 23 days of storage. 
Moreover, the ozone exposure did not have any negative e1ect on the physicochemical parameters 
of the onions. Our results suggest that gaseous ozone can be an e1ective postharvest solution for 
maintaining quality of fresh onion bulbs 'Bianca di Margherita di Savoia PGI` controlling decay and 
deterioration of onion bulbs safely. 

Damage, shelf-life, microbial infection, physicochemical parameters 
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PH.1C.2 Innovative Tech (1) PH281 

Application of cold atmospheric-pressure gaseous 
plasma technology in potato tubers and its e1ect on 
wound healing metabolism 
Gustavo Henrique de Teixeira, University of Idaho, Kimberly Research and Extension Center, United States of 
America; gteixeira@uidaho.edu  
Samuel Paytosh, University of Idaho, Kimberly Research and Extension Center, United States of America;  
Vanessa Pedrosa, Universidade Estadual Paulista, Brazil;  
Maiqui Izidoro, Universidade Estadual Paulista, Brazil;  
Rajtilak Majumdar, ARS-USDA, Northwest Irrigation and Soils Research Lab, United States of America;  
Nora Olsen, University of Idaho, Kimberly Research and Extension Center, United States of America. 

Cold atmospheric-pressure gaseous plasma (plasma) is typically generated in a reactor where 
atmospheric air or inert gas is partially ionized using high-voltage electrodes. Therefore, a mixture of 
electrons, ultraviolet photons, reactive radicals, and other excited/ground-state molecules are 
formed. These reactive molecules can be perceived by plants as the so-called damage-associated 
molecular patterns (DAMPs) leading to healing wounds and defence mechanisms activation. The 
objective of this study was to investigate the impact of a post-harvest application of cold plasma on 
wound healing metabolism of stored potatoes. In 2023-2024 storage season, 'Clearwater Russet' 
potatoes were harvested and immediately treated with a single dose of plasma (4200 V) and various 
exposure times (0, 20, 40, and 60 minutes) along with untreated control (UTC) tubers. Samples were 
collected periodically during curing at 12.7°C and 95% relative humidity (RH) on days 0, 2, 4, 8, and 
16 to determine weight loss, respiration rate, phenylalanine ammonia-lyase (PAL) activity, and total 
phenolics. For this 1-year study, the weight loss showed a significant interaction between treatments 
and curing period, with UTC potatoes losing more weight than tubers treated with 60 minutes of 
plasma. The respiration rate started higher and decreased throughout the curing period without 
being a1ected by the treatments. The plasma treatments did not a1ect PAL activity, nor phenolic 
deposition. In conclusion, it appears that plasma application rate and timing used in this study does 
not impact wound healing metabolism. 

Phenylalanine ammonia-lyase (PAL), total phenolics, respiration rate 
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 PH.1C.3 Innovative Tech (1) PH278 

E1ect of the combination of postharvest treatments 
CaCl2 and blue LED on strawberry (Fragaria x 
ananassa, Duch) quality parameters 
Silvia Langer, Wageningen University & Research, Netherlands; silvia.langer@wur.nl  
Rebecca Huistra, Wageningen University & Research, Netherlands;  
Rob Schouten, Wageningen University & Research, Netherlands;  
Julian Verdonk, Wageningen University & Research, Netherlands. 

Despite its exceptional sensorial characteristics, strawberries are prone to excessive softening 
postharvest, making them susceptible to damage and decay. Calcium chloride (CaCl2) is one 
promising treatment for extending strawberry shelf-life, as it was observed that its application on 
certain cultivars arrested the postharvest firmness loss. On the other hand, blue LED radiation was 
proposed for increasing fruit pigments content and nutritional value. This study investigated the 
impact of combined postharvest treatments, CaCl2 spray at 20°C and blue LED (140 µmol m-2 s-1) at 
5.5°C, on strawberry quality parameters. Strawberries (cv Sonata) were harvested at commercial 
stage (90 - 95% red surface colour) and subjected to the following treatments: Calcium: 1 g L-1 CaCl2 

+ darkness; Blue: water + 6 hours blue LED; Combined: 1 g L-1 CaCl2+ 6 hours blue LED; and Control: 
water + darkness. The four groups were stored at 5.5°C for 10 days. Fruit appearance, firmness, 
weight loss, colour, anthocyanins, TSS, acidity and pH were assessed on days 1 and 10, and a 
sensorial panel was performed on day 4. The results revealed that the combined treatment (calcium 
+ blue) e1ectively maintained the fruit firmness and appearance compared to individual treatments. 
No di1erences in weight loss, colour and anthocyanins were observed between treatments. Blue-
treated fruit showed the highest visual quality and higher TSS levels at the end of the storage. Only 
combined treatment decreased acidity on day 10. Notably, both CaCl2 -treated groups (Calcium and 
Combined) were less preferred than the blue LED-treated fruits in the taste panel, possibly due to 
enhanced sweetness in the blue-treated group or the perception of calcium salt. As conclusion, the 
combined treatment has the potential to mitigate strawberry postharvest softening and senescence 
without adversely a1ecting other quality parameters. Future research will explore the e1ect of the 
combined treatment on strawberry nutritional value by experimenting with di1erent light intensities 
and exposure times to blue LED. 

Strawberry, postharvest, calcium, blue LED, quality, sensory panel 
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PH.1C.4 Innovative Tech (1) PH292 

Multiomics analyses of the e1ects of LED white light 
on the ripening of apricot fruits 
Jinhua Zuo, Beijing academy of agriculture and forestry sciences, China;  
Yanyan Zheng, Beijing academy of agriculture and forestry sciences, China. jxzhengyanyan@163.com  

Apricot (Prunus armeniaca L.) fruits are highly perishable and prone to quality deterioration during 
storage and transportation. To investigate the e1ects of LED white light treatment on postharvest 
ripening of fruits using metabolomics, transcriptomics, and ATAC-Seq analysis. Fruits were exposed 
to 5 µmol m -2 s -1 LED white light for 12 hours followed by 12 hours of darkness at 20°C daily for 12 
days. The e1ects of the treatments on the physiological and nutritional quality of the fruits were 
evaluated. LED treatment activated pathways involved in ascorbate and aldarate metabolism and 
flavonoid and phenylpropanoid biosynthesis. Specifically, LED treatment increased the expression 
of UDP-sugar pyrophosphorylase (USP), L-ascorbate peroxidase (AO), dihydroflavonol 4-reductase 
(DFR), and chalcone synthase (CHS), leading to the accumulation of ca1eoyl quinic acid, 
epigallocatechin, and dihydroquercetin and the activation of anthocyanin biosynthesis. LED 
treatment also a1ected the expression of genes associated with plant hormone signal transduction, 
fruit texture and colour transformation, and antioxidant activity. The notable genes a1ected by LED 
treatment included 1-aminocyclopropane-1-carboxylate synthase (ACS), 1-aminocyclopropane-1-
carboxylate oxidase (ACO), hexokinase (HK), lipoxygenase (LOX), malate dehydrogenase (MDH), 
endoglucanase (CEL), various transcription factors (TCP, MYB, EFR), and peroxidase (POD). The 
results obtained in this study provide insights into the e1ects of LED light exposure on apricot fruit 
ripening. LEDs o1er a promising approach for extending the shelf life of other fruits and vegetables. 

Light-emitting diodes; transcriptomics; metabolomics; ATAC-Seq 
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PH.1D.1 Biochemistry PH149 

Pinking in lettuce, chemistry, genetics and sensory 
analysis highlight a complex relationship with 
polyphenolics 
Martin Chadwick, University of Reading, United Kingdom; m.chadwick@reading.ac.uk  
Carol Wagstal, University of Reading, United Kingdom; 
Stella Lignou, University of Reading, United Kingdom. 

Lettuce is a major worldwide from with a short shelf life. Shelf life is primarily limited by visual 
factors, wilting from dehydration and by discolouration, both oxidative browning, and by an 
uncharacterised pinking which particularly a1ects iceberg and crisphead types. This is particularly a 
concern in prepackaged cut lettuce due to the increased cut edges. Chemically the pink 
discolouration is mostly believed to be the result cell damage releasing free o -quinones with other 
cell components. This discolouration is itself not harmful, but we demonstrate in sensory trials that 
it lowers consumer perception of quality leading to food waste. Using the sal x ice genetic mapping 
population developed by Warwick University we analysed a range of polyphenolics throughout shelf 
life, as these compounds are obligate precursors of the highly reactive o -quinones. The trial 
population was grown in the UK in two trials, harvested June and August as an early and late 
harvested trial. Chemical analyses were conducted by HPLC-MS at three time points, at cutting, one 
day after cutting and 3 days after cutting. Nineteen QTL were identified in the early trial. One at day 
0, four at day 1, and fourteen at day 3. Nine of these polyphenolics co-located to a single locus on 
chromosome 6. This locus has previously been associated with pinking. Only two QTL were 
identified in the late trail, neither of which have clear association to previously published pinking. 
Data for total quinones did not map to any QTL. Other research within the group shows an 
inconsistent relationship between measurable polyphenols o -quinones and pink discolouration. 
Further attempts to isolate the pink pigment chemically indicate that the pigment is found almost 
exclusively in the xylem, and it is conjugation of phenylpropanoid products with cellulose in the 
phloem that leads to a distinct red pigment. 

QTL analysis, Lactuca sativa, polyphenolics, quinones 
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 PH.1D.2 Biochemistry PH177 

GABA and amino acid changes in rambutan during 
storage 
Rujira Deewatthanawong, Thailand Institute of Scientific and Technological Research, Thailand; rujira_d@tistr.or.th  
Supavadee Chanapan, Newcastle University, Thailand; 
Borworn Tontiworachai, Thailand Institute of Scientific and Technological Research, Thailand; 
Papitchaya Kongchinda, Thailand Institute of Scientific and Technological Research, Thailand; 
Nattaya Montri, King Mongkut's Institute of Technology, Thailand.  

Fruit is not considered a primary source of Gamma-aminobutyric acid (GABA) and amino acids, 
fruits that contain adequate levels of GABA and amino acids could potentially serve as an alternative 
source. The aim of this research was to determine the factors influencing gamma-aminobutyric acid 
(GABA) and amino acids concentrations in rambutans. Our findings revealed variations in GABA 
levels among di1erent cultivars and maturity stages. A postharvest study monitored GABA and 
amino acid levels in rambutans over a 6-day storage period, demonstrated that levels of GABA 
exhibited an increase in fruits stored in modified atmosphere packaging at 12°C and in fruits stored 
at room temperature. However, the quality of fruits stored at room temperature deteriorated. 
Phenylalanine and glutamic acid were identified as the most abundant amino acids in rambutans. 
Alanine and aspartic acid levels increased in rambutan fruits stored in modified atmosphere 
packaging at 12°C, while other amino acids remained relatively stable during storage. 

GABA, amino acid, rambutan, postharvest 
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 PH.1D.3 Biochemistry PH287 

Physicochemical and organoleptic properties of solar 
and freeze-dried okra (Abelmoschus esculentus)  
Gloria Essilfie, University of Ghana, Ghana; gessilfie@ug.edu.gh  
Freda Adu, University of Ghana, Ghana;  
Abdul Abubakar, University of Ghana, Ghana;  
Rosalyn Baddoo, University of Ghana, Ghana;  
Matilda Alul, University of Ghana, Ghana;  
Raphael Ashiade, University of Ghana, Ghana.  

Okra (Abelmoschus esculentus) is a nutritious underutilized vegetable, whose production is 
characterized by poor postharvest management, unavailability in large quantities all year round, and 
lack of awareness of its nutritional quality. To e1ectively promote okra and mainstream it into the 
diets of consumers especially urban dwellers in Ghana, there is a need to evaluate technologies that 
can be used to extend its shelf life, thereby making it available all year round while maintaining its 
quality. This study sought to evaluate the e1ectiveness of technologies such as solar and freeze 
drying to extend the shelf life of okra. A 2x3x2x3x2 factorial design with three replications was used. 
The factors were size of cut okra, preservative technologies, blanching, use of additives and storage 
temperature. All samples were packaged and stored for up to 42 days. Indices measured were 
proximate analysis, colour, calcium, sodium, iron and zinc. The data was subjected to analysis of 
variance. Results obtained showed that all treatments extended the shelf-life of okra whilst 
maintaining the quality. There were significant di1erences observed in the nutritional content as well 
as colour of samples studied. The dried samples had significantly higher nutrient concentration 
compared to the fresh samples due to loss of moisture. The solar-dried samples treated with sodium 
metabisulfite, and potassium nitrate had a colour change from green to greyish white. This could be 
attributed to the exposure of the okra to heat and sunlight leading to the degradation of chlorophyll 
and other pigments. Sensory evaluation revealed an overall acceptability of fresh and freeze-dried 
samples and consumers also indicated a willingness to purchase the freeze-dried okra. The study 
therefore shows that value addition of okra using technologies such as freeze drying can extend the 
shelf life, maintain quality attributes, and make them available to urban dwellers all year round. 

Okra, underutilized vegetables, indigenous vegetables, freeze-drying, solar drying, postharvest loss 
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PH.1D.4 Topics in Food Safety PH22 

Simple and E1ective: The alginate-gelatin biosensor 
for quick B. subtilis detection in foods 
Evgeni Eltzov, Agricultural Research Organisation – Volcani Institute, Israel; eltzov@volcani.agri.gov.il  

This study introduces a novel biosensor system designed for the rapid and specific detection of 
Bacillus sereus (B. sereus) in various food matrices, addressing the critical need for enhanced food 
safety measures. Recognizing the global prevalence of foodborne illnesses and the role of B. cereus 
as a contributor, this research focused on developing a sensor capable of operating e1ectively in 
complex food environments. The biosensor, utilising a gelatin layer, demonstrated a high degree of 
specificity and sensitivity, distinguishing B. cereus from other common foodborne pathogens like 
Staphylococcus aureus, Bacillus subtilis and Escherichia coli. Through rigorous testing, the 
biosensor showed a distinct and rapid response to B. subtilis, even at lower bacterial concentrations 
(e.g. 10 cells/mL), highlighting its potential for early detection of contamination. The study also 
explored the sensor's response across di1erent food types, revealing the influence of food 
composition on pathogen detection e1icacy. The results confirmed the biosensor's capability to 
adapt to varying food matrices, maintaining accuracy and reliability. This research contributes to the 
field of food safety, o1ering a practical solution for timely pathogen detection. The development of 
this biosensor represents a step forward in ensuring food quality and public health, providing a tool 
for the food industry to rapidly identify and mitigate potential contamination risks. The findings pave 
the way for future advancements in on-site testing technologies, promising to revolutionize food 
safety protocols and practices. 

Food security, food pathogens, biosensors, point of care devices 
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 PP.1.1 Postharvest Technologies (1) PP28 

Comparative e1icacy of dynamic controlled 
atmosphere against five postharvest pathogens of 
pome fruit 
Achour Amiri, United States of America; a.amiri@wsu.edu 
Clayton Haskell, United States of America. 

The semi-arid climate of central Washington State is suitable for cultivating organic fruit while 
minimizing biotic stresses. However, storing organic fruit for more than five months presents a 
significant challenge due to postharvest diseases, which can result in up to 50% losses of organic 
pome fruit. Currently, there are no e1ective bio-fungicides available for postharvest use and packers 
have been relying on organic fungicides applied preharvest and on postharvest sanitation. Organic 
packers, particularly in the U.S. Pacific Northwest (PNW), have increasingly turned to dynamic 
controlled atmosphere (DCA) to minimize physiological disorders and extend the shelf life of organic 
fruit. However, it remains unknown whether postharvest fungal pathogens that cause postharvest 
diseases can grow and remain virulent under ultra-low O2 and/or high CO2 concentrations. In this 
study, we report on the e1icacy of DCA (0.8 to 0.4% O2), static CA, and regular atmosphere (RA) in 
reducing the incidence and severity of postharvest diseases caused by Penicillium expansum, 
Botrytis cinerea, Neofabraea perennans, Mucor piriformis, and Phacidiopycnis washingtonensis. 
Fuji apples were wounded and inoculated with spore suspensions of each pathogen at a 
concentration of 105 spores/mL. Additionally, we assessed the e1icacy of DCA, CA, and RA on non-
wounded inoculated and non-inoculated organic apples. Our results indicate that there is variability 
among the five di1erent pathogens in terms of their ability to cause fruit decay during storage. 
Overall, we observed reductions of 5% to 50% in disease incidence under DCA conditions compared 
to CA or RA. Impact on fruit quality is discussed. 

Apple, organic, postharvest diseases, dynamic controlled atmosphere, fruit quality 
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 PP.1.2 Postharvest Technologies (1) PP31 

Optimizing heat treatment and storage condition for 
‘Chiin Hwang’ mango 
Chang-Lin Chen, Chinese Taipei; changlinchen@dragon.nchu.edu.tw  
Che-Wei Liu, Chinese Taipei; 
 Min-Chi Hsu, Chinese Taipei. 

Mango (Mangifera indica L.) is an economical crop over the world, but faces a formidable adversary 
in anthracnose disease, caused by Colletotrichum species. Anthracnose disease could decimate 
commercial value of mangoes about 30-60% during production-distribution supply chain. 
Heightened awareness of food safety and environmental concerns has spurred the quest for non-
chemical solutions, leading to the exploration of physical treatments for postharvest disease. 
Therefore, the objectives of this study were (1) to establish the optimal methods of heat treatment; 
(2) to evaluate the e1icacy of heat treatments against anthracnose for 'Chiin Hwang' mangoes; and 
(3) to set up the suitable storage conditions for 'Chiin Hwang' mangoes. After artificial inoculation, 
these mangoes were exposed to vapor heat treatment or hot water brushing with di1erent duration. 
Furthermore, the optimized storage conditions for 'Chiin Hwang' mangoes were tested in a wide 
range of temperatures. After ripening, the mangoes were moved to individual cool rooms at 1, 5, 10, 
or 15°C for 15 days and removed to room temperature for 3 days. The results showed that optimal 
treatment for hot water brushing was at 55°C for 5 min and vapor heat treatment was at 48°C for 1.5 
hours. Treated mangoes significantly had the lower severity of anthracnose and sustained firmness 
as compared with control groups. Thus, heat treatment is a promising and non-chemical method for 
mitigating postharvest disease in 'Chiin Hwang' mangoes. Moreover, the recommended storage 
temperature is 10°C preventing from chilling injury and minimizing anthracnose incidence. This 
study expresses an e1ectively method with heat treatment and low-temperature storage to maintain 
the quality and market value of 'Chiin Hwang' mangoes. 

Mango, heat treatment, anthracnose, hot water brushing 
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PP.1.3 Postharvest Technologies (1) PP15 

Comparing in vitro and molecular methods for 
detection of QoI fungicide resistance in 
Colletotrichum spp. associated with avocado in 
Australia 
Imsubenla Nokdy, Australia; i.nokdy@uqconnect.edu.au 
Lara Pretorius, Australia; 
John Thomas, Australia; 
Elizabeth Dann, Australia. 

Anthracnose is an economically important postharvest disease of avocado caused by several 
species of fungi in the Colletotrichum genus. Copper formulations and strobilurin (quinone outside 
inhibitors, QoI) fungicides are frequently employed as spray applications within orchards as a key 
component of the disease management strategy. Current in vitro techniques for evaluating the 
resistance or sensitivity to fungicides include the traditional amended media plate and more rapid 
microplate assays. This study will evaluate these two methods and will be compared with results 
obtained from a molecular assay to detect single site mutation in the cytb gene, known for inferring 
resistance to strobilurin fungicides. Isolates will be grown on amended media plates and 
microplates containing PD broth amended with strobilurin fungicide at several concentrations. A 
selection of sixty Colletotrichum spp. isolates from major avocado growing regions in Australia 
which have been collected and identified to species level will be utilised for the study. The history of 
strobilurin fungicide use has been recorded for each of the source orchards. Molecular assay 
revealed that twenty-six of these isolates carry at least one of the mutations responsible for QoI 
resistance. The objective of this work is to assess the resistance of Colletotrichum spp. to strobilurin 
fungicides through a comparative analysis of amended media plate, microplate, and molecular 
assay. A fast and e1ective method for assessing QoI fungicide resistance/sensitivity within 
Colletotrichum spp. will inform industry and grower decisions on in field and post-harvest 
management options. 

Colletotrichum, fungicide resistance, resistant gene, avocado, postharvest, anthracnose 
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 PP.1.4 Postharvest Technologies (1) PP57 

Fungicide resistance in postharvest pathogens and 
its management as a tool to prevent food losses 
George Karaoglanidis, Aristotles University of Thessaloniki, Greece; gkarao@agro.auth.gr 
Stefanos Testempasis, Aristotles University of Thessaloniki, Greece; 
Georgios Sofianos, Aristotles University of Thessaloniki, Greece; 
Athanasios Petmezas, Aristotles University of Thessaloniki, Greece. 

Postharvest pathogens possess a potential threat towards harvested crops, vegetables, and fruits 
during their transportation from field to farm, handling, and storage. The use of preharvest fungicides 
applied a few days before harvest or postharvest fungicides applied in the packinghouses remains 
the most important method to control them and safeguard crop yield and quality, despite e1orts to 
develop novel management techniques. However, over time, resistance to many of the most 
e1ective fungicides has emerged and spread in postharvest pathogen populations, compromising 
disease control. Fungicide resistance development is a serious and important postharvest problem 
which needs to be actively managed in the packing shed to minimise any potential losses. This 
review describes the development of resistance using case histories based on important post-
harvest pathogens (i.e. Botrytis cinerea, Penicillium expansum, Penicillium digitatum and Monilinia 
fructicola). Emphasis will be given on the molecular mechanisms associated with resistance that 
include either target site alterations or increased expression of e1lux transporters. These 
mechanisms result in di1erent and varying levels of resistance to fungicides. In addition, resistance 
management approaches based on robust scientific evidence will be discussed as they are vital to 
prolong the e1ective life of fungicides and represent. 

Blue mould, brown rot, chemical control, DMIs, grey mould, QoIs, SDHIs 
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FVH.1.1 Towards Healthier Diets FV26 

Participant insights from a long-term plant-based 
dietary intervention in Aotearoa New Zealand 
Ivy Gan, Plant and Food Research, New Zealand; ivy.gan@plantandfood.co.nz 
Denise Conroy, Plant and Food Research, New Zealand;  
Jenny Young, Plant and Food Research, New Zealand. 

The He Rourou Whai Painga (HRWP) programme was a long-term dietary intervention exploring 
whether people at risk of cardiometabolic disease will benefit from an intervention providing an 
allocated dietary pattern that supports behavioural change. The allocated dietary pattern features a 
preponderance of plant-based foods (vegetables, legumes, fruits, unrefined cereals, nuts), together 
with lean protein from seafood and smaller portions of lean red meat and dairy. Over a 12-week 
period, participants received meal-kit deliveries for their entire family, and stayed on the trial, with 
ongoing behavioural support, until the 52nd week to allow for the observation of long-term dietary 
choices, and measurements of relevant biomarkers. In-depth interviews were conducted online with 
37 index participants at three time points (6 weeks, 12 weeks, 24 weeks), with seven online focus 
groups undertaken at approximately 40 weeks. The views of participants were explored, including 
pre-intervention eating habits, perceptions of healthy foods, potential enablers and barriers, and 
family involvement, to understand what may underlie longer-term adoption of the plant-based eating 
pattern. An online survey of all index participants was conducted at the end of the trial to measure 
post-intervention perceptions and behaviours. Despite their diverse eating habits, participants 
typically responded well in the early 'honeymoon period' towards food they received. However, by 
the late delivery phase, clear di1erences emerged regarding self-reliance abilities and resilience to 
challenges. Following the final interview, distinct groupings of participants emerged regarding 
perceived ongoing adoption of the pattern given their di1ering motivations, emotions, cognitive 
processes, and resilience to challenge. Nevertheless, many participants reported increased 
consumption of fruits and vegetables and reduced intake of unhealthy snacks and red meat in the 
survey. The findings showed that behavioural change towards healthy eating depends on a complex 
set of characteristics, for example, personal attitude (cognitive, emotional, behavioural), and 
essentially, the desire to succeed. Environmental factors, for example, family resources, cultural, 
social, and situational, need to work together to promote the long-term adoption of a healthier 
dietary pattern. 

Plant-based diet, long-term adoption, family involvement, behavioural change, dietary intervention 
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FVH.1.2 Towards Healthier Diets FV10 

How much of the nutrients in sustainable healthy 
diets are supplied by horticultural produce? A dietary 
modelling perspective 
Mahya Tavan, Riddet Institute, New Zealand; m.tavan@massey.ac.nz 
Nick Smith, Riddet Institute, New Zealand; 
Andrew Fletcher, Fonterra Research and Development Centre, New Zealand;  
Jeremy Hill, Fonterra Research and Development Centre, New Zealand; 
Warren McNabb, Riddet Institute, New Zealand.  

As consumers become more aware of the environmental impact of their dietary choices and 
transition towards more sustainable eating patterns, there is increasing focus on horticultural 
produce, namely fruits and vegetables. Simultaneously, consumers lean towards including more 
fruits and vegetables in their diets as their awareness of the health benefits linked with these foods 
grows. Nevertheless, according to the New Zealand Health Survey 2021/22, about half of New 
Zealand adults fail to meet their recommended daily fruit intake and nearly 90% do not meet the 
recommended vegetable intake. Using The iOTA Model®, a dietary optimisation tool developed by 
Sustainable Nutrition Initiative® (SNi), healthy and sustainable diets were simulated to meet 
nutritional needs while minimally deviating from current dietary patterns. The iOTA Model® was 
constructed using mixed integer linear programming, integrating New Zealand-specific data 
obtained from various open-access sources including but not limited to New Zealand's Food 
Composition Database (FOODfiles), New Zealand Total Diet Study and the nutrient reference values 
published by the Ministry of Health. Where applicable, bioavailability of nutrients was accounted for 
so that optimised diets capture the true nutritional value of food, beyond raw nutrient content. We 
examined how fruits and vegetables contribute to intakes of over 30 nutrients in optimised diets. The 
iOTA Model® suggests an increase in intake of leafy vegetables and salad greens for both female and 
male consumers while maintaining most of the fruits and vegetables already present in their typical 
diets. Overall, horticultural produce continues to play a significant role in supplying nutrients in the 
optimised diets, providing 61% of weekly vitamin C needs, 58% of vitamin K, 25% of folate, 21% of 
potassium and 17% of fibre. Results also showed that such diets generate at least 19% less 
greenhouse gas emissions than a current typical diet. This reduction was mainly achieved by 
eliminating or reducing consumption of foods that are less e1icient in providing nutrients than other 
parts of the diet (e.g. discretionary foods such as sweets and salty snacks) and selecting those that 
are most e1ective in forming nutrient adequate diets. The iOTA Model® stands as a powerful tool for 
broadening our understanding of what sustainable healthy diets may look like and how various foods 
fit into such diets. Developed as a tool that can be accessible to all, it provides evidence-based 
insights about sustainable healthy diets and consequently, the future direction that industries 
should take to meet the expectations of increasingly conscientious consumers. 

Sustainability, linear programming, fruits and vegetables, nutrient adequacy, dietary optimisation, plant foods 
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FVH.1.3 Towards Healthier Diets FV24 

Growing impact: Evaluating global investments in 
fruit and vegetable production for healthier diets 
Erin Ms. McGuire, UC Davis, United States of America; ejmcguire@ucdavis.edu 
Katherine Gregerson, UC Davis, United States of America; 
Aalia Khush Bakht, UC Davis, United States of America; 
Pepijn Schreinemachers, WorldVeg, Thailand;  
Eike Luedeling, University of Bonn, Germany;  
Deanna Olney, IFPRI, United States of America. 

Objective: This horticulture opportunity study seeks to quantify and qualify public and private 
investments, alongside identifying challenges and opportunities in horticultural research and 
development, aimed at facilitating high-level policy engagement. This research is led by the Feed the 
Future Innovation Lab for Horticulture, in collaboration with the World Vegetable Center, the One 
CGIAR Initiative on Fruit and Vegetables for Sustainable Healthy Diets (FRESH), and various 
university partners. Background: Despite widespread recommendations to increase fruit and 
vegetable consumption - endorsed by 93% of Food-Based Dietary Guidelines - significant barriers 
remain. These include limited access, high costs, and entrenched dietary preferences, alongside 
inadequate global production that disproportionately impacts low-income and Global South 
populations. Addressing these issues is vital for enhancing nutrition and income, particularly 
through the empowerment of small-scale farmers in the Global South, where fruits and vegetables 
often represent women-managed crops. Methods: This study spans several countries including 
Cambodia, Philippines, Nepal, Sri Lanka, Benin, Ghana, Tanzania, Kenya, Guatemala, USA, and 
Germany. It employs a mixed-methods approach, beginning with a Delphi questionnaire distributed 
among key stakeholders from government, academia, international NGOs, and the private sector. 
Subsequent in-person workshops facilitate discussions on investment estimates and the dynamics 
of horticultural investments in each country using a Q-methodology. The inaugural workshop in 
Nairobi, Kenya, gathered 18 local experts who provided critical investment insights and validated the 
use of Delphi and Q methodologies for this study. During this session we share preliminary data and 
analysis from workshops held from June - August 2024. Impact: The study aims to illuminate the 
economic and social impacts of investing in fruit and vegetable production, focusing on enhancing 
accessibility and a1ordability. It also addresses environmental considerations such as land use, 
aiming to support sustainable agricultural practices. By bridging gaps in horticultural investment, the 
study intends to foster supportive environments that enhance fruit and vegetable production and 
consumption, thus contributing to the Sustainable Development Goals. Conclusion: This study 
underscores the critical need for enhanced investment in horticulture to overcome systemic barriers 
to fruit and vegetable consumption, thereby improving global health and economic outcomes, 
especially for vulnerable populations in the Global South. The outcomes are expected to guide 
policy decisions and stimulate further research and development in the horticulture sector. 

Sustainable development, healthy diets, fruits and vegetables, food systems, policy 
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PH.2A.1 Maturity Assessment PH50 

Advances in apple maturity assessment and storage 
decision making: Insights from multi-‘omics studies 
Laurie Favre, Plant and Food Research, New Zealand; laurie.favre@plantandfood.co.nz  
Donald Hunter, Plant and Food Research, New Zealand; 
Erin O'Donoghue, Plant and Food Research, New Zealand;  
Jason Johnston, Plant and Food Research, New Zealand;  
Zoe Erridge, Plant and Food Research, New Zealand;  
Nathanael Napier, Plant and Food Research, New Zealand;  
Anna Tattersall, Plant and Food Research, New Zealand;  
Hannah Lloyd, Plant and Food Research, New Zealand;  
Nigel Gapper, Plant and Food Research, New Zealand;  
David Brummell, Plant and Food Research, New Zealand. 

Apple (Malus domestica) is the second largest fruit export crop from New Zealand and exporters 
depend on delivering high quality products to consumers through a complex supply chain. To 
minimise losses and guarantee that fruit are delivered in prime condition, apples must be picked at 
optimal maturity prior to storage and shipping. Accurate assessment of apple fruit maturity at 
harvest is required, since fruit harvested too early or too late are susceptible to physiological 
disorders or excessive softening during subsequent storage. Parameters currently used to measure 
maturity or used as a harvest index are not reliable indicators of storage performance. Comparisons 
of harvest date and between orchards have shown that other factors must be involved. If testing of 
new indicative measures could be implemented, orchardists would be able to predict optimal 
harvest time several weeks in advance and th us arrange their logistical planning. This would also 
enable informed storage decisions, directing fruit with better storage potential to long-term storage 
and facilitating earlier marketing for less-optimal batches. New biomarkers of 'Royal Gala' fruit 
maturity around the harvest period and predictors of high eating quality value for post storage were 
identified using a multi-'omics study (LC-MS- and GC-MS-based metabolomics, hormone analysis, 
enzyme activity analysis, proteomics and transcriptomics) across two seasons. The accuracy of 
these biomarkers was then tested on two additional seasons in multiple orchards across New 
Zealand, validating their robustness. Additional e1orts are now being deployed to develop a 
comprehensive understanding of the e1ects of pre-harvest environmental conditions and stress 
tolerance on the biological pathways influencing postharvest fruit quality as ultimately delivered to 
the consumer. 

Apple, maturity, storage, multiomics 
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PH.2A.2 Maturity Assessment PH234 

Interrelation analysis of fruit state at harvest and the 
storage duration on the ripe fruit quality of ‘Hass’ 
avocado: An example of confusing statistics 
Maryam Alavi, Plant Food Research, New Zealand; maryam.alavi@plantandfood.co.nz  
Victor Escobedo, ProHass, Peru; 
Jeremy Burdon, Plant Food Research, New Zealand. 

Peru is the second-largest producer and exporter of 'Hass' avocados worldwide. Commercially, the 
main parameter for harvest is the dry matter content, starting at 21.5% up to 29%, and due to quality 
demands from importers, the Peruvian industry requires more parameters to ensure high-quality 
fruit. Numerous trials have been conducted to investigate the relationship between harvest 
conditions, fruit composition, storage duration, and ripe fruit quality. However, the large number of 
variables, and substantial variability in such trials, can lead to challenges in the interpretation of the 
statistical analysis. This study focuses on a storage trial conducted by ProHass Peru in 2022, 
utilising fruit from both early- and late-season harvests from 10 orchards across three regions. 
Following harvest, 20 fruit were randomly selected from each orchard to determine both pulp and 
skin's calcium and nitrogen contents, with an additional 20 fruit taken for dry matter assessment. 
The remaining fruit were stored at 5°C for 20, 30, or 40 days before ripening at 20°C. The number of 
fruit per orchard, harvest season, and storage duration ranged from 40 to 68. The fruit were 
evaluated immediately out of storage and when eating-ripe for a range of quality indicators after 
storage, and disorders such as body rot, stem end rot, and fibrosis post-ripening. The statistical 
analysis confirmed the expected increase in fruit disorders with longer storage durations but also 
revealed significant variation among orchards, both in the initial indicators at harvest and in 
disorders after ripening. This orchard variation obscured the influence of harvest indicators on ripe 
fruit quality. Further analysis, supplemented by knowledge of avocado biology, elucidated the 
strength of the trends in fruit quality based on the at-harvest assessment. It was confirmed that 
these trends were not qualitatively significant for these fruit that were harvested at commercial dry 
matter content. 

Persea, disorders, defects, rots, generalised linear mixed models, clustering analysis 
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PH.2A.3 Maturity Assessment PH229 

Optimizing export quality of red dragon fruit from 
Banyuwangi, Indonesia based on growth location and 
harvest time 
Fahrizal Yusuf Alandi, Universitas Gadjah Mada, Indonesia; fahrizalyusuf.alandi@ugm.ac.id  
Umi Rohmatun Nasyikhah, Universitas Gadjah Mada, Indonesia;  
Nur Alim Bahmid, National Research and Innovation Agency, Indonesia 
Bayu Nugraha, Universitas Gadjah Mada, Indonesia. 

The quality of red dragon fruit (Hylocereus polyrhizus) is influenced by growth location and harvest 
time. In Banyuwangi, East Java, Indonesia, red dragon fruits for export purpose are cultivated across 
various latitudes and harvested at di1erent intervals. This study aimed to determine the optimal red 
dragon fruit varieties for export by considering their growth locations and harvest times. Dragon fruits 
cultivated in highland (500 m above sea level), middle plains (100 to 500 m above sea level), and 
coastal plains, adhering to standard cultivation practices, were harvested at 31, 33, and 35 days 
after anthesis and subsequently stored at 8°C for 35 days. Brix value, weight loss, colour and 
firmness assessments were conducted at harvest and every 5 days throughout storage. Results 
showed Brix value variation based on location and harvest age, stabilizing during storage. Coastal 
fruits harvested earlier displayed higher Brix values, while highland fruits had lower weight loss. 
Despite initial di1erences in red colour values, all fruits showed similar values after storage. 
Highland fruits harvested earlier exhibited deeper red flesh colour at harvest and throughout storage. 
Firmness did not di1er among locations and harvest times. These findings suggest potential for 
export of red dragon fruits from higher latitudes, with ongoing biochemical assays to further 
elucidate location and harvest time dynamics. 

Dragon fruit, quality, growth locations, harvest time  
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PH.2A.4 Maturity Assessment PH251 

Evaluating the e1ects of di1erent harvesting 
intervals on the postharvest quality of fresh-market 
blueberries 
Angelos Deltsidis, University of Georgia Agriculture, United States of America; adeltsidis@uga.edu  
Amit Godara, University of Georgia Agriculture, United States of America;  
Zilfina Rubio Ames, University of Georgia Agriculture, United States of America. 

Blueberry consumption has been increasing in the recent years which has led to significant 
increases in the acreage of blueberries grown around the world. Blueberry producers in the United 
States are facing high input costs and labour shortages, which have forced them to increasingly 
mechanize harvesting. Even though new, more a1ordable technologies have emerged in recent 
years, several parts of the process still require improvements. One of the issues caused by the 
adoption of mechanical harvesting is increased harvest intervals compared to traditional hand-
picking. The shortage in machine harvesting equipment is attributed to the high capital expenses 
associated with the purchase of such machinery that in turn leads to limited availability of 
harvesters to perform the harvest in a timely fashion. This trend may compromise berry quality, 
particularly in the Southeastern United States, where high temperatures and humidity are the typical 
weather conditions during blueberry harvest. Firmness is a critical factor in determining consumer 
preference, as well as shelf life, and market value of fresh blueberries. The postharvest quality of 
blueberries is influenced by various other factors, including genotype, postharvest handling, and 
harvest conditions such as harvest intervals. This study aimed to investigate the impact of di1erent 
harvest regimes on fruit quality and storability of 'Brightwell' blueberries. The experiment was 
conducted at the University of Georgia Alma Blueberry Research Farm, located in South Georgia, 
USA, with a randomized complete block design. Fruit was hand-harvested at di1erent intervals: T1: 
every 2 days, T2: every 3 days, and T3: every 7 days. Each treatment was replicated four times, 
resulting in nine harvests across all treatments. Following the harvest, the berries were sorted for 
defects, packed in clamshells, and stored at 1°C and 85% relative humidity. Fruit quality parameters: 
firmness, fruit size, colour, total soluble solids, titratable acidity, and fruit rot evaluation were 
evaluated at four di1erent intervals: 1, 7, 14, and 21 days after harvest. Preliminary results indicate 
that fruit from the second and third harvests, T1 and T2 exhibited higher firmness readings at harvest 
compared to T3. Throughout the storage period, the firmness of the fruit was consistently higher in 
T2 compared to other treatments. A bigger fruit size was obtained at the first harvest of all 
treatments which declined after 14 days of storage in all three treatments. At the second harvest, T2 
had the highest total soluble solids but after 21 days of storage, TSS declined and T1 had the highest 
TSS after 21 days of storage in all three harvests. Additionally, T3 had a higher fruit rot incidence, and 
wet, sunken berries in the second and third harvests. In conclusion, optimizing harvest intervals is 
crucial for maintaining fruit quality and storability, as evidenced by the observations of the di1erent 
harvesting regimes in this study. 

Machine harvest, shelf-life, storability 
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PH.2A.5 Maturity Assessment PH208 

The role of age on potato phenotype as impacted by 
storage condition and time 
Jacob Blauer, Washington State University, United States of America; jacobmblauer@gmail.com  
Mohan Kumar, Washington State University, United States of America;  
Morgan Southern, Washington State University, United States of America. 

As an asexual propagule, the potato's (Solanum tuberosum L.) productive potential is highly a1ected 
by the environment and storage time. The goal of this study was to identify the role of production 
environment, time, and storage condition on seed tuber physiological age (PAGE). Two crop 
generations (GenI & GenII) were investigated for two years each. In GenI, the cultivation period (120 
days) for cvs. Russet Norkotah and Shepody was modified (early, mid, and late) to expose developing 
tubers to di1erent environmental backgrounds. Postharvest, a subset of tubers were subjected to 
heat treatments (32°C for 21 days) to assess the impact of PAGE on the chronological age. In Gen I, 
early cultivation produced ca. 40% fewer stems/plant than late cultivation (P<0.001) and subjected 
the crop to an additional 43-day storage period before GenII production. Further, the cultivation 
timing significantly altered heat unit accumulation during key tuber developmental points. Tubers 
from the late cultivation accumulated 11% more air and 5% more soil growing degree days (GDD) 
compared to the early cultivation. Interestingly, GenI GDDs had no impact on GenII's average stem 
number/plant phenotype. Alternatively, storage duration and postharvest heat treatments had a 
significant impact on average stems/plant in GenII. Longer storage periods between GenI early and 
late cultivation increased average stems/plant by ca. 38% (P<0.001). Postharvest heat treatments 
also increased the average stems/plant in GenII by ca. 45% (P<0.001), though the e1ectiveness of 
the storage heat treatments increased with prolonged storage intervals (51% and 35% for early and 
late cultivation in GenI, respectively). These data demonstrate while production environment is 
important for tuber quality and productivity, the storage interval and condition have the most impact 
on average stems/plant as a marker of age. This information will help growers assess ideal seed 
production regions for target markets and will help future studies investigating the molecular and 
biochemical basis of tuber age. 

Potato, age, storage, heat, environment 
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PH.2B.1 Topics in Sustainability PH115 

When postharvest technologies can’t prevent waste 
is insect bioconversion the answer? 
Marian McKenzie, Plant and Food Research, New Zealand; marian.mckenzie@plantandfood.co.nz  
Jay Liu, Plant and Food Research, New Zealand 
Federico Fabisik, Plant and Food Research, New Zealand; 
Katrina Fletcher, Plant and Food Research, New Zealand; 
Adriana Najar-Rodriguez, Plant and Food Research, New Zealand. 
 
Despite our best elorts, the global fruit and vegetable industry, which generates an estimated 8-10% of global 
greenhouse gas emissions, sulered estimated postharvest losses of 22% in 2016. There is growing global interest in 
using insects to bioconvert organic waste into added-value products including insect ingredients for feed and food 
applications and biofertilisers for improving soil quality and productivity. At Plant and Food Research we have 
established an Insect Bioconversion Facility to investigate the role insects may play in Aotearoa-New Zealand's waste 
bioconversion and circular bioeconomy. Our current focus is the black soldier fly (Hermetia illucens L.), a tropical 
species found throughout the world including in Australasia. In our facility we are working to maximise insect (e.g. egg 
and larval) production as well as to understand how we might be able to 'dial up' larval composition for specific 
livestock feeds. This presentation will introduce the concept of insect bioconversion and outline our recent research 
focused on helping solve the problem of organic waste from our horticultural industries. 1. United Nations 
Environment Programme (2024). Food Waste Index Report 2024. Think Eat Save: Tracking Progress to Halve Global 
Food Waste. https://wedocs.unep.org/20.500.11822/45230. 2. 2019. Food Loss Index. Online statistical working 
system for loss calculations (available at http://www.fao.org/food-loss-and-food-waste/ flw-data) 

Insect bioconversion, black soldier fly, waste, circular bioeconomy 
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 PH.2B.2 Topics in Sustainability PH45 

Sustainable alternatives to low temperature 
postharvest management reducing supply chain 
energy demands through physiological manipulation 
Ewan Gage, Cranfield University, United Kingdom; gage.elc@gmail.com  
Ritka Jain, Cranfield University, United Kingdom;  
Leon Terry, Cranfield University, United Kingdom;  
Natalia Falagan, Cranfield University, United Kingdom. 

Current supply chain practice is reliant on cold-chain handling to reduce nutritional and 
physiological quality loss, contributing to the high energy demand and environmental impacts of our 
food systems. We herein sought to develop alternative postharvest approaches that would reduce 
energy demand by facilitating warmer storage conditions without compromising produce quality 
retention. We examined responses of climacteric and non-climacteric fruit (tomato, strawberry) and 
vegetable (cabbage) crops to modified gaseous treatments such as control atmosphere (CA) 
treatment under elevated storage temperatures. Whilst increasing temperatures from 5°C to 10°C 
under air was detrimental to cabbage quality, this was o1set by storing heads under CA treatment 
(1.5 kPa CO 2 /6 kPa O 2). CA was more capable of reducing respiration rates than cooling, with a two-
fold reduction in respiration under CA/10°C treatment compared with chilling to 5°C alone in 
cabbage, contributing to improved colour retention and suppression of developmental quality loss 
through disease and adventitious rooting. CA treatment modified senescent regulation through 
changes in regulatory gene control and hormonal coordination. Abscisic acid accumulation was 
significantly suppressed under CA treatment, while expression of the senescence-coordinating 
transcription factor ORE15 was reduced in cabbage whilst reducing downstream expression of 
catabolic Pheophytinase and Subtilisin Protease enzymes. Our results also indicated that these 
e1ects could be linked to hypoxic stress responses, which can be further manipulated to enhance 
quality retention. Findings from strawberry and tomato experiments are juxtaposed with these 
results. We have demonstrated that physiological manipulation can be exploited to enable warmer 
storage conditions of up to 5°C, reducing energy consumption and food loss risks from supply chain 
perturbations. 

Postharvest storage, atmospheric modification, senescence, plant growth regulators, cabbage, tomato, strawberry 
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 PH.2B.3 Topics in Sustainability PH112 

Integrating sustainability into modelling for 
horticultural packaging systems 
Raquel Lozano, Riddet Institute, New Zealand; r.lozano@massey.ac.nz  
John Bronlund, Fonterra Research Centre, New Zealand; 
Andrew East, Massey University, New Zealand; 
Wynand Kruger, Zespri Innovation Ltd, New Zealand;  
Lewis Patterson, Zespri Innovation Ltd, New Zealand;  
Eli Gray-Stuart, Massey University, New Zealand. 

The global fresh produce industry is under societal pressure to focus on sustainability and eliminate 
plastic use throughout the supply chain. Packaging systems in the supply chain will need to be 
reimagined to meet these sustainability demands. Fresh produce storage often relies on the use of 
plastic packaging as a moisture barrier for prevention of moisture loss and subsequent product loss 
through 'dehydration'/shrivel. Alternative strategies or materials that reduce plastic usage need to be 
considered across a range of sustainability metrics. The objective of this study is to develop a 
mathematical model that will allow future optimisation of packaging formats to deliver sellable 
kiwifruit while fulfilling sustainability demands. The model will be created through sub-models 
which predict internal conditions within the packaging system for any given combination of 
dimensions, material selection and dynamic conditions in the supply chain. Fruit loss (as dictated 
by weight loss) will be estimated using these sub-models. A consequent Life Cycle Assessment 
model will quantify the resulting environmental impact of packaging choice including fruit loss. An 
optimisation model will be developed to computationally determine the best balance between the 
use of materials and their role in preventing kiwifruit loss. This model can be used as a basis for 
continual development of sustainable packaging systems and supply chains that best meet specific 
market demands.  

Sustainability, packaging materials, supply chain, fruit loss, packaging formats, dehydration 
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PH.2B.4 Topics in Sustainability PH184 

Sustainably cropping system for better quality in 
vegetables 
Mette Goul Thomsen, Norwegian Institute of Bioeconomy Research, Norway; mette.thomsen@nibio.no  
Randi Seljsen, Norwegian Institute of Bioeconomy Research, Norway;  
Reidun Pommeresche, Norwegian Centre for Organic Agriculture, Norway;  
Till Seehusen, Norwegian Institute of Bioeconomy Research, Norway; 
Anne-Kristin Les, Norwegian Centre for Organic Agriculture, Norway; 
Tatiana Rittl, Norwegian Centre for Organic Agriculture, Norway. 

To facilitate good plant growth the soil should maintain four main functions, carbon transformations, 
nutrient cycles, soil structure and regulation of pests and diseases. Due to high production intensity 
in agriculture, high tillage intensity and little use of crop rotations the basic soil functions are 
challenged, and more attention should be focused into the potential benefits in plant quality a 
healthy soil may provide. Cover crops are plants grown following or together with the main crops for 
the protection and enrichment of the soil. Cover crops are known to have a beneficial impact on soil 
health including impacts on nutrient retention, erosion, soil compaction, soil carbon storage and 
soil biodiversity. Further, cover crops could have beneficial impacts on plant health and the 
occurrence of soilborne plant pathogens. Surface mulching with chopped fresh plant material is 
commonly applied in organic vegetable production. The method suppresses annual weeds, 
decreases evaporation, and regulates the soil temperature amplitude. Furthermore, biological 
activity in the soil increases as well as the supply of oxygen to the roots and improves soil structure. 
supplies crops with nutrients and thus increases vegetable yields. More attention should therefore 
be paid to the connection between use of cover crops or mulching and crop yield and quality. 
Results from studies into crop yield, quality and storability following surface mulching, use of cover 
crops or low tillage methods in the cropping system are presented. Mulching with chopped fresh 
plant material in onions was thought possible to increase rot due to the increased moisture 
maintained around the bulb. Our results from two experiments found no di1erences in the storage 
loss or quality reductions by applying fresh mulch. However, higher biological activity for a number 
of variables were found in the treatment receiving mulch. Cover crops sown as a co-crop seems to 
influence yield and quality in cauliflower as well as in broccoli. While sown as a residual crop 
following crop harvest, we found no negative e1ect on crop quality. Low soil tillage compared to high 
intensity tillage methods may negatively influence carrot quality. However, if rye is used as cover 
crop compared to Phacelia the negative e1ect is reduced. Selection of cover crop species is 
important to avoid transmission of plant pathogens between susceptible species. In an ongoing 
screening we look into the beneficial impact of selected species of cover crops on reducing soil 
borne pathogens and contribute to increased plant health. 

Carrot, broccoli, cauliflower, cover crops, soil health, mulch, tillage intensity, postharvest 
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PH.2B.5 Topics in Sustainability PH??? 

Innovative shelf life solutions for grapes: sustainable 
films from carrageenan, bacterial cellulose, and 
essential oils to improve the grapes longevity 
K. Varalakshmi, CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), India; 
J J Sruthimol, CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), India; 
A.M. Nandhu Lal, CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), India; 
Anjineyulu Kothakota, CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), India. 
anjineyulk@niist.res.in  

This study focuses on developing biodegradable packaging films using carrageenan, 
Jamun based bacterial cellulose, and vetiver essential oil to extend the shelf life of 
grapes while addressing environmental concerns with petroleum-based packaging. The 
films were designed to reduce microbial growth and oxidative degradation in grapes, 
with addition of vetiver essential oil. Various concentrations of these components were 
used to develop the films, which were then applied as coatings on grapes. The coated 
grapes were evaluated for weight loss, CO2 respiration, and microbial growth at a 
storage condition of 4°C. Mechanical, chemical, morphological, and physical 
characterization of the films were performed to assess their suitability as packaging 
materials. The tensile strength of the films ranged from 1.2563 MPa for control starch 
films to 31.99 MPa for carrageenan films with 2% bacterial cellulose, demonstrating 
that bacterial cellulose enhances film strength. However, adding vetiver essential oil 
(0.25-0.75%) reduced the tensile strength to 4.788- 8.295 MPa. FTIR analysis confirmed 
the presence of key functional groups, while XRD revealed an amorphous structure with 
some crystalline phases, indicating flexibility. SEM imaging showed that bacterial 
cellulose improved surface morphology, creating a fibrous and porous structure. The 
films' moisture content ranged from 5.99% to 11.74%, with water activity values 
between 0.447 and 0.529. Bacterial cellulose reduced water activity, while vetiver 
essential oil had no significant e_ect. Solubility tests indicated that bacterial cellulose 
decreased film solubility, with control carrageenan films showing the highest solubility 
at 81.90%. The biodegradability of the films was monitored over 12 days, showing initial 
water uptake followed by weight loss, indicating degradation. Results from the study 
indicate that the carrageenan-based films, when combined with vetiver essential oil, 
e_ectively reduce the rate of spoilage in grapes, thereby extending their shelf life. The 
findings suggest that such biodegradable films could serve as a sustainable alternative 
to conventional plastic packaging, o_ering both environmental benefits and improved 
food preservation especially in grapes. 
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PH.2C.1 Disorders PH156 

Understanding the mechanisms of calcium 
deficiency disorders 
Elizabeth Mitcham, University of California, United States of America; ejmitcham@ucdavis.edu  
Nicholas Reitz, University of California, United States of America;  
Sergio Tonetto de Freitas, Brazilian Agricultural Research Corporation, Brazil. 

Calcium deficiency disorders have been studied for over a century but continue to reduce the quality 
of harvested fruit. Application of key nutrients during fruit growth and avoidance of water stress 
provide partial control. The mechanisms underlying the development of these disorders have been 
poorly understood, but breakthroughs have been made over the past 15 years through research in 
my laboratory and many others. The highlights of these results and future research directions are 
presented. It is now recognised that decreases in soluble calcium in the fruit's apoplast are linked to 
increased incidence of calcium deficiency disorders, which can be caused by limited fruit calcium 
uptake and/or increased amounts of calcium bound to cell wall pectin and/or sequestered in the 
vacuole. Research has illustrated that growth regulators and/or changes in calcium-associated gene 
expression altered the incidence of calcium deficiency disorders and the localization of calcium 
within plants, fruit and/or cells. Calcium deficiency disorders have been di1icult to study due to 
confounding factors at the whole plant and fruit levels that made it di1icult to direct treatments to 
and observe responses of relevant tissues during disorder development. A recently developed and 
validated tomato pericarp disc method for studying blossom-end rot (BER) has provided the first 
causative evidence that calcium and ascorbic acid are protective against BER symptom 
development. In addition, direct application of abscisic acid or gibberellins to tomato discs did not 
influence BER development, while whole plant applications did. Experiments with this disc system 
also demonstrated that high concentrations of calcium applied to fruit tissue were still protective 
against BER development, while similar overapplication of calcium to the soil increased BER 
incidence through salt stress. These results highlight the importance of both calcium and oxidative 
stress regulation and reveal mechanisms that can be exploited to control these disorders. 

Blossom-end rot, ascorbic acid, oxidative stress, tomato, abscisic acid 
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PH.2C.2 Disorders PH76 

Testing strategies for sprout control in di1erent 
potato varieties for long-term storage 
Pia Heltoft, NIBIO Norwegian Institute of Bioeconomy Research, Norway; pia.heltoft@nibio.no 

Long-term storage of high-quality potatoes requires good control on storage conditions during the 
entire storage period. Sprouting is a major challenge, which can be controlled by lowering storage 
temperatures, using plant growth regulators, or selecting varieties with long dormancy periods. 
Since CIPC (chlorpropham) was banned in the EU in 2020, there has been an increased focus on and 
need for testing alternative sprout control strategies. Under Norwegian conditions, which has a 
shorter growing season and colder climate, the tubers are less mature at harvest than under other 
growing and climatic conditions. This may result in the possibility to reduce the total dosage of the 
sprout suppressant. In this study, the aim is to develop new, robust and sustainable strategies for 
long-time storage of frying potatoes under Norwegian conditions. Testing alternative plant growth 
regulators and strategies with lower doses or no use of sprout suppressants is the ultimate goal, and 
the possibilities for this is investigated through testing of new varieties which accumulates less 
sugar during cold temperature storage conditions. With new available sprout suppressants, the 
stores must remain closed for at least 48 hours to ensure optimal absorption of the active in tubers. 
This can result in buildup of CO2 in the stores. There is little documentation on the importance of air 
composition in storage for the accumulation of sugar and the formation of acrylamide. We know that 
the CO2 level during periods of the storage season can rise due to cold weather conditions outside, 
where fresh air is not drawn into the store, or during treatment with sprout inhibitors, where the store 
is closed to intake of fresh air for two to three days. The e1ect of elevated CO2 levels during storage 
on frying quality was investigated. Experiments were carried out in experimental stores in the storage 
seasons 2021-2022 and 2022-2023 to investigate the e1icacy of di1erent plant growth regulators 
including 1,4-sight (1,4-Dimethylnaphthalene), Biox-M and Argos at di1erent doses, combinations 
and timing of treatment compared with a control without. The varieties Innovator, Peik, Fontane, 
Oleva, Lady Claire and Kiebitz were included in the experiments. Di1erent temperature strategies 
were also investigated in small scale stores. Cold storage at 4, 6, 7 and 8°C were tested in 7 di1erent 
processing varieties. Compared to the control, potatoes treated with plant growth regulators had 
significantly shorter of sprouts. Doses and timing of the treatment a1ected the growth length at the 
end of the storage season. Other quality parameters such as frying colour and sugar accumulation 
was not a1ected by treatment. There was no definite e1ect of CO2 treatment in terms of frying 
colour, sugar content and acrylamide. 

Sprout suppression, anti-sprout, temperature, CO2 
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PH.2C.3 Disorders PH167 

The functions of plant hormones and their 
interactions with ethylene during infection and 
development of Botrytis cinerea on cut rose flowers 
Suong Tuyet Thi Ha, Andong National University, Korea (Republic of); tuyetsuongha@gmail.com 
Yong-Tae Kim, Andong National University, Korea (Republic of);  
Byung-Chun In, Andong National University, Korea (Republic of). 

Plant hormones, including ethylene (ET), jasmonic acid (JA), and salicylic acid (SA), play important 
roles during plant senescence and responses to disease. This study aimed to investigate their roles 
in regulating the resistance of cut roses to Botrytis cinerea (B. cinerea) infection through the analysis 
of their signalling gene expressions and grey mould disease (GMD) development following hormone 
treatment and fungal inoculation. Our results showed that GMD infection increased the expression 
levels of ET, SA, and JA signalling-related genes in cut roses. MeJA treatment reduced the GMD 
infection rates in cut roses by suppressing the B. cinerea growth and downregulating genes 
associated with ET and SA signalling in petals. Conversely, ET and SA treatments exacerbated GMD 
infection in cut roses, except for ET and B. cinerea -insensitive cultivars. Treatment with ET 
biosynthesis and binding inhibitors resulted in reduced GMD infection rates and disease symptoms, 
while SA biosynthesis inhibitor did not influence the susceptibility of cut roses to B. cinerea. 
Furthermore, ET and SA treatments upregulated the expression of ET and SA signalling genes while 
concurrently suppressing the JA signalling pathway, except for ET and B. cinerea -insensitive 
cultivars. These results suggest a synergistic interaction between ET and SA signalling pathways in 
determining cut rose susceptibility to GMD infection, depending on the ET and disease susceptibility 
profiles of rose cultivars. Whereas the JA signalling pathway acts independently of the ET and 
disease susceptibility characteristics of rose cultivars. We also propose a working model for the 
involvement of ET, JA, and SA signalling in response to B. cinerea infection in cut roses with di1erent 
ethylene and disease susceptibility. This finding is relevant to allow the translation of molecular 
mechanisms obtained in this model into various rose cultivars to aim for reduced GMD infection in 
cut roses. 

Cut rose, ethylene sensitive, grey mould disease, jasmonic acid, postharvest quality, salicylic acid, signalling 
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 PH.2C.4 Disorders PH185 

Detection of internal heat damage and identification 
of techniques to prevent the expression of the 
disorder in cold-stored Laetitia plums 
Handré Viljoen, Experico, South Africa; handre@experico.co.za  
Martin Anthony Taylor, Experico, South Africa; 
Ian James Crouch, Experico, South Africa. 

Internal heat damage in cold-stored plums is a regular occurrence which is on the increase. Heat 
damage led to substantial losses from 2018 onwards. Previous trials with plums showed that rapid 
cooling to -0.5°C after harvest can induce internal disorders and that internal browning can be 
prevented with 1-MCP. Thus, the 1st objective of this research was to determine if a risk assessment 
method could be developed to ascertain propensity to internal heat damage in Laetitia plums. 
Plums exposed to extremely high ambient temperatures, to the extent that external heat damage 
was visible were harvested. Fruit was cooled rapidly (within 6 hours) or slowly (within 24 hours) to -
0.5°C and subsequently stored for 3 and 2 days, respectively, then examined for internal heat 
damage. A second examination was conducted after 2 days ripening at 20°C. The 2nd objective was 
to determine if internal heat damage can be reduced in Laetitia plums by 1-MCP and/or slower 
cooling rates. Fruit from the same source used for Objective 1 were cooled to -0.5°C within 6, 24, 48 
or 72 hours. Half of the fruit of each cooling treatment were treated with 1-MCP. Fruit cooled within 6 
hours served as reference. The results indicated that the rapid cooling risk assessment method can 
be used as a quality management tool for Laetitia. This is: 6 hours rapid cooling, 3 days storage at -
0.5°C, followed by 2 days at 20°C. It was confirmed that rapid cooling may exacerbate internal heat 
damage in pre-disposed Laetitia plums. Cooling using 48 and 72 hour rates gave lowest internal heat 
damage. 1-MCP assisted flesh firmness maintenance in slow cooled fruit. 

Heat damage, plum, cold storage, cooling, 1-MCP, Laetitia 
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 PH.2C.5 Disorders PH227 

Utilising genetic extremes in susceptibility for 
storage disorders to advance knowledge on 
regulatory mechanisms 
Jason W. Johnston, Plant and Food Research, New Zealand; jason.johnston@plantandfood.co.nz  
Anna Tattersall, Plant and Food Research, New Zealand;  
Hannah Lloyd, Plant and Food Research, New Zealand; 
Benjamin Orcheski, Plant and Food Research, New Zealand;  
Elena L0pez-Girona, Plant and Food Research, New Zealand;  
Richard Volz, Plant and Food Research, New Zealand;  
Lester Brewer, Plant and Food Research, New Zealand;  
David Chagne, Plant and Food Research, New Zealand;  
Heike Schwendel, Plant and Food Research, New Zealand;  
Ria Rebstock, Plant and Food Research, New Zealand;  
Laure Favre, Plant and Food Research, New Zealand;  
Nigel Gapper, Plant and Food Research, New Zealand;  
David Brummell, Plant and Food Research, New Zealand;  
Donald Hunter, Plant and Food Research, New Zealand. 

The mechanisms regulating development of physiological disorders are poorly understood for most 
crops. Current knowledge gaps limit both design of new postharvest treatments to reduce disorders, 
and development of molecular markers to cull susceptible selections from breeding programmes. In 
contrast, knowledge of developmental processes associated with maturation, ripening and 
senescence is relatively more advanced with more control options available. The sporadic nature of 
disorder expression contributes to our limited understanding: not every fruit develops the problem 
when stored in the same conditions, nor does all tissue respond the same way. The sampling of 
tissue to understand changes before the disorder is visible is often compromised by not knowing 
which tissues will express the disorder. Commercial cultivars may not always be the best models for 
investigating mechanisms associated with disorder development, as incidence can often be too low 
and variable. We will discuss the potential for using genotypes with extreme susceptibility to 
postharvest disorders as model systems for overcoming some of these challenges. We will highlight 
examples for apples and pears, and present a case study showing how this approach, when 
combined with QTL mapping and pedigree analysis of a susceptible parent, has resulted in a short-
list of twenty candidate genes associated with susceptibility to internal browning. This research also 
highlights the advances that can be made by multi-disciplinary teams that span postharvest 
physiology, breeding, molecular genetics, transcriptomics, and chemistry. 

Apple, internal browning, phenotyping, physiological disorders, pear 
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 PH.2C.6 Disorders PH62 

Integration of transcriptomics and metabolomics to 
unravel exocarp blackspot disorder in avocado cv. 
Hass 
Romina Pedreschi, Pontifical Catholic University of Valparaíso Chile; romina.pedreschi@pucv.cl  
Gerardo Nu ez-Lillo, Pontifical Catholic University of Valparaíso, Chile;  
Ignacia Hern ndez, Pontifical Catholic University of Valparaíso, Chile;  
Patricio Olmedo, Pontifical Catholic University of Valparaíso, Chile;  
Excequel Ponce, Pontifical Catholic University of Valparaíso, Chile;  
Camila Arancibia-Guerra, Pontifical Catholic University of Valparaíso, Chile;  
Alegr a Carrasco-Pancorbo, University of Granada, Granada, Spain;  
Mar a Gemma Beiro-Valenzuela, University of Granada, Granada, Spain;  
Esther Carrera, Valencia Polytechnic University, Spain;  
Jorge Ba os, Valencia Polytechnic University Spain;  
David Campos, National Agrarian University, Peru;  
Claudio Meneses, University in Santiago, Chile. 

The fresh fruit export industry faces numerous challenges in providing consumers with high-quality 
fruits, particularly those in distant markets, as prolonged cold storage adversely a1ects fruit quality 
and diminishes postharvest life. Avocado (Persea americana Mill.), a subtropical crop renowned for 
its nutritional value, health benefits, and escalating global demand, is not exempt from such 
challenges. Within this context, avocado blackspot exocarp disorder manifests as brown or black-
coloured blotches following extended cold storage under conventional air conditions, while leaving 
the mesocarp tissue una1ected. Despite limited research on the etiology of avocado blackspot 
disorder, studies indicate that cold storage under controlled atmosphere conditions mitigates its 
occurrence. This study aimed to elucidate the molecular regulatory mechanisms governing the 
incidence of blackspot disorder in avocado fruits stored under both conventional air and controlled 
atmosphere conditions, employing a multiomics integration approach. Through a comprehensive 
analysis integrating hormonal, transcriptional, and metabolic data, a strong correlation emerges 
between elevated levels of long-chain fatty acids and lignins and the blackened exocarp 
characteristic of avocado blackspot diseased fruits, concomitant with heightened levels of jasmonic 
acid and salicylic acid. Conversely, the absence of blackspot incidence in avocado fruits stored 
under controlled atmosphere conditions warrants attention, as it coincides with the accumulation 
of indole-3-acetic acid and isopentenyladenine hormone levels, potentially constituting key 
components of the molecular mechanisms preserving avocado exocarp integrity and averting 
blackspot disorder. (This research was supported by ANID-Fondecyt N 1220223 and ANID-
ICN2021_044) 

Persea americana, physiological disorder, transcriptomics, metabolomics, hormones, fruit losses 
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PH.2D.1 Supply Chain Solutions PH190 

Factors influencing maintenance of postharvest table 
grape quality 
Anné Matthee, ExperiCo Agri-Research Solutions, South Africa; anne@experico.co.za  
Johan Fourie, Stellenbosch University, South Africa;  
Pieter Louw, University of Pretoria, South Africa. 
 

Postharvest decay of table grapes is predominantly caused by Botrytis cinerea, Penicillium 
expansum, Alternaria alternata, Cladosporium spp. and Aspergillus spp. especially when specific 
weather conditions favour decay development. South Africa experienced logistical problems in the 
supply chain due to power outages and delays at the harbour, which resulted in prolonged shipment 
and/or storage of table grapes beyond eight weeks before reaching retail stores. Reduced grape 
quality and increased decay development is exacerbated in such instances. This presentation 
conveys recent findings relating to postharvest table grape quality, and the influence of packaging on 
quality maintenance and decay control. SO2; sheets which are used fairly successfully to limit decay 
development during storage, however, may have limitations and influence arrival quality and 
potential storage. Packaging combinations a1ect SO2, in-box concentrations. The box dimensions, 
air vents and position in the pallet, in combination with SO2; sheets, liner bags, moisture absorbent 
membranes (MAMs) and cooling conditions, collectively influence decay control, cooling rate and 
ultimately fruit quality. Rapid cooling and high SO2; emissions can also negatively a1ect fruit quality. 
The postharvest handling chain may further compromise the quality of grapes, triggering enhanced 
deterioration and decay development if not managed correctly from farm to retail. The significance 
of all these factors on post storage grape quality of table grapes will be discussed. 

Postharvest, table grape quality, decay, quality maintenance, Botrytis, packaging material combinations, control strategies, storage, 
cold chain, handling 
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PH.2D.2 Supply Chian Solutions PH28 

Incentive regulatory tools for expansion of Kenyan 
avocado exports: Agriculture and Food Authority 
(AFA) experience 
Jacqueline Oseko, Kenya National Highways Authority, Kenya; loseko2003@yahoo.com  
Josephine Simiyu, Kenya National Highways Authority, Kenya; 
Sarah Ndegwa, Kenya National Highways Authority, Kenya; 
Bob Fullerton, Plant Food Research, New Zealand;  
Allan Woolf, Plant Food Research, New Zealand; 
Steve Green, Plant Food Research, New Zealand; 
Guinevere Ortiz, Plant Food Research, New Zealand. 

Kenya is among the major players in the world fresh avocado export market that contributes 
significantly to the foreign exchange earnings of the country. In 2023, the avocado export earnings 
alone exceeded KES 20 billion in comparison to the KES 157 billion collected from the whole 
horticulture industry. The country exports ‘Hass’, ‘Pinkerton’, ‘Fuerte’, and ‘Jumbo’ varieties mainly to 
Europe and the Middle Eastern countries. With the fruit being recognized as the 'green gold' of the 
future, the Regulator Agriculture and Food Authority (AFA) through its Directorate of Horticultural 
Crops (HCD) faces a myriad of challenges which comprise, insu1icient clean planting materials, 
limited crop management practices, pest and disease infestation, limited postharvest handling 
practices, poor feeder roads, poor market information. The two major challenges giving the 
Regulator sleepless nights are harvesting of immature fruits and fluctuations in market prices. To 
avoid tarnishing of the Kenya's reputation in international markets due to immature fruit, the 
Regulator has devised regulatory tools for use. These tools include publishing of the Crops 
(Horticultural Crops) Regulations, 2020; use of Time to Harvest Model; Fruit Dry Matter (DM%) 
Sampling as well as restricting shipping of fruit via sea freight during o1-season (November to March 
of every year). This paper examines the rationale behind the regulatory tools/strategies adopted by 
AFA in attempts to expanding the Kenyan avocado export market as well as shed light on how they go 
about implementing policy and interacting with other actors along the value chain. 

Persea americana mill, fruit management, regulatory strategies, partnerships 
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PH.2D.3 Supply Chain Solutions PH60 

Factors a1ecting adoption of technologies and 
practices for postharvest loss reduction: Focus on 
mango value chain in Kenya 
Jane Ambuko Lukhachi, University of Nairobi, Kenya; ambuko@yahoo.com 
Emmanuel Amwoka, University of Nairobi, Kenya; 
Esther Mujuka, University of Nairobi, Kenya; 
Robert Ouko, University of Nairobi, Kenya; 
Rose Githumbu, University of Nairobi, Kenya. 

It is estimated that 40-50% of the fruits and vegetables produced for human consumption are lost 
between harvest and consumption. In Africa, most of the losses occur upstream, between 
production and retail. The causes of these losses can be addressed through various interventions 
including technologies, best practices and capacity building of the value chain practitioners. There is 
evidence of existence of applicable technologies and practices to reduce postharvest losses (PHL) 
in fruits and vegetables. However, there is low adoption of the technologies due to various factors. 
This study was conducted to identify the factors that a1ect adoption (or non-adoption) of 
recommended technologies and practices for PHL reduction in fruit supply chains. The study 
focused on the mango supply chain and was conducted in three mango producing counties in Kenya 
namely Makueni, Machakos and Embu. The study sought to determine the causes of PHL and level 
of awareness of existing technologies and practices for PHL reduction. In addition, factors that 
a1ected adoption (or non-adoption) of these technologies and practices were documented. Various 
actors in the mango value chain were targeted including farmers, aggregators and traders. The study 
employed various data collection methods including household surveys (using a structured 
questionnaire), key informant interviews and expert observations. Among the farmers, the main 
causes of PHL were identified as lack of market, pests & diseases and non-use of postharvest 
technologies and recommended practices. On the other hand, traders identified lack of storage, 
poor quality and mechanical injuries as the major causes of losses. Overall, lack of market was 
identified as the main reason for non-adoption of applicable technologies and practices among 
farmers. Therefore, linking farmers to markets was identified as a key incentive to adoption of PHL 
reduction technologies and practices among the farmers. Adoption of PHL reduction technologies 
and practices by farmers would positively impact loss reduction at the trader level. In addition, more 
awareness is key to enhance adoption of PHL reduction technologies and practices. 

Mango, postharvest, technology, adoption, market access 
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PH.2D.4 Supply chain solutions PH412 

Impact of technology intervention on mango 
postharvest handling in Vietnam 
Hung Minh Le, Sub-Institute of Agricultural Engineering and Post-Harvest Technology, Vietnam; 
hungle.siaep@gmail.com 
Phuc Vinh Nguyen, Sub-Institute of Agricultural Engineering and Post-Harvest Technology, Vietnam; 
Peter Johnson, Grilith University, Australia; 
Robin Roberts, Grilith University, Australia. 
  

Fresh, high-quality mangoes are clearly optimal for modern retail trading but the proportion of such 
fruit in the harvest is limited by poor postharvest handling at the field, packhouse and retail in 
Vietnam. This study investigates the impact of technology interventions on mango postharvest 
handling within Vietnam's Mekong Delta. Cat Hoa Loc mango was selected to apply postharvest 
technology before delivering to a supermarket chain in Ho Chi Minh City, Vietnam. Cat Hoa Loc 
mangoes underwent sap-burn using on-farm electronic trolleys, hot water treatment and the 
provision of six-pack cartons to retail the mangoes. The results show that sap-burn impact was 
significantly lower through the chain with the de-sapping treatment, and the trolley showed the 
ability to move operations around the orchard e1iciently, which also proved to be time e1icient. Hot 
water treatment (HWT) was more successful in controlling diseases if it could be used in 
conjunction with the fungicidal treatment. The retail packaging of mangoes supplied in six-pack 
cartons, as well as appearance and quality, are important in gaining price premiums and attaining 
consumer and retail sector confidence in the mangoes. Therefore, a combination of sap-burn, hot 
water treatment and packaging is considered a solution for collectively extending the shelf life of 
mangoes and sourcing high-quality fruit for the premium retail market. The postharvest technology 
intervention brought the farmers and the supermarket benefits from the value chain, while the 
packhouse/vendor incurred a loss.   
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PH.2D.5 Supply chain solutions PH298 

Food loss along the value chain of taro: a look at 
postharvest handling practices of taro in Samoa and 
Tonga 
Christian-Yves David Amato-Ali, The University of the South Pacific, Fiji; christianamatoali@gmail.com  
Seeseei Molimau-Samasoni, Scientific Research Organisation of Samoa, Samoa;  
Vliamu Iese, The University of Melbourne, Australia;  
Hilda Sakiti-Waqa, The University of the South Pacific, Fiji;  
Gayathri Mekala, The University of Melbourne, Australia;  
Soane Patolo, Mainstreaming of Rural Development , Innovation Tonga Trust, Tonga. 

The food loss and waste crisis represent a complex and multifaceted global issue that has created 
far-reaching impacts on the global economy, social welfare, and environmental sustainability. This 
study looks at food loss along the taro value chain, with a focus on postharvest handling procedures 
in Upolu, Samoa and Tongatapu, Tonga. The objective of the study is to gain a better understanding 
of these procedures and identify strategies for reducing food loss, improving economic outcomes, 
and promoting better nutrition for households involved in the taro value chain. The study also 
compares and contrasts the postharvest handling practices and losses between the two locations to 
gain insights into the similarities and di1erences in taro farming practices in Samoa and Tonga. Data 
for this study were collected through fieldwork, including interviews with farmers, sample 
collections, and laboratory observation. A total of 80 farmers were surveyed with a few farmers 
shadowed from harvest to point of sale. The study findings contribute to knowledge on how to 
reduce food loss and waste in the taro value chain and promote sustainable agriculture practices in 
Samoa and Tonga. By answering these research questions, we hope to gain a better understanding 
of the postharvest handling procedures of Taro in Samoa and Tonga and identify strategies for 
reducing food loss and improving the economic and nutritional outcomes for households involved in 
the Taro value chain. Also, by comparing the postharvest handling practices and losses between the 
two locations, the study contributed to a better understanding of the similarities and di1erences in 
taro farming practices in Samoa and Tonga.   

Food security, postharvest loss, taro, value chain, sustainability 
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PH.2D.6 Supply chain solutions PH39 

Storage optimization of haskap berries 
Ernesto Lagarda, Université Laval, Canada; ealac1@ulaval.ca  
Arturo Duarte Sierra, Université Laval, Canada;  
Charles Goulet, Université Laval, Canada. 

The increasing demand for fresh produce has emphasized the importance of emerging crops such 
as haskap (Lonicera caerulea) fruit in countries like Canada, the United States, China, Japan, and 
New Zealand. Haskap is valued for its rich bioactive compounds and delightful flavour. 
Nevertheless, growers face challenges in establishing appropriate postharvest practices and storage 
strategies, which hinders their ability to enter the fresh produce market. To fill this gap, the study 
presents two designs for testing storage conditions by monitoring temperature and humidity. In the 
first experiment, three temperatures (0, 4, and 8°C) and 90% RH were tested over 28 days. In the 
second experiment, the decay of haskap quality was monitored over time (1, 10, and 20 days) at 
three temperatures (0, 4, and 8°C), with two levels of RH (90% and 95%) using a randomized design 
and a predictive profiler to optimize storage conditions. The study monitored various quality 
attributes, including firmness, colour, weight loss, acidity, and% TSS. Additionally, physiological 
parameters including ethylene production and respiration rate, as well as antioxidant enzymes like 
catalase (CAT), superoxide dismutase (SOD), and ascorbate peroxidase (APX) were evaluated. The 
highest firmness and weight loss degradation occurred at 8°C (53.4% and 22.7%, respectively). 
Ethylene production peaked on day 15 at 8°C, reaching 1747.38 pmol C2 H4 kg-1 s-1, while respiration 
rate of fruit reached its maximum level at 1129.65 nmol CO2 kg-1 s-1 after 20 d of storage at 4°C. The 
highest values of CAT and SOD were recorded at 0°C, with 8.69 U g-1 protein and 38.10 U mg-1 
protein, respectively. APX activity showed a significant increase at 0°C and 4°C, with values of 6.38 
and 6.32 U g-1 protein respectively. This paper provides practical guidance for postharvest storage of 
haskap. 

Haskap, Cold-Storage, Emerging crops; enzymatic activity 
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PP.2.1 Postharvest Treatments (1) PP101 

KEYNOTE: Fresh produce postharvest losses and 
food safety: a perspective on the adoption rate of 
postharvest research technologies and innovations  
Lise Korsten, National Research Foundation Centre of Excellence Food Security, University of Pretoria, South Africa; 
lise.korsten@up.ac.za 

Postharvest losses are a major global concern a1ecting food production, leading to food insecurity 
and economic losses. Studies have shown that approximately one-third of food produced is lost or 
wasted. Fruits and vegetables are the most a1ected contributing to 45% of the total postharvest 
losses and waste. These losses relate to both quantitative and qualitative aspects, a1ecting quality, 
food safety and nutrition. The onset of the COVID-19 pandemic further aggravated postharvest 
losses, highlighting the crucial need to ensure sustainable systems to prevent losses and ensure 
sustainable food supplies. Several postharvest innovations and technologies have since been 
developed to improve fresh produce handling practices thus enhancing food security, reducing 
waste, and mitigating environmental impacts. This review aimed to determine the adoption rate of 
postharvest technologies and how they impact food security and food safety. The adoption rate of 
postharvest technologies varies across di1erent regions and crop systems. Research has shown 
that the adoption of postharvest technologies also varies depending on the farmer’s knowledge. 
Despite extensive technological developments, their adoption rate remains low, especially among 
small-scale farmers. The findings reflect on the importance of e1ective technology adoption 
particularly at the small-scale farmer level. This review will further show the integration of these 
technologies in di1erent fields of postharvest fresh produce handling.  

Postharvest losses, Food security, Food Safety, Postharvest technologies 

  

mailto:lise.korsten@up.ac.za


Back to contents 60 

PP.2.2 Postharvest Treatments (1) PP88 

An in-field postharvest fungicide applicator in pome 
fruit: evaluation on disease control and food safety 
Achour Amiri, United States of America; a.amiri@wsu.edu 
Clayton Haskell, United States of America; 
Gwen Hoheisell, WSU, United States of America; 
Claire Murphy, WSU, United States of America; 
Faith Critzer, United States of America. 

Applying fungicides via drench to apples and pears at harvest to protect them from decay during 
storage has long been a prevalent practice in the Pacific Northwest. Starting around 2015, the 
industry began embracing themonebulization (TNB) as a standard method for postharvest fungicide 
application. Each technology exhibits its own set of benefits and limitations. Drenching may provide 
superior protection, but cross-contamination can be a concern when the same tank is reused to 
treat up to 800 bins, whereas TNB has some limitation with providing inform fungicide levels. In this 
study, we present a new applicator that can apply postharvest fungicides immediately after harvest 
in the orchard or at packinghouse facilities. This innovative method avoids the need to recycle 
fungicide suspensions and e1ectively eliminates the risk of cross-contamination. ‘Honeycrisp’ 
apples from four lots (consisting of four bins each) were subjected to treatment using a field 
applicator in a single-pass in 2021 and 2022. The treated apples were then compared to an equal 
number of bins from the same lots that were treated using a traditional packing house drencher. An 
additional set of bins from the same lots was left untreated to serve as a control. Prior to and 
following each treatment, apples were collected from various locations within the bins to analyze 
levels of fungicide residue and surface microflora. In addition, a total of 400 apples were collected 
for each treatment and stored at a temperature of 2.7°C. These apples were inspected monthly to 
determine the occurrence of postharvest diseases. Our findings demonstrate that the field 
applicator o1ers fruit coverage that is comparable to that of a drencher. Additionally, it has been 
observed that the incidence of disease is lower when using the field applicator as opposed to the 
packing house drencher. This innovative applicator holds the potential to create new possibilities for 
minimizing the use of fungicides while simultaneously increasing the overall packout. 

Applicator, Fungicides, food safety, diseases, postharvest 
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PP.2.3 Postharvest Treatments (1) PP87 

Investigation into alternative postharvest fungicides 
as a backup strategy against imazalil resistance 
Wilma du Plooy, South Africa; wilma@cri.co.za 
Lindokuhle Mamba, South Africa; 
Jan van Niekerk, South Africa. 

The particular e1icacy of imazalil (IMZ) against the citrus postharvest pathogen Penicillium digitatum 
is of immeasurable importance world-wide. There exists a concern that important export markets 
such as the European Union, which could in future terminate the use of this active. More in-depth 
understanding of the optimal application conditions for use of alternative actives currently 
registered for use in aqueous application of postharvest treatments of fresh citrus, was therefore a 
priority. The actives, azoxystrobin (AZO), fludioxonil (FLU), 2-orthophenylphenate (OPP) and 
propiconazole (PPZ), pyrimethanil (PYR) and thiabendazole (TBZ) were included in this trial. These six 
actives do not have a comparable three-pronged e1icacy to IMZ and are not routinely applied as 
primary disease control measures. Imazalil has well-established application conditions that allow 
optimum action by IMZ. The study was conducted using lemons, navels and soft citrus (‘Leanri’ 
mandarins). Optimal chemical performance is dependent on the temperature and pH of the 
aqueous environment, as well as the exposure time to the active. The parameters evaluated for 
aqueous application of above mentioned active in the packhouse were: three temperatures (25, 35, 
45°C), pH 5.5 (incoming municipal water, adjusted), and three inoculation time points (6, 12, 18 and 
24 h), with a single exposure time of 1 minute. The tests were conducted on the single actives as well 
as combinations of every single active with every other single active. In the case of the 
combinations, and based on logistical feasibility, it was decided to complete all combination trials 
at 35°C only. While most of the single actives tested were disappointing in their action against 
Penicillium digitatum, several of the combinations were as e1ective as IMZ (> 80% control). 
Combinations of these actives had good synergy, thus increasing the number of alternatives that can 
be used for the South African citrus industry for postharvest green mould control. 

Imazalil, postharvest management strategies, Penicillium digitatum 
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PP.2.4 Postharvest Treatments (1) PP90 

Green mould control under lower chemical residue 
limits on citrus 
Meagan van Dyk, Citrus Research International, South Africa; meagan@cri.co.za 
Hanli Kellerman, Citrus Research International, South Africa; 
Jan Van Niekerk, Stellenbosch University, South Africa. 

The maximum residue of traditional fungicides used to control postharvest diseases of citrus fruit 
are under review to be lowered. These fungicides applied at lower concentrations may have a 
reduced e1icacy against postharvest diseases such as green mould. This study therefore focused on 
the control of green mould under lower fungicide concentrations when combined with Generally 
Regarded as Safe (GRAS) chemicals. 'Eureka' lemon fruit were wound-inoculated the day before 
treating the fruit with the fungicides applied alone, at South African registered dosages, as well as at 
lower dosages, applied alone and in combination with postharvest GRAS chemical formulations 
[carbohydrate derived fulvic acid (CHD-FA, 0.53%) and potassium sorbate (0.3-0.75%)]. The fruit 
were evaluated for green mould 14 days after inoculations. Potassium sorbate combined with lower 
dosages of pyrimethanil (500 ppm; 95.83±4.56% control), showed significantly increased control of 
green mould compared to when pyrimethanil was applied alone at the registered dosage (1000 ppm; 
61.11±16.39% control). Similarly, potassium sorbate applied with lower dosages of azoxystrobin 
(843.75 ppm; 95.83±4.56% control) significantly increased control of green mould compared to 
when azoxystrobin was applied alone at the registered dosage (1125 ppm; 66.67±20.41% control). 
Carbohydrate derived fulvic acid and potassium sorbate applied with lower dosages of imazalil 
increased control, but this was not statistically higher. The same was true for when CHD-FA was 
applied with lower dosages of pyrimethanil and thiabendazole. These chemical combinations may 
be used to increase control of green mould, and reduce resistance development of postharvest 
pathogens where these chemicals are applied at lower dosages. Further investigation will be 
conducted to study resistance development of postharvest pathogens, and how the addition of 
GRAS chemicals may influence the residue loading of the fungicides. 

Citrus, green mould, Penicillium digitatum, postharvest 
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PP.2.5 Postharvest Treatments (1) PP10 

AC20010 – a novel fungicide for postharvest uses 
Hannah James, Agrofresh, Australia; hjames@agrofresh.com 
Vincent James Spadafora, United States of America;  
Roberto Ignacia Jara Maureira, Chile;  
Elena Rondelli, Italy. 

AC20010 is a novel fungicide being developed by AgroFresh, Inc. solely for postharvest uses. The 
active ingredient has a unique mode of action vs. any other fungicide used in agriculture and has 
been granted a unique FRAC code. This will provide a valuable new tool for resistance management 
and a needed addition to the limited number of fungicides available for postharvest uses. AC20010 
is being developed primarily for use on high value fruits, such as pome fruits, table grapes and berry 
crops. It has demonstrated a broad spectrum of activity, controlling important diseases caused by 
pathogens such as Botrytis, Penicillium, and Phlyctema spp.. Specific formulations are being 
developed to accommodate various application methods and industry needs. The characteristics of 
AC20010, mode of action, and representative performance data are described in this presentation 

Fungicide, postharvest 
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PP.2.6 Postharvest Treatments (1) PP74 

E1ect of chitosan as a basic substance on 
postharvest pathogens and shelf life of sour cherries 
Kata Ludman-Mihály, Hungary; mihaly.kata@gmail.com 
Ferenc Takács, Hungary; 
Károly Pál, Hungary; 
Antal Nagy, Hungary; 
Gianfranco Romanazzi, Italy; 
Erzsébet Sándor, Hungary. 

Most commercial chains have their own system of requirements regarding plant protection 
chemicals and their residues. The usage of chemicals is more and more limited, and residues are 
strictly checked to fulfil consumer requirements. In addition, due to the presentation of the 
European Green Agreement (Green Deal), researchers are looking for more environmentally friendly 
alternative solutions in plant protection. Basic substances, including chitosan, are active natural 
compounds. The European Union was the first to allow its use as a plant protection agent in organic 
farms and in integrated plant protection. However, we do not yet have information about the 
e1ectiveness of chitosan against sour cherry postharvest decay or in sour-cherry plant protection 
strategies. From the surface of stored cherries, a list of decay-causing fungi were isolated and 
identified morphologically and also based on their internal transcribed spacer (ITS) sequences as 
Alternaria alternata, Botrytis cinerea, Cladosporium herbarum, Colletotrichum clavatum, Fusarium 
solani, and Penicillium expansum. Two chitosan products were tested on the di1erent decay-
causing fungi isolated from the surface of sour cherries in in vitro tests at 0,1%, 0,5% and 1%. In the 
orchard the most e1ective 1% chitosan solution was also used as preharvest treatment, and 
harvested fruits were dipped in a 1% chitosan solution. Fruit were stored 7 days at 20°C, and disease 
incidence was calculated. The fruit firmness of the samples was obtained in Durofel index. The 
surface mould number was determined. All tested chitosan concentrations inhibited the mycelial 
growth of the tested decay-causing fungi. Chitosan treatment increased the fruit firmness of 
‘Újfehértói fürtös’ cultivar, while no significant e1ects on reducing decay were observed. The work 
was developed within the framework of the FoodWaStop COST CA22134 Action. 

Basic substance, chitosan, postharvest, shelf life, sour cherry 
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FVH.2.1 The Influence of Genetics and Postharvest Impacts on 
Composition 

FV36 

KEYNOTE: Postharvest phytochemical exploration in 
fruits and vegetables for health 
Bhimanagouda Patil, Texas A&M University, United States of America; bhimanagouda.patil@ag.tamu.edu 
Deepak Kumar Jha, Texas A&M University, United States of America;  
Vikas Dadwal, Texas A&M University, United States of America. 

Fruits and vegetables are key components of the human diet, containing a range of phytochemicals 
that enhance human health. Their regular consumption is often linked to lower levels of 
inflammation and a lower risk of chronic illnesses such as cardiovascular disease, as well as 
improved immune function and mental health. These benefits may be amplified by appropriate 
growing and harvesting practices and technological advances, benefiting human health and 
encouraging the production of the crops required for food security. These practices can be 
considered a "Harvest to Health" approach and include choosing quality cultivars and optimizing 
growing conditions, location, harvest maturity, and post-harvest handling practices for improving 
health-promoting phytochemicals. In our studies, we applied these techniques to various 
commodities, including onion, melon, grapefruit, and tomato varieties, prior to measuring the levels 
and biological activities of key phytochemicals. For example, in mature grapefruit, D-limonene, and 
furanocoumarins were found to inhibit critical liver CYP 3A4 and CYP 1B1 isoenzymes required for 
drug metabolism. Our cell culture studies suggested that citrus bioactives, including limonoids 
(limonin and other derivatives) and nomilin, were e1ective in inhibiting the proliferation of colon 
cancer and MCF-7 breast cancer cells and promoting apoptosis through suppression of NF-κB-
mediated inflammatory signalling. We also found that citrus juices help to increase bone density 
and might prevent osteoporosis, following the modulation of antioxidant enzymes and lipids in 
orchidectomized rats. In our onion seed nano-priming studies, we measured increased levels of 
quercetin di-/mono-glucosides and found that these bioactives reduced the severity of oxidative 
damage, which previous studies showed to have anti-atherosclerosis activity in vitro and in vivo . 
Lycopene is a beneficial carotenoid, and we demonstrated that it inhibits proliferation in rat prostate 
cancer cells. In our ongoing tomato study, we increased lycopene biosynthesis in tomatoes by 
supplementing with UV radiation in greenhouse conditions. We are now investigating the prebiotic 
potential of phytochemicals for gut health. These investigations aim to test whether phytochemicals 
can enhance the growth of key gut microbes or the production of microbial metabolites such as 
short-chain fatty acids and antimicrobial compounds for combating foodborne pathogens. Future 
studies will focus on gut microbial metabolomics to better understand gut bacterial activity and the 
overall health benefits of fruits and vegetables. Overall, our previous and ongoing research provides 
valuable insight into how pre- and post-harvesting conditionings influence the phytochemical 
abundances of nutritional and health-promoting compounds in F&Vs. This work was supported by 
USDA-SCRI-TDA-GSC2022075 and USDA-NIFA-SCRI-2017-51181-26834 through the National 
Center of Excellence for Melon at Vegetable and Fruit Improvement Center and partially funded by 
the Texas A&M Institute for Advancing Health Though Agriculture. 

Plant bioactive, health promotion, degenerative diseases, postharvest quality, secondary metabolite 
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 FVH.2.2 The Influence of Genetics and Postharvest Impacts on 
Composition 

FV12 

The spatial distribution and storage conditions 
influencing of glucosinolates metabolism in fresh-cut 
broccoli 
Yaqin Wang, China; wangyaqin@iapn.org.cn 
Xiaolu Yu, China;  
Guangmin Liu, China;  
Liping Hu, China; 
Hongju He, China. 

Broccoli (Brassica oleracea var. italica) is a rich source of glucosinolates, some degradation 
products of which have strong anticancer activities. Fresh-cut broccoli with unique nutritional and 
convenient ready-to-eat characteristics is in increasing market demand. However, fresh-cut 
produce yields mechanical damage and accelerated loss of glucosinolates. In this study, we 
analysed the spatial distribution of nutrients in di1erent organs of broccoli and the e1ects of storage 
conditions on glucosinolates metabolism in fresh-cut broccoli. The results showed that there were 
significant di1erences in metabolite composition among di1erent organs (including leaf, petiole, 
flower bud and stem) of broccoli. Glucosinolates are potential biomarker among di1erent organs, of 
which the contents of glucoraphanin and glucobrassicin in flower bud were much higher than other 
parts. Low temperature e1ectively delayed the change trend of metabolites in broccoli, especially in 
flower bud. After cutting, a large number of metabolites were up-regulated in the cut surface to 
enhance the resistance to damage stress, and then some metabolites were enzymatic hydrolysed. 
Fresh-cut led to sharp increase of endogenous jasmonic acid and some indole glucosinolates. 
Exogenous methyl jasmonate (MeJA) treatment with 20 µmol L-1 significantly up-regulated the 
content of indole glucosinolate neoglucobrassicin. MeJA treatment might put broccoli in a "priming" 
state, allowing it to respond more quickly to damage stress, with glucosinolates involved in this 
process. These findings provide technical support for bioactive compounds preservation and 
nutritional quality improvement of fresh-cut broccoli. 

Glucosinolates, fresh-cut, broccoli, storage condition, nutritional quality 
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FVH.2.3 The Influence of Genetics and Postharvest Impacts on 
Composition 

FV6 

Untargeted metabolome scale genome-wide 
association studies reveal genetic control and 
biochemical insights into metabolites of apple fruit 
Jun Song, Agriculture & Agri-Food Canada, Canada; jun.song@agr.gc.ca 
Beatrice Amyotte, Canada; 
Leslie Campbell, Canada; 
Melinda Vinqvist-Tymchuk, Canada;  
Letitia De Ros, Summerland Research and Development Centre, Canada. 

Apple (Malus x domestica) fruit is one of the most popular fruits grown and consumed worldwide, 
contributing to human health with significant amounts of polyphenols and other bioactive 
compounds, and providing positive impacts on the economy and society. To reveal genetic control 
mechanisms of apple metabolites, we conducted an untargeted metabolomic analysis with an 
ultra-high-performance liquid chromatography-mass spectrometry (UPLC-MS) to investigate 
thousands of semi-polar chemicals (mainly phenolic compounds) in 502 apple accessions from an 
apple diversity population, and quantified 2066 and 2500 features with positive and negative ion 
modes, respectively. We further performed genome-wide association studies (GWAS) on quantified 
mass features with approximately 280,000 single nucleotide polymorphisms (SNPs). GWAS 
identified over 600 significant hits in positive mode alone. The significant associations revealed not 
only a wide spread of loci on the apple genome contributing to phenolic compound abundances but 
also several strong and intensive hotspots for various groups of known and unknown phenolic 
compounds in apples, including flavonones, dihydrochalcones, flavonoids and hydrodynamic acid-
related compounds. This study showed genetic control of abundance and complicity of phenolic 
chemicals in apples, and revealed the possibility using genetic data to verify and classify the 
biochemical nature of the unknown metabolites. The metabolomics-GWAS data set provides 
important insights to link the apple metabolome with genes and biosynthetic mechanisms, and 
establishes a foundation for establishing marker-assisted breeding and gene editing to improve and 
modify phenolic compounds for human health in apples. 

Apple (Malus x domestica), untargeted metabolomic, mass spectrometry, GWAS, phenolic compounds, omics, genetic 
improvement 
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FVH.2.4 The Influence of Genetics and Postharvest Impacts on 
Composition 

FV35 

Diallel analysis, heterosis and heritability of selected 
cowpea genotypes for grain yield and yield 
components 
Milcah Matjeke, ARC-Vegetable, Industrial and Medicinal Plants, South Africa; Masemolab@arc.agric.za 
Abe Gerrano, ARC-Vegetable, Industrial and Medicinal Plants, South Africa. 

Cowpea is a nutrient-dense grain and vegetable legume crop, with a significant potential to improve 
food and nutritional security in sub-Saharan Africa and beyond. Cowpea grain yield in South Africa 
remains low, hence, it is important to embark on research aiming at developing high yielding and 
stable varieties. Understanding the mechanisms governing the genetic combination of selected 
parents is important in cowpea genetic improvement. Therefore, the objectives of this study were to 
determine the parental combining ability, mid-parents heterosis and identify best parental 
combiners for grain yield and yield components. A total of 55 cowpea genotypes consisting of 10 
parents and 45 first generation progenies were planted in a randomised complete block design with 
three replications at two di1erent field environments in the 2021 and 2022 cropping seasons. Data 
were collected for grain yield and yield components. All data were subjected to a half-diallel 
analyses to determine the combining ability and heritability using AGD-R software. The results 
observed significant general combining ability and specific combining ability e1ects for all traits 
measured, which indicated that both additive and non-additive gene action were involved in the 
expression of the traits. Genotypes TV13953 and IT96D-602 were the best combiners for grain yield, 
hundred seed weight, number of pods per plant and number of seeds per plant and these parents 
could be further used for cowpea improvement. Six crosses (TVU13953 x Glenda, ITOOK-1060 x 
TVU13953, 98K-5301 x Glenda, 98K-5301 x TVU13953, IT96D-602 x Glenda and IT96D-602 x 
TVU13953) were superior for grain yield and yield components. The positive and significant mid-
parent heterosis for grain yield observed suggests the importance of either dominant or partial 
dominant genes in expression of grain yield. The current study revealed that both additive and non-
additive gene e1ects were involved in the inheritance of all traits measured in cowpea genotypes. 
The selected parents could be used as basic parental breeding materials for future cowpea breeding 
and the crosses could be evaluated at multiple locations to confirm general adaptation and/ or 
specific adaptation in South Africa. 

Combining ability, cowpea progenies, gene action, heterosis 
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FVH.2.5 The Influence of Genetics and Postharvest Impacts on 
Composition 

FV19 

Stability of ascorbyl glucoside in crab apples under 
cold storage and heat stress 
Jung Cho, Plant and Food Research, New Zealand; jung.cho@plantandfood.co.nz 
Richard Macknight, University of Otago, New Zealand;  
Marian McKenzie, Plant and Food Research, New Zealand;  
Nigel Gapper, Plant and Food Research, New Zealand. 

The importance of ascorbate (vitamin C) for humans, as well as its critical and diverse role in plants, 
is well known. Ascorbyl glucoside is a stable derivative of ascorbate that has been found to naturally 
occur in numerous crop species, including crab apple fruit. Ascorbyl glucoside has been 
demonstrated to be stable under oxidative conditions through in vitro studies, yet there is a lack of 
understanding of its stability in living systems. This study aims to determine the stability of ascorbyl 
glucoside in crab apples under long-term cold storage and heat stress applied through hot water 
treatments. The findings will bring insights as to the potential advantage of breeding crops with 
ascorbyl glucoside as a source of pro-vitamin C that remains stable under postharvest storage. 

Ascorbate, vitamin C, apple, crab apple, postharvest, health 

 

 

  

mailto:jung.cho@plantandfood.co.nz


Back to contents 70 

PH.3A.1 Physiology of Ripening PH213 

Understanding the transcriptional regulation of the 
tomato fruit ripening-to-senescence process due to 
chilling 
Diane Beckles, University of California Davis, United States of America; dmbeckles@ucdavis.edu  
Jiaqi Zhou, University of California Davis, United States of America; 
Sitian Zhou, Colombia University, United States of America; 
Karin Albornoz, Clemson University, United States of America;  
Chiu-Ling Yang, National Chung Hsing University, Chinese Taipei; 
Onpreeya Phetchpitak, University of California Davis, United States of America;  
Jasmine Hsiao, University of California Davis, United States of America. 
 
Tomatoes are widely consumed due to their sensory attributes, nutritional profile, and cultural 
importance. However, storage at low temperatures is often used to extend shelf life and reduce loss and 
waste, even if fruit quality is sacrificed. While 12.5°C is considered safe, temperatures below this can 
induce chilling injury, as tomato, like almost all species that originated from tropical regions, is sensitive 
to cold storage. Our aim is to understand how low-temperature postharvest conditions aOects the 
physiological and molecular pathways involved in tomato fruit ripening as a first step to help mitigate 
poor quality. It has been established that DNA methylation is important for determining fruit ripening; 
however, it is unknown how methylation changes in fruit ripened under diOerent postharvest handling 
methods, therefore, we assessed the methylome, transcriptome, ripening hormones (ethylene and ABA), 
and quality parameters in tomato fruit stored under chilling and non-chilling temperatures. Ripening was 
slowed at the low, chilling injury threshold temperature, i.e. 12.5°C, and at this temperature, we found 
uncoupling of multiple biological clocks that collectively work in tandem to promote ripening. In another 
aspect of our work, we attempted to engineer fruit to direct the spatial and temporal expression of key 
genes in cold-stored postharvest fruit. First, using synthetic and regulated promoters we sought to induce 
focused expression of the cold-regulatory gene CBF1 in fruit stored postharvest to determine if higher 
CBF1 fruit expression would mitigate the negative cold stress response. Our results suggested mis-
regulation of fruit development and the fruit ripening program due to targeted CBF1 expression in the fruit. 
We also engineered expression of the RIN (RIPENING-INHIBITOR) gene, a master regulator of tomato fruit 
ripening that is inhibited by cold stress. We utilized a CRISPR/Cas9 multiplex system to induce edits in 
the RIN promoter. Our aim was to create a population of RIN allelic fruit mutants, which could influence 
the RIN-induced gene regulatory network in tomato fruit, leading to downstream changes in fruit ripening 
including under chilling. To date, we have generated over 200 RIN promoter mutants with diverse genetic 
lesions and RIN transcriptional levels. Preliminary evaluation of the quality of these mutants together with 
transcriptomic analysis should help to explore the mechanisms underlying fruit quality modifications due 
to genome editing. Ultimately, this knowledge could help improve the eOiciency and sustainability of the 
tomato industry, while also enhancing consumer satisfaction. 

Postharvest chilling injury, tomato fruit, gene editing, regulated gene expression, fruit quality   
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PH.3A.2 Physiology of Ripening PH92 

Auxin signaling mediated by miRNAs in banana fruit 
ripening  
Hong Zhu, South China Botanical Garden, China; zhuhong@scbg.ac.cn  
Xiangjin Kong, South China Botanical Garden, China, China. 

MicroRNAs (miRNAs) have been documented in the past decades as critical regulators of gene 
expression, and a group of miRNA families are identified to target genes related to auxin signalling, 
including TIR/AFBs and ARFs. However, the role of auxin and miRNAs in auxin signalling during the 
ripening of banana, a typical climacteric fruit with rapid ripening and dramatic physiological and 
biochemical changes, is still unclear. Here, we reported 15 TIR/AFB, 50 Aux/IAA, and 49 ARF gene 
families of auxin signalling in banana. In addition, multiple miRNAs including miR393, miR160 and 
miR167 targeting auxin-related genes were also identified and experimentally validated. Further, 
expression analysis revealed the responses of these auxin-related miRNAs to ethylene. Finally, we 
proposed a mode of action of miRNA-mediated auxin signalling in ethylene-induced banana fruit 
ripening. These findings reveal the miRNA regulation on auxin response in banana and provide a 
model for studying miRNA-mediated hormone regulation in other climacteric fruits. 

Banana, ripening, auxin signalling, MiRNA 
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 PH.3A.3 Physiology of Ripening PH221 

High resolution transcriptome for avocado o1 tree 
ripening 
Nigel Gapper, Plant and Food Research, New Zealand; nigel.gapper@plantandfood.co.nz  
Nathan Hulston, Plant and Food Research, New Zealand;  
Kristie O'Donnell, Plant and Food Research, New Zealand;  
Paul Pidakala, Plant and Food Research, New Zealand;  
Huaibi Zhang, Plant and Food Research, New Zealand;  
Duncan Hedderley, Plant and Food Research, New Zealand;  
Zoe Erridge, Plant and Food Research, New Zealand;  
Nathanael Napier, Plant and Food Research, New Zealand;  
David Brummell, Plant and Food Research, New Zealand;  
Jason Johnston, Plant and Food Research, New Zealand;  
Allan Woolf, Plant and Food Research, New Zealand;  
Donald Hunter, Plant and Food Research, New Zealand. 

Ripening is a crucial stage of fruit development initiating changes to flavour, texture, colour and 
nutrition, making them more desirable for consumption by seed dispersal organisms. Avocado 
provides an interesting mechanism, where fruit can hold on to the tree in an unripe state for over a 
year. It is not until the fruit reach maturity and abscise that they become sensitive to ethylene and 
the ripening process proceeds. However, the wide flowering window (up to three months in some 
growing regions) means the fruit are at varying stages of maturity complicating optimal harvest times 
to ensure high fruit quality. Understanding the physiological and molecular mechanisms underlying 
avocado ripening is essential for developing strategies to optimise postharvest practices and 
maintain fruit quality. We have taken a molecular approach, to understand the o1 tree ripening 
biology of avocado. 425 fruit were harvested and brought back to the lab where they were held at 20 
C for until they had reached an eating ripe (ER) state. All fruit were monitored daily following 
detachment, for ethylene evolution and ER. Fruit tissue was sampled using a cork borer for 25 
randomly selected. Up to 20 individual fruit samples were selected for transcriptome analysis per 
stage of development, depending on ethylene evolution and ER results, concentrating on the earlier 
sampling times following harvest in attempt to identify metabolism associated with release of the of 
the on tree ripening block. Over 180 RNAseq libraries were constructed, and pair-end sequenced 
resulting in over 3TB of data. This transcriptome provides a resource for the avocado research 
community, encompassing a high-resolution sample set following detachment. Not surprisingly, 
ethylene and other hormone related genes change in response to fruit detachment and subsequent 
ripening. The results of our initial findings from this dataset will be reported and discussed. 

RNAseq, ethylene, fruit ripening, avocado 

  

mailto:nigel.gapper@plantandfood.co.nz


Back to contents 73 

PH.3A.4 Physiology of Ripening PH61 

Metabolomic profiling and hormonal assessment of 
synchronized exocarp-mesocarp tissues throughout 
ripening stages of ‘Fuerte’ and ‘Hass’ avocado 
cultivars  
Romina Pedreschi, Pontifical Catholic University of Valparaíso, Chile; romina.pedreschi@pucv.cl  
Patricio Olmedo, Pontifical Catholic University of Valparaíso, Chile, Chile;  
Gerardo Nu ez-Lillo, Pontifical Catholic University of Valparaíso, Chile, Chile;  
Excequel Ponce, Pontifical Catholic University of Valparaíso, Chile, Chile;  
Juan E. Alvaro, Pontifical Catholic University of Valparaíso, Chile, Chile;  
Jorge Banos, Valencia Polytechnic University, Spain;  
Esther Carrera, Valencia Polytechnic University, Spain;  
Jorge Gonzalez-Fernandez, Institute for Mediterranean and Subtropical Horticulture La Mayora, Spain;  
Jos Ignacio Hormaza, Instituto De Hortofruticultura Subtropical Y Mediterranea La Mayora, Spain;  
David Campos, National Agrarian University, Peru;  
Rosana Chirinos, National Agrarian University Peru;  
Reinaldo Campos-Vargas, University of Chile, Chile;  
Bruno Defilippi, University of Chile, Chile. 

Encarna Aguayo, Postharvest and Refrigeration Group, Institute of Plant Biotechnology, Universidad 
Politecnica de Cartagena, Cartagena, Spain Avocado (Persea americana Mill.) is one of the most 
economically important subtropical/tropical fruits worldwide and the consumption of avocado has 
significantly increased in the last ten years mainly due to its high nutritive value. Colour 
development in avocado fruits is a sophisticated molecular process influenced by several factors, 
including genetics, environmental conditions, and agricultural practices. To understand this 
mechanism, metabolomic comparative analyses were conducted using fruits of two exocarp colour 
contrasting avocado cultivars 'Fuerte' and 'Hass' during ripening. Exocarp colour analysis showed 
significant di1erences in CIELAB colour space between both cultivars at ready-to-eat (RTE) stage. 
Pigment content in the exocarp exhibited an accumulation of anthocyanins in 'Hass' avocado, while 
chlorophyll content showed no di1erences. Carbohydrate quantification indicated that 'Hass' 
exocarp contained an increased abundance of sucrose, mannoheptulose, and perseitol at RTE. On 
the other hand, 'Fuerte' mesocarp contained higher levels of glucose and fructose at RTE. Higher 
amounts of fatty acids were observed in both tissues of 'Fuerte', showing a di1erential distribution of 
lipids, where palmitate, alpha-linolenate, and oleate presented major di1erences in the exocarp at 
RTE. Polar metabolites indicated di1erences in amino acid and carbohydrate metabolisms between 
cultivars, being accumulated serine, valine, malate, perseitol, shikimate, and succinate in 'Hass' 
exocarp at RTE, suggesting an activated carbon metabolism associated with the production of 
pigments. Hormone analysis suggested that abscisic acid and salicylate could be involved in the 
orchestration of pigment biosynthesis, displaying a higher amount in 'Hass' exocarp at RTE. These 
findings indicate that primary metabolites and hormones crosstalk plays a significant role in colour 
development in the exocarp and in the softening in the mesocarp of avocados, suggesting new 
perspectives about the relation of the development of this tissue synchronization during postharvest 
ripening. (This research was financed by ANID-Fondecyt 1220223 and ANID-ICN2021_044.) 

Persea americana, exocarp, mesocarp, colour development, abscisic acid, ripening  
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 PH.3A.5 Physiology of Ripening PH222 

Hormone and transcriptome profiling during fruit 
development in apple 
Nate Hulston, Plant and Food Research, Auckland, New Zealand; nate.hulston@plantandfood.co.nz  
Anna Tattersall, Plant and Food Research, Hawkes Bay, New Zealand;  
Jason Johnston, Plant and Food Research, Hawkes Bay, New Zealand;  
Janine Cooney, AgResearch, New Zealand;  
Catrin Guenther, AgResearch, New Zealand;  
Donald Hunter, Plant and Food Research, New Zealand;  
Nigel Gapper, Plant and Food Research, New Zealand. 

Plant hormones are critical for all aspects of plant development, and their relative importance for 
each biological process is confounded by their complex interactions with each other. Interestingly, 
there is one report in the literature showing a peak of jasmonic acid (JA) precedes other well-known 
hormonal ripening regulatory mechanisms in the climacteric crop plants apple and tomato. In 
addition, we have observed gene expression peaks of JA biosynthetic genes prior to ripening during 
tomato fruit development, and a key regulator of ripening, NAC-NOR, shares homology with JA - 
induced NACs from Arabidopsis. The main aim of this project was to elucidate the role of jasmonic 
acid metabolism and hormonal crosstalk in setting up ripening acquisition in apples (Malus 
domestica) by integrating transcriptomics and metabolomics data. To better understand the ripening 
process in apples, we carried out a comprehensive hormone profiling (jasmonates , cytokinins 
(CKs), auxin (IAA), abscisicates (ABAs), ethylene, gibberellins (GAs) and salicylates (SAs)) for two 
apple cultivars 'Gala' (normal ripening) and ' Scifresh ' (partial ripening mutant) over a 
developmental time course from flowering into storage. We found an increase of the JA precursor 4-
(3-oxo-2-(pent-2- enyl) cyclopentyl) butanoic acid (OPC-4) prior to ripening, and a transient peak of 
the JA-catabolite dihydro - JA, also prior to ripening. However, bioactive JA and JA-Ile, the iso leucine 
conjugate that binds to the JA receptor, were not changed. In addition, we found bioactive GAs and 
their catabolites were increased in 'Gala' in comparison to ' Scifresh ' during the early stages of fruit 
development. The content of other hormones such as IAA, ABA and SA were similar for the two 
cultivars, and did not appear to change during or prior to ripening. A comprehensive transcriptome is 
currently being analysed from this sample collection, to elucidate potential crosstalk and hormonal 
regulation of fruit ripening in apple. We will report and discuss our results. 

Jasmonates, cytokinins, gibberellins, fruit ripening, hormonomics, multiomics 
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PH.3A.6 Physiology of Ripening PH118 

Closing the gap between fundamental and applied 
research in fruit biology to improve quality 
Barbara Blanco-Ulate, University of California, Davis, United States of America; bblanco@ucdavis.edu  

Fruit quality directly impacts marketability and consumer acceptance. While it is essential to use 
postharvest techniques to maintain quality during the supply chain, it is crucial to use varieties with 
high postharvest potential and optimal crop management strategies in the field to ensure the best 
product quality for consumers. Breeders have focused on improving fruit texture to extend shelf life, 
but sometimes, they neglect other attributes such as flavour and nutrition. My research program 
integrates biotechnology and consumer-based approaches to develop flavourful, nutritious, and 
long-lasting fruit. We have successfully used gene editing strategies to improve the shelf-life of 
tomatoes by targeting key pectin-degrading enzymes. We have also studied traditional non-ripening 
mutations to develop tomato hybrids with long shelf-life and determined their impacts on colour and 
taste quality attributes. Additionally, we have developed tomato lines with the potential for vitamin C 
biofortification by knocking-out fruit-specific ascorbic acid peroxidases. These lines are currently 
being evaluated in field trials for the second year. Moreover, we have studied how fruit quality traits in 
commercial strawberry have been altered during domestication and breeding. We found that shelf-
life was positively correlated with firmness and negatively correlated with the sugar-acid ratio. 
Despite this observation, heirloom strawberry cultivars are a potentially rich source of favourable 
alleles for enhancing consumer-focused fruit quality traits in modern long shelf-life cultivars. Our 
research has also provided extensive knowledge on nut development of pistachios (fruit and kernel) 
and how spring temperatures at the time of bloom strongly impact quality traits at harvest time. 
Overall, our research in diverse fruit crops emphasizes the importance of understanding the 
molecular and biochemical basis of fruit traits to employ e1ective strategies for breeding, crop 
management, and accurate phenotyping, all needed to improve quality. 

Fruit biology, fruit quality, shelf-life, consumer-based traits, gene editing, conventional breeding, preharvest and postharvest 
continuum 
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PH.3B.1 Consumers and the Supply Chain PH35 

Apple production systems versus postharvest eating 
quality: the influence of greenhouse gas production 
Roger Harker, Plant and Food Research, New Zealand; roger.harker@plantandfood.co.nz  
Denise Hunter, Plant and Food Research, New Zealand;  
Birgit Ha, Plant and Food Research, New Zealand;  
David Jin, Plant and Food Research, New Zealand;  
Virginia Corrigan, Plant and Food Research, New Zealand;  
Christina Roigard, Plant and Food Research, New Zealand;  
Jim Walker, Plant and Food Research, New Zealand;  
Paul Dalziel, Lincoln University, New Zealand. 

The sustainability of agricultural production systems is increasingly recognised as an important 
driver of consumer food choice. In this study, we presented consumers a disease-resistant apple 
cultivar, 'PremA34', which is anticipated to have contribution to global warming that is 15% less than 
a standard apple due to the reduced need for orchard sprays. The 'PremA34' apples (mean firmness; 
FF=8.3 kgf, mean Soluble solids concentration; SSC=15.3%) were compared to two standard apples 
with similar external appearance one ('Scilate') was superior in eating quality (FF=8.7 kgf, 
SSC=15.8%) and the other ('Gala') was inferior in eating quality (FF=6.2 kgf, SSC=12.7%). Consumers 
were provided information about the lower spray requirement of 'PremA34' compared to other 
apples, before taking part in an experimental market (silent auction) in which each received either a 
'Scilate' (59 consumers) or a 'Gala' apple (57 consumers) for free and then bid to exchange their 
apple for a 'PremA34' apple. All consumers received $5NZ; successful bidders received a 'PremA34' 
apple, and any change owed; unsuccessful bidders took the free apple and the $5NZ. The 
consumers made 10 bids and after the fifth could taste both apples. Consumers were categorised 
according to their pattern of bids after tasting n those whose bids: (1) did not change from $0, (2) 
were above $0 but did not change, (3) increased, or (4) decreased. In comparisons of 'PremA34' with 
'Scilate' (the higher eating quality apple), 32 consumers decreased their bids after tasting and 15 
consumers increased their bids, whereas with 'Gala' (the lower eating quality apple) 18 consumers 
decreased their bids and 27 increased their bids. The data from bids and associated thought-listing 
comments made during the auction are interpreted in terms of diversity in consumer responses to 
sustainability of apple production, concerns regarding green-washing, and the relative importance 
of sustainability versus apple eating quality. 

Sustainability, eating quality, experimental market 
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 PH.3B.2 Consumers and the Supply Chain PH210 

Improving fresh produce export supply chain 
performance by establishing an independent 
surveyor network  
Andrew Macnish, Maroochy Research Facility, Australia; andrew.macnish@daf.qld.gov.au  
Jodie Campbell, Department of Agriculture and Fisheries, Australia;  
Noel Ainsworth, Department of Agriculture and Fisheries, Australia;  
John Agnew, Department of Agriculture and Fisheries, Australia.  

Australian fresh produce enjoys a good reputation in Asian markets for premium quality, safety and 
grown under a "clean and green" environment. However, product quality and delivery can sometimes 
be inconsistent for a range of reasons. Receiving objective feedback from the market is necessary to 
drive improved production and postharvest practices for delivering consistent quality and building 
consumer value that command premium prices and preferential purchasing. Measuring changes in 
product quality from harvest to the consumer together with monitoring temperature and time in the 
supply chain can identify critical points for reducing the risk of quality loss. Our previous export 
supply chain analysis activities identified the need to establish a network of fresh produce quality 
surveyors that provide independent and reliable feedback to producers and exporters. Over the past 
2 years, we have identified, engaged with and conducted training with ten businesses in Singapore, 
Malaysia, Hong Kong, Japan and Thailand that have the skills and resources to assist with in-country 
fruit quality and shelf-life assessments. Through this process, we established common quality 
assessment procedures and associated image sets and for avocado, strawberry, mango, banana 
and summer fruit. A rapid online reporting platform has been developed and is being customised for 
each commodity. We provided in-country and virtual training to support the surveyors as required or 
when procedures were updated, or new commodities were added. Assessment training videos are 
also under development to support the capacity building. We plan to extend the network to India, 
South Korea, Vietnam and the UAE. The network has also been designed to support research 
activities that are improving supply chain performance, evaluating new postharvest treatment 
technologies and packaging and validating shelf-life prediction models. The aim is to make this 
service a long-term support tool that provides meaningful information flow for commercial 
businesses to rapidly correct shipment issues, improve product quality and performance and to 
objectively support any in-country insurance claims. 

Fruit, quality assessment, training, capacity building 
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PH.3B.3 Consumers and the Supply Chain PH165 

Consumers’ perceptions of apple freshness in 
controlled atmosphere storage 
Christina Roigard, Plant and Food Research, New Zealand; christina.roigard@plantandfood.co.nz  
Roger Harker, Plant and Food Research, New Zealand;  
Sara Jaeger, Aarhus University, Aarhus, Denmark;  
Sok Chheang, Plant and Food Research, New Zealand.  

Despite controlled atmosphere (CA) storage being used commercially on apples for around a 
hundred years, the technology is unfamiliar and the outcomes suspicious for many consumers. 
Occasionally, these concerns are raised in the media and postharvest practitioners are asked for 
comment. We have an ongoing interest in the cognitive knowledge structures that enable 
consumers to make sense of foods and food systems. One way we can uncover these cognitive 
structures is using means-end-chain (MEC) methodology. MEC is a laddering approach that can be 
used to elicit hierarchical reasoning for an individual's decisions and is usually implemented using a 
small number of interviews. Here, we implemented a novel online version that allows a more 
objective analysis of the data. In this online study of 2253 UK consumers, some participants were 
provided with descriptions of the CA technology and its benefits while others weren't provided with 
any information. When information on CA was provided, the aggregated individual explanations of 
reasoning (MEC hierarchy) were ordered from crunchy/juicy/flavourful/fresh/like the 
taste/safe/inviting will eat/enjoy/nourishing/refreshing money well spent/healthier diet/positive 
feeling accomplishment/longer life/enjoyment in life/respect myself. However, even when 
information was provided, some participants portrayed more negative perspectives such as: will not 
like taste/texture will not enjoy waste of money. In the absence of CA information, the MEC became 
simpler and shorter and there were higher frequencies of consumers identifying statements and 
statement linkages that were negatively positioned. Overall, most of the information about CA 
storage was new to consumers. Furthermore, when information on CA storage was provided to 
consumers it did influence expected liking and increase willingness to eat CA-stored apples. The 
societal implications for fresh food storage/supply and its acceptance by consumers is considered. 

Consumers, apples, controlled atmosphere storage 
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 PH.3B.4 Consumers and the Supply Chain PH191 

The e1ect of acidity, flesh firmness and total soluble 
solids of ‘Forelle’ Early Market Access (FEMA) fruit, 
on consumer experience after storage 
Ian Crouch, ExperiCo Agri-Research Solutions, South Africa; ian@experico.co.za  
Daniel Willem Viljoen, ExperiCo Agri-Research Solutions, South Africa. 

The South African pome industry comprises approximately 3700 ha of 'Forelle' pears. Previously, this 
cultivar experienced quality issues with mealiness and astringency which were overcome by 
harvesting at the correct maturity and a mandatory 12-week cold storage period. This resulted in a 
delay to market, and a break in South African bi-colour pear supply. The 'Forelle Early Market Access 
(FEMA) program was initiated, whereby fruit were left on the tree for longer to overcome astringency 
associated with early optimum 'Forelle', and mealiness, which was overcame by 1-
methylcyclopropene (1-MCP) application after harvest. This program proved to be a massive 
success. However, to protect the FEMA brand, orchards were only released when fruit reached a 
minimum flesh firmness (< 6 kg) and total soluble solids (TSS) above 14 Brix. This posed challenges 
when TSS content reached adequate levels, but firmness did not drop, or, when flesh firmness 
dropped su1iciently, but TSS did not accumulate su1iciently. Another concern, unrelated to release 
criteria, was a low titratable acidity which raised concerns regarding storability and a poor consumer 
experience. A study to address this problem was initiated. Orchards used in this project were 
selected based on flesh firmness, and TSS and acidity levels. 1-MCP was applied to fruit 
immediately after harvest and fruit stored for 6 weeks at -0.5°C in regular air. After storage, maturity 
analysis was conducted on the fruit and a consumer and descriptive sensory analysis (DSA) 
performed. It was found that flesh firmness had a significant impact on consumer experience after 
storage. Flesh firmness above 6.3 kg or higher acidity resulted in lower consumer experience. TSS 
did not impact the overall liking, although very low TSS levels resulted in a poor overall rating. None 
of these parameters under investigation had any e1ect on the storability of the fruit. 

Pears, malic acid equivalents, consumer analysis, descriptive sensory analysis, taste, storability 
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Consumer-oriented postharvest improvement 
opportunities in the pineapple (Ananas comosus L.) 
value chain in Camarines Norte, Philippines 
Matilde Maunahan, University of the Philippines Los Banos, Philippines; mv_maunahan@yahoo.com.ph  
Dormita del Carmen, University of the Philippines Los Banos, Philippines; 
Ma. Angelica Cañizares, University of the Philippines Los Banos, Philippines; 
Jose Francis Buno, University of the Philippines Los Banos, Philippines; 
Neil Christian Sanjorjo, University of the Philippines Los Banos, Philippines; 
Alexie Joy Fance, University of the Philippines Los Banos, Philippines; 
Daphne Cassandra Gonzales, University of the Philippines Los Banos, Philippines; 
Helen Barrios, University of the Philippines Los Banos, Philippines; 
Edralina Serrano, University of the Philippines Los Banos, Philippines; 
Faye Madeleine Carranza, Camarines Norte State College, Philippines; 
Arlene Alegre, Camarines Norte State College, Philippines; 
Grace Anne Alcantara, University of the Philippines Los Banos, Philippines. 

Pineapple is one of the economically important fruits grown and consumed in the Philippines. In 
Camarines Norte, the third-ranking province in terms of production and hectarage, next only to 
Bukidnon and South Cotabato where the big multinational companies exporting the commodity are 
situated, pineapple continues to be a priority crop and major source of livelihood especially for 
smallholder growers (PRDP, 2022). With its huge potential for market growth and income generation, 
there is a need to take a closer examination of the entire supply chain performance, which 
specifically focuses on understanding consumers’ demand and preferences for industry 
improvement. This study was conducted to assess the status of pineapple supply chain and 
determine what consumers value in the fruit using survey interviews in the major production and 
market centres. This was complemented by focused group discussions, key informant interviews 
and ocular visits in the production areas. Initial interviews with farmers and traders indicated the 
problem of forced fruit ripening (not observing proper maturity) with the application of ethrel to make 
the peel turn yellow which resulted in inferior quality and sour fruit taste. In a consumer survey 
undertaken, sweet taste is the number one attribute preferred, but it is interesting to note that 
consumers equally desire quality and safety assurance, e.g. cleanliness, and freedom from defect 
and damage. Their major disappointment in the fruits bought is the inferior internal quality of the 
fruit (either damaged, diseased, overripe, sour, with o1 taste, or with short shelf-life) even if the 
external quality is deemed excellent. These together with related information from the survey can be 
used as basis in identifying improvement opportunities along the value chain which are aimed to 
enhance produce quality and safety and reduce postharvest losses. Eventually the improvements 
will translate to increased incomes of di1erent chain actors and stakeholders.  

Consumer preference, pineapple, quality attributes, value chain 
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 PH.3B.6 Consumers and the Supply Chain PH271 

Sensory quality of cultivar ‘Red Aroma’ in relation to 
harvest time and 1-MCP treatment 
Ingunn Ovsthus, NIBIO Norwegian Institute of Bioeconomy Research, Norway; ingunn.ovsthus@nibio.no  
Theresa weigl, NIBIO Norwegian Institute of Bioeconomy Research, Norway;  
Emily Follett, NIBIO Norwegian Institute of Bioeconomy Research, Norway; 
Jorunn Børve, NIBIO Norwegian Institute of Bioeconomy Research, Norway. 

In Norway, the apple cultivar ' Red Aroma ' accounts for approximately one third of the Norwegian 
production. Treatment with 1-MCP has been tested on fruit of di1erent ripening degrees to improve 
shelf - life and sensory properties. Fruit was harvested and treated with 1-MCP at one-week intervals 
starting two weeks before optimal harvest time (OHT) and ending two weeks after OHT. Fruit was 
stored until the end of November in regular atmosphere at 4°C. A semi - trained sensory panel 
evaluated selected sensory parameters. The panel evaluated 1-MCP treated fruit from all harvest 
times as firmer, less mealy, crisper, and juicier than the untreated fruit. The untreated fruit harvest 
ed one or two weeks after OHT were more aromatic (floral and fruity), sweeter, and riper. The 1 - MCP 
treated fruit was more acidic than the untreated fruit. Intensity of grassy flavour was lowest for the 
untreated fruit after optimal harvest time. Evaluated sensor y properties correlated with measured 
physiochemical parameters. Optimal sensory quality in relation to harvest time and 1-MCP 
treatment will be discussed. 

1-MCP, Red Aroma, sensory quality, harvest time 
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Assessing kiwiberry selections for susceptibility to 
skin damage 
Anne White, Plant and Food Research, New Zealand; anne.white@plantandfood.co.nz  
Jung Cho, Plant and Food Research, New Zealand; 
Mark Seelye, Plant and Food Research, New Zealand; 
Ian Hallett, Plant and Food Research, New Zealand;  
Andrew Chan, Plant and Food Research, New Zealand;  
Nicola Shaw, Plant and Food Research, New Zealand; 
Kate Richards, Plant and Food Research, New Zealand; 
Shona Seymour, Plant and Food Research, New Zealand;  
Julia Ansorge, Kiwifruit Breeding Centre, New Zealand. 

Apart from size, a key characteristic of kiwiberry fruit that di1erentiates them from current 
commercial kiwifruit is their thin, living skins. Significant amounts of skin damage have been 
observed on some kiwiberry selections but not others. After trialling a range of techniques for their 
ability to induce skin damage, a bespoke automated device able to replicate observed skin damage 
was developed. Using the device, we were able to di1erentiate selections for their susceptibility to 
skin damage. The incidence of skin damage generated was not a1ected by fruit size within a 
selection and did not a1ect softening of fruit, even for selections that developed significant levels of 
skin damage. Microstructural observations of the skin layers of representative selections indicated 
that resilience or susceptibility to skin damage is likely to be related to the nature of the fruit 
epidermis rather than tissues below the epidermis. These findings will be important for fruit trait 
phenotyping of new kiwiberry selections. 

Actinidia arguta, softening, automation, phenotyping, skin structure, epidermis 
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Characteristics associated with kiwifruit skin 
sensitivity 
Nicola Shaw, Plant and Food Research, New Zealand; shaw@plantandfood.co.nz  
Ria Rebstock, Plant and Food Research, New Zealand; 
Ian Hallett, Plant and Food Research, New Zealand; 
Jeremy Burdon, Plant and Food Research, New Zealand. 

A major function of fruit skins is to provide protection for the internal flesh and seeds. The 
robustness of the skin at harvest has important implications for handling and storage of fruit within 
the supply chain. Delicate skins are more likely to become damaged, and therefore be more 
susceptible to opportunistic rot infections, and may be more susceptible to pathogenic infections 
when sound, all of which may lead to fruit loss. Several factors contribute to the degree of protection 
provided by the skin, including its overall thickness, the nature of the cells comprising the skin layers 
(for example, whether the skin is comprised of living or dead cells), and the nature of the surface that 
faces the environment (for example, roughness, waxiness, and the presence of hairs and glands). 
Characteristics of the skin and underlying fruit flesh of two Actinidia chinensis var. chinensis 
kiwifruit genotypes that exhibit noticeably di1erent skin sensitivities were investigated by 
microscopy. Tissue structure was characterised through histology, while immunolabelling was used 
to investigate cell wall composition at four key developmental stages during maturation and 
ripening: i) immature fruit with few black seeds, ii) fruit with black seeds, iii) mature fruit that had 
completed growth but not started to ripen, and iv) fruit which had softened markedly. Di1erences 
between the two genotypes will be discussed with reference to postharvest performance. 

Actinidia chinensis, microscopy, epidermis, structure, maturation, ripening 
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Orange peel disorder in sweet cherries is developed 
during preharvest and a1ected during postharvest by 
relative humidity  
Carolina Contreras, Universidad Austral de Chile, Chile; carolina.contreras@uach.cl  
Francisca Coye, Universidad Austral de Chile, Chile;  
Arturo Calder, Universidad de Concepcion, Chile;  
Juan Pablo Zololi, Pontificia Universidad Católica de Chile, Chile. 

The quality of the sweet cherry is an essential factor when exporting this fruit, considering the long 
distances it must travel from Chile to China. It has been observed that storage longer than 40 days 
under modified atmosphere (MA) conditions and cold transport would lead to the appearance of a 
physiological disorder known as orange peel. This work aimed to determine the preharvest factors, 
phenological stages and storage conditions, that favour the appearance of this disorder in sweet 
cherry fruit. Sweet cherries were collected from commercial orchards in Lago Ranco (2021/2022 
season) and Tralcao (2022/2023 season) from Los Rios Region, Chile. Regina, Kordia, and Lapins 
cultivars were sampled at green, veraison, red, and mahogany red fruit. Before harvest, air 
temperature, relative humidity, radiation, and plant water status were measured in each of the 
cultivars for both seasons. Additionally, during the 2022/2023 season, a heat treatment was applied 
during fruit development and with di1erent relative humidity (RH) treatments (45, 65 and 100%) 
during postharvest storage. The quality evaluation was conducted in the four sampling stages and 
after storage, where soluble solids, titratable acidity, firmness, size, colour, incidence, and severity 
of orange peel disorder were assessed. In addition, pitting, internal browning, and rotting during 
postharvest were measured. The results indicated that Regina and Lapins showed a higher disorder 
incidence during harvest than Kordia (2021/2022), regardless that all cultivars exhibited optimum 
plant water status during fruit development. Lapins was the most susceptible cultivar as it showed 
the disorder from preharvest in both seasons. In addition, significant di1erences were found in the 
severity of orange peel in the HR treatments (2022/2023), that is, the lower the RH, the higher the 
disorder severity. Therefore, orange peel is a disorder that develops during preharvest, and 
influenced by relative humidity conditions during storage. 

Prunus avium, orange peel disorder, postharvest 
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Antioxidant response of sweet cherry cultivars with 
contrastive surface pitting susceptibility during cold 
storage 
Claudia Fuentealba, Pontificia Universidad Católica de Valparaíso, Chile; claudia.fuentealba@pucv.cl  
Juan Vidal, Pontificia Universidad Católica de Valparaíso, Chile;  
Excequel Ponce, Pontificia Universidad Católica de Valparaíso, Chile;  
Romina Pedreschi, Pontificia Universidad Católica de Valparaíso, Chile. 

Surface pitting is a physiological disorder characterised by one or more depressions on the fruit 
surface, resulting from cell collapse beneath the skin, typically developing in cold storage several 
days or weeks after bruising. This study aimed to assess the antioxidant response and cell wall 
disassembly in sweet cherry cultivars with varying susceptibilities to surface pitting during cold 
storage. Three cultivars (Sweetheart, Lapins, and Regina) were subjected to mechanical stress at 
harvest and stored under passive controlled atmosphere and cold conditions (0°C, 95% RH). 
Firmness, cell wall degradative enzymatic activities (PME, PG, PL), antioxidant defence system (CAT, 
SOD, POD, PPO, PAL), phenolic compounds, and antioxidant capacity (DPPH inhibition) were 
evaluated. Sweetheart and Lapins exhibited higher pitting severity after 15 days of cold storage 
compared to Regina. However, after 30 days, no significant di1erences were observed. Regarding 
firmness, Regina had the highest firmness at harvest, followed by Lapins and Sweetheart. 
Sweetheart fruit with induced pitting displayed increased firmness compared to control samples, a 
trend not observed in the other cultivars. Sweetheart also showed increased alcohol-insoluble 
residue (AIR) yield after mechanical stress, while the cell wall degradative enzymes did not show 
di1erences, except for PME activity, which was higher in Lapins and Sweetheart pitted samples. 
Anthocyanin content increased in pitted cherries during storage, mainly in Sweetheart. However, no 
significant di1erences were observed in phenolic acids. Positive correlations were observed 
between antioxidant enzyme activities and pitting severity. Moreover, Regina showed lower activities 
in the control samples compared to the other cultivars. The sweet cherry cultivar resistant to surface 
pitting (Regina) exhibited higher antioxidant activity compared to susceptible cultivars, highlighting 
the importance of these factors in understanding pitting susceptibility. Surface pitting is a symptom 
of chilling injury; therefore, the varietal response to cold stress could be directly related to pitting 
susceptibility. 

Prunus avium, mechanical stress, chilling injury, antioxidant 
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Modelling shrivel development in ‘PremA96’ apples 
during storage 
Nicolette Niemann, Plant and Food Research, New Zealand; nicolette.niemann@plantandfood.co.nz  
Nathanael Napier, Plant and Food Research, New Zealand; 
Ronan Chen, Plant and Food Research, New Zealand;  
Ashleigh Julian, Plant and Food Research, New Zealand; 
Sean Husheer, Plant and Food Research, New Zealand; 
Jason Johnston Plant and Food Research, New Zealand. 
 
'PremA96', marketed as Rockit & trade, apples are sensitive to the development of shrivel symptoms during storage 
because of their small size. We determined how fruit maturity, storage environment and delays in initial cooling can 
alect shrivel development during subsequent storage of these fruit. Fruit was stored in dilerent relative humidity 
environments (> 90% RH and 100%) at 0.5°C in regular air atmosphere for up to 6 months, with monthly or three-
monthly assessments to provide knowledge on fruit quality and shrivel symptom development. Shrivel, weight loss 
and rot development were monitored, and acoustic firmness, permeance, internal ethylene and fruit flesh firmness 
were monitored throughout the trial. Less mature fruit performed better during longer storage, while a 24-hour delay 
in cooling did not increase symptom incidences. Orchard-based dilerences could not predict shrivel development. 
Methods were developed that could help identify individual fruit at risk of shrivel, and a prediction model was 
developed that could allow selected fruit to be stored for up to 5 months in regular air with less than 10% of the fruit 
showing shrivel symptoms. 

Rockit, humidity, acoustic firmness, weight loss 
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 PH.3C.6 Skin Disorders PH215 

The relationship between the mechanical properties 
of kiwifruit skin and shrivel disorder  
Josephine Longuet-Higgins, Massey University, New Zealand; j.longuet-higgins@massey.ac.nz  
Magdalena Urbanska, Massey University, New Zealand;  
Mo Li, Massey University, New Zealand. 

Shrivel is a common postharvest storage quality issue in kiwifruit. It is characterised by wrinkled skin 
and deformation of the fruit surface. This creates an undesirable appearance and causes fruit to 
become unacceptable for consumer purchase in most markets resulting in industry losses and fruit 
wastage. Shrivel development is often a1ected by water loss, flesh softening, and skin properties 
which a1ect the mechanical properties of the fruit. This work aims to provide information on the 
relationship between the mechanical properties of the skin, the outer pericarp flesh and shrivel 
severity in kiwifruit using a texture analyzer (TA-XT2, Stable Micro Systems, UK). Gold kiwifruit (Zespri 
'SunGold') was stored for up to 8 weeks at high and low water loss conditions to induce a wide range 
of shrivel symptoms. The mechanical properties were assessed weekly during storage using tension 
and compression tests. Tension measurements were done on axial and radial samples of kiwifruit 
skin using vice clamps until rupture and compression assessments were carried out on flesh 
samples of pericarp tissue. Changes in mechanical properties such as tensile strength and elastic 
modulus of kiwifruit skin and flesh in relation to shrivel severity will be discussed. 

Water loss, Actinidia, postharvest, tensile strength, elastic modulus, turgor loss, failure stress 
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 PP.3.1 Diagnostics (1) PP52 

Early signatures of Botrytis cinerea-strawberry fruit 
interaction reveal the presence of grey mould disease 
before symptom development  
Saskia D. Mesquida-Pesci, University of California, Davis, United States of America; smesquidapesci@ucdavis.edu  
Eva Borras, University of California, Davis, United States of America;  
Pedro Bello, University of California, Davis, United States of America;  
Dilasha S. Shenaz, University of California, United States of America;  
Cristina E. Davis, University of California, Davis, United States of America;  
Barbara Blanco-Ulate, University of California, Davis, United States of America. 

Strawberries are a high-value soft fruit crop grown worldwide that su1ers significant losses in 
postharvest due to grey mould disease caused by Botrytis cinerea. Rapid development of fungicide 
resistance in B. cinerea and high susceptibility of strawberries call for fast and non-destructive 
methods to detect grey mould disease for decision making and integrated pest management (IPM) 
strategies. We hypothesised that B. cinerea infections on strawberries cause changes in host 
defences and metabolic pathways that can be detected by profiling changes in fruit surface 
characteristics and emission of volatile organic compounds (VOCs). We used multispectral imaging 
(MSI) and gas chromatography-mass spectrometry (GC-MS) to compare the spectral profiles of B. 
cinerea -inoculated versus mock-inoculated fruit from 0 to 48 hours post inoculation (hpi) and 
sampled VOCs non-destructively at similar time points (9-24 hpi) using Twisters TM. The reflectance 
profiles of B. cinerea-inoculated fruit di1ered from mock-inoculated ones as early as 12 hpi, with a 
set of seven wavelengths in the visible and infrared spectrum allowing for a significant separation of 
fungal infection. Partial least squares discriminant analyses showed that infected samples clustered 
together as early as 9 hpi and emitted VOCs with antifungal activity, such as linalool, estragole, and 
limonene, pointing to an early coordinated host response to B. cinerea. A dual RNAseq study of 
strawberries mock-inoculated and B. cinerea-inoculated at early time points (3-24 hpi) revealed a 
high number of di1erentially expressed genes, particularly at 12 hpi, in B. cinerea-inoculated 
strawberries that could explain the features revealed by the MSI and VOC analyses. We also 
observed higher expression in the B. cinerea-inoculated samples of strawberry genes involved in 
redox activity and secondary metabolic pathways, such as the mevalonic acid pathway, which is the 
precursor for several VOCs detected in our analyses. Overall, this research highlights the potential of 
complementary approaches for early detection of grey mould in postharvest and the study of fruit-
pathogen interactions. 

Necrotroph, volatile organic compounds, multispectral imaging, postharvest disease, pathogenicity 
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Species-specific real-time PCR assays for nine 
Colletotrichum species causing apple bitter rot in 
Mid-Atlantic 
Srdjan Acimovic, AHS Jr. AgResearch and Extension Center, United States of America; acimovic@vt.edu  

Apple bitter rot is an important disease worldwide causing pre-harvest fruit losses ranging from 2-
100%. In addition to expressing in the orchard, apple bitter rot is a postharvest problem in cold 
storages ranging from 2-15% in incidence. Economic impacts of bitter rot in the U.S.A. are estimated 
between $300 to $400 million annually. In Mid-Atlantic U.S.A. this disease is caused by nine di1erent 
Colletotrichum species which vary in distribution depending on many factors such as latitude, 
climate, relief, other hosts, and crop management practices. There are three main species 
complexes in Colletotrichum genus with pathogens infecting apple and pear fruit: (1) acutatum 
species complex (CASC), (2) gloeosporioides species com-plex (CGSC), and (3) boninense species 
complex. Over the last 8 years, e1orts in the Mid-Atlantic U.S.A. have led to identifying nine species 
as causal agents of apple bitter rot: C. fructicola, C. chrysophilum, C. noveboracense, C. siamense, 
C. theobromicola, C. henanense and C. gloeosporioides sensu stricto (s.s.) from CGSC, and C. 
fioriniae and C. nymphaeae from CASC. Using culture-, morphology-, and single locus sequencing-
based methods to identify the Colletotrichum species is severely limited in accuracy and 
e1ectiveness while multilocus sequence typing for delineating species is costly, time-intensive, and 
requires higher expertise. In this work, we developed species-specific hydrolysis probe real-time 
(RT)-PCR assays for the nine Colletotrichum species causing bitter rot in the Mid-Atlantic U.S.A.: C. 
fructicola, C. chrysophilum, C. noveboracense, C. gloeosporioides s.s. , C. henanense, C. siamense 
and C. theobromicola from C. gloeosporioides species complex, and C. fioriniae and C. nymphaeae 
from C. acutatum species complex. After meticulous searching for polymorphisms in 14 gene 
regions, we designed primers and probes in 5 of them for the 9 target species: ladA, GAPDH, ApMat, 
βtubulin and calmodulin. Four out of nine primer-probe set pairs were able to be duplexed. The 
sensitivity tests showed that as little as 0.5 pg DNA was detectable. These RT-PCR assays will 
provide rapid and reliable identification of these key Colletotrichum species infecting apples and will 
be critically important to conduct studies that will elucidate their biology, epidemiology, fungicide 
resistance and management on apple as the number one produced tree fruit in the U.S.A. 

Diagnostic assays, Colletotrichum species, anthracnose, bitter rot, apple, plant pathogenic fungi 
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From seed to storage: disease management in 
organic beetroot production to reduce food waste 
Alessio Bernasconi, Switzerland; alessio.bernasconi@fibl.org  
Tobias Härri, Switzerland;  
Carlo Gamper Cardinali, Switzerland;  
Martin Koller, Switzerland;  
Nadine Peter, Switzerland;  
Pascale Flury, Switzerland;  
Hans-Jakob Schärer, Switzerland. 

The market for organic agriculture is rapidly growing. In Switzerland, the production of organic 
beetroot is particularly renowned. However, their storage until spring has become increasingly 
di1icult in recent years, and losses due to post-harvest rots can lead to over 50% by March. 
Consequently, most organic beetroots sold in spring need to be imported if the previous season was 
poor. The causes of the various storage rots in beetroot are currently unclear, and therefore there are 
few measures to prevent them in organic production. Pathogen infections causing storage rots in 
beetroot, but also in other long-stored vegetables, can occur via the seed, in the field, or post-
harvest. Understanding the process of infection is, therefore, critical to find preventive solutions. 
Here, we present the results of a three-year project aiming at reducing post-harvest losses in organic 
beetroot production. In a combination of on-farm field experiments and laboratory analyses, we 
aimed to elucidate the causes of storage rots in organic beetroot and develop measures to improve 
storability. Analysis of stored beetroot in 2021 and 2022 revealed Phoma betae, Fusarium sp. and 
Plectosphaerella sp. as predominant pathogens in Switzerland (season 2023 ongoing). 
Plectosphaerella sp. was never identified before on beetroot. Mortierella, Mucor and Alternaria were 
found to be additional causative agents of storage rots. Seeds analysis highlighted the same 
pathogen identified on the rotting tuber (Alternaria sp. Phoma betae and Fusarium sp.), suggesting 
that the possible cause may come directly from the seeds. Di1erent measures, such as steam 
sterilization of the seed, the use of biocontrol products in the field and before storage, or processing 
and cooling methods after harvest, as well as cultivar di1erences were investigated. Various 
measures were found to a1ect seed health, seedling emergence, leaf health, and the quality of 
beetroot after storage. 

Beetroot production, biocontrol products, post-harvest losses, pathogen infection and on-farm field experiments 
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 PP.3.4 Diagnostics (1) PP70 

Identifying and characterizing postharvest Fusarium 
fruit rot in Cucurbita moschata D. pumpkin 
Carmit Ziv, Volcani Institute - Agricultural Research Organisation, Israel; carmit.ziv@agri.gov.il  
Ginat Raphael, Volcani Institute - Agricultural Research Organisation, Israel;  
Amit Raz Magid, Volcani Institute - Agricultural Research Organisation, Israel;  
Nabil Omri, Israel;  
Ziva Gilad, Israel;  
Aviv Dombrovsky, Volcani Center, Israel. 

Pumpkin is esteemed globally for its e1iciency in producing nutritious food per unit of area and 
labour. Widely cultivated in Israel for decades, the tropical cultivar C. moschata D. produces large 
pumpkin fruits, often weighing 15-25 kg or more, with a shelf life of 6-10 months and commonly sold 
as freshly cut slices. However, in recent years, farmers are facing significant losses, up to 50%, 
attributed to postharvest fruit decay. A comprehensive five-year survey across five sites in Israel 
unveiled that most instances of fruit decay originate at the stem end, with Fusarium spp. identified 
as the primary pathogen. Notably, various pathogenic Fusarium isolates were also isolated from 
seemingly healthy seeds and plant parts, hinting at seeds as a potential source of contamination. 
Greenhouse cultivation under insect-proof netting has emerged as a potent preventive measure, 
ensuring fruit rot-free storage for up to 8 months. Moreover, storing pumpkins at 20-25°C with RH 
70% has exhibited a 50% reduction in rot incidence, particularly beneficial for small organic farms. 
Ongoing investigations delve into seed disinfection and fungicide treatments during cultivation to 
further mitigate postharvest fruit rot. Integrating these pre and postharvest strategies holds promise 
in e1ectively combating Fusarium stem-end rot, thus curbing losses in 'Tripolitani' pumpkin storage. 
The e1ect of insects' activity during cultivation along with heat waves during storage on fruit 
resistance to Fusarium fruit rot will be discussed. 

Cucurbita, fungi, soilborne, storage 
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PCR primers and LAMP for detection of three 
postharvest apple diseases  
I.P. Shamini Pushparajah, Plant and Food Research, New Zealand; Shamini.Pushparajah@plantandfood.co.nz  
Michele J. Vergara, Plant and Food Research, New Zealand;  
Luna Hasna, Plant and Food Research, New Zealand;  
Peter N. Wood, Plant and Food Research, New Zealand;  
Brent M. Fisher, Plant and Food Research, New Zealand;  
Cathy de Villiers, Plant and Food Research, New Zealand;  
Kerry Everett, Plant and Food Research, New Zealand. 

The detection of three fungi that cause postharvest storage diseases of apples was examined. Bull’s 
eye rot (BER) is commonly caused by the fungus Phlyctema vagabunda syn. Neofabraea alba in New 
Zealand. Several polymerase chain reaction (PCR) primers were compared in quantitative PCR 
(qPCR) reactions to detect field inoculum of P. vagabunda from leaves collected at harvest in 2017 
and 2018 from eight orchards in the Hawke's Bay and Central Hawke's Bay regions of New Zealand. 
Primers based on the beta-tubulin gene region were more specific but less sensitive than those 
based on an 18S ribosomal gene region. The amount of inoculum in DNA extracted from leaves was 
too low to be detected reliably by the beta-tubulin primers used in qPCR. Taqman qPCR using 18S 
primers and DNA extracted from leaves reliably detected P. vagabunda inoculum. The sensitivity of 
the 18S primers indicates that they are more suitable for elucidating the disease cycle and inoculum 
sources of P. vagabunda in the field than the beta-tubulin primers. Loop-mediated isothermal 
amplification (LAMP) was compared with qPCR for detecting inoculum of Botrytis cinerea (causing a 
firm postharvest fruit rot) and Venturia inaequalis (causing pepper spot disease postharvest) in the 
orchard. Results will be presented, and their implications for using these tests to elucidate the 
disease cycle. 

Phlyctema vagabunda, Neofabraea alba, Venturia inaequalis, Botrytis cinerea, lenticel rot, pepper spot, grey mould, postharvest, 
beta-tubulin, ribosomal DNA, qPCR, Taqman qPCR, LAMP 
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Detection of Phlyctema vagabunda using 
LAMP/CRISPR-Cas  
Rebecca Gough, Plant and Food Research, New Zealand; rebecca.gough@plantandfood.co.nz 
Phillip Massarotto, Plant and Food Research, New Zealand;  
Kerry Everett, Plant and Food Research, New Zealand;  
Shamini Pushparajah, Plant and Food Research, New Zealand;  
Nate Hulston , Plant and Food Research, New Zealand;  
Karmun Chooi, Plant and Food Research, New Zealand;  
Revel Drummond, Plant and Food Research, New Zealand;  
Nigel Gapper, Plant and Food Research, New Zealand. 
 
Significant postharvest fruit losses are attributed to pathogens causing rots, leading to an unsellable product. One of 
these pathogens, Phlyctema vagabunda , causes Bull's Eye Rot (BER) in susceptible apple cultivars grown in 
Aotearoa- New Zealand. Early detection of this pathogen is important, to inform if mitigation is required or if there is 
risk in storing susceptible batches of fruit for long periods. Traditional plant disease identification methods lack the 
sensitivity required for early detection, so molecular approaches are being developed to replace traditional methods 
such as visual examination. The preferred, or gold standard molecular method, polymerase chain reaction (PCR), is 
laboratory based, requires sophisticated equipment and highly trained personnel, which results in high cost per 
sample. Several isothermal DNA amplification methods are now available that can be used as point - of - care, or in-
field solutions. Isothermal reactions run at a constant temperature, eliminating the need for thermal cyclers, 
resulting in a relatively cheap, quick, and user-friendly assay. One of these technologies, loop-mediated isothermal 
amplifcation (LAMP), can often result in unwanted amplification of non-target artifacts and is frequently so elective 
that contamination from positive controls can lead to false positives. To overcome these problems, we combined 
LAMP with CRISPR/Cas technology, to add specificity. We have used a divergent region of the beta-tubulin gene from 
P. vagabunda , to design a LAMP/CRISPR-Cas assay. We screened a collection of 43 saprophytes and plant pathogens 
often co-localised with P. vagabunda in apple orchard samples, and observed the assay to be specific to P. 
vagabunda . We tested the sensitivity of the assay and have determined that we can detect down to two DNA copies 
per reaction. Lastly, we have conducted experiments using existing genomic DNA extracted from field trials, to 
compare with previous PCR - based detection systems. We will report and discuss the results of these trials. 

Phlyctema vagabunda, CRISPR/Cas, diagnostic, isothermal amplification, Bull's Eye Rot, apple 
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FVH.3.1 Understanding the Health EZects of Plant Foods (1) FV9 

Identification of sarmentosin as a key bioactive from 
blackcurrant for inhibiting monoamine oxidase 
activity in humans 
Catrin Guenther, Plant and Food Research, New Zealand; catrin.guenther@plantandfood.co.nz 
Dominic Lomiwes, Plant and Food Research, New Zealand;  
Stephen Bloor, Callaghan Innovation, New Zealand;  
Tania Trower, Plant and Food Research, New Zealand;  
Nayer Ngametua, Plant and Food Research, New Zealand;  
Alexander Kanon, Plant and Food Research, New Zealand; 
Dwayne Jensen, Plant and Food Research, New Zealand;  
Kim Lo, Plant and Food Research, New Zealand;  
Greg Sawyer, Plant and Food Research, New Zealand;  
Edward Walker, Plant and Food Research, New Zealand;  
Duncan Hedderley, Plant and Food Research, New Zealand;  
Janine Cooney, Plant and Food Research, New Zealand.  
 
Monoamine oxidase (MAO) enzymes metabolise catecholamine neurotransmitters such as 
dopamine, norepinephrine and serotonin and therefore have a crucial role in modulating mood and 
cognitive function. Consuming blackcurrant (Ribes nigrum) juice, but not anthocyanin-enriched 
blackcurrant powder, is known to inhibit platelet MAO-B enzyme activity, suggesting that 
anthocyanins are not the principal bioactives responsible for MAO-B inhibition. To therefore identify 
the primary MAO-bioactives, MAO-A/B-inhibitory phytochemicals were isolated from blackcurrants 
using bioactivity-driven fractionation combined with liquid chromatography-mass spectrometry 
(LCMS). Subsequent analyses identified sarmentosin, a γ-nitrile glycoside, and its hydroxycinnamoyl 
esters as the predominant compounds responsible for this e1ect in vitro. In vivo MAO-A/B e1icacy 
was subsequently confirmed via a small pilot clinical study in healthy humans where consumption 
of blackcurrant-derived, purified sarmentosin temporarily inhibited platelet MAO-B activity 
comparably to in vitro findings. In a follow-up double-blind crossover clinical study, the e1icacy of 
freeze-dried whole-fruit blackcurrant powder in inhibiting MAO-B was compared with blackcurrant 
juice and found to be indistinguishable from each other, showing 90% platelet MAO-B inhibition 2-
hours post consumption. Further investigation of the e1ects on catecholamine neurotransmitters 
and mood demonstrated that platelet MAO-B inhibition negatively correlated with some plasma 
catecholamine metabolites and mental fatigue, but positively correlated with descriptors of 
alertness. These findings highlight that consumption of a single dose of blackcurrant product via 
either a juice or a freeze-dried whole fruit powder format may positively a1ect mood in healthy 
adults. 

Phytonutrients, functional foods, beverages, neurotransmitters, cognition, mood 
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FVH.3.2 Understanding the Health EZects of Plant Foods (1) FV4 

An in vitro analysis of bioactive compounds and 
antioxidant activity in Brassica microgreen radish 
(Raphanus sativus) 
Dharini Sivakumar, Tshwane University of Technology, South Africa; sivakumard@tut.ac.za 
Vimbainashe Manhiv, Tshwane University of Technology, South Africa;  
Tinotenda Shoko, Tshwane University of Technology, South Africa;  
Seke Faith, Tshwane University of Technology, South Africa. 

Plants from the Brassicaceae family have natural compounds like phenols and glucosinolates that 
are known to o1er many health benefits, such as anti-inflammatory, anti-diabetic, neuroprotective, 
and anti-cancer properties. Microgreens are young leaves of plants that are harvested early on in 
their growth. They are popularly known for their vibrant colours, unique Flavors, and soft textures, 
making them a popular choice in fine-dining restaurants. However, microgreens have a short shelf 
life and must be consumed soon after harvesting. LED lights are a better alternative than fluorescent 
lights for cultivating microgreens, as they provide high levels of illumination while emitting less 
radiant heat, which is beneficial for plant growth. Additionally, LEDs can enhance the nutritional 
value of microgreens and extend their shelf life by delaying senescence. It is important to 
understand how post-harvest storage, LED light exposure, and simulated gastrointestinal digestion 
can a1ect the health benefits of Brassica microgreens. Thus, the aim of this study is to determine 
the impact of di1erent LED light exposures and in vitro digestion on the major polyphenols, 
glucosinolates, and antioxidants present in raw and digested radish (Raphanus sativus) 
microgreens. To determine whether LEDs can induce an increase in bioactive compounds 
(glucosinolates and phenolics) in brassica microgreens, we tested red, blue, and far-red LED lights. 
We also measured bioavailable bioactive compounds during the intestinal phase after in vitro 
digestion. Red, blue, and far-red LED lights were applied to radish, during storage for five days at 5°C 
and 85% relative humidity. The levels of ascorbic acid, total phenols, kaempferol, and quercetin 
glycosides, as well as antioxidant activities of all three Brassica microgreens, were greatly increased 
by red light. Red LED light also increased glucoraphenin. Potentially, the red-light stress resulted in 
the production of secondary metabolites in immature plants. During the intestinal phase of in vitro 
digestion, a higher concentration of phenolic compounds, glucosinolate components, and 
antioxidants was observed. Therefore, we recommend the use of red LED light as a postharvest 
treatment for enhancing the bioactive compounds of radish microgreens. 

Phytochemicals, Brassicaceae vegetables, antioxidant properties, light quality, phenols, glucosinolates 
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FVH.3.3 Understanding the Health EZects of Plant Foods (1) FV11 

Phenolic composition, antimicrobial activity and 
antioxidant capacity of Burdekin plum during 
maturation 
Gengning Chen, The University of Queensland, Australia; gengning.chen@uqconnect.edu.au 
Michael E. Netzel, The University of Queensland, Australia;  
Daniel Cozzolino, The University of Queensland, Australia;  
Dharini Sivakum, The University of Queensland, Australia;  
Yasmina Sultanbawa, The University of Queensland, Australia. 

Burdekin plums are fruits of Pleiogynium timoriense (DC.) Leenh, which is native to Australia. The 
fruits have been traditionally consumed by Indigenous Australians but are still underutilised to this 
day. Recent research shows that the mature fruit is nutritious and has strong antioxidant capacity. To 
the best of our knowledge, no study has investigated the phytochemical composition and 
functionality of Burdekin plums during maturation. To fill this knowledge gap, the main phenolic 
compounds, antimicrobial activity and antioxidant capacity were determined in Burdekin plums 
harvested at three maturity stages. Results obtained from the water extracts of Burdekin plums 
revealed that the phenolic composition, antimicrobial activity and antioxidant capacity changed 
during maturation (p <0.05). The green fruits had a higher content of quinic acid (3000 mg/100 g DW), 
gallic acid (30 mg/100 g DW), and galloylquinic acid (100 mg/100 g DW), whereas the fully mature 
fruits had a higher content of cyanidin 3-galactoside (40 mg/100 g DW). Regarding antimicrobial 
activity, half red fruits and fully mature fruits exhibited a stronger inhibition against the Gram-positive 
bacterium Staphylococcus aureus (inhibition zone > 8mm) compared to green fruits (inhibition zone 
<2 mm from). However, the antioxidant capacity decreased during fruit maturation. In conclusion, 
maturation has a significant e1ect on phenolic compounds, antibacterial activity and antioxidant 
capacity of Burdekin plums, which should be considered when utilising the fruits as a functional 
food source. 

Maturation, phenolic, antimicrobial, antioxidant, functional 
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FVH.3.4 Understanding the Health EZects of Plant Foods (1) FV15 

The attributes of fruit for blood glucose control 
John Monro, Plant and Food Research, New Zealand; john.monro@plantandfood.co.nz 
Suman Mishra, Plant and Food Research, New Zealand. 

As the world faces a "tsunami" of glucose intolerance associated with the metabolic syndrome, 
diabetes, and ageing, there is growing aversion to foods high in sugars, which include fruit. However, 
fruit combines several attributes making it an excellent carbohydrate source in prudent diets for 
blood glucose control, especially when consumption patterns take advantage of fruit properties. 
Fruit attributes include fructose-rich available carbohydrate, which is much less glycaemic than 
glucose or starch, so equal carbohydrate exchange of fruit for starchy food may alone substantially 
lower glycaemic response. The dietary fibre complement of fruit consists of parenchyma cell walls 
that disperse during digestion, forming a slurry that impairs bulk transfer of sugars to the gut wall, by 
retarding mixing and di1usion within the intestinal chyme. Fruit organic acids lower gastric pH and 
have a strong bu1ering capacity, with two anti-glycaemic e1ects n stopping gastric starch hydrolysis 
by salivary amylase and delaying duodenal neutralisation of gastric contents which activates an 
enterogastric reflex, slowing gastric emptying, thus lowering glycaemic response. Added to the 
above e1ects is the direct influence of fruit phenolic compounds on glucose uptake receptors. All 
the foregoing influences of fruit on sugar uptake apply not only to fruit sugars, but additionally to the 
digestion of starchy food consumed with fruit. But because fruit sugar has some glycaemic e1ect 
the optimum strategy for minimising blood glucose response is to consume fruit close enough to a 
starchy food to impair its digestion but separated enough for the fruit and starch glycaemic 
responses to not overlap, and with fruit preceding starch, so that the fruit components are present 
when the starch enters the gut. Strategically applying the multiple anti-glycaemic attributes of fruit, 
we have achieved substantial reductions in blood glucose response of nearly 50%, making fruit as 
e1ective as drugs in the management of postprandial glycaemia. 

Fruit, glycaemic response, dietary fibre, organic acids, diet 
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FVH.3.5 Understanding the Health EZects of Plant Foods (1) FV18 

E1ects of pea and meat as protein sources on risk 
factors for colorectal cancer in a rat model 
Suman Mishra, Plant and Food Research, New Zealand; suman.mishra@plantandfood.co.nz 
Hannah Dinnan, Plant and Food Research, New Zealand;  
Duncan Hedderley, Plant and Food Research, New Zealand; 
Anika Hoogeveen, Plant and Food Research, New Zealand;  
Carel Jobsis, Plant and Food Research, New Zealand; 
Caroline Kim, Plant and Food Research, New Zealand;  
Sheridan Martell, Plant and Food Research, New Zealand;  
Susanne Middlemiss-Kraa, Plant and Food Research, New Zealand;  
Chunglong Mu, AgResearch Limited, New Zealand;  
Marlon dos Reis, AgResearch Limited, New Zealand;  
Greg Sawyer, Plant and Food Research, New Zealand;  
Halina Stoklosinski, Plant and Food Research, New Zealand;  
John Monro, Plant and Food Research, New Zealand.  

The EAT-Lancet Commission has recommended replacing meat with plant-based protein sources, 
for human and planetary health. One of the principal benefits of using plant-based protein sources 
in the diet is that plant protein is often associated with dietary fibre, in the form of cell wall material. 
Yellow split pea is a plant protein source with a substantial dietary fibre component, but exactly how 
much of an advantage split pea has over meat as a protein source, in terms of beneficial e1ects in 
the large bowel is of interest, in view of the association of colorectal cancer with diets high in meat 
and low in fibre. We therefore used a valid rat model of faecal bulking to quantify the hind gut e1ects 
of pea and meat. The rats were fed diets containing the same quantity of protein, as yellow split pea 
or minced beef in powder form, and during a four-day balance period feed intake and faecal dry 
matter output, faecal water holding capacity and hydrated faecal mass per 100 g feed intake (as an 
estimate of human faecal output) were accurately measured. Products of protein putrefaction were 
also determined. Changes in microbiota composition and residual fermentable carbohydrate will 
also be measured. The mass of caecal contents was also determined. Pea cotyledon, compared 
with meat significantly increased caecal content, faecal dry matter, water holding capacity resulting 
in a significant (p <0.001) 3.5 X increase in fully hydrated faecal mass from 19.7 ± 0.8 g /100 g diet for 
meat to 71.4 ± 13 g/100 g diet, resulting in a reduced concentration of protein putrefaction products 
in gut contents. Substitution of meat by pea cotyledon leads to substantial changes in the physical 
properties of hind gut contents that will lead to a reduced risk of colorectal cancer. 

Colorectal cancer, meat, pea cotyledon, faecal bulk, fermentation 
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PP.4.1 Biocontrol, Control and Communities PP43 

Unravelling the ecological mechanisms involved in 
the e1ect of Aureobasidium sp. on apple fruit surface 
microbiome in relation to postharvest rot 
development 
 
Samir Droby, The Volcani Institute, Israel; samird@volcani.agri.gov.il  
V. Yeka Zhimo, The Volcani Institute, Israel;  
Vijay Kumar Sharma, The Volcani Institute, Israel; 
Shoshana Salim, The Volcani Institute, Israel; 
Oleg Feygenberg, The Volcani Institute, Israel. 
 

Apple fruit encounter losses at all stages of the supply chain due to development of decay caused by 
a variety of pathogens. In this regard, the fruit serve as a habitat for diverse epiphytic and endophytic 
microbial communities consisting of the fruit microbiome. It is believed that a dynamic interaction 
exists between microorganisms including pathogens. In the last decade, the availability of 
sequencing technologies and bioinformatic tools, have enhanced our ability to investigate complex 
plant-microbial interactions and their impact on plant health and disease. Current knowledge of the 
microbiome of apples includes their taxonomical and functional characterization, and factors 
influencing their assembly like fruit genotype, cultivation practices, fruit development stages and 
storage conditions. Studies have also identified a set of core taxa members that exist in the apple 
fruit microbiome. Building on this knowledge, we hypothesized that manipulating the abundance of 
Aureobasidium sp. a core taxon on the apple fruit surface and an e1ective biocontrol agent, would 
impact the fruit microbiome assembly and composition and possibly steer the microbiome towards 
a 'healthier state' that subsequently protects the fruit from postharvest decay. We introduced the 
yeast by spraying in high volumes at di1erent developmental stages starting from flowering until 
harvest. Results revealed that Aureobasidium colonize the fruit in varying proportions at di1erent 
periods of storage, with the most prominent e1ect observed in those samples treated immediately 
after harvest. We also explored the di1erences in the bacterial and fungal community assembly 
composition as a result of its colonization, and unraveled di1erent ecological drivers controlling the 
fruit community assembly in response to the introduction of Aureobasidium. Treated fruits showed a 
decrease in decay incidence as compared to the untreated fruits, with the least decay incidence 
observed in fruit treated both preharvest and postharvest, followed by those treated only during 
postharvest and higher incidence in fruits treated only preharvest. 

Apple, microbiome, Aureobasidium, biological control 
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PP.4.2 Biocontrol, Control and Communities PP34 

Volatile organic compounds of Wickerhamomyces 
anomalus prevent postharvest black spot disease in 
tomato 
Qiya Yang, China; yangqiya1118@163.com 

Postharvest diseases like black spot, caused by Alternaria alternata lead to substantial economic 
losses for the tomato industry, significantly impeding its progress and development. Biological 
control has emerged as a promising approach for managing postharvest diseases in fruits and 
vegetables, o1ering advantages in safety, environmental sustainability, and often good e1icacy. Our 
research group identified Wickerhamomyces anomalus as a promising biocontrol agent against 
postharvest tomato black spot. While the physiological mechanism of black spot prevention and 
control of the yeast was explored, the role of its metabolites in disease control remains unexplored. 
Therefore, this research aimed to investigate the potential of W. anomalus metabolites in preventing 
and controlling tomato black spot disease caused by A. alternata. Additionally, our study explored 
the inhibitory e1ect of the yeast's key components on A. alternate. Through GC-MS analysis, isoamyl 
acetate was identified as the major metabolite from W. anomalus with potential inhibitory e1iciency. 
Our results demonstrated that isoamyl acetate could inhibit A. alternata both in vitro and in vivo and 
e1ectively control postharvest tomato black spot. These findings suggest that isoamyl acetate has 
the potential to be a viable alternative to fungicides for controlling postharvest black spot of 
tomatoes. 

Tomato; Alternaria alternata; Wickerhamomyces anomalus; Isoamyl acetate; Black spot 
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 PP.4.3 Biocontrol, Control and Communities PP97 

After harvest ethanol vapor treatment reduces fungal 
load in Medjool dates 
Amnon Lichter, The Volcani Institute, Israel; vtlicht@agri.gov.il 
Yaara Danino, Israel; 
Kochanek Bettina, The Volcani Institute, Israel. 

‘Medjool’ dates are in high demand, but the level of microbial load can exceed thresholds set by 
some countries. The objective was therefore to identify methods to reduce the microbial load of 
Medjool dates after harvest without compromising its quality. ‘Medjool’ dates were obtained after 
harvest from the same orchard over 2 seasons or from a packing house after 6 months of storage. 
The dates were treated with ethanol vapor, cold-plasma application of hydrogen peroxide or a 
commercial formulation of peracetic acid. In all experiments, treatment with ethanol vapor for 20 
hours reduced fungal load by at least 2 orders of magnitude but had minor e1ects on bacterial load. 
The ethanol vapor treatment was also e1ective when carried out after 6 months of storage at -18°C. 
Treatment with hydrogen peroxide reduced bacterial load but showed skin damage that recovered 
after shelf life in one experiment but not in another. Similar levels of external and internal of 
microbial load were measured suggesting that external contamination was dominant in 
asymptomatic fruit. Sequencing of microbial DNA in the dates showed that Aspergillus was the 
predominant fungal genus while Bacillus was the dominant genus after shelf life. The treatment with 
ethanol vapor changed the volatile profile of the dates but did not have an apparent influence of their 
flavour. The ethanol vapor treatment can be a useful tool to reduce microbial load in relevant 
postharvest systems. 

Palm dates; postharvest; ethanol vapor, Aspergillus 
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 PP.4.4 Biocontrol, Control and Communities PP66 

Postharvest shelf-life extension of raspberries using 
single and dual release sulphur-dioxide emitting 
sheets 
Hannah James, Agrofresh, Australia; hjames@agrofresh.com 
Elton Williams, Agrofresh, South Africa;  
Vincent James Spadafora, Agrofresh, United States of America;  
Filicity Vries, Agrofresh, South Africa;  
Sone Reens, Agrofresh, South Africa.  
 
Fresh fruits like raspberries are a good source of essential vitamins and minerals. However, they are 
very perishable products with a short shelf-life, generating large postharvest losses. Fruit quality for 
the market is largely determined by physicochemical parameters like size, colour, firm texture, 
absence of decay, injuries and bruises and a balance between sweetness and acidity. It's quite 
essential to maintain fruit quality during transport and commercialization until the fruit is consumed. 
Sulphur dioxide (SO2) is extensively used for table grapes as a postharvest treatment to lessen the 
level of decay throughout the storage and transportation periods. We investigated the e1ect of single 
and dual release SO2 emitting sheets on various ventilated punnets for decay development during 
storage without a1ecting other quality parameters. The berries were evaluated after 3 days cold 
storage (6°C) and again after 3- and 7 days retail shelf-life (15°C). After 3 days at 6°C), SO2 sheets 
with the di1erent punnets significantly reduce postharvest decay compared to the untreated berries. 
Treated berries were also significantly firmer. Raspberries stored with the SO2 sheets were also 
visually, lighter red in colour than the controls. The e1icacy of SO2 sheets on postharvest decay of 
raspberries in these trials clearly demonstrates its potential to reduce losses during storage and 
transport. 

Postharvest decay, raspberry, SO2 
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PP.4.5 Biocontrol, Control and Communities PP32 

A study on construction of complex biocontrol 
microbial communities based on the microbiome to 
control postharvest diseases of red grapes 
Kaili Wang, China; 15981843773@163.com  

Red grapes are one of the most important varieties for fresh grape cultivation, with a series of 
characteristics such as large fruit grains, crispy flesh, bright colour, moderate taste, and high yield, 
as well as high nutritional value. They are widely cultivated in China. To understand the overall 
microbial community of red grapes during storage, which can provide guidance for the control of 
postharvest diseases, this study analysed the bacterial and fungal community structure during 
di1erent storage periods of red grapes using high-throughput sequencing. At the same time, 
beneficial antagonistic strains belonging to the "core" microorganisms were screened from the 
surface of red grapes and the antagonistic strains were compounded. This study found that the 
diversity of microbial communities of red grapes during the early stage of storage was high, and 
bacteria were significantly higher than fungi. The postharvest decay of red grapes was related to 
pathogenic fungi Cladosporium, Penicillium, Alternaria and Aspergillus. Two strains of biocontrol 
bacteria B2 (identified as Bacillus lincheniformes) and B4 (identified as Bacillus velezensis), as well 
as two strains of biocontrol yeast A5 (identified as Rhodotorula graminis) and A6 (identified as 
Rhodotorula babjevae), were screened from the top 15 "core" microorganisms in terms of total 
abundance to control post-harvest blue mould and powdery mildew caused by the pathogens 
Penicillium expansum and Aspergillus niger. Respectively, these strains were then combined to 
obtain the optimal ratio of biocontrol bacteria for controlling blue mould disease. For W3 (A5: B2: A6: 
B4=1:1:8:10), the optimal proportion for preventing and treating powdery mildew is Q3 (A5: B2: A6: 
B4=5:1:6:12). The antibacterial rate of the composite strain W3 obtained above is 63%, and the 
antibacterial rate of Q3 is 35%, which can provide candidate strains or composite agents for solving 
post-harvest Penicillium and powdery mildew in red extraction. 

Red grapes, microbiomics, antimicrobial activity, composite bacteria, biological control ePect 
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 Plenary 3 Plenary Plenary 

Sustainability challenges and future opportunities for 
food production in a changing world 
Brent Clothier, Plant and Food Research, Palmerston North New Zealand. Brent.Clothier@plantandfood.co.nz  

Nature’s assets: our soils, our vegetation, our biodiversity, our waters, plus our weather, underpin 
our well-being. An outline is provided of the natural-capital concept which integrates economic 
thinking with ecological principles, by considering nature’s assets as capital. In the economic world, 
interest and rents flow from capital. By analogy, in the ecological world ecosystem services flow 
from our natural capital stocks, and these are massively valuable. We need to sustain nature’s 
assets. Before looking forward to opportunities, I look back-to-the-future, and discuss the 1911 book 
by Franklin Hiriam King on “Farmers of Forty Centuries” in East Asia. King visited Japan, Korea and 
China in 1909 to “. . . consider the practices of some five hundred millions of people who have an 
unimpaired inheritance acquired through four thousand years.” His prescience was a forerunner of 
modern ecosystem-services thinking. King highlighted how the utilisation of organic wastes, 
including those resulting from a failure of (the then) post-harvest management of food products, was 
critical for sustaining stocks of organic matter in soil. Only through this investment of organic-waste 
back into nature had it been possible, King concludes, to farm these lands continuously for 4,000 
years. Soil without carbon, he noted, is inert. The continuous application of organic waste onto land, 
King asserts, also had a quirky consequence, which I will discuss. Looking forward, through the 
lenses provided by ecosystem-services analyses and life cycle-assessments, I consider that it is 
possible to discern plentiful opportunities to sustain new food-production practices and healthy 
food consumption patterns in a rapidly changing world. 

Food-waste metrics, waste-as-a-resource, soil organic-matter, ecosystem services, carbon footprinting 
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PH.5A.1 Controlled Atmospheres PH33 

Controlled atmosphere storage: research and 
commercial 
Jeremy N. Burdon, Plant and Food Research, New Zealand; jeremy.burdon@plantandfood.co.nz  

Controlled atmosphere (CA) storage is an established feature of postharvest systems, prolonging 
the life of numerous horticultural crops. CA usually refers to the manipulation of oxygen and carbon 
dioxide concentrations within tightly defined limits and may also include ethylene removal. Systems 
have been developed for land-based storage and during shipping. Both low oxygen and high carbon 
dioxide can individually or together retard produce deterioration under CA. Academic research has 
largely addressed land-based systems, with a shift from the static empirical approach using a fixed 
atmosphere to setting the oxygen concentration based on the behaviour of the produce (dynamic 
CA). These systems are being optimised to maximise the CA response to low oxygen. Systems 
operate by setting the oxygen concentration after determining the lowest safe oxygen concentration 
using chlorophyll fluorescence, or by monitoring the production of ethanol or respiratory 
activity/respiratory quotient. The most researched crop is apples. A wider range of crops are shipped 
under CA by sea than are stored on land. Sea freight CA systems have developed di1erently from 
land-based systems. Often the atmosphere is less tightly controlled; rather it is ventilated on 
demand when oxygen or carbon dioxide thresholds are exceeded. These systems typically utilise a 
higher oxygen concentration in conjunction with a higher carbon dioxide concentration than the 
systems developed for land-based storage. These di1erences in approach to CA are discussed with 
respect to produce biology and quality. 

Static, dynamic, apple, avocado, kiwifruit, quality, shipping 
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 PH.5A.2 Controlled Atmospheres PH49 

Two-factorial dynamic storage systems for pome 
fruit: Oxygen and temperature control based on CO2 
release rates 
Felix Büchele, Kompetenzzentrum Obstbau Bodensee, Germany; felix.buechele@kob-bavendorf.de  
Daniel A. Neuwald, Kompetenzzentrum Obstbau Bodensee, Germany;  
Fabio R. Thewes, Federal University Santa Maria, Brazil. 

DCA-CD Plus is a novel two-factorial storage concept that aims to simultaneously define an 
optimum and transient oxygen partial pressure (pO2) and temperature range for apples, based on 
their CO2 release rate. It is assumed that by establishing an extremely low pO2 in the room 
atmosphere, fruit metabolism is suppressed to a minimum, thereby allowing for higher storage 
temperatures without promoting ripening and associated quality decline. This concept is primarily 
suggested to contribute to lower energy usage of the cooling system while maintaining optimal fruit 
quality. The DCA-CD Plus system was tested over four seasons with the apple variety 'Braeburn' in 
commercial storage rooms of 11-ton capacity at a research facility in Southern Germany. The 
reliability of the CO2 release rate as the input value for dynamic pO2 and temperature control was 
evaluated through extensive analysis of fruit quality parameters, occurrence of disorder symptoms, 
and studies of anaerobic metabolite levels. Energy usage and running times of individual 
components of the cooling systems (compressors, evaporators, defrosting, ventilators) were 
recorded to determine the potential for energy savings. Evidence from multiple seasons indicates 
that 'Braeburn' apples can be safely stored under DCA-CD Plus conditions at pO2 < 1.0 kPa without 
developing disorder symptoms related to low oxygen stress or exceeding critical thresholds of 
acetaldehyde, ethanol, or ethyl acetate. Dynamically increased temperatures reduced the energy 
usage of ventilators, defrosting, and compressors, without a1ecting the fruit softening rate, peel 
yellowing, and titratable acidity levels. 

DCA, energy ePiciency, storage technology, Low oxygen 
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PH.5A.3 Controlled Atmospheres PH58 

Expression changes of ripening genes in kiwifruit 
under regular cool storage after controlled 
atmosphere 
Yujie Han, Massey University, New Zealand; Y.Han@massey.ac.nz 
Andrew East, Massey University, New Zealand; 
Paul Dijkwel, Massey University, New Zealand; 
Tina Sehrish, Massey University, New Zealand; 
Peter Jelery, Massey University, New Zealand; 
Sue Nicholson, Massey University, New Zealand; 
Julian Heyes, Massey University, New Zealand. 

Controlled atmosphere (CA) technology extends the storage life of kiwifruit (Actinidia spp.) by 
delaying and slowing ripening, reducing ethylene production, and reducing sensitivity to ethylene. 
However, due to the equipment requirements, it is di1icult to apply CA during the transport, 
distribution, and retail phases of the supply chain. One common practice in New Zealand is to store 
kiwifruit in CA after harvest. Subsequently, transportation to the global market is conducted in the 
regular refrigerated air environment. The physiology of kiwifruit ripening in cool storage after removal 
from CA is unknown. The objective of this study was to identify the ripening pathways that are 
impacted during post-CA period. Kiwifruit (A. chinensis cv. 'Zes008') were harvested from three 
orchards at commercial maturity, and stored in CA for 2, 4, 6, or 8 weeks before being transferred 
into regular cool storage for a subsequent 6 weeks. Fruits were sampled fortnightly and assessed 
within 24 h after removal from storage and after exposure to three days of retail shelf-life conditions 
(20°C). The relative expression of genes involved in ethylene biosynthesis, cell wall modification, and 
starch degradation pathways were quantified using quantitative polymerase chain reaction (qPCR). 
The results suggest that the ethylene biosynthesis pathway was suppressed during CA storage but 
subsequently reactivated during the post-CA shelf-life period. On the other hand, the storage 
atmosphere had less impact on the starch degradation and cell wall modification pathways, 
however, these pathways were activated by the change in post-storage temperature. 

Actinidia chinensis, ripening, qPCR, ethylene production, cell wall, carbohydrate, postharvest 

  

mailto:Y.Han@massey.ac.nz


Back to contents 108 

PH.5B.1 Non-destructive Assessment (2) PH283 

Chlorophyll fluorescence as a tool for non-
destructive assessment of greening in potato tubers 
Sidsel Fiskaa Hagen, Nofima AS, Norway; sidsel.hagen@nofima.no  
Hanne Larsen, Nofima AS, Norway. 

Potato tubers (Solanum tuberosum L.) are an essential basic commodity worldwide, and the total 
world production is nearly 375 million tonnes (FAOSTAT, 2022). Light exposure to potatoes may 
induce the formation of both chlorophyll (Chl) and toxic, colourless glycoalkaloids. Even though Chl 
itself is harmless, the risk of simultaneous formation of glycoalkaloids leads to rejection of green 
potatoes. Hence, greening of potatoes is a major cause for food waste and economic loss. The aim 
of this study was to evaluate chlorophyll fluorescence (ChlF) as a tool for non-destructive 
assessment of greening in potato tubers. A series of potatoes (cv. Folva) with di1erent grades of 
greening was created by exposing the potatoes to light from 0 to 72 h. ChlF was measured within a 
marked circle on the potatoes using a portable pulse-amplitude-modulated Chl fluorometer, and the 
simple fluorescence ratio (SFR R), i.e. far-red emission over red emission upon red excitation, was 
calculated. For reference, colour measurements were performed within the same area of the 
potatoes, and the peel was extracted in methanol and analysed for Chl content by 
spectrophotometry. SFR R and Chl content was tightly correlated in a linear relationship (R2 = 0.960, 
P = 0.000). Colour values were less related to Chl content, with the highest correlation found for hue 
in a curvilinear relationship (R2 = 0.846, P = 0.000), which may be explained by interference of other 
colours in the potato peel. We conclude that ChlF can be a useful tool for assessment of Chl content 
in the peel of potatoes. The method can be applied to monitor greening of potatoes both in research 
and for commercial purposes. 

Solanum tuberosum, chlorophyll, glycoalkaloids, multiplex, simple chlorophyll fluorescence ratio, colorimetry, spectrophotometry 

  

mailto:sidsel.hagen@nofima.no


Back to contents 109 

 PH.5B.2 Non-destructive Assessment (2) PH269 

Feasibility study to utilise near-infrared spectroscopy 
as a decision support tool to reduce asparagus tip 
breakdown  
Sandra Landahl, Cranfield University, United Kingdom; s.landahl@cranfield.ac.uk  
Emma Collings, Cranfield University, United Kingdom;  
John Chinn, JGHC Ltd. United Kingdom;  
Hilary Rogers, Cardil University, United Kingdom;  
Leon Alexander Terry, Cranfield University, United Kingdom;  
Mari Carmen Alamar, Cranfield University, United Kingdom. 

Due to a short season of UK asparagus, large quantities of spears are being imported to provide this 
high value vegetable throughout the year. Cold storage can maintain the quality of asparagus for one 
week and a further week during shelf-life. During these periods the postharvest physiological 
disorder tip breakdown may develop, which can lead to significant commercial losses. In its latter 
stages the disorder is characterised by the presence of watery bracts at the tip of the spear and a 
foul odour, which makes not only the a1ected spears unmarketable, but also other spears in the 
batch. The hypotheses of this study were that fast growth, changes in sugar translocation and cell 
death may be key components of the mechanism and that the e1ects of these can be measured by 
spectrometry at a stage, where they cannot be detected visually. In order to obtain spears with tip 
breakdown, asparagus with susceptibility to the disorder ('Aspalim') was grown under warm 
(28/14°C) day/night temperatures (with controlled relative humidity and light cycle). Harvested 
spears were directly moved to shelf-life storage at 7°C in film covered trays (for 14 d), then assessed. 
After harvest (18 harvests) and after shelf-life, reflectance spectra of di1erent spears (n=514) were 
measured by means of a Labspec spectrometer (ASD Inc.) in the range of 780 nm to 2500 nm with a 
fibre optic probe with illuminator. 'Aspalim' spears examined after shelf-life (n=274) had an 
incidence of 8.6% of tip breakdown. While the accuracy of linear discriminant analysis (PCA FCV 
validation) was high overall (e.g. 86%), the number of correctly predicted tip rot spears was low (e.g. 
46%). Therefore, complementary non-destructively collected data is needed for prediction of tip 
breakdown. In the future, machine vision to identify asparagus spears pre-symptomatically will be 
investigated. 

NIR, Asparagus oPicinalis, tip rot, spectrophotometry 
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PH.5B.3 Non-destructive Assessment (2) PH250 

Assessing vanilla bean dry matter and quality 
aspects non-destructively with NIR model 
development for Vava’u, Tonga  
Fran Doerflinger, Waite Campus Research Precinct, Australia; fran.doerflinger@plantandfood.com.au  
Bruce Smallfield, Canterbury Agriculture Science Centre, New Zealand;  
Mark Wohlers, Plant and Food Research, New Zealand. 

Vanilla planifolia H.C Andrews (vanilla) is an important crop in Pacific Island countries. Cured vanilla 
is a low-volume, high-value, and stable long-shelf-life product, making it ideal for export on long 
shipping routes. This study focuses on V. plantifolia grown in Vava'u, Kingdom of Tonga. Tongan 
legislation requires farmers to sell ripe beans with a yellow tip. Only fully mature and ripe beans will 
produce good-quality cured beans with the required vanillin content and typical vanilla aroma. The 
'Tonga Vanilla Activity' funded by MFAT (2019-2024) used a handheld NIR device (Texas Instrument 
DP Nano) to test and assess vanilla beans on the vine during the final ripening stages and during 
curing. The data collected during the traditional curing, sun and shed drying, and during simulated 
container drying from beans cured in the lab oven have been pivotal in constructing a robust model. 
This model accurately predicts the percentage of dry matter (%DM), glucovanillin and vanillin 
concentrations in the bean, which are key determinants of its final quality. The high confidence 
factors for %DM at harvest 20% DM, with a solid level of specificity and sensitivity, both 90%, further 
underscore the practicality of our predictions, ensuring the production of high-quality beans. 
Developing a non-destructive method for assessing vanilla bean quality is a significant 
development. It addresses the challenge of being able to distinguish immature beans from those 
conforming to the regulation harvest criteria once the beans have been cured. This device and fitted 
models not only aid in assessing the quality at harvest and after curing but also play a pivotal role in 
ensuring Tongan vanilla is seen by the market as a high-quality product. 

Vanilla, curing, NIR, non-destructive quality assessment, international development 
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PH.5C.1 Applications of 1-MCP (1) PH231 

SmartFresh™ in the preservation of mangoes 
postharvest quality after long periods of cold storage 
Hannah James, Agrofresh, Australia; hjames@agrofresh.com 
Felipe Terra, AgroFresh Brasil Ltda, Brazil;  
Jackson Lobo, AgroFresh Brasil Ltda, Brazil. 

Mango is a very important crop for the Brazilian fruit industry, and was, in terms of volume, the most 
exported fruit from Brazil in 2023. Destinations are generally European or North American countries. 
However, with the growing interest in Brazilian mangoes from more distant markets, it is necessary 
to use new technologies that allow the fruits to reach these countries with high quality. Being a 
climacteric fruit, whose maturation and senescence are related to ethylene, one of the technologies 
that helps the extension of post-harvest life by maintaining the quality of the mango is SmartFresh 
(1-Methylcylopropene) which is a post-harvest growth regulator that blocks the action of ethylene by 
binding to its receptors. The objective of this trial was to evaluate the e1ect of SmartFresh on the 
conservation of mangoes' post-harvest quality, Keitt variety, in long cold storage scenarios. The 
mangoes were harvested at ripening stage 2 (scale 1 to 5), processed, packaged, and then applied 
with SmartFresh at a dose of 600 nL/L for 12 hours. Cold storage was carried out at 10°C and 
evaluations of pulp firmness, maturation index, internal browning and soluble solids were carried 
out after 35, 45 and 55 days under refrigeration. In each of the evaluations, it was possible to 
observe significant e1ects of the treatment in relation to the maintenance of a higher pulp firmness, 
a lower maturation index and the reduction of internal browning. In the evaluation carried out after 
45 days in cold storage, mangoes treated with SmartFresh TM had pulp firmness 2.4 times higher 
and did not present internal browning, while 70% of untreated fruits presented this disorder. 
Therefore, SmartFresh proved to be an e1icient technology for maintaining the quality and extending 
the post-harvest life of mangoes stored for long periods under refrigeration, being e1ective at the 
dose of 600 nL/L. 

1-MCP, Mangifera indica, maturation, firmness, quality conservation 
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PH.5C.2 Applications of 1-MCP (1) PH29 

A new 1-MCP delivery system opening up 
opportunities for small packaging 
Wendy Schotsmans, Janssen PMP, Belgium; wschotsm@its.jnj.com  
Pauline Voorbraak, Janssen PMP, Belgium. 

Postharvest storage losses are one of the main sources of food spoilage worldwide threatening food 
security and economic sustainability. For the last few decades 1-methylcyclopropene (1-MCP) has 
proven to be a game changer in preserving apple fruit of the highest quality year-round and has since 
also founds its' uses for storage of other fruits like pear and kiwifruit. The benefits of 1-MCP on 
postharvest quality maintenance are well known and range from decreased ethylene production 
over colour retention, decreased dehydration to maintenance of firmness. However, up till now only 
fruit stored in large volumes has been able to commercially benefit from these benefits. 
Nevertheless, the benefits of 1-MCP for other fruits and vegetables are also becoming more and 
more apparent but they cannot be exploited commercially due to the volumes they are stored of 
packed in. Some examples are the delay of rachis browning in grapes, delay of dehydration, weight 
loss and degreening of broccoli, delay of senescence in strawberries. More recently, technological 
progress is bringing the benefits of 1-MCP closer for small packaging like individual pallets, single 
boxes or even clam shells. This opens the potential for those fruits that are packed in small 
packaging at harvest, or closely harvest and shipped to far away markets immediately. We will 
present an award-winning patented technology that enables the release of highly pure 1-MCP from 
any material from simple stickers to the actual packaging. The presentation will show an overview of 
the unique properties of this technology, as well as the potential importance for several crops that 
are currently not reaping the benefits of the senescence delaying e1ects of 1-MCP. The presentation 
will also show results of extensive testing of the technology on several fruits and vegetables in a lab 
environment as well as on a semi-commercial and commercial scale. 

1-MCP, small packaging, grapes, berries, broccoli 
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 PH.5C.3 Applications of 1-MCP (1) PH237 

Physiological and biochemical changes associated 
with the ripening of Banganapalli and Neelam 
mangoes, induced by 1-methylcyclopropene (1-MCP) 
Jeyakumar Prabhakaran, Tamil Nadu Agricultural University, India; jeyakumar@tnau.ac.in  
Srividhya S, ICAR- Indian Institute of Millets Research, India;  
Boominathan P, Tamil Nadu Agricultural University, India;  
Kavino M, Tamil Nadu Agricultural University, India;  
Ganapathy S, Tamil Nadu Agricultural University, Coimbatore, India. 

Mangoes, the fruit of the tropics and subtropics, are perishable due to their climacteric nature, 
which decreases their shelf life and quality. Fruit ripening is characterized by a series of biochemical 
changes initiated by the autocatalytic production of ethylene and an increase in respiration. 
Chemical and non-chemical treatments are used to maintain fruit quality during storage. The 1-
Methylcyclopropene (1-MCP), an ethylene antagonist, is used in various fresh fruits and vegetables 
for extended shelf life and quality. It blocks the ethylene receptors, preventing normal fruit 
responses to ethylene. Studies were conducted to assess the impact of 1-MCP on the quality and 
shelf life of two mango cultivars, viz. V 1, Banganapalli, and V 2, Neelam. The fruits at ripening stage 
2 (25% ripening) were exposed to 1-MCP vaporization at three di1erent levels under cold (CS, 16°C) 
and ambient storage (AS, 27 ± 2°C) conditions. The 1-MCP at 900 ppb was found e1ective in 
retaining higher fruit firmness (V 1 = 7.22, V 2 = 7.68 Newton), irrespective of the storage conditions. 
Under CS, the 1-MCP at 900 ppb recorded the lowest sugar content in both V 1 (8.59) and V 2 (8.72), 
while the control recorded the highest (V 1 - 10.88, V 2 - 9.81). The Pectin Methyl Esterase (PME) 
activity was strongly inhibited by 1-MCP treatments. Under CS, the variety V 2 had higher 
anthocyanin accumulation (412.15) than any other treatments. The climacteric peak of 1-MCP-
treated fruits was significantly delayed by three days. 1-MCP at 900 ppb recorded a very low CO2 
evolution (V 1 - 27.7, V 2 - 34.0), while the control fruits had the highest respiration rate (V 1 - 43.0, V 
2 - 44.1). The shelf life of mango fruits at the 25% ripening stage has been significantly enhanced by 
1-MCP under CS (16°C). The variety V1-Banganapalli recorded a shelf life of 11 days due to 1-MCP at 
900 ppb, while the untreated fruits registered only seven days. The other variety, V2-Neelam, had a 
shelf life of 15 days with the same 1-MCP treatment, while the control recorded ten days. 

Mangoes,1-MCP, physiology, shelf-life, fruit quality 
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PH.5D.1 Wound Healing PH134 

Rapid wound healing - a new strategy to reduce 
postharvest losses in fruit and vegetables  
Yang Bi, Gansu Agricultural University, China; biyang@gsau.edu.cn  
Yi Wang, Gansu Agricultural University, China;  
Ye Han, Gansu Agricultural University, China;  
Yongcai Li, Gansu Agricultural University, China;  
Yuanyuan Zong, Gansu Agricultural University, China. 

Fruit and vegetables are susceptible to various types of mechanical damage during harvest and 
post-harvest handling, which destroy the protective epidermal tissues and not only open avenues for 
pathogen infection, but also exacerbate water transpiration. Fortunately, fruits and vegetables have 
the ability to respond to wound stress by forming a closing layer at the wounds, which can e1ectively 
inhibit the infection of pathogens and reduce water transpiration. However, natural healing takes a 
long time, and measures need to be taken to accelerate healing. A variety of chemicals can 
accelerate wound healing of fruits and vegetables, including salicylic acid and its analogue BTH, 
melatonin, sodium nitroprusside, chitosan, chito-oligosaccharides, phenylalanine and sodium 
silicate. In addition, physical and biological measures such as hot water immersion, UV-C irradiation 
and biocontrol yeasts can also accelerate the wound healing. The mechanism of rapid healing 
involves a variety of metabolisms such as phytohormone signalling, reactive oxygen homeostasis, 
transcription factors, sucrose metabolism, respiration and energy metabolism, fatty acid 
metabolism and phenylpropanoid metabolism. At present, research on rapid wound healing focuses 
mainly on a few fruit and vegetables, such as potato, sweet potato, muskmelon, kiwifruit, apple and 
pear. The methods and conditions of healing still need to be optimized and the mechanism of 
healing needs to be studied in depth. 

Fruit and vegetables; rapid wound healing; methods; mechanisms; perspectives 
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 PH.5D.2 Wound Healing PH243 

Curing temperatures a1ect the wound healing 
metabolism of ‘Clearwater Russet’ potato tubers  
Gustavo Henrique de Teixeira, University of Idaho, Kimberly Research and Extension Center, United States of 
America; gteixeira@uidaho.edu  
Vanessa Pedrosa, Universidade Estadual Paulista, Brazil;  
Maiqui Izidoro, Universidade Estadual Paulista, Brazil;  
Tie Liu, University of Florida, United States of America; 
Samuel Paytosh, University of Idaho, Kimberly Research and Extension Center, United States of America; 
Nora Olsen, University of Idaho, Kimberly Research and Extension Center, United States of America. 

Potatoes are usually cured at 10 to 12.7°C and 95% relative humidity (RH) for 14 days. However, the 
industry has recently questioned the impact on the wound healing within this temperature range and 
if product application can a1ect the response. The objective of this study was to investigate the 
e1ect of calcium chloride (CaCl2) and nitric oxide (NO) on wound healing metabolism of potato 
tubers at two curing temperatures (10 or 12.7°C, 95% RH). In 2023-2024 storage season, 'Clearwater 
Russet' potatoes were harvested and immediately treated with i. control (without any treatment), ii. 
nitric oxide treatment (0.022 g L-1) for 5 hours, or iii. CaCl2 spray application (2%, w/v). Potatoes were 
then cured at 10 or 12.7°C and 95% RH for 14 days. Samples were collected every two days (0, 2, 4, 
6, 8, 10, 12, and 14 days) to determine weight loss, respiratory activity, phenylalanine ammonia-
lyase (PAL) activity, and total phenolic contents. Low curing temperature (10°C) resulted in less 
weight loss compared to 12.7°C. Nitric oxide (NO) and CaCl2 resulted in higher weight loss than 
control, which increased and reached 0.62% on day 14. The respiration rate remained una1ected 
over the 14-day curing period. Significant interactions were observed between treatments and 
temperatures, as well as between treatments and curing periods for PAL and total phenolics. PAL 
activity increased at a faster rate at 12.7°C and peaked on day 2. At 10°C the initial PAL peak was 
observed on day 4. Interestingly, a second peak of PAL activity was observed on day 10. Total 
phenolic content mirrored the PAL activity, but potatoes cured at 10°C had higher total phenolic 
content than at 12.7°C. Overall, the wound healing metabolism responded faster at 12.7°C 
compared to 10°C, while the respiration rate remained una1ected. While this study o1ers valuable 
insights into wound healing metabolism, further investigations are needed to validate these findings 
beyond the one-year evaluation period. 

Phenylalanine ammonia-lyase (PAL), total phenolics, respiration rate 
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PP.5.1 Integrated Management PP16 

Integrated management of superficial mould on 
stored pome fruit 
Inge Block, Stellenbosch University, South Africa; Inge@experico.co.za 
Cheryl Lennox, Department of Plant Pathology, Stellenbosch University, South Africa;  
Julia Meitz-Hopkins, Stellenbosch University, South Africa. 

The development of superficial mould on stems and calyx sepals of stored apples and pears has 
considerable economic implications for the South African pome fruit industry. Postharvest 
management, particularly employing synthetic fungicides like fludioxonil (Flu) and pyrimethanil 
(Pyr), is crucial in controlling fungal diseases on pome fruit in South Africa's commercial 
packhouses. Typically applied via drench methods, Flu has proven more e1ective than Pyr, while 
packaging types such as clear non-perforated polyethylene bags exacerbate mould development. A 
study evaluating Flu (299 mg/L) and Pyr (500 mg/L) drench applications on three apple cultivars 
stored for six months at -0.5°C found that combining chemical drench with alternative packaging like 
perforated bags mitigated calyx and stem mould symptoms, with MAM sheeting resulting in low 
mould incidence across cultivars. Additionally, thermofogging with Flu or Pyr on the ‘Fuji’ cultivar 
under controlled conditions showed Pyr to be least e1ective in reducing mould. Sanitiser dip 
application, particularly with Hypercide® and Steri-harvest®, resulted in 0% mould incidence when 
paired with perforated bags or MAM sheets. Fungicide sensitivity tests conducted on Alternaria 
arborescens, Cladosporium spp. and Epicoccum spp. isolates revealed varying sensitivity to Flu, 
Pyr, thiabendazole, fluopyram, and difenoconazole. In summary, e1ective postharvest management 
involves judicious fungicide application, appropriate packaging, and sanitation practices, with an 
understanding of fungicide sensitivity and employing suitable treatments to enhance fruit quality 
and reduce postharvest losses. 

Management strategies, fungicides, packaging, sanitizers 
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 PP.5.2 Integrated Management PP64 

Pre- and post-harvest management to reduce losses 
during storage of pome fruits 
Alessio Bernasconi, Switzerland; alessio.bernasconi@fibl.org 
Clémence Boutry, Switzerland;  
Nadine Peter, Switzerland;  
Pascale Flury, 'Switzerland;  
Hans-Jakob Schärer, Switzerland. 

The demand for high-quality, residue-free food is exerting increasing pressure on the pome fruits 
sector, which accounts for 65% of fruit-growing areas in Switzerland. However, reducing synthetic 
products in orchards increases the risks of fungal diseases during storage, thus significantly 
impacting the industry's revenues and ecological footprint. Therefore, there is a need to test and 
validate new approaches and biological products to limit these losses across all production 
systems, meeting the public's expectations and aligning with the new direction of Swiss agricultural 
policy. In a holistic approach, combining pre-harvest biological and sustainable control strategies, 
e1ective post-harvest innovations and laboratory screening analysis for promising products, we 
sought solutions to reduce losses due to fungal rot during the storage of pome fruits. At the end of 
season 2022, the main quality deficiencies were assessed before storage, with apple scab identified 
as the predominant issue. The assessment revealed that 69.9% of apples exhibited scab infestation, 
highlighting the need for e1ective pre-storage interventions. Following storage, the assessment 
focused on prevalent post-harvest diseases such as Monilia sp. and Neofabraea sp. The results 
indicated that over 70% of apples were infested with Neofabraea sp. Despite the high level of 
infestation, Mini CA boxes (Janny boxes) significantly decrease the number of apples infected with 
Neofabraea sp. suggesting that low oxygen levels decrease the growth of fungal pathogens and 
preserve the fruit. Overall, this study provides valuable insights into the prevalence and severity of 
pre- and post-harvest diseases in apples, underscoring the importance of e1ective storage 
management practices. Further research is warranted to explore the e1icacy of di1erent treatments 
and interventions in mitigating post-harvest diseases and optimizing apple storage conditions. 

Pre- and post-harvest interventions, storage management practices, pome fruits sector, Neofabraea alba, sustainable control 
strategies, fungal diseases 
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 PP.5.3 Integrated Management PP86 

Innovative approaches to disinfect biowastes 
contaminated by plant pathogens: steaming and 
composting of onion waste contaminated with 
Sclerotinia cepivorum 
Belachew Asalf Tadesse, Norway; belachew.asalf.tadesse@nibio.no 
Tor Arne Justad, Norway; 
Pierre-Adrien Rivier, Norway;  
Erik Joner, Norway. 

Sclerotinia cepivorum (teleomorph: Stromatinia cepivora) is an economically important pathogen of 
Allium species worldwide. The sclerotia can survive in the soil and in onion waste for 20 years. In 
Norway, onion white rot is a quarantine disease for onion set producers, making the disposal of 
onion waste from packing facilities a major concern due to its persistent nature and potential risk of 
spreading the pathogen with compost. Moreover, the disposal of onion waste is costly in Norway. 
The e1ective management of postharvest waste contaminated with plant pathogens present a 
significant challenge in agricultural sustainability and circular economy initiatives. This study 
explores the utilization of steaming technology in combination with composting as a novel approach 
to disinfect, reuse, and recycle biowaste. A stationary soil steaming machine was used to determine 
the lethal dose (temperature and duration) of S. cepivorum. In addition, the onion waste was 
composted to evaluate the combined e1ect of steaming and composting on the survival of S. 
cepivorum. Steaming onion waste at temperature exceeding 60°C for 3 minutes was found to be 
e1ective in degrading the sclerotia and killing the S. cepivorum. The temperature in the composting 
process reached 60°C, also su1icient to damage the sclerotia and expose it for microbial infestation. 
By combining steaming and composting technologies, contaminated onion waste can be 
disinfected, reused, recycled, and returned into soil. The integration of steaming and composting 
technologies shows promise in disinfecting biowaste and reducing the risk of pathogen spread. This 
approach not only addresses postharvest waste management challenges associated with plant 
pathogens but also contributes to sustainable agricultural practices and circular economy 
strategies. 

Onion, postharvest waste, white rot, Sclerotinia cepivorum, sclerotia, steam, compost, bio-waste and circular economy 
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PH.6A.1 Non-destructive Assessment (3) PH232 

Non-destructive assessments of near-surface 
structures of horticultural products 
Mo Li, Massey University, New Zealand; m.li2@massey.ac.nz  
Andrew East, Massey University, New Zealand. 

The growing environment has a profound influence on fruit development. The epidermis of the plant 
is the interface with its surrounding environment. As such features of the surface and the near-
surface layers of cellular structures have the potential to provide information on intrinsic properties 
of the product, as influenced by the environment. Extending on well-established spectroscopic 
methods such as near infrared spectroscopy and hyperspectral imaging, in recent years, several 
novel optical and image-based sensors have been utilised to assess the near-surface properties of 
the fruit, which may be related to important attributes of quality and storability. For instance, skin 
topographical information such as surface roughness and lenticel morphology can be quantified 
using fringe projection and used as a proxy to infer fruit growing conditions. Laser induced light 
backscattering imaging can be used to assess textural properties in the near-surface tissue of the 
fruit, providing opportunities for storability prediction and disorder detection. Using optical 
coherence tomography, near-surface internal structures of tissue can be characterised based on 3D 
volumes of image data and associated with changes in quality. From all these methods the resulting 
data comes in forms that usually requires advanced analytical methods for data interpretation. Due 
to the wide range of inherent biological variability at both individual fruit and batch levels, large 
amounts of samples are often required to calibrate the sensor data with useful quality parameters 
usually measured destructively. This talk will provide a review of the current state-of-the-art of these 
non-destructive methods, provide case studies to demonstrate their capability in skin assessment 
and quality estimation, and identify existing challenges and potential opportunities for applications 
in the postharvest supply chain of fresh produce. 

Imaging, skin topography, cellular structure, optical property, quality prediction 
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 PH.6A.2 Non-destructive Assessment (3) PH217 

Analysing changes in biochemical attributes of 
strawberry during postharvest storage by means of 
multidimensional point clouds 
Nicolas Tapia Zapata, Leibniz Institute of Agricultural Engineering and Bio-economy e.V. Germany; 
ntapiazapata@atb-potsdam.de 
Kowshik Kumar Saha, Leibniz Institute of Agricultural Engineering and Bio-economy e.V. Germany;  
Manuela Zude-Sasse, Leibniz Institute of Agricultural Engineering and Bio-economy e.V. Germany. 

One of the major challenges in the postharvest handling of strawberry is their high perishability and 
textural failures due to compression along the supply chain. Thereof, changes in strawberry quality 
are marked by its biochemical profiles during fresh keeping periods, a1ecting fruit senescence and 
shelf-life expectancy. Close range remote sensing by means of LiDAR scanning had become a 
source of information as a relative low-cost optical method to investigate geometrical and 
radiometrical properties of horticultural produce in pre- and postharvest processes. In the present 
study, optical and geometric characteristics of strawberry samples at di1erent storage conditions 
were measured by means of two LiDAR sensors with emitting wavelengths at 905 and 660 nm. 
Multidimensional point cloud fusion from both LiDARs were performed using Fourier series 
expansion approach for surface reconstruction. Additionally, at each storage condition, pectin and 
pigment contents were measured after chemical extraction and separation by means of photometric 
readings. Pectin in strawberry samples were measured using spectrophotometry at 525 nm as 
galacturonic acid content. Chlorophyll, carotenoids, and anthocyanin contents were analysed by 
spectrophotometry after wet-chemical hexane-acetone extraction. Correlations between measured 
content of biochemical profile and LiDAR optical information of strawberries were performed using 
statistical approaches. Additionally, relations between single and multidimensional LiDAR 
radiometric information were contrasted to biochemical fruit properties. 

Multidimensional point clouds, LiDAR, strawberry, storage, biochemical profile 
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 PH.6A.3 Non-destructive Assessment (3) PH107 

Identify chilling tolerance-related traits of wax apple 
(Syzygium samarangense) to develop non-
destructive selecting technologies by hyperspectral 
analysis 
Yen-Chou Kuan, National Taiwan University, Chinese Taipei; yckuan@ntu.edu.tw  
Wan-Ci Chen, National Taiwan University, Chinese Taipei; 
Chieh Yang, National Taiwan University, Chinese Taipei;  
Yu-Jung Cheng, National Taiwan University, Chinese Taipei. 
 
Wax apple (Syzygium samarangense) is a tropical fruit popular among Asian markets and is also traded globally. 
However, wax apples are susceptible to chilling injury when stored at below 12°C but develop diseases when stored 
at above 10°C, making long-term transport of the fruit extremely challenging. The aim of this study is to identify 
specific traits related to chilling tolerance of wax apple and develop the selection methods. The morphology, 
physiology, and the development of chilling injury of the fruits of 'Red Jewel (RJ)' and 'Sugar Barbie (SB)' wax apple 
cultivars during cold storage and shelf display were examined. The 'SB' fruit exhibited superior chilling tolerance than 
'RJ' fruit, with chilling injury scores (CIS) of 0.8 and 3. respectively after being stored at 8°C for 14 days plus 3 days at 
20°C. The summer fruit was more susceptible to chilling injury, where the CIS of 'SB' summer fruit was 1.7 under the 
same experimental setting. Correlation analysis revealed that total soluble solids (TSS) and the length-to-diameter 
ratio (L/D) of the fruit were negatively corelated to CIS, while the fruit skin brightness (L*) was positively correlated to 
CIS. The Pearson correlation coelicient to CIS was -0.88, -0.84, and 0.90 for TSS, L/D, and L*, respectively. TSS was 
selected for further study since it was the most consistent chilling-tolerant trait among cultivars and harvest seasons. 
Non-destructive methods were developed to predict TSS using a portable NIR spectrometer and a hyperspectral 
camera. 'SB' wax apple fruits of low (< 8 Brix), medium (8-11 Brix), and high-TSS (> 11 Brix) were stored at 8°C for 21 
days plus 3 days at 20°C, and the CIS was 0.5, 1.2, and 2.1, respectively. In conclusion, we established TSS as a 
marker for chilling-tolerant wax apple fruit and showed that fruit with above 11 Brix TSS exhibited strong potential for 
long-term cold transport. 

Chilling injury, hyperspectral analysis, sorting technology, Syzygium samarangense, wax apple 
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 PH.6A.4 Non-destructive Assessment (3) PH193 

Towards a uniform pear postharvest outcome: 
adapting a chlorophyll-carotenoid index based on 
hyperspectral images 
Rene Mogollon, Washington State University, United States of America; rene.mogollon@wsu.edu  
Oswaldo Gonzalez, Washington State University, United States of America;  
David Rudell, Washington State University, United States of America;  
Carolina Torres, Washington State University, United States of America.  
 
Pears in Washington state is usually grown on trees with large canopies, leading to a greater range of fruit sun 
exposure. Previous reports have shown the relationship between fruit sun exposure and large and maturity, 
influencing postharvest outcomes. Additionally, excessive sun exposure can trigger sunscald. As hyperspectral 
reflectance analysis can be used to identify relative sun exposure and assess sunscald risk in apples based on a 
chlorophyll-carotenoid index (Cri), it is feasible to tailor this same protocol to determine relative sun exposure of 
pears and, therefore, establish sorting protocols based on sun exposure to homogenize postharvest outcomes for 
pear. To investigate this, d'Anjou pears were harvested near Wenatchee, WA, USA, from dilerent tree positions 
(internal, external, and random) in a commercial orchard. Hyperspectral images (640 x 840 px; 400-1100 nm) were 
taken from both fruit sides (exposed and non-exposed), and reflectance spectral information for each fruit was 
extracted and pre-processed using Savizky-Golay and Standard Normal Variate filters. iPLS wavelength selection 
indicated the most relevant range to determine relative sun exposure and estimate tree position were 400- 450 nm, 
500-550 nm, 600-700 nm, and 500 -550 nm, 650-750 nm, and 800- 850 nm. On average, spectral curves from 
exposed sides were of low intensity, between 450-500 nm and 550-600 nm, compared with less exposed aspects, 
regardless of tree position. Cri values ranged between 0.9 to 3.6 and 1.1 to 3.8 in fruit exposed sides from external 
and internal tree positions, respectively. Analysis of variance from Cri values revealed dilerences between sides and 
tree positions (p.value < 0.01). This result supports the feasibility of using a chlorophyll-carotenoid index to sort pears 
at harvest according to relative sun exposure and, therefore, more uniform batches and, potentially, postharvest 
outcomes. 

Hyperspectral images, postharvest quality, sun exposure, pigment-related wavelengths, reflectance indexes, climate impact on fruit 
quality 
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PH.6C.1 Novel Coatings PH280 

Using a semipermeable fruit coating as an alternative 
to CA/MA for international marketing of tree-ripe 
mango internal atmospheres 
Jelrey K. Brecht, University of Florida, United States of America; jkbrecht@ufl.edu  
Faisal Shahzad, University of Florida, United States of America;  
Steven A. Sargent, University of Florida, United States of America; 
Moshe Doron, University of Florida, United States of America. 

This research was conducted as a part of a project focused on the use of modified atmosphere 
packaging (MAP) +/- ethylene scrubbing as a way to allow international transport of advanced 
ripeness stage mangos (Stage 3 to 3.5 on a 1 to 5 scale) for up to 5 weeks at 7°C plus 6 days at 20°C, 
both with 95% relative humidity. Initial controlled atmosphere (CA) tests established target 
atmospheres of 4 kPa O2 + 5-10 kPa CO2 ('Keitt') or 6 kPa O2 + 5-10 kPa CO2 ('Tommy Atkins'). Use of 
BreatheWay® MAP resulted in average values of 6 kPa O2 + 9 kPa CO2 for both cultivars. 
Semipermeable fruit coatings were tested for comparison with MAP, including coconut oil and three 
formulations from Akorn Technology (zein +/- coconut oil). Fruit internal atmospheres (O 2, CO 2, and 
C2 H4) were measured in coated and MAP fruit during storage at 7°C and shelf life at 20°C. All 
coatings and MAP resulted in lower O2 and higher CO2 internally during storage compared to 
uncoated control fruit, with coconut oil resulting in gas modification closest to MAP (2 kPa O2 + 5 kPa 
CO2). Internal ethylene content in all treatments varied in accordance with inhibition or onset of 
ripening; the same was true for CO2 during shelf life. Coated fruit were similar to MAP fruit in terms of 
reduced chilling injury, lenticel discoloration, and decay; the same for ripening attenuation in terms 
of hue and L* values (peel, subepidermal, and near the stone), firmness (compression and puncture 
resistance forces), acid content, and sensory scores. This research highlights both the potential use 
of semipermeable coatings to create beneficial internal atmospheres in mango, and the need to 
consider all potential gas transmission barriers, including coatings and packaging, when applying 
CA and MA. 

Mangifera indica, chilling injury, optimum atmosphere, quality, shelf life, tree ripe 
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 PH.6C.2 Novel Coatings PH103 

Optimization of Opuntia ficus-indica bioactive 
composite coating to increase bananas shelf life 
without refrigeration 
Mawande Shinga, University of Johannesburg, South Africa; shingamh31@gmail.com 
Olaniyi Fawole, University of Johannesburg, South Africa. 

The extensive reliance on plastic materials for food packaging within the industry has led to 
significant environmental and economic challenges. Therefore, the use of edible packaging with 
diverse capabilities can be considered a favourable alternative. The objective of this study was to 
optimize the concentration of glycerol and cellulose nanofiber (CNF) in Opuntia ficus-indica 
mucilage (3% OFIM) functionalised with pomegranate peel extract (1% PPE) to enhance the 
preservation e1icacy of banana fruit using central composite design (CCD) approach-based 
response surface methodology (RSM). The experimental design yielded concentration ranges for 
glycerol (0.034-1.17%) and CNF (0.0034-0.17%), which were subsequently used in formulating 
composite edible films aimed at improving their barrier and mechanical properties. Through 
numerical optimization, concentrations of 0.252% glycerol and 0.02% CNF were determined, 
resulting in estimated WVP, Botrytis sp. inhibition, and puncture force values of 9.73 g m -2 24 -1 
hours, 27.27 mm, and 13.41 N, respectively. Following this, the optimized and validated 
concentrations of glycerol and CNF were employed in the formulation of OFIM and PPE-based film, 
which were then applied to banana fruit. The bananas were stored at 25 ± 2°C for 10 days, and 
parameters including fruit weight loss, decay incidence, firmness, and peel water vapour 
permeability were assessed. Scanning electron microscopy (SEM) images aligned with the results 
observed regarding weight loss and peel-WVP. These findings suggest that the optimal formulation 
developed in this study improved the overall quality of bananas during storage. Optimizing active 
ingredients in edible packaging formulations represents a promising strategy for enhancing food 
quality and shelf life, promoting sustainability, and meeting consumer demand for healthier food. 

Response surface methodology (RSM); central composite design (CCD); glycerol; cellulose nanofiber (CNF); antifungal properties 
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 PH.6C.3 Novel Coatings PH144 

Enhancing shelf-life quality of ‘Carmen’ pears with 
self-assembled Montmorillonite clay-polyvinyl 
alcohol nanocomposite edible coating 
Alessandro Bonora, University of Bologna, Italy; a.bonora@unibo.it  
Cristiano Franceschini, University of Bologna, Italy;  
Luca Corelli Grappadelli, University of Bologna, Italy. 

European pear fruit is known worldwide for its flavour and crispness but is very susceptible to 
spoilage and physiological disorder after cold storage. In this regards, edible coatings o1er an eco-
friendly technology to preserve fruit quality along the postharvest value chain. Such films act as 
physical barriers that decrease permeability of the fruit surface to oxygen and water vapor, leading to 
low rates of respiration and evapotranspiration, and to o1er protection against mechanical damage. 
Accordingly, this trial aimed to evaluate the potential of the edible coating based on self-assembled 
montmorillonite clay-poly vinyl alcohol nanocomposite to improve shipping quality in Italian 
summer pear cultivars, characterised by a complex postharvest management cause its short cold 
storage and shelf-life. 'Carmen' pears were picked in summer 2023 from a commercial orchard in 
the Emilia-Romagna region (Italy). Initial fruit maturity was evaluated. The powdery solution was 
prepared one day before and mixed in water. Afterwards, the liquid coating was applied using a 
dipping tank and pears were let drying for few minutes. Shelf-life evaluation up to 14 days at ambient 
temperature at five sampling points was performed. The biopolymer-based gas barrier showed a 
significant e1ect on 'Carmen' pear ripening in terms of better green colour retention, higher pulp 
pressure, less weight loss, and superficial scald prevention during shelf-life. At the same time, it 
allowed fruit pulp softening and starch conversion into soluble sugars, which is one the most 
important parameters for consumer acceptance. Therefore, the polymer-clay nanocomposite 
natural edible coatings might be an alternative solution for packaging houses, which can apply the 
solution with sprayer bars while running sorting lines after storage or with drenchers, or for retailers 
to extend the shelf-life of pear without blocking the maturation process, as in the case of 1-MCP or 
other ethylene chemical inhibitors. 

Pyrus communis L. fruit ripening, superficial scald, edible coatings, gas barrier, biopolymer, nanocomposite, food packaging 
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 PH.6C.4 Novel Coatings PH104 

Edible composite films based on chitosan-cellulose 
nanofiber incorporated with microencapsulated 
passion fruit peel powder enhanced shelf-life of 
organic pomegranate arils 
Olaniyi Fawole, University of Johannesburg, South Africa; olaniyif@uj.ac.za  
Kabelo Kobo, University of Johannesburg, South Africa. 

This study aimed to examine the e1icacy of chitosan (CS) reinforced with cellulose-nanofiber (CNF) 
nanocomposite edible coating incorporated with microencapsulated passion fruit peel powder 
(PFPP) at 1%, 3%, and 5% (CS-CNF-PFPP) on the shelf-life and quality of organic pomegranate arils 
stored at 5°C and 95 ± 2% relative humidity for 15 days. The physiological, physicochemical, 
microbial, and phytochemical contents and antioxidant capacity of the arils were evaluated during 
storage. CS-CNF-PFPP nanocomposite edible coating significantly reduced weight loss, with arils 
treated with CS-CNF-5%PFPP showing the least weight loss of 0.95% by 15 days, compared to 
1.83% in the control (uncoated). Similarly, respiration rates (RR) were considerably lowered across 
all CS-CNF-PFPP treatments, with the CS-CNF-5%PFPP treatment (7 mL CO2/kg/h) having 
significantly lower RR than the control (24.50 mL CO2/kg/h) by 15 days. Total soluble solids 
increased progressively with higher PFPP concentrations, peaking at 15.77 Brix in CS-CNF-5%PFPP 
treatment by 15 days. Microbial counts significantly varied across concentrations, with CS-CNF-
5%PFPP having the lowest microbial count (6.67 cfu/g) and the control having the highest (163.33 
cfu/g) by 3 d. Higher concentrations of PFPP also retained the phenolic and anthocyanin contents 
and DPPH activity in the arils. These results demonstrate that CS-CNF-PFPP nanocomposite 
coatings e1ectively preserve and enhance the quality of minimally processed pomegranate arils, 
with CS-CNF-5%PFPP showing improved outcomes. 

‘Ready-to-eat' pomegranate arils, cellulose nanofiber, passion fruit peel powder, microbial count, phenolic and antioxidant activity, 
shelf-life extension 
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PH.6D.1 Mathematical Modelling Postharvest PH145 

Kinetic modelling of ethylene biosynthesis and 
signalling pathways in tomato fruit during ripening 
and post-harvest storage 
Maarten Hertog, KU Leuven, Belgium; maarten.hertog@kuleuven.be  
Minh Viet Thao Nguyen, KU Leuven, Belgium;  
Clara Mata, RypLabs, Belgium;  
Bram Van de Poel, KU Leuven, Belgium;  
Dinh Thi Tran, Vietnam National University, Vietnam;  
Bart Nicolai, KU Leuven, Belgium. 

Ethylene plays a pivotal role in governing various plant aging processes, including fruit ripening, 
through its signalling pathway. A transcriptomic-based kinetic model consisting of ordinary 
di1erential equation describing ethylene biosynthesis and signalling pathways in tomato during fruit 
development, ripening and post-harvest storage was developed. This model was calibrated against a 
large volume of transcriptomic, proteomic and metabolic data during on-vine ripening of tomato fruit 
grown in winter and summer. The model was validated using data on o1-vine postharvest ripening. 
The ethylene biosynthesis pathway under di1erent conditions appeared to be largely driven by the 
gene expression level. The current model is the first attempt to challenge the state-of-the-art 
theoretical concepts on the ethylene signalling pathway starting from gene expression, the various 
protein n protein interactions, including the link with ethylene production, internal ethylene levels 
and its receptors. 

Ethylene biosynthesis; signalling; kinetic modelling. 
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 PH.6D.2 Mathematical Modelling Postharvest PH94 

A 3D reaction-di1usion model for ethylene transport 
in tomato fruit during ripening  
Bart Nicolai, KU Leuven, Belgium; bart.nicolai@kuleuven.be  
Hui Xiao, KU Leuven, Belgium; 
Pieter Verboven, KU Leuven, Belgium. 

Tomato fruit has been intensively investigated as a model fruit for studying climacteric ripening 
involving the gaseous hormone ethylene. Our previous study showed that O2 levels within tomato 
fruit varied across ripening stages and across tissue types at each stage. Di1erent tissues of tomato 
fruit have also been reported to exhibit di1erent ethylene biosynthesis capacities. All this suggests 
that ethylene might be distributed heterogeneously within tomato fruit and across the stages, which 
may be related to the ripening process of this climacteric fruit. The aim of this study was to develop a 
three-dimensional (3D) ethylene model to shed light on ethylene distribution within fruit and fruit 
ripening. This is achieved by 1) exploring the kinetics of O2 -dependent ethylene production at 
di1erent external O2 concentrations; 2) coupling ethylene di1usion and production with a 3D model 
of tomato respiration; 3) exploring the interaction between the respiration and ethylene. The model 
helps in understanding the bidirectional interaction of O2 and ethylene and its e1ect on climacteric 
ripening.  

Tomato fruit; ethylene; climacteric ripening; internal oxygen and ethylene distributions 
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PH.6D.3 Mathematical Modelling Postharvest PH235 

Conceptualizing the kiwifruit supply chain for 
integrated modelling of postharvest systems 
Maryam Alavi, Plant Food Research, New Zealand; maryam.alavi@plantandfood.co.nz  
Jeremy Burdon, Plant Food Research, New Zealand. 

Understanding the biological processes occurring in fruit between harvest and consumption is 
essential for delivering fruits with exceptional taste and freedom from disorders. These processes 
may encompass a range of physiological and biochemical changes generally termed ripening and 
senescence. In addition to the process control, the postharvest industry must navigate a landscape 
shaped by stringent regulations and logistical constraints. The interaction between biological 
processes and regulatory frameworks highlights the complex nature of postharvest systems. As 
advancements in data science and sensor technologies continue to unfold, the development of 
large-scale data repositories accelerates, mirroring the escalating demand and trending pursuit of 
digitalized solutions for postharvest operations. These virtual counterparts can o1er multiple 
capabilities, from process control and scenario testing to risk management and decision-making. 
However, the intricate nature of postharvest systems, characterized by their structural complexity 
and diverse objectives, manifests not only in the volume of data and their interoperability but also in 
the biological insights of fruits, industry norms, environmental constraints, and market incentives. 
Without a sound understanding of all contributing factors, mass data collection may result in 
ambiguous outcomes and ine1ective resource management. We introduce a conceptual framework 
for the kiwifruit supply chain, serving as the foundation for digitalized postharvest systems. Unlike 
focusing on specific objectives like rot control or firmness prediction, our approach takes a 
comprehensive view of the entire supply chain journey. Drawing on insights from kiwifruit biology 
and industry requirements, we prioritize the state of the fruit as the central determinant of the 
system. This state exists within a complex interplay of external conditions, constraints, human 
interventions, and market performance indicators. Our conceptualization captures this dynamic 
interplay and o1ers formulations to address the multifaceted objectives of postharvest systems. As 
data capabilities progress, our conceptual framework represents a pivotal milestone in the 
digitalization of postharvest operations. 

Actinidia, conceptual models, fruit, quality, optimization, process control 
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PP.6.1 Diagnostics (2) PP84 

Improvements in postharvest apple handling from a 
pathology perspective 
Jorunn Børve, Norwegian Institute for Bioeconomy Research, Norway; jorunn.borve@nibio.no  
Theresa Weigl, Norwegian Institute for Bioeconomy Research, Norway;  
Emily Follett, Norwegian Institute for Bioeconomy Research, Norway;  
Ingunn Ovsthus, Norwegian Institute for Bioeconomy Research, Norway;  
Hanne Larsen, Norwegian Food Research Institute, Norway;  
Torbjrn Haukaas, Norwegian Institute for Bioeconomy Research, Norway;  
Erlend Indergaard, SINTEF Ocean, Norway;  
Siv Remberg, Norwegian University of Life Sciences, Norway;  
Dalphy Harteveld, Norwegian Institute for Bioeconomy Research, Norway. 
Arne Stensvand, Norwegian Institute for Bioeconomy Research, Norway. 

Evaluating the e1ect of di1erent treatments after a simulated shelf life is common in postharvest 
industry experiments. As fungal fruit decay development is closely linked to preharvest factors, fruit 
quality, and postharvest treatments, two other time points were added in recent experiments. When 
commercial packinghouses graded the di1erent experimental units (from one to four big boxes) they 
made three di1erent samples; 1: all the fruit manually discarded before size grading (mostly external 
symptoms of fungal fruit decay rot and physiological disorders), 2: a 100-fruit sample of the fruit not 
regarded as first class by the grading machine at size grading (fruit that could be used for industry 
purpose, processing fruit), and 3: packed fruit for shelf life testing. As expected, di1erences in 
pathogen presence were found varying with storage time, cultivar, season, treatments etc. but 
overall, some important factors could be pointed at: Up to 70% of the processing fruit had damages 
(caused by insects, weather or mechanical damage) that could be an entry point of fungal 
pathogens in storage. Apple scab was found on up to 60% of that fruit and up to 12% of the graded 
fruit in shelf-life tests, indicating a less e1ective fungicide strategy in some of the commercial 
orchards. The additional knowledge gained by having three sample types in the experiments is 
discussed. 

Botrytis cinerea, Monilinia fructigena, Fusarium spp. Neofabraea spp. Colletotrichum acutatum species 
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 PP.6.2 Diagnostics (2) PP6 

A molecular tool to identify fungal postharvest 
pathogens of pear 
Julia Meitz-Hopkins, Stellenbosch University, South Africa; juliam@sun.ac.za  
Megan Farquhar, Stellenbosch University, South Africa; 
Miché Kotze, Stellenbosch University, South Africa; 
Martin John Richard, Stellenbosch University, South Africa;  
Cheryl L. Lennox, Stellenbosch University, South Africa. 

The pome fruit industry is facing the loss of several widely used fungicides, which have suppressed 
fungal decay of apples and pears for many decades. While grey mould and blue mould caused by 
Botrytis cinerea and Penicillium expansum, respectively are well known storage pathogens 
worldwide, less is known about the identity and presence of other fungal species that can lead to 
heavy crop losses. Therefore, a screening method, PCR-RFLP of the internal transcribed spacer 
regions ITS1 and ITS2 using the Tsp509I restriction enzyme, was optimized to determine which of the 
potential 17 postharvest decay-causing pathogens are present in Western Cape orchards in stored 
pears. Species identification was verified with phylogenetic analysis of barcoding genes such as 
translation elongation factor 1 alpha. The vast majority of symptomatic pears showed blue mould 
symptoms (Penicillium sp.; 33-57% of decayed fruit), closely followed by isolations of Alternaria 
alternata, which mostly caused superficial calyx or stem end mould (up to 50% in individual 
orchards). Of the 1200 fungal isolates collected, known pear pathogens could easily be 
distinguished to genus level using the PCR-RFLP method. Knowledge of the occurrence of the 
pathogens will enable more targeted and integrated management strategies in future. 

fungal pear diseases, molecular detection, pear decay 
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 PP.6.3 Diagnostics (2) PP41 

On-orchard Botrytis detection tool for apples 
Cathy de Villiers, Plant and Food Research, New Zealand; cathy.devilliers@plantandfood.co.nz  
Irene Pushparajah, Plant and Food Research, New Zealand;  
Luna Hasna, Plant and Food Research, New Zealand;  
Kate Colhoun, Plant and Food Research, New Zealand;  
Revel Drummond, Plant and Food Research, New Zealand;  
Kerry Everett, Plant and Food Research, New Zealand.  

The fungus Botrytis cinerea causes postharvest storage rot of apple fruit and dry eye rot (DER), which 
deforms and rots the calyx end of apple fruit. The DER disease cycle is not well characterised 
because the disease is sporadic and unpredictable. Elucidation of the DER disease cycle will be 
useful for developing control strategies for DER and other postharvest botrytis rots. It is 
hypothesised that DER is caused by latent botrytis infections of flowers, and therefore spray 
applications in spring should control this disease. To confirm this hypothesis, we developed a 
method to quantify B. cinerea infections in flowers and latent infections in calyces of fruit. Two 
methods were tested: one that could be used by growers in the field (LAMP), and the second (qPCR) 
that would need samples to be sent to a laboratory for analysis. Although both methods were shown 
to detect botrytis, analysis of multiple samples was more practical with qPCR technology. This 
project was conducted over a 2-year period, with more inoculum detected from 2022/23 samples 
than from 2021/22 samples. The amounts of botrytis detected by qPCR in DNA extracted from 
flowers in spring and fruit calyces at harvest were strongly correlated, suggesting that flower 
infections were important for later development of DER in fruit calyces. These detection methods 
can be used in future projects to elucidate the complete disease cycle for DER. 

Dry eye rot (DER), LAMP, qPCR 
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 PP.6.4 Diagnostics (2) PP78 

Non-wounding contact-based fungal fruit inoculation 
and multispectral imaging for early fruit infections 
Adrian O. Sbodio, Department of Plant Sciences, University of California, Davis, United States of America; 
aosbodio@ucdavis.edu  
Saskia D. Mesquida-Pesci, University of California, Davis, United States of America;  
Nancy Yip, University of California, Davis, United States of America;  
Isabela Alvarez-Rojo, University of California, Davis, United States of America;  
Elia Gutierrez-Baeza, University of California, Davis, United States of America;  
Samantha Tay,University of California, Davis, United States of America;  
Pedro Bello, University of California, Davis, United States of America;  
Luxin Wang, University of California, Davis, United States of America;  
Barbara Blanco-Ulate, University of California, Davis, United States of America;  

Fungal infections have a significant impact on the quality of fruits and vegetables at di1erent stages 
of the supply chain, leading to significant food losses. It is essential to understand how these 
persistent fungal infections occur and progress during postharvest conditions to develop e1ective 
control strategies. In this study, we developed a reliable and consistent inoculation protocol to 
simulate the spread of disease from infected fruits to adjacent healthy fruits by contact during 
postharvest storage. We tested di1erent combinations of relevant fruit commodities, including 
oranges, tomatoes, and apples, against impactful postharvest pathogens such as Penicillium 
digitatum, Penicillium italicum, Botrytis cinerea, and Penicillium expansum. We assessed the 
e1icacy of this protocol using fruits treated with various postharvest methods and multiple isolates 
for each pathogen. Disease incidence and severity were quantitatively evaluated to study infection 
success and progression. At the final evaluation point, we observed disease incidence rates of 80% 
or higher in all trials except for the fungicide-treated oranges inoculated with fungicide-susceptible 
Penicillium spp. isolates, as expected. Additionally, we used multispectral imaging (MSI) to assess 
pathogen establishment in the fruit prior to visible symptom development. MSI revealed changes in 
the reflectance profile of contact-inoculated oranges, allowing for a significant separation of healthy 
and infected tissues as early as 6 days post contact inoculation (dpci), preceding visible tissue 
maceration and mycelium only evident after 12 dpci. The proposed protocol has the potential to be 
tailored for other pathosystems, facilitating the study of fruit-pathogen interactions and the 
evaluation of innovative control strategies. 

postharvest diseases, mould, Penicillium, Botrytis, orange, tomato, apple, early detection 
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FVH.6.1 Nutritional Composition of Crops FV16 

Orange fleshed mangoes result in higher pro-Vitamin 
A content 
Tatsuyoshi Takagi, Australia; t.takagi@uq.edu.au 
Hung Hong, The University of Queensland, Australia;  
Peter Crisp, The University of Queensland, Australia; 
Natalie Dillon, Australia;  
Timothy O'Hare, The University of Queensland, Australia. 

Mango flesh colour can vary depending on the cultivar, ranging from creamy yellow to a deep-dark 
orange. This varying colour is potentially an indicator of its pro-Vitamin A concentration, which is an 
important essential nutrient to human health. Pro-Vitamin A carotenoids include both orange (all-
trans β-carotene and β-cryptoxanthin) and yellow carotenoids (α-carotene and α-cryptoxanthin), as 
well as their various-coloured isomers. In mangoes, all-trans β-carotene has been consistently 
reported as the principal carotenoid present in ripe flesh, but there has been less emphasis on how 
its proportion and concentration may a1ect flesh colour, both in regard to its hue and intensity of 
colour. This study investigated the di1erences in the concentration and proportion of individual pro-
Vitamin A carotenoids of 25 cultivars of mangoes at a fully ripe stage. In addition to this, six cultivars 
were further selected to complete a ripening trial investigating the change in the proportion and 
concentration of these carotenoids over four stages of ripening (3, 5, 7 and 10 days after harvest). 
The carotenoid concentrations were then converted into retinol equivalents (RE). Objective colour 
measurements of chroma and hue angle of the mango flesh were also recorded concurrently in both 
trials. In the initial experiment, it was evident the orange-fleshed mango cultivars or those with lower 
hue angles had higher RE compared to those with higher hue angles. The highest RE observed (15.54 
µg RE/g DW) was in a dark orange cultivar, whilst the lowest was 0.54 µg RE/g DW, belonging to a 
pale-yellow cultivar. In the ripening trial, a similar trend was observed at each ripening stage, with 
the orange varieties possessing higher RE values. In all cultivars, however, ripening was found to 
progressively increase the total pro-Vitamin A carotenoid concentration. An average proportional 
increase of 85% was observed, with the largest increase observed in a cultivar with orange-yellow 
flesh, increasing from 1.93 to 4.49 µg RE/g DW, or a 132% increase. In conclusion, RE was 
consistently observed to be highest in the orange cultivars, indicating a potentially greater source of 
nutrition than paler-coloured cultivars. Ripening was also shown to significantly increase RE, 
indicating the importance of ripening to increasing pro-Vitamin A concentration, regardless of 
cultivar. 

Carotenoids, Vitamin A, flesh colour 
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FVH.6.2 Nutritional Composition of Crops FV23 

Nutritional analysis of cassava leaves for human 
consumption 
Selamawit Debelle, University of Hohenheim, Germany;  
Ziba Barati, University of Hohenheim, Germany;  
Joachim Müller, Universität Hohenheim, Germany; joachim.mueller@uni-hohenheim.de  

Cassava leaves, despite their potential nutritional benefits as a vegetable, are often overlooked and 
require further comprehensive analysis to evaluate their suitability for human consumption. 
Therefore, cassava leaves grown under controlled condition in a greenhouse of University of 
Hohenheim (Stuttgart, Germany) were analyzed in terms of dry matter, ash content, total cyanide 
concentration, colorimetric attributes, vitamin C content, crude protein concentration, total 
phenolic content, and total solid content (AOAC, 2006). With a dry matter content of 21.03 ± 0.02 
g/100 g FM and total solid content of 20.27 ± 0.01 g/100 g FM, ash content was 11.28 ± 0.315 g/100 g 
DM, indicating a high mineral content. Protein was found in significant amounts, with a crude protein 
content of 22.03 ± 0.215 g/100 g DM, suggesting the potential of cassava leaves to serve as a 
valuable protein source, especially in regions where access to animal protein is limited. Colorimetric 
analysis provided insights into their visual characteristics, with values of L=25.825, a=-5.49, and 
b=14.528. Moreover, the high vitamin C content of 266.762 ± 17.18 mg/100 g observed in cassava 
leaves underscores their significance as a source of this vital antioxidant, contributing to overall 
human health and well-being. Furthermore, the total phenolic content of 15.52 ± 1.14 mg/g DM 
suggests potential health benefits associated with antioxidant properties. However, concerns arise 
due to the presence of total cyanide at a concentration of 411.13 ± 32.84 µg/g DM and tannin 
content at 3.76 ± 0.21 mg/g DM, necessitating proper processing methods to ensure safe 
consumption. In conclusion, cassava leaves exhibit promising nutritional characteristics, o1ering a 
rich array of essential nutrients and antioxidants. Nevertheless, careful consideration of processing 
techniques is crucial to ensure safety and maximize the nutritional benefits of consuming cassava 
leaves, thereby enhancing food security and addressing malnutrition in regions where cassava 
tubers which are low in protein are consumed as s a staple crop. 

Cassava leaves, nutrient composition, antinutrient composition, health benefits, Manihot esculenta 
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FVH.6.3 Nutritional Composition of Crops FV29 

Nutritional composition of New Zealand grown 
macadamias 
Carolyn Lister, Plant and Food Research, New Zealand; carolyn.lister@plantandfood.co.nz 
Mika Brown, Plant and Food Research, New Zealand. 

The objectives of this work were to generate nutritional profiles for New Zealand grown macadamia 
nuts and determine the nutrient content and health claims they could make. Food Standards 
Australia New Zealand (FSANZ) regulations dictate what nutrient content and health claims can be 
made on foods in New Zealand and Australia. Hence, all results were interpreted to align with these 
requirements. A complete nutritional profile has been generated for New Zealand grown 
macadamias. In most cases, composition was in line with the existing data for macadamias in the 
New Zealand Food Composition Database (NZFCD), largely imported nuts, and overseas data, but 
there were some notable di1erences. The claimable nutrients were found to be: dietary fibre, vitamin 
B6, magnesium and manganese (the existing NZFCD entries do not reach the claim threshold for 
vitamin B6). Of interest, there were three nutrients that were significantly higher in a composite 
sample: vitamin B6, vitamin C and selenium, although only the B6 reached claimable 
concentrations. These findings are worth further exploration. A selected number of nutrients were 
analysed in several specific macadamia varieties. For some components there were significant 
di1erences between varieties with ranges as follows: protein: 6.7-7.4 g/100 g; dietary fibre: 5.9-6.9 
g/100 g; sugars: 4.7-6.3 g/100 g; fat: 75.1-77.1 g/100 g; total phenolics: 30.2-48.6 mg gallic acid 
equivalents (GAE)/100 g. Of particular note, one variety had a slightly di1erent profile of fatty acids. 
Based on the results for the composite sample there are a few other components (niacin, thiamine, 
vitamin B6, vitamin C and selenium) that may be worth investigating in the future by variety to see if 
the higher results compared with overseas nuts are due to one or more of the varieties being higher 
(and potentially claimable) or are more about the growing location. 

Proximates, vitamins, minerals, soil, phenolics 
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FVH.6.4 Towards Healthier Diets FV8 

Mushrooms: a sustainable and feasible food-based 
solution to vitamin D deficiency to include in dietary 
guidelines 
Carlene Starck, New Zealand; carlene@foodiq.global 
Tim Cassettari, Australia;  
Jutta Wright, Australia;  
Peter Petocz, Australia;  
Emma Beckett, Australia;  
Flavia Fayet-Moore, Australia. 

Vitamin D deficiency and insu1iciency is a public health issue, with low dietary vitamin D intakes a 
contributing factor. Rates of vitamin D deficiency are 31% in Australia, 47% in New Zealand, and up 
to 72% in some regions globally. While supplementation is often prescribed as an alternative to 
additional sun exposure, complementary approaches including food-based solutions are needed. 
Yet, food-centric dietary guidelines are not always adequate for meeting vitamin D needs. Edible 
mushrooms such as Agaricus bisporus can produce over 100% of vitamin D recommendations (10 
µg/day, Institute of Medicine) per 75 g serve (18 µg) on exposure to UV-light, with the vitamin D2 
produced showing good stability during cooking and processing. Our dietary modelling has shown 
that four serves/week of UV-exposed button mushrooms can support most Australian adults in 
meeting vitamin D recommendations; however, current mushroom intakes are less than one 
serving/week on average. To assess the feasibility of increasing intake of UV-exposed mushrooms in 
a vulnerable population, the MOM (Mushrooms on the Menu) study measured the acceptance, 
palatability, and uptake of UV-exposed mushrooms included as an option on the menu of the 
Shoreline Residential Aged Care (RAC) facility, NSW, Australia. Mushrooms were well-accepted by 
the participants with an average of 60.6% of residents ordering UV-mushroom meals per day (lunch 
and dinner), equivalent to the consumption of 66 out of a possible 109 meals containing UV-
mushrooms. Although recent evidence suggests some di1erences between vitamin D2 and vitamin 
D3 in physiological activities, vitamin D2 has been shown to increase vitamin D status in deficient 
individuals. UV-exposed mushrooms are a natural, vegan, feasible, and sustainable vitamin D food 
source that can be part of a larger solution to increasing dietary vitamin D intakes. Inclusion within 
dietary guidelines is warranted. 

Vitamin D deficiency, UV-mushrooms, biofortification, vitamin D2, dietary guidelines 

  

mailto:carlene@foodiq.global


Back to contents 138 

PH.7A.1 Physiological Responses to Controlled Atmospheres PH224 

Controlled atmosphere conditions a1ect the ripe 
fruit quality of ‘Hass’ avocado 
Jeremy N. Burdon, Plant and Food Research, New Zealand; jeremy.burdon@plantandfood.co.nz  
Victor Escobedo, ProHass, Peru; 
Maryam Alavi, Plant and Food Research, New Zealand. 

 The 'Hass' avocado (Persea americana Mill.) cultivar is an economically important crop widely 
cultivated in Peru. In 2023, Peru exported 558,430 tons from a production area of 67,800 ha. Most of 
the production is exported to Europe and the USA, with a small, but growing, volume going to more 
distant markets including China, Japan and India. Delivering high-quality avocados to consumers is 
the key factor in remaining competitive within an increasingly crowded marketplace where 'Hass' 
fruit is o1ered from numerous countries. Almost 90% of Peruvian 'Hass' avocados are shipped by 
sea in refrigerated controlled-atmosphere (CA) containers. Since the first Peruvian 'Hass' avocado 
exports ~20 years ago, a gas concentration of 4% O2 and 6% CO2, copied from neighbouring 
countries, has mostly been used. Recently, shipping under high CO2 concentrations (8-12%) has 
been introduced by some container providers. These high-CO2 atmospheres markedly delay fruit 
ripening. During the 2022 season, di1erent atmospheres were tested to determine their impact on 
the storage life and quality of 'Hass' fruit from Peru's coastal region. Fruit was sourced from early-, 
mid-, and late-season harvests from Olmos, Chao, Chincha, and Barranca. They were stored at 5°C 
for 30, 45, and 60 days, in CA concentrations (% O2 - CO2) of 3-3, 5-5, 10-10, 17-10, and 21-0 (air, 
control). After storage, fruit were ripened at 20 C and assessed for quality when eating ripe. All CA 
treatments resulted in better quality fruit than the control. However, atmospheres with lower CO 2 
concentrations in combination with low O2, such as 5-5 and 3-3, were most e1ective in maintaining 
fruit quality after all storage times, and particularly after the longer 600day storage period. Better 
ripe-fruit quality was associated with reduced ripening time for the fruit after removal from storage. 

Persea, storage, shipping, oxygen, carbon dioxide, disorder 
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 PH.7A.2 Physiological Responses to Controlled Atmospheres PH139 

Programmed cell death and the controlled 
atmosphere storage of ‘Conference’ pear fruit 
Alexxandra Ty, KU Leuven, Belgium; alexxandrajane.ty@kuleuven.be  
Maarten Hertog, KU Leuven, Belgium; 
Bart Nicolai, KU Leuven, Belgium. 

Ultra-low oxygen storage (ULO CA storage) is commonly used to extend the postharvest storage life 
of pears (Pyrus communis cv Conference). During ULO storage, the O2 levels in the storage 
atmosphere are reduced to low levels that the fruit can tolerate (i.e. hypoxia). However, such 
conditions in practice have still led to tissue browning and cavity formation. Although browning 
usually occurs after long-term low-O2 storage, it has also been observed after few months. The 
molecular regulation behind postharvest disorder development in pear fruit is still unclear; but the 
physical symptoms suggest a form of localized cell death. Programmed cell death (PCD) is a 
genetically regulated process which plants use in response to biotic and abiotic stresses. To verify 
the potential role of PCD in pear fruit during postharvest storage, 'Conference' pears were stored 
under three di1erent conditions [control or regular air (RA); standard ULO: 3 kPa O2, 0.7 kPa CO2; and 
brown inducing conditions (BI): 1 kPa O2, 5 kPa CO2] at -1°C for 6 months. PCD hallmarks were 
tracked every 2, 4 and 6 months. After 6 months, the browning incidence of BI-stored pears 
increased to 60%, while the control and ULO-stored pears still appeared healthy and sound. Nuclear 
changes and DNA fragmentation, detected by DAPI (4’,6-diamidino-2-phenylindole) and Terminal 
deoxynucleotidyl transferase dUTP nick end labelling (TUNEL) assays, respectively, indicated a 
significantly higher cell death rate of BI-stored pears. By 6 months, however, ULO-stored pears 
showed a similar cell death pattern and vacuole collapse as the early stages of BI storage. To help 
resolve the molecular events of the di1erent storage treatments, PCD-related genes were identified 
from the RNA-Seq data of a previous ULO storage experiment. Transcriptomic analyses via qPCR are 
ongoing to validate these potential PCD markers. 

Programmed cell death, pear, low oxygen stress, tissue browning 
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 PH.7A.3 Physiological Responses to Controlled Atmospheres PH131 

Dissecting the e1ects of dynamic controlled 
atmosphere (DCA) hypoxic stress on ‘Red Delicious’ 
apple fruit postharvest physiology 
Stefano Brizzolara, Crop Science Research Center, Italy; stefano.brizzolara@santannapisa.it  
Elige Salam, Crop Science Research Center, Italy; 
Marta Rodrigues, Universita di Padova, Italy;  
Benedetto Ruperti, Universita de Padova, Italy;  
Pietro Tonutti, Crop Science Research Center, Italy. 

Dynamic Controlled Atmosphere (DCA) is the latest breakthrough technology applied for apple 
storage in which oxygen concentration surrounding the fruit is dynamically adjusted based on real-
time monitoring the fruit physiological response. Di1erent apple genotypes respond di1erently to 
DCA storage protocols. 'Red Delicious' (RD) is one of the most widely cultivated and consumed 
varieties, characterized by a pronounced ethanol accumulation and the development of storage 
disorders during long-term hypoxic storage. The main objective of the study was to evaluate the 
e1ectiveness of di1erent DCA protocols for RD long-term storage along three consecutive seasons. 
Fruit was stored under static (0.3% and 0.8% oxygen) and dynamic (0.3-0.8% oxygen, with the 
oxygen shift performed at di1erent storage times) conditions up to 6 months. Apple metabolic 
responses have been investigated applying an integrated metabolomic approach (GC-MS, LC-
MS/MS, PTR-ToF-MS, 1 H-NMR) to assess the physiological response of the fruit. Apple quality 
parameters and transcriptome have also been investigated. Results indicated that shifting to a 
higher (safer) oxygen level within the first month of storage allows for a better firmness maintenance 
and reduced ethanol accumulation compared to static CA (0.3%) but resulted in an increased 
oxidative stress. Ethylene physiology was significantly and variably impacted, as well as central 
(amino acids, sugars, organic acids) and specialized (hormones, phenolics, VOCs) metabolism. 
Moreover, tissue (peel ad pulp) specific responses have been identified, and the onset of storage-
related disorders in peel tissue has also been characterised via metabolomics. Overall, this work 
deepens our understanding on the molecular, physiological, and metabolic response of RD apples 
to long-term hypoxic storage, contributing to the optimization of CA protocols. 

Low oxygen stress, metabolomics, long-term storage, Malus domestica 
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PH.7A.4 Physiological Responses to Controlled Atmospheres PH249 

Impact of low-oxygen atmosphere on husk-scald in 
pomegranates  
Giancarlo Colelli, Dip. DAFNE Università di Foggia, Italy; giancarlo.colelli@unifg.it  
Mahshad Maghoumi, Dip. DAFNE Università di Foggia, Italy;  
Maria Luisa Amodio, Dip. DAFNE Università di Foggia, Italy;  
Danial Fatchurrahman, Dip. DAFNE Università di Foggia, Italy;  
Luis Cisneros-Zevallos, Texas A&M University, United States of America. 

We conducted preliminary studies on the e1ects of low oxygen levels and its key role in control 
atmosphere storage on husk scald (HS) incidence in pomegranate fruit. Pomegranates were stored 
at 11°C for 85 days under air and low levels of oxygen (3% O2) and 95% relative humidity to expedite 
HS onset. Various skin attributes and biochemical markers were analyzed during storage. The 
findings indicated a notable decrease in the occurrence of HS and the preservation of marketability 
in storage with reduced levels of oxygen. Additionally, there was a similar delay in the development 
of the browning index (BI) after 85 days. Weight loss (WL) and aril sugar/acidity ratio were consistent 
in all treatments. Antioxidant activity (AA), total phenolics (TP), and total anthocyanins (TA) degraded 
slower in controlled atmosphere storage compared to air. Conversely, electrolyte leakage (EL), 
Malondialdehyde (MDA), and respiration rate (RR) were higher in air-stored fruit. Enzymes involved in 
the metabolism of phenolic compounds, including phenylalanine ammonolysis (PAL) and 
polyphenol oxidase (PPO), were increased in fruit stored in air. Firmness decreased in air-stored fruit 
and decreased slightly in controlled atmosphere stored fruit. Overall, the novelty of this study 
demonstrates that low oxygen levels in controlled atmosphere during storage plays a key role and 
creates conditions that inhibit enzymatic browning, preserve antioxidants, and maintain fruit 
firmness, all of which contribute to a reduction in husk scald incidence and the preservation of 
pomegranate fruit quality during storage, and is recommended for maintaining fruit quality and 
marketability. 

Pomegranate, controlled atmosphere, low oxygen, cold storage, husk scald, fruit quality, postharvest physiology 
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PH.7B.1 Phytosanitary PH74 

Comparison of postharvest quarantine treatments on 
fresh fruit quality 
John B. Golding, NSW Department of Primary Industries, Australia; john.golding@dpi.nsw.gov.au  
Madeline K. Kavanagh, NSW Department of Primary Industries, Australia;  
James Freriechs, NSW Department of Primary Industries, Australia;  
Hong Ngoc Thuy Pham, NSW Department of Primary Industries, Australia;  
Mark Bulllot, NSW Department of Primary Industries, Australia;  
Baogang Wang, Beijing Academy of Agriculture and Forestry, Beijing, China;  
Penta Prisitijono, University of Newcastle, Australia. 

Many horticultural crops require end-point phytosanitary treatments to allow market access due to 
the presence of quarantine insects in the growing areas. These phytosanitary treatments include 
cold treatment, methyl bromide fumigation and irradiation but their e1ects on final product quality 
after treatment and out-turn are often variable. Indeed, there is a lack of information on the direct 
comparison of approved market access treatments on fruit quality. There are many studies on the 
e1ects of di1erent market access treatments on final product quality, but there is no direct 
comparative information on the e1ects of the di1erent phytosanitary tools (cold treatment, 
phytosanitary irradiation and methyl bromide). To fill this gap, a series of storage trials were 
undertaken to compare the e1ects of fruit quality following treatment and simulated export supply 
chain following di1erent phytosanitary treatments. For each commodity, three pallets of fruit from 
three di1erent growers were treated with low-dose irradiation, methyl bromide fumigation and cold 
treatment. The treatment times / doses used in the trial were industry standards. Following 
commercial treatment, fruit quality was compared to an untreated control and assessed at regular 
intervals with an additional shelf-life assessment for external and internal quality. The results 
showed that in general all phytosanitary treatments resulted in excellent fruit quality outcomes. It 
was found that storage time had a greater e1ect on final fruit quality than the phytosanitary 
treatment. There were some changes in fruit quality following the use of di1erent market access 
treatments, but these e1ects were relatively small and could be managed in commercial supply 
chains. There was a significant di1erence in overall fruit quality between growers and this impacted 
upon some fruit quality attributes with the use of di1erent treatments. As a result, further work is 
required to understand and manage these growers by treatment interactions. These results will be 
presented and discussed in relation to commercial handling and outcomes. 

Quality, phytosanitary, market access, irradiation, fumigation 
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 PH.7B.2 Phytosanitary PH253 

Developing novel postharvest treatments for insect 
removal and rot control 
Allan Woolf, Plant and Food Research, New Zealand; allan.woolf@plantandfood.co.nz  
Jung Cho, Plant and Food Research, New Zealand;  
Stanley Mair, Plant and Food Research, New Zealand;  
Dave Rogers, Plant and Food Research, New Zealand; 
Kerry Everett, Plant and Food Research, New Zealand; 
Lisa Jamieson, Plant and Food Research, New Zealand; 
Ringo Jinquan Feng, Plant and Food Research, New Zealand; 
Ashleigh Julian Plant and Food Research, New Zealand; 
Nicolette Niemann, Plant and Food Research, New Zealand. 

The New Zealand industry is continually innovating to find new ways to improve pest and disease 
control to achieve sustainable outcomes. Through collaboration between researchers, engineering 
companies, New Zealand apple packhouses and industry body, a range of novel postharvest 
treatments and systems have been developed. A new generation of high-pressure washing systems 
using sets of rotary nozzles at 250-300 psi has improved fruit cleaning and insect removal. In terms 
of postharvest rots, organic growers need postharvest tools to reduce development of rots, and with 
the risk of loss of preharvest fungicide treatments, conventional growers may need these tools in the 
future. We have examined hot water dip treatments across multiple seasons on a wide range of 
cultivars, developing a treatment of 51°C for 2 minutes as an e1ective rot control treatment. 
Recently, in order to reduce treatment time, a drenching system (heavy shower of water over rollers) 
has been developed (54°C for 15-30 seconds), and a pilot commercial unit constructed that is in 
operation in a commercial packhouse. Other innovations to high pressure washing such as hot high-
pressure washing are being examined and will be discussed. 

Malus domestica, disinfestation, pressure washing, hot water dip, hot water drench, postharvest rots 
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 PH.7B.3 Phytosanitary PH289 

Progress on establishing an X-ray sanitary and 
phytosanitary research and development program for 
horticulture in New Zealand 
Lisa Jamieson, Plant and Food Research, New Zealand; lisa.jamieson@plantandfood.co.nz  
Denise Conroy, Plant and Food Research, New Zealand; 
Barbara Waddell, Plant and Food Research, New Zealand;  
Jenny Young, Plant and Food Research, New Zealand;  
Jung Cho, Plant and Food Research, New Zealand; 
Natalie Page-Weir, Plant and Food Research, New Zealand;  
Allan Woolf, Plant and Food Research, New Zealand. 

New Zealand was the first country to import commercial quantities of fresh irradiated produce in 
2004. There has been a steady growth in volumes and types of imported irradiated produce each 
year, particularly in the last two years, since the approval of phytosanitary irradiation for all fruit and 
vegetables by the regulator of food irradiation, Food Standards Australia New Zealand (FSANZ). X-ray 
is the preferred irradiation source for phytosanitary irradiation in New Zealand, however, there are no 
X-ray irradiation facilities capable of Research and Development (R&D) or commercial irradiation of 
fresh produce. Horticultural phytosanitary irradiation R&D is carried out by The New Zealand 
Institute of Plant and Food Research (PFR). Objectives of an X-ray Working Group at PFR set 
objectives to: 1) Scope the feasibility of establishing an X-ray facility at PFR for R&D phytosanitary 
irradiation; 2) Source an X-ray R&D unit that can treat trays of fruit in a uniform and timely manner; 3) 
Collaborate with overseas researchers and commercial X-ray facilities in Hawaii and Melbourne, to 
determine the impact of X-rays on apple and persimmon fruit quality; 4) Determine the impact of 
irradiation on diapausing apple leaf-curling midge; 5) Assess the response of retailers and 
consumers to purchasing X-ray treated produce; 6) Participate in international projects, conferences 
and workshops to establish a knowledge base and access a regional network of expertise in E-
beam/X-ray technology to support R&D. Here we report on progress establishing linkages and 
research with international commercial and research collaborators, and engagement with NZ 
stakeholders and consumers. which has placed PFR in a strong position to capitalise on use of an 
R&D X-ray system. 

X-ray, irradiation, phytosanitary, fruit quality, insects, consumers, retailers 
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 PH.7B.4 Phytosanitary PH192 

E1ect of phytosanitary irradiation on fruit quality of 
Thai pomelo cv. Khao Nam Pueng (Citrus maxima 
(Burm.) Merr.) during storage 
Peerasak Chaiprasart, Naresuan University, Thailand; peerasakc@gmail.com 
Phongrapi Wichitkunanan, Naresuan University, Thailand;  
Suwimol Jetawattana, Thailand Institute of Nuclear Technology, Thailand; 
Hannarong Shamsub, Thailand Institute of Nuclear Technology, Thailand; 
Nutchanat Phakdee, Naresuan University, Thailand;  
Mayuree Krajayklang, Naresuan University, Thailand. 

The 'Khao Nam Pueng' pomelo (Citrus maxima (Burm.) Merr.) is a distinctive cultivar of Thailand. It is 
famous for its good flavour and abundant total soluble solids content and honey flesh colour. Thai 
fresh pomelos must be treated with ionizing radiation at a generic dose as a phytosanitary treatment 
prior to exported to the US. Phytosanitary treatments are essential for preventing pests such as fruit 
flies into pest-free zones and are often mandatory for international trade. However, there is limited 
knowledge regarding irradiated pomelo treated during storage. This study evaluated the e1ect of 
gamma irradiation on the quality of pomelo cv. Khao Nam Pueng to observe the shelf-life during 
storage. The 'Khao Nam Pueng' pomelo was collected at maturity stage from an orchard. Afterward, 
washing and packing were carried out in a packing house, followed by packaging the fruit into 
corrugated boxes. Pomelos were irradiated at 0.4 kGy using gamma ray (1.25 MeV) from the Co 60 
and stored at 13-15°C for 50 days, pomelos were not treated with radiation as a control group. It was 
found that gamma ray did not a1ect the quality of pomelo fruit during storage. Neither irradiation 
a1ected weight loss, fruit firmness, peel and flesh colour, TSS/TA ratio except for respiration rate and 
ethylene production. Additionally, decayed fruits were observed on day 30, with a lower incidence of 
5.0% in both control and irradiated fruits. There is no di1erence in sensory evaluation was observed 
between control and irradiated fruits, and both were accepted by panellists. These results suggest 
that irradiation could serve as a potential quarantine treatment for Thai pomelo cv. Khao Nam 
Pueng, preserving its good qualities. 

Ionizing irradiation, absorbed dose, generic dose, shelf-life 
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PH.7C.1 Ethylene and Kiwifruit PH114 

Post-storage softening of ‘Zes008’ kiwifruit 
Christina Fullerton, Plant and Food Research, New Zealand; christina.fullerton@plantandfood.co.nz  
Kristie O'Donnell, Plant and Food Research, New Zealand;  
Jung Cho, Plant and Food Research, New Zealand;  
David Billing, Plant and Food Research, New Zealand;  
Jeremy Burdon, Plant and Food Research, New Zealand. 

Actinidia chinensis var. chinensis 'Zes008' is a commercial, red-fleshed kiwifruit from New Zealand. 
The fruit has a vibrant appearance and a more complex berry-like flavour than the traditional green- 
or yellow-fleshed kiwifruit. The fruit has a sigmoidal softening pattern typical of kiwifruit, which can 
be slowed by controlled atmosphere (CA) storage. 'Zes008' softens rapidly when warmed to room 
temperature after storage. The aim of this study was to investigate warming-inducing post-storage 
rapid softening, and particularly any role of ethylene metabolism. Results from the CA trial showed 
that on transfer from CA to air at 1°C, softening resumed at the same rate as fruit stored in air at 1°C, 
with rapid softening occurring on transfer to 20°C. After air storage at 1°C for 3 weeks, fruit from a 
separate temperature trial were transferred to 1, 5, 10 or 20°C for one week. Fruit at 10°C and 20°C 
softened faster than fruit at 5 and 1°C. After 1 week at 10 or 20°C, fruit were of a similar firmness (~3 
kgf) but only the fruit at 20°C were producing ethylene. This ethylene production was associated with 
the activities of 1-aminocycopropane-1-carboxylate synthase (ACS), 1-aminocycopropane-1-
carboxylate oxidase (ACO) and the ethylene precursor 1-aminocycopropane-1-carboxylic acid 
(ACC), along with specific AcACO and AcACS expression. As a further check on the roles of 
temperature and ethylene on softening control, results from ethylene treatments of fruit at di1erent 
temperatures suggested that the temperature response was considerably stronger than the ethylene 
response. In conclusion, it appears that the softening of 'Zes008' fruit that occurs on warming after 
storage is not obviously mediated by ethylene, and that the softening response of 'Zes008' fruit to 
temperature appears to be greater than to ethylene. 

Actinidia, ethylene, fruit, kiwifruit, softening, temperature 
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PH.7C.2 Ethylene and Kiwifruit PH254 

The ethylene responsiveness of ‘Hayward’ kiwifruit 
Tengfei Wang, Shanxi Agricultural University, China; tengfei.wang@plantandfood.co.nz  
Ringo Jinquan Feng, Plant and Food Research, New Zealand;  
Ruiling Wang, Plant and Food Research, Auckland, New Zealand;  
David Billing, Plant and Food Research, New Zealand;  
Jeremy Burdon, Plant and Food Research, New Zealand. 

'Hayward' kiwifruit (Actinidia chinensis var. deliciosa) is often referred to as a climacteric fruit. 
However, most of the fruit ripening occurs before any detectable increased ethylene production by 
the fruit. Increased ethylene production of 'Hayward' kiwifruit is a late event, occurring after fruit has 
ripened and reached eating ripe. It has been demonstrated that fruit ripening on vine and after 
harvest can be induced by low temperature (e.g. 8-10°C). This study uses a combination of low 
temperature, ethylene and 1-methylcyclopropene (1-MCP, that blocks ethylene receptors and 
thereby prevent ethylene-dependent responses) treatments to elucidate the changing response to 
ethylene and role of ethylene through fruit maturation. 'Hayward' kiwifruit was harvested at weekly 
intervals from mid-March until June 2024, when ripening started on vine. Fruit was monitored for 
maturation from seed colour, dry matter accumulation, soluble solids content (SSC) and firmness. 
Harvested fruit were held at 20°C or 8°C for up to 10 days after ethylene or 1-MCP treatment. Treated 
fruit were monitored for ripening as indicated by softening and increased SSC from starch 
conversion. Response to ethylene or 1-MCP treatment will be analysed to identify the changes in 
ethylene responsiveness and any possible role of low-level ethylene inhibited by 1-MCP during 
maturation. The results will be discussed with respect to the role of ethylene in kiwifruit maturation 
and ripening. 

Actinidia, 1-methylcyclopropene, low temperature, maturity, ripening, softening, starch degradation 
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PH.7C.3 Physiology of Kiwifruit PH264 

Evaluation of MAP bags and ethylene absorbers in 
cold storage of di1erent varieties of kiwifruit 
Gianni Ceredi, Apofruit, Italy; gianni.ceredi@apofruit.it  
Giacomo Fava, Apofruit, Italy;  
Camilla Cinelli, Institute of Life Science of Sculoa Superiore Sant’Anna, Italy;  
Elige Salam, Institute of Life Science of Sculoa Superiore Sant’Anna, Italy;  
Pietro Tonutti, Institute of Life Science of Sculoa Superiore Sant’Anna, Italy;  
Stefano Brizzolara, Institute of Life Science of Sculoa Superiore Sant’Anna, Italy;  
Mirco Montefiori, New Plant, Italy;  
Giovanni Santi, New Plant, Italy;  
Claudio Bonghi, University of Padova, Italy;  
Angela Rasori, University of Padova, Italy;  
Benedetto Ruperti, University of Padova, Italy. 

FAO (Food and Agriculture Organization) data, sets global kiwifruit production at over 4.4 million 
tonnes by 2020, with a total cultivated area of around 270,000 hectares which grew exponentially by 
around 37% in the decade 2007/2017. China contributes about half of this production followed by 
Italy and New Zealand, Chile and Greece. The varietal scenario of the Actinidia genus has radically 
changed in the last 20 years towards a series of new cultivar belonging mainly to A. chinensis var. 
chinensis characterized by di1erent flesh colour: yellow, yellow-green, yellow-red and usually with 
more aromatic and sweeter fruit. The value of these productions and the need to guarantee their 
availability on the global market throughout the entire year, require a review of the storage 
techniques. For this purpose, the possibility of using MAP (modified atmosphere packaging) bags 
was evaluated in the two-year period 2022-2023 on three di1erent kiwifruit varieties, stored in 
normal refrigeration at 0.5°C. The introduction of granular ethylene absorbers (Greenkeeper®) inside 
of the MAP bags was evaluated at the same time. The fruit samples were kept in cold storage for a 
variable period (90-150 days), depending on the variety tested. Fruit quality was monitored over time 
through fruit quality parameters (firmness, brix, flesh colour indices) as well as the onset of 
physiological disorders (Storage Breakdown) and rots. The monitored concentrations of oxygen, 
carbon dioxide and ethylene confirm the role of the MAP films and ethylene absorbers. Fruit quality 
and storage ability were positively a1ected by the MAP applications without any negative side - 
e1ects. 

Ethylene absorbers, storage breakdown, modified atmosphere packaging, physiological disorders, quality profile 
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PH.7C.4 Breeding PH126 

Post-harvest behavior characterisation of a new 
variety of Actinidia chinensis var. chinensis (cv Ac 
459 011) 
Camilla Cinelli, Scuola Superiore Sant'Anna, Italy; camilla.cinelli@santannapisa.it 
Elige Salam , Scuola Superiore Sant'Anna, Italy; 
Angela Rasori, DAFNAE, University of Padova, Italy;  
Benedetto Ruperti, DAFNAE, University of Padova, Italy; 
Claudio Bonghi, DAFNAE, University of Padova, Italy;  
Mirco Montefiori, New Plant Soc. Cons. Agr. Italy;  
Giovanni Santi, New Plant Soc. Cons. Agr. Italy;  
Gianni Ceredi, APOFRUIT, Italy;  
Pietro Tonutti, Scuola Superiore Sant'Anna, Italy;  
Stefano Brizzolara, Scuola Superiore Sant'Anna, Italy. 

Ac 459 011 (Actinidia chinensis var. chinensis) is the result of an Italian breeding program aimed at 
integrating the characteristics of yellow-fleshed A. chinensis fruits (sweetness, intense aroma) into 
the green-fleshed kiwifruit segment. Given it is a novel cultivar and considering that, compared to A. 
deliciosa, A. chinensis fruit are physiologically less characterized, the ripening evolution and the 
behaviour of Ac 459 011 fruit during storage were analysed. The e1ects of 1-MCP and exogenous 
ethylene treatments were compared during post-harvest ripening and after di1erent period of cold 
storage in normal and controlled atmosphere (CA). The pattern of flesh firmness decrease, and 
soluble solids accumulation were studied in relation to the respiratory and ethylene climacteric, 
indicating that Ac 459 011 fruit are highly sensitive to ethylene. The volatile organic compound (VOC) 
profile of this cultivar includes 34 compounds belonging to the classes of alcohols, ketones, 
aldehydes, esters, and terpenes. The compounds with the highest relative abundance belong to the 
class of aldehydes and alcohols, which contribute to fresh, herbaceous and green notes. 
Interestingly, several terpenoids have been detected and may play an important role in conferring to 
this kiwifruit a distinctive aroma. Moreover, preliminarily results indicate a strong e1ect of 1-MCP 
treatment on several aroma components. Preliminary trials indicate that cold storage (0.5°C) is in 
general e1ective in maintaining firmness and the flesh colour, but the cold storage behaviour 
(including the appearance of the Storage Breakdown Disorder, SBD) appears to strongly depend on 
pre-harvest climactic factors, ripening stage at harvest and curing conditions. CA enhances storage 
e1iciency by reducing SBD occurrences, and maintaining firmness and flesh colour for longer, and 
extending also the shelf life of the fruit. CA reinforces positive cold e1ects throughout the 
downregulation of genes involved in cell wall and chlorophyll degradation, while it does not prevent 
fruit ripening and aroma development once the fruit are removed from CA conditions, showing great 
potential in order to extend its storage ability and preserving the characteristic fruit quality. 

Kiwifruit, ripening physiology, ethylene, cold storage, controlled atmosphere, volatile organic compounds 
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PH.7D.1 Gene Editing PH98 

Next generation postharvest tools 
Loren Honaas, United States Department of Agriculture, United States of America; loren.honaas@usda.gov  

Functional genomics is an emerging technological frontier in Rosaceous fruit production systems, 
and the use of artificial intelligence/machine learning approaches to process massive, genome-
scale datasets (e.g. hundreds or thousands of big data files) o1er new insights into the genetic 
control of plant traits. Our parallel approach includes forward and reverse genetics, comparative 
genomics, novel methods for transcriptome analysis, and computer vision methods all aimed at 
learning about the genes that control important crop traits. Our recent work on 'Gala' apple aims to 
characterize the long-term response of apple fruit to low O2 and develop predictive biomarkers that 
can estimate risk for loss of fruit firmness. We also address open questions about the use of AI/ML 
as a research tool in functional genomics by studying model systems that have abundant and freely 
available big data, as well as computer vision approaches to enhance the accuracy and granularity 
of visually scored fruit traits. Altogether, we show that our approach reveals opportunities to develop 
new postharvest tools for research and production. 

Functional genomics, artificial intelligence, machine learning, controlled atmosphere, apple, fruit quality 
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PH.7D.2 Gene Editing PH218 
    

 

Targeting pectin degrading enzymes using CRISPR-
Cas9 for improving tomato fruit shelf-life and 
processing quality 
Isabel Ortega-Salazar, UC Davis, United States of America; iortegasalazar@ucdavis.edu  
Barbara Blanco, UC Davis, United States of America; 
Daphne Crum, UC Davis, United States of America;  
Yuko Sugiyama, UC Davis, United States of America; 
Adrian Sbodio, UC Davis, United States of America;  
Adam Adaskaveg UC Davis, United States of America; 
Duoduo Wang, UC Davis, United States of America;  
Graham Seymour, University of Nottingham, United Kingdom;  
Xueqi Li, UC Davis, United States of America; 
Selina Wang, UC Davis, United States of America. 

Tomato fruit is an important and popular commodity worldwide. Over the years, tomato breeders 
have tried to improve the quality of tomatoes by focusing on factors such as shelf-life in fresh market 
varieties and consistency in processing varieties. However, traditional breeding methods can take a 
long time and may impact consumer-based quality traits such as flavour and nutritional value. Our 
work demonstrates that CRISPR Cas9 gene editing is a targeted and e1ective strategy that can 
improve tomato fruit quality while minimizing undesirable traits. By using this technique to knock out 
the pectin-degrading enzymes polygalacturonase (SlPG2a, Solyc10g080210) and pectate lyases 
(SlPL, Solyc03g111690) simultaneously in a fresh-market tomato variety, we improved fruit shelf-life 
attributes like firmness and water loss. This led to the fruit remaining marketable up to 36 days 
postharvest at room temperature while maintaining other quality traits such as sugar: acid ratio, skin 
colour, and even improving aroma volatiles. Similarly, we have used CRISPR-Cas9 gene editing to 
knock out three key genes: SlPG2a, SlPL, and pectin methylesterase (PME, Solyc07g064170) in a 
processing tomato line. This was done to study the impact of pectin depolymerization in processing 
traits, and it is currently being evaluated. We expect this study to improve the consistency and 
viscosity of tomato juice without a1ecting other characteristics such as pH, titratable acidity, colour, 
and total soluble solids. Overall, our research shows that using CRISPR Cas9 can improve tomato 
fruit and product quality while ensuring consumers' expectations. Finally, this tool also provides 
valuable information for conventional breeding of tomatoes. 

Polygalacturonase pectate lyases, marketability, firmness, postharvest, gene editing 
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PH.7D.3 Gene Editing PH110 

Development of innovative tools for understanding 
postharvest senescence in inflorescence vegetables 
Tie Liu, University of Florida, United States of America; tieliu@ufl.edu  

Inflorescence vegetables such as broccoli, cauliflower, and artichoke are multitude of colourful and 
n nutrient -dense vegetables and invaluable for human health, but their quality deteriorates during 
distribution before reaching consumers due to ongoing biochemical processes and compositional 
changes. The current lack of any objective indices for defining " freshness " of fruits or vegetables 
limits our capacity to control product quality and leads to food loss and waste. In this work, we 
undertook interdisciplinary research to address plant science challenges related to plant maturation 
and postharvest senescence in broccoli and artichoke. It will leverage plant physiology, genomics 
and gene-editing tools, and machine learning technologies to understand deterioration of 
inflorescence vegetables. We therefore propose a comprehensive research program to identify 
genes, proteins, and compounds as "freshness-indicators" and to aid development of an innovative 
and easy-to-use accessibility tool to accurately estimate the freshness of produce. The findings give 
insights into postharvest senescence and signal transduction at the tissue-specific level in broccoli 
and artichoke and provide guidance on how to extend shelf life and reduce its economic losses, 
which also generate genetics and molecular recourses for marker-assisted breeding and expand the 
general scientific knowledge of regulating senescence of inflorescence vegetables. 

Omics, CRISPR, machine learning 
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 PH.7D.4 Gene Editing PH295 

The Ri-technology: improving postharvest 
performance of ornamental potted plants 
Henrik Vik Lütken, University of Copenhagen, Denmark; hlm@plen.ku.dk  
Bruno Trevenzoli Favero, University of Copenhagen, Denmark. 

The development of transgenic lines via genetic modification has developed and improved several 
ornamental plants, but there are strict commercialization regulations for these plants in several 
countries. However, breeding through natural transformation with the soil bacterium Rhizobium 
rhizogenes successfully generated compact growth in many ornamental plants with particular 
emphasis on Kalanchoe. Hence, the method provides a bio-sustainable alternative to application of 
chemical growth retardants. In the transformation process, transfer-DNA fragments of the root-
inducing (Ri) plasmid including root oncogenic loci genes (rol-genes) and less characterised open 
reading frames (ORF s) are inserted into the plant's genome during infection, thus termed as Ri-
technology. Most interestingly in respect to postharvest performance, improved flower longevity was 
encountered in Kalanchoe. Ri-lines. When exposed to ethylene, the flowers of Ri -lines exhibited a 
lower degree of in-rolling compared to WT lines. This feature was encountered in both parental 
transgenic lines as well as F1 and F2 o1spring lines. Moreover, it has been shown that the 
overexpression of OFR14 contributes to this increased ethylene tolerance as well. However, 
postharvest studies are in general lacking in Ri ornamental plants. Importantly, Ri transformation is 
labelled non-GMO when unmodified bacterial strains are solely used therefore it is directly 
applicable without regulatory obstacles on approvals of new cultivars. Furthermore, the natural 
transformation label is supported by evolutionary studies where several plants, e.g. tobacco, sweet 
potato, tea and blueberries have been shown to carry Ri-genes from the bacterium through 
horizontal gene transfer during evolution. 

Ethylene, flower longevity, horizontal gene transfer, natural transformation, root oncogenic loci 
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PP.7.1 Disease Cycles (1) PP68 

Modelling infection periods for apple bull’s eye rot 
Kerry Everett, Plant and Food Research, New Zealand; kerry.everett@plantandfood.co.nz 
Peter N. Wood, Plant and Food Research, New Zealand; 
Luna Hasna, Plant and Food Research, New Zealand;  
I.P. Shamini Pushparajah, Plant and Food Research, New Zealand; 
Michele J. Vergara, Plant and Food Research, Philippines; 
Brent M. Fisher, Plant and Food Research, New Zealand; 
Cathy de Villiers, Plant and Food Research, New Zealand. 

The postharvest apple disease bull's eye rot (BER) is caused by the fungus Phlyctema vagabunda 
syn. Neofabraea alba. A putative disease cycle was proposed for BER based on our knowledge of 
inoculum availability and sources, and infection timing. A conceptual model based on this disease 
cycle was used as a basis for an infection period model (Model 1) into which were included 
parameters derived from combining data from a number of laboratory and field experiments. These 
parameters included temperature, windrun, leaf wetness and rainfall. The model is currently being 
validated using a combination of spore trapping, fruit traps and leaf analysis in combination with 
quantitative polymerase chain reaction analysis of extracted DNA. 

Phlyctema vagabunda, Neofabraea alba, spore germination, spore traps, qPCR 
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 PP.7.2 Disease Cycles (1) PP51 

Postharvest Phytophthora-rot of pome fruit 
Marcel Wenneker, Wageningen University and Research Centre, Netherlands; marcel.wenneker@wur.nl 
Khanh Pham, Netherlands; 
Kiki Kots, Netherlands.  
 
Apple (Malus domestica) and pear (Pyrus communis) are important fruit crops in the Netherlands. In recent years, 
postharvest fruit rots were observed on the apple varieties such as ‘Elstar’ and ‘Kanzi’, and pear varieties such as 
‘’Conference and ‘Doyenne du Comice’. The symptoms were found after storage in controlled-atmosphere storage 
facilities on fruits from dilerent orchards across the Netherlands. Disease incidences up to 50% of the stored fruit 
were observed. The diseased fruits showed circular brown to black spots with irregular and diluse margins that 
enlarged rapidly to form distinctive rings, typical of Phytophthora infection. Isolation and identification revealed a 
number of Phytophthora species, e.g. P. cactorum , and P. syringae . Some of the rot incidences could be related to 
orchard infections; due to overhead irrigation (sprinkler rot) or to heavy rain fall near harvest. In addition, surveys 
were performed at several packinghouses and storage facilities to assess the presence of Phytophthora in water 
flumes. These assessments were carried out with Rhododendron , apple and pear fruit baits. Next to the most 
commonly Phytophthora species, also P. chlamydospora was abundantly detected in water. P. chlamydospora is 
normally found in streams and wet soil worldwide and has only rarely been recovered as a pathogen from ornamental 
and woody species. These surveys revealed serious potential risks for Phytophthora infections during the grading and 
sorting process of pome fruit. Results will be presented and discussed. 

Phytophthora, fruit rot, control, risk assessment 
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 PP.7.3 Disease Cycles (1) PP55 

Pre- and postharvest Fusarium findings in apple 
Jorunn Børve, Norwegian Institute for Bioeconomy Research, Norway; jorunn.borve@nibio.no 
Marit Almvik, Norwegian Institute for Bioeconomy Research, Norway; 
May Bente Brurberg, Norwegian Institute for Bioeconomy Research, Norway. 

Core rot in apple has only been considered a problem in a limited number of cultivars and has not 
been a focus in Norway, or in many other countries. There is currently a high demand for apple juice 
and cider in Norway. As core rot is not detectable on the fruit surface until the rot reaches the outer 
fruit flesh, it is possible for infected fruit to be used for juice without noticing the rot. Since Fusarium, 
one of the known core rot causes, is a known producer of mycotoxins precautionary investigations is 
needed. Over several seasons it was found that both pre- and postharvest rot of Fusarium were 
common on most of the cultivars grown in Norway. As in other countries, F. aveneacum has 
dominated so far, but F. paeoniae was also identified on apple. Inoculation experiments with 
attached fruit and in storage were successful both in establishing core rot and detecting di1erent 
mycotoxins from the fruit. There were evidently di1erences between isolates of F. aveneacum in 
both the type of mycotoxins produced and the amount. A potential life cycle for Fusarium in apple 
growing in Norway is suggested, and possible ways of reducing the incidence both pre- and 
postharvest are discussed. 

Mycotoxins, fruit rot, pre- and postharvest connections 
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PP.7.4 Disease Cycles (1) PP82 

Postharvest apple diseases: a gauge for tree health in 
Mid-Atlantic USA apple orchards? 
Kari Peter, United States of America; kap22@psu.edu 
Johanny Castro, United States of America. 

In the USA, most of the postharvest apple decay research has occurred in Washington, Oregon, and 
New York, where Penicillium expansum and Botrytis cinerea are the dominant fungi. Unfortunately, 
postharvest apple decay is an under-researched area in the Mid-Atlantic USA, and significant 
knowledge gaps exist. We aimed to evaluate the causal fungi infecting apples while in storage in Mid-
Atlantic packinghouses. Ten packinghouses were sampled, with fifty rotten apples per packinghouse 
randomly selected after five to six months in storage in spring 2021 and 2022. From 975 apples, the 
infecting fungi were identified based on colony morphology and DNA sequencing and classified as 
the following: Alternaria spp. (29.6%); Phlyctema vagabunda (27.6%); Penicillium spp. (14.6%); 
Botrytis cinerea (7.1%); Diaporthe spp. (3.9%); Colletotrichum fioriniae (3.5%); "other" fungi, which 
include Fusarium sp. Cadophora sp. Neonectria sp. Epicoccum sp. and Monilinia sp. (7.4%); and 
non-pathogen rots (6.9%). In contrast to other USA apple growing regions, blue mould, caused by 
Penicillium spp. (14.6%) is not the dominant causal rot in Mid-Atlantic packinghouses. Multiple 
pathogens are causing postharvest rots, the majority (72%) likely infecting apples before harvest. Of 
these pathogens, P. vagabunda, Diaporthe spp. and Neonectria sp. predominantly exist in the 
orchard as canker pathogens, with fruit infections being incidental. The discussion of these results 
will be approached from the perspective of using postharvest apple rots as a monitoring tool for tree 
health with an emphasis on influences such as climate change. A goal of this understanding is to 
optimize orchard management to improve resiliency while also helping to reduce postharvest apple 
rots. 

Apple decay, packinghouse, blue mould, Alternaria spp. Phylctema vagabunda, Diaporthe spp. climate change, orchard health 
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FVH.7.1 Understanding the Health EZects of Plant Foods (2) FV20 

Garcinia mangostana L. aqueous rind extracts 
protect human chromosomes from gamma 
irradiation 
Christian Lloyd Loo, Ateneo de Manila University, Philippines;  
Arnold Olayvar, Ateneo de Manila University, Philippines;  
Vivian Panes, Ateneo de Manila University, Philippines; vpanes@ateneo.edu 
Lolita Lagurin, Ateneo de Manila University, Philippines;  
Ma. Celeste Abad, University of the Philippines, Philippines. 

Technological advancements have exposed humans to more sources of ionizing radiation known to 
cause mutagenesis, carcinogenesis, and hereditary diseases. Plant secondary metabolites are 
possible sources of radioprotective agents. This study aimed to evaluate the radioprotective e1ects 
of the aqueous rind extracts of the Southeast Asian native Garcinia mangostana L. on human 
chromosomes against gamma irradiation. Whole human blood containing the positive control 
(treated with 2 mg/mL N-acetylcysteine), an untreated setup, and three concentrations of aqueous 
G. mangostana rind extract (100 µg/mL, 200 µg/mL, 300 µg/mL) were subjected to a dose of 4 Gy of 
gamma radiation. Chromosomal aberrations were visualized and scored under OIO (1000x 
magnification) using a compound microscope. Aberration counting showed that the lowest aqueous 
concentration (100 µg/mL) had 68 aberrations while the 200 and 300 µg/mL concentrations had 
aberration counts of 112 and 115, respectively. The positive control (N-acetylcysteine) had an 
aberration count of 119 and the negative, untreated setup tallied 191. All three mangosteen rind 
extract concentrations showed radioprotective potential, reflected in their lower aberration counts 
and backed statistically as the three treatments were significantly di1erent from the negative 
control. The highest radioprotective e1ect was seen at the 100 µg/mL concentration; this e1ect 
decreased in the 200 and 300 µg/mL concentrations. Extract from G. mangostana rind have the 
potential as radioprotective agents against gamma irradiation. This can be attributed to the large 
amount of antioxidant compounds found in mangosteen rind, the most abundant being the 
xanthones. 

Cytogenetics, antioxidant, mangosteen rind, xanthones, secondary metabolites, ionizing radiation 
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FVH.7.2 Understanding the Health EZects of Plant Foods (2) FV?? 

Unlocking the immunomodulatory capacities and 
gastrointestinal impact of apple-derived vesicles in 
human health 
Martina Trentini, University of Ferrara, Italy 
Barbara Zavan, University of Ferrara, Italy 
Luca Lovatti, C.I.F., Italy; lovatti@cif.tn.it   

Introduction: Living organisms release nano-sized lipidic vesicles into the extracellular 
compartment for various purposes, including defence and intercellular communication. Plant-
derived vesicles (PDVs) carry biologically active molecules and play roles in plant-pathogen 
interactions and interactions with mammals. This cross-kingdom communication o1ers new 
potential applications for PDVs in human and animal health, directly influencing mammalian 
cellular metabolism and microbial flora. Our research concentrates on apple-derived vesicles 
(ADVs) sourced from apple production by-products, in line with circular economy principles. 
Specifically, we investigate inflammation, a prevalent feature of numerous pathologies, including 
inflammatory bowel diseases (IBD). 

Material and methods: ADVs were isolated from fresh Malus domestica fruit (var. Golden Delicious) 
following patented technology (PA 02022000000719). They have been thoroughly characterized 
regarding their size, shape, and content through various analyses, including Nanoparticle Tracking 
Analysis (NTA), Transmission Electron Microscopy (TEM) imaging, miRNAomic profiling, lipidomic 
analysis, and proteomic analysis. Furthermore, the biological e1ects of ADVs on mammalian cells 
have been investigated, encompassing studies on i) cytotoxicity; ii) influence on macrophage 
polarization, evaluated through gene and miRNA expression analysis, as well as 
immunofluorescence techniques; iii) reduction of mitochondrial oxidative stress. 

Results and Discussion: ADVs act as carriers for various biomolecules, including peroxidases and 
linoleic acid, which contribute to their biological e1ects on human cells. They reduce mitochondrial 
oxidative stress by decreasing reactive oxygen species (ROS) through a Ca2+-triggered molecular 
pathway. Additionally, ADVs possess anti-inflammatory properties, influencing tissue-resident 
macrophages by suppressing the NF-kb pathway and promoting macrophage repolarization towards 
a regenerative phenotype, by upregulating miR-146a, miR-125a, and let-7e, coupled with 
downregulation of IL-1b. They also carry plant miRNAs and proteins, such as plasm membrane (PM) 
H(+)-ATPase and lipid-transfer proteins (LTPs), which aid in defence against pathogens by apoplastic 
acidification and bleaching lipids on fungal membranes, respectively.  

Conclusion: With their immunomodulatory e1ects and antimicrobial cargo, ADVs o1er promising 
avenues for addressing gastrointestinal tract pathologies. They have the potential to treat 
inflammation-related diseases like IBD by restoring intestinal health and balancing the gut 
microbiota. 

Apple-derived vesicles, immunomodulation, intestinal health, circular economy   
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FVH.7.3 Understanding the Health EZects of Plant Foods (2) FV37 

E1ects of apple intake on intestinal microflora in 
human volunteers and its bifidogenic factors 
Yasuo Suzuki, Meijo University, Japan; yasuosuzuki@meijo-u.ac.jp 
Keiichi Tanaka, National Agricultural Research Organization, Japan;  
Takayuki Amano, National Agricultural Research Organization, Japan. 

To prevent lifestyle-related diseases through diet, it is important to improve intestinal microflora. In 
this study, we investigated the e1ects of apple intake on the intestinal microflora and blood 
components in human. Fourteen healthy subjects were administered 1.5 to 2 apples per day for 3 
weeks, and the e1ects on intestinal microflora, faecal characteristics, and blood components were 
examined. This study was done in accordance with the Helsinki Declaration. Bifidobacteria tended 
to increase with apple intake. Clostridium perfringens was decreased or eliminated by apple intake 
in subjects in whom it was detected before apple intake. The pH of faeces was decreased by apple 
intake, which means faecal characteristics were improved. Evacuation frequency also significantly 
increased. The e1ects of apple intake on blood components were examined. Triglyceride levels 
decreased, and vitamin C in the blood significantly increased. These results suggest that daily apple 
intake is e1ective in preventing lifestyle-related diseases in healthy adults because of its prebiotic-
like e1ects on intestinal microflora, evacuation, and faecal characteristics, as well as improvement 
of blood components. Furthermore, to identify oligosaccharides derived from apples with 
bifidobacterial growth activity, we investigated in vitro the availability by intestinal bacteria of 
oligosaccharides produced from apple pectin based on the structure of apple pectin. Apple pectin is 
characterized by arabinose-rich side chains. Arabinose is more or less selectively utilized by 
Bifidobacterium. Arabino-oligosaccharides were selectively utilized by Bifidobacteria, especially B. 
adolescentis and B. longum, which are important in adults. These results suggest that arabino-
oligosaccharides are bifidogenic factors that selectively increase bifidobacteria, and that the e1ect 
of apple intake on bifidobacterial growth is due to the arabinose-rich side chains of apple pectin. 

Apple, arabino-oligosaccharides, Bifidobacterium, intestinal bacterial flora 
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FVH.7.4 Understanding the Health EZects of Plant Foods (2) FV22 

Evaluation of the radioprotective properties of the 
aqueous extracts of Curcuma longa L. rhizomes on 
human chromosomes 
Christan Azil Aromin, Ateneo de Manila University, Philippines;  
Marco Renzo Nalupta, Ateneo de Manila University, Philippines;  
Vivian Panes, Ateneo de Manila University, Philippines; vpanes@ateneo.edu 
Lolita Lagurin, Ateneo de Manila University, Philippines;  
Celeste Abad, University of the Philippines, Philippines. 

Radiation has been increasingly used in medicine and industries, in particular gamma-radiation is 
being used for radiotherapy in cases of malignancies. Non-medical exposures can include 
occupational workers using gamma-radiation for sterilization and other purposes in industries. Upon 
exposure, gamma radiation can induce various DNA damages through radiolysis of water which 
produces various free radicals. This study aimed to evaluate the radioprotective e1ect of the 
aqueous extract of Curcuma longa in human lymphocytes in vitro. Lymphocytes were obtained 
through extraction of human peripheral blood and later applied with various concentrations of the C. 
longa aqueous extract (10 µg/mL, 40 µg/mL, 100 µg/mL) prior to irradiation of 4 Gy of gamma-
radiation. Subsequently, all blood samples were cultured then harvested after 72 hours. All 
harvested cells were dropped on microscope slides then analysed for chromosomal aberrations 
(dicentrics, tricentrics, chromatid breaks, chromosome breaks, ring chromosome, chromosome 
exchanges, and acentric fragments). A total of 75 metaphase spreads were analyzed for each group. 
After statistical analysis, 10 µg/mL was found to be the treatment group with comparable 
radioprotective e1ect as the positive control, N-acetylcysteine. The other two treatment groups (40 
µg/mL, 100 µg/mL) displayed no radioprotective e1ect as there was no significant di1erence with the 
negative control group. Thus, the aqueous extract of C. longa exhibited a radioprotective e1ect on 
human lymphocytes specifically only at a certain dose (10 µg/mL). The radioprotective properties of 
C. longa can be attributed to the various anti-inflammatory agents and antioxidants in C. longa such 
as flavonoids and polyphenols. 

Antioxidant, cytogenetics, aberrations, rhizome, radioprotection 
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PH.8A.1 Growing Condition EZects on Postharvest PH195 

Influence of canopy position on initial starch content, 
conversion rate, and storability of ‘Rosy Glow’ apples 
Ian Crouch, ExperiCo Agri-Research Solutions, South Africa; 
Jason Nathan Ladegourdie, ExperiCo Agri-Research Solutions, South Africa. jason@experico.co.za  

It is well-established that apple maturity varies within the tree canopy and between trees in a single 
orchard, likely due to di1erences in light exposure. The aim of the study was to investigate if maturity 
variations extend to starch content and conversion rate, ultimately a1ecting storability. 'Rosy Glow' 
apples were sampled weekly for six weeks prior to commercial harvest in Grabouw, South Africa. 
Four distinct canopy positions were targeted namely, outer top, inner top, outer bottom, and inner 
bottom. Full maturity analysis was conducted at each sampling point. Starch content analysis was 
performed on apples collected at three time points: six weeks pre-harvest, three weeks pre-harvest, 
and at harvest. Results indicated a significant di1erence in maturity between apples from various 
canopy positions. Apples on the outer top appeared more mature (higher starch breakdown 
percentages) compared to other canopy positions. Conversely, apples from the inner bottom 
position showed signs of slower ripening (lower starch breakdown percentages). Additionally, a trend 
suggests that apples on the inner top have a slower rate of starch breakdown compared to other 
canopy positions. The significance of these findings will be discussed in relation to starch content 
analysis and post-storage fruit quality assessment. This knowledge could be instrumental for apple 
growers in optimizing harvesting methods, timing and storage strategies for improving fruit quality 
and shelf life. 

Starch content, apple, canopy position, storability 
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 PH.8A.2 Growing Condition EZects on Postharvest PH181 

The impact of cultivation light intensity on the 
postharvest quality of Perilla frutescens  
Ieva Gudzinskaite, Lithuanian Research Centre for Agriculture and Forestry, Lithuania; ieva.gudzinskaite@lammc.lt  
Kristina Lauike, Lithuanian Research Centre for Agriculture and Forestry, Lithuania;  
Giedre Samuoliene, Lithuanian Research Centre for Agriculture and Forestry, Lithuania;  
Audrius Pukalskas, Lithuanian Research Centre for Agriculture and Forestry, Lithuania. 

The quality of fresh leafy vegetables post-harvest is heavily influenced by the cultivation conditions, 
particularly in controlled environment agricultural systems (CEA), where the intensity of artificial 
lighting is a crucial factor in the economic e1iciency of CEA production. Proper lighting conditions 
can enhance the nutritional value and prolong the shelf-life of leafy vegetables, making it a key area 
of study for researchers. The objective of our research was to evaluate the impact of cultivation light 
intensity on the postharvest nutritional quality and duration of the green and red Perilla frutescens 
cultivars. the experiments were conducted in hydroponic systems within a walk-in controlled 
environment chamber, with day/night temperatures set at 21/17 ± 2°C. Four experimental 
treatments were performed that represent photosynthetic photon flux densities (PPFDs) of 150, 200, 
250, and 300 μmole m-2 s-1 while maintaining an equal spectral composition consisting of deep red 
61%, blue 20%, white 15%, and far red 4% light emitting diode (LED) light at a 16-hour photoperiod. 
After three weeks of germination, the plants were harvested and stored at -4°C in the dark for 
postharvest storage. Our research demonstrates that the impact of PPFDs on the response of perilla 
antioxidant system and dynamics of nutritionally valuable metabolites during postharvest is cultivar 
specific. Our study contributes to the growing body of knowledge in controlled environment 
agriculture and artificial lighting and provides insights into the cultivation of leafy vegetables to 
enhance their nutritional value and prolong their postharvest shelf-life. 

Controlled environment agriculture, artificial lighting, lighting intensity, plant metabolites, nutritional value 
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 PH.8A.3 Growing Condition EZects on Postharvest PH30 

Apple fruit cutin components during storage are 
governed by orchard heat and sun exposure 
Dave Rudell, USDA-ARS, United States of America; David.Rudell@usda.gov  
Christine McTavish, United States Forest Service, United States of America; 
Carolina Torres, Washington State University, United States of America;  
Loren Honaas, USDA-ARS, United States of America;  
James Mattheis, USDA-ARS, United States of America. 

Apple cuticle is the primary surface barrier governing liquid, solute, and gas flux. It is composed of 
multiple layers of cutin overlaid and intercalated with a complex mixture of waxes and various freely 
soluble non-polar compounds. Cutin is a polymeric protective coating of most aerial plant surfaces 
is primarily composed of aliphatic mono, di, and tri-hydroxy mono- and dioic fatty acids. As 
composition and structure may influence cell and fruit physiology to the point of altering fruit 
appearance or even ripening, we sought to determine the impacts of sun exposure and heat on 
apple appearance and cuticular composition. To accomplish this, we harvested 'Granny Smith' 
apples with contrasting sun exposure between sides as well as peel heat treated in the orchard. 
Apples were removed from cold air storage after periods of up to 6 months. Appearance was graded, 
photographed, and extracuticular components, including cutin, analysed following various 
combinations of extraction and hydrolysis using HPLC-MS. Di1erences of non-polymerized cuticular 
and cutin composition related to pre-harvest light and heat exposure were evident at harvest and 
continued to diverge during storage. Production pentacylic ursane, oleane, and betulane triterpenes 
was influenced di1erentially during storage by light and heat exposure. Anticlinal cutin deposition, 
including "pits" within the structure, was evident in some sun exposed peel. Cutin from sun exposed 
peel was di1erent in composition and, most conspicuously, associated with higher amounts of 
pentacyclic triterpenes. Levels of these triterpenes were only di1erent following cutin hydrolysis 
indicating they are either intercalated within the cutin structure or actually part of the polymer. 
These di1erences of cutin composition with sun exposure may provoke or be related to development 
of sunscald or other apple peel disorders. 

Stress, Malus domestica, cold chain, epidermis, coating 
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 PH.8A.4 Growing Condition EZects on Postharvest PH117 

Selenium biofortification of kale microgreens 
improves postharvest quality and shelf-life 
Mahya Tavan, Riddet Institute, Massey University, New Zealand; m.tavan@massey.ac.nz 
Benjamin Wee, La Trobe University, Australia;  
Alexis Pang, The University of Melbourne, Australia;  
Sigfredo Fuentes, The University of Melbourne, Australia;  
Dorin Gupta, The University of Melbourne, Australia. 

Selenium (Se) is an essential nutrient for human health. Following the successful biofortification of 
kale microgreens with Se in our previous studies, this study aimed to investigate whether Se could 
reduce postharvest losses and enhance the shelf-life of microgreens. Given that Se can potentially 
delay senescence by boosting the antioxidant activity of plant tissues, this study sought to evaluate 
the postharvest quality attributes of Se-enriched kale microgreens grown in a soilless cultivation 
system. Four preharvest Se treatments (0, 10, 20, and 40 µM) were applied using two application 
methods, nutrient solution (NS) and foliar, in a completely randomised design with three replicates. 
From each replicate, a 10 g sample was harvested and stored in clamshell containers for 14 days at 
4°C. Ethylene synthesis, respiration rate, tissue electrolyte leakage (TEL) and leaf pigment content of 
stored kale microgreen samples were assessed. Results showed that the postharvest attributes of 
kale microgreens were notably a1ected by Se treatments and di1ered significantly by application 
method. Nutrient solution (NS) application at 20 µM Se significantly improved total chlorophyll 
content by 47% (p<0.05), lowered TEL by 53%, and ethylene synthesis by 3-folds. The foliar 
application method was less e1ective than the NS application method in improving the postharvest 
quality of kale microgreens. These findings provide important insights for facilitating sustainable 
commercial adoption of kale microgreens by enhancing their postharvest quality and minimising 
wastage while emphasising their capacity to deliver Se to consumers' diets. 

Selenium, fortification, postharvest quality, shelf-life, microgreens, vertical farming, soilless culture 
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PH.8A.5 Growing Condition EZects on Postharvest PH??? 

Improved tolerance and postharvest loss reduction in 
tomato (Solanum lycopersicum L.) 
Darshani Weerahewa, Open University of Sri Lanka, Sri Lanka; weerahewa@gmail.com  
H.L.J. Imali, Open University of Sri Lanka, Sri Lanka; 
Sakalya Rajapakse, Kagoshima University, Japan; 
W.L.S.M.I.D.M. Thilakarathne, Open University of Sri Lanka, Sri Lanka. 

Tomato (Solanum lycopersicum L.), a major crop in Sri Lanka, is known for its extreme perishability 
during harvesting, handling, transportation, and storage, leading to significant postharvest and 
financial losses. This study investigated the e1ect of Partially Burned Rice Hull (PBRH) soil 
application on tomato firmness, quality, and postharvest losses. Three treatments were applied: R0 
(control), R1 (1 kg/3 m2), and R2 (2 kg/3 m2) PBRH. 'Platinum-701' tomato cultivar was grown, and 
fruits were harvested at the breaker and pink maturity stages. Quality parameters were evaluated: 
weight, color, firmness, shelf-life, storage quality, drop resistance, and keeping quality with a gas 
absorbent. The storage quality of the pink and breaker stage tomatoes in di1erent treatments was 
checked under room temperature (RT) and refrigerated conditions. The R2 treatment significantly 
improved tomato quality, resulting in the highest average fruit weight (breaker: 47.49 g, pink: 46.73 
g), overall firmness (breaker: 6.42 N, pink: 5.94 N), and longest shelf-life (14 days). R2-treated 
tomatoes also exhibited lower weight loss (0.88% at room temperature, 0.30% in cold storage) and 
reduced firmness loss (17.52% at room temperature, 13.88% in cold storage) after 14 days. 
Additionally, R2 tomatoes showed delayed ripening, improved drop resistance (10 days shelf-life 
after drop test), and enhanced quality retention. Treatment R2 showed a lower weight loss 
percentage (0.37%) and lower reduction of overall firmness (14.72%) with ethylene absorbent 
followed by three days of storage. These findings demonstrate the impressive improvement in 
tomato quality with the soil application of PBRH at 2 kg/3m2, potentially minimizing postharvest 
losses and enhancing economic viability for growers. 

Postharvest losses, quality parameters, firmness, shelf life, ethylene absorption, drop resistance 
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PH.8A.6 Growing Condition EZects on Postharvest PH279 

Growing and preserving quality 
Silvia Langer, Horticulture and Product Physiology, Netherlands; silvia.langer@wur.nl 
Julian Verdonk, Horticulture and Product Physiology, Netherlands. 

The quality of horticultural plant products is determined by overall appearance, colour, texture, and 
flavour. In addition, fruits and vegetables are often loaded with bioactive phytochemicals 
contributing to a healthy human diet. During cultivation, physiological and biochemical processes 
lead to changes in colour, texture, taste and aroma, generating a more appealing product. However, 
once harvested, maintaining this quality becomes challenging. Over time, ripening and senescence 
processes diminish product desirability, reducing value, and leading to food waste. Furthermore, 
these products perceive and respond to external factors. On one side, it conditions and limits 
postharvest handling, but on the other side, we can use physical and chemical treatments to 
manipulate products' inner processes and shape their attributes. Our current research 
demonstrates that temperature, light spectrum, CaCl2 -spray, and relative humidity during 
cultivation or postharvest storage determine physiological and biochemical processes leading to a 
wide variety of product's organoleptic properties. To improve plant product quality, we must 
understand how to use cultivation and postharvest practices to achieve the best quality. This 
requires a study of the mechanism of signal transduction from the abiotic signal to the response in 
the plant product. Another promising technology to minimize quality loss is the automatization of 
product handling. The use of harvesting robots and robotic grippers during postharvest can address 
the loss of the required product properties, labour shortage, and costs. However, successful 
implementation of these technologies demands strict protocols that allow both, the optimization of 
the gripping strategies and the assurance of the product quality preservation. We are currently 
developing protocols which include physiological and biochemical methodologies to identify and 
quantify fruit mechanical damage forging the path to enhanced horticultural product quality and 
sustainability. 

Postharvest, quality, physical and chemical treatments, physiology, biochemistry, metabolites, mechanical damage 
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PH.8B.1 Temperature Control in the Supply Chain PH261 

Application of remote supply chain monitoring for 
optimising temperature management and extending 
mango shelf life 
Andrew Macnish, Queensland Department of Agriculture and Fisheries, Australia;  
Hung Duong, Queensland Department of Agriculture and Fisheries, Australia; hung.duong@daf.qld.gov.au 
Yiru Chen, Queensland Department of Agriculture and Fisheries, Australia;  
Peter Hofman, Queensland Department of Agriculture and Fisheries, Australia; 
Scott Ledger, Manbulloo Limited, Australia. 

Modern wireless real-time monitoring technology can be used to e1iciently track fresh produce 
consignments and identify when and where handling conditions deviate from recommended 
practice. Regular monitoring of perishable product temperatures is an essential element of 
continuous improvement to reduce the risk of quality loss. Thirty-eight 'R2E2' mango consignments 
were tracked from three orchards in northern Australia to importers in China and Korea across four 
consecutive seasons using real-time data loggers. Green-mature fruit were harvested and prepared 
for export according to standard commercial procedures that included vapour heat insect 
disinfestation treatment. Data loggers that recorded temperature were inserted into at least one 
pallet per consignment. The pallets were consolidated and pre-cooled at the packhouse. They were 
transported by road or rail in refrigerated containers to a freight forwarder. The consignments were 
then air-freighted to the destination country and transported by truck to the importer warehouse. 
Fruit arrival quality and shelf life at 20°C was assessed. In season 1, the airfreight consignments 
were handled relatively warm with an average temperature of 16.8°C. Three critical control points 
(packhouse, freight forwarder, importer) were identified where fruit were not cooled to the 
recommended 12-13°C. The mango producer and freight forwarder used the monitoring data to 
improve temperature management over the next three seasons. Logger alert features were activated 
to notify users when handling temperatures varied from the preferred range. This triggered sharing of 
data in real-time and correction of handling temperatures to reduce the risk of fruit heat damage and 
chilling injury. By season 4, the average airfreight consignment temperature had decreased to 
13.2°C. This reduction in temperature was associated with an increase in average fruit shelf life from 
7.0 to 9.4 days. Regular monitoring and communication have helped the mango producer establish 
collaborative supply chains that maintain optimal handling conditions for delivering su1icient shelf 
life for consumers. 

Export, Mangifera indica, monitoring, postharvest, temperature, shelf life 
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 PH.8B.2 Temperature Control in the Supply Chain PH96 

A field-based cooling rig for rapid removal of field-
heat from strawberries 
Richard Colgan, University of Greenwich, United Kingdom; r.j.colgan@gre.ac.uk  
Karen Thurston, University of Greenwich, United Kingdom; 
Clare Hopson, University of Greenwich, United Kingdom; 
Deborah Rees, University of Greenwich, United Kingdom. 
 
Ensuring strawberries are cooled immediately after harvest is essential to maintain fruit quality attributes and limit 
the rise in moisture loss and disease development. A field-based prototype cooling rig was designed and developed 
in the UK to cool a single pallet of strawberries (300 kg) providing rapid removal of field heat. The rig was designed 
with four independent cooling zones, each capable of cooling separate tiers of the pallet stack individually. By 
deploying a series of air-ol thermistors at the distal end of the pallet alongside thermistors inserted into individual 
fruits, it was possible to track declining fruit temperature changes through the cooling process. A feedback system 
monitoring fruit temperature or the air temperature exiting the dilerent zones of the pallet controlled the variable fan 
speeds in each zone. This allowed for uniform cooling across the pallet of strawberries by providing additional cooling 
to regions that were slower to reach the final set point temperatures (5°C). After the removal of field heat fruits were 
stored at 1°C for 3 days and transferred to either 10°C or 18°C to mimic dilerent supply chain scenarios. The benefits 
of rapid cooling in strawberry var. Malling Champion were reduced rates of weight loss during storage at 1°C and a 
lower incidence of Botrytis rots and weight loss when fruits were subject to shelf-life conditions of either 18°C or 
10°C. The elect of delays in cooling between 1-4 hours after harvest on strawberry respiration rate and sugar profiles 
were monitored. Where the cooling of strawberries was delayed beyond 1 hour after harvest an increase in fruit 
respiration and a decrease in final sugar profiles was observed. 

Strawberry, removal of field heat, respiration, weight loss, disease 
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 PH.8B.3 Temperature Control in the Supply Chain PH211 

Influence of the innovative HDCOLD ® air-cooler 
technology on fruit quality 
Séverine Gabioud Rebeaud, Agroscope, Switzerland; severine.gabioud@agroscope.admin.ch  
Marie Cachat-Terrettaz, Agroscope, Switzerland; 
Pierre-Yves Cotter, Agroscope, Switzerland;  
Alexandra Le Bourgeois, Agroscope, Switzerland;  
Danilo Christen, Agroscope, Switzerland. 

Fresh fruits are living tissues that continually release water after harvest, especially in environments 
with low relative humidity. As water losses detrimentally a1ect fruit quality and can lead to 
substantial economic losses for the whole supply chain, they need to be maintained as low as 
possible. Given that various pre- and postharvest factors influence water losses, fruits are stored at 
low temperatures and high relative humidity levels after harvest to mitigate the rate of transpiration. 
However, condensation of water on the product surface should be avoided, as it could promote 
microbial growth, leading to decay and further losses. In this study, we evaluated the storage of 
various fruits with an innovative algorithm and air-cooler technology known as HDCOLD®. This 
technology enables the storage of fresh products at high humidity levels (> 95%) without water 
supply and the need for defrosting and the occurrence of condensation. The influence of the system 
was evaluated on classical quality parameters, weight loss, development of decay and physiological 
disorders of di1erent cultivars of apples, pears, cherries and apricots. Relative humidity was kept 
between 96 and 98% in the cold room equipped with the HDCOLD® technology compared to 90-95% 
in the classical cold room. Weight losses were reduced on average by 20% for apples, 30% for pears 
and cherries, and 40% for apricots. Firmness, total soluble solids, acidity and colour were not 
strongly impacted by the storage with HDCOLD® technology and for some cultivars, the parameters 
were better maintained under these conditions compared to the classical cold room. Fungal decay 
was not increased at higher humidity levels and was, in some trials even reduced with the HDCOLD® 
system. 

Fruit, cooling, storage, quality, decay 

  

mailto:severine.gabioud@agroscope.admin.ch


Back to contents 171 

 PH.8B.4 Temperature Control in the Supply Chain PH294 

Pallet spinning to alleviate temperature 
heterogeneity during blueberry cooling 
Andrew East, Massey University, New Zealand; a.r.east@massey.ac.nz  
Victor Escalona, Universidad de Chile, Chile; 
Sebastian Rivera, Massey University, New Zealand;  
Peter Jelery, Massey University, New Zealand. 

Forced draft cooling is a critical step in fresh produce supply chains for successful long-term 
preservation. For blueberry, cooling is applied at a single pallet scale in a complicated 
multicomponent packaging system. Due to the small size of the fruit, cooling is relatively fast, but 
also creates potential for significant temperature heterogeneity in the pallet. One potential solution 
to create more temperature homogeneity in the pallet is to spin the air direction (or the pallet) during 
pre-cooling. In this work, an in-depth temperature survey of industrial cooling for blueberry was 
conducted to evaluate performance and implications of pallet spinning during cooling. Fruit and air 
temperatures, air velocity, and pressure drop across individual pallets at 2 di1erent facilities. Beyond 
cooling rate, an overall heterogeneity index (OHI) was applied to assess cooling performance and 
e1ectiveness of operations. The results demonstrate some of the challenges of cooling fresh 
produce in real-world industrial conditions and provide an indication of potential best practice 
scenarios and potential for improvement. 

Precooling, packaging, temperature control, refrigeration 
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 PH.8B.5 Temperature Control in the Supply Chain PH216 

Temperature kinetics of whole canopy and sweet 
cherry clusters by means of 4D point clouds 
Nicolas Tapia Zapata, ATB Potsdam, Germany; ntapiazapata@atb-potsdam.de  
Andreas Winkler, Lehr- und Versuchsanstalt für Gartenbau und Arboristik e.V. Germany; 
Manuela Zude-Sasse, ATB Potsdam, Germany. 

Climate change has had an increasing impact on fruit safety and quality along the supply chain. 
Moreover, due to marked heat waves, several fruit damages such as sunburn at the fruit skin can 
cause food losses in orchards. Likewise, unexpected summer rains are commonly associated to 
trigger fruit cracking, due to a sudden osmotic di1erence between the fruit surface and its inner 
matrix. Recent advances in close range remote sensing technologies in orchard can capture 
physical fruit properties, which can characterise the microclimate at the fruit level. Thereof, 
integration of LiDAR scanning and thermal imaging provide real time local temperature at fruit 
surface by means of temperature annotated point clouds (4D point clouds). This research aimed to 
analyse temperature change of sweet cherry after cooling. Five cherry trees were kept in cold rooms 
at 6°C. Subsequently, all trees were placed in ambient room temperatures (19°C) and scanned at 
di1erent time steps up to 90 minutes after cooling. The temperature annotated point clouds were 
obtained for entire canopies, and fruit clusters were manually segmented. Additionally, presence of 
wetness at fruit surface was visually registered using an annotation software at di1erent locations 
within the canopy. Fruit wetness classes were established according to the amount of water visually 
assessed. The relationship between fruit temperature and ambient dew point temperature was 
compared with visually rated occurrence of moisture at fruit surface. Temperature at fruit surface 
was found to be lower in comparison to the mean canopy temperature at all measuring scenarios. 
Estimating the temperature change of sweet cherry by means of 4D point clouds was validated 
against manual readings. Moreover, the fruit surface temperature was correlated with dew point 
temperature in the room and wetness class of fruit surface, allowing the potential the estimation of 
fruit surface wetness from the non-invasive close-range sensing approach. 

4D point clouds, dew point temperature, sweet cherry, wetness 
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 PH.8B.6 Temperature Control in the Supply Chain PH59 

The state of bulk cold stores used in handling 
perishable agricultural produce in Ugandan cities 
Matia Mukama, Kyambogo University, Uganda; muksmatiz@yahoo.com  
Paula Abaasa, Kyambogo University, Uganda. 

Investment in the food cold chain has been reportedly identified as a solution to extensive 
postharvest losses worldwide. However, cold chain investment in the Ugandan food value chain is 
largely unknown. This study located, characterised, and determined the e1icacy of bulk cold storage 
facilities used in handling perishable agricultural food produce in the 16 city districts of Uganda. 
Only 9/16 city districts had bulk cold storage facilities, translating to a cold storage capacity of 4.5 m 
3 per 1,000 inhabitants. The private sector owned the highest proportion by volume (90.3%) of these 
facilities with the highest volume used for handling multiple perishable products (11,590 m3). 
Generally, temperature varied significantly from the respective set points in the facilities. Variations 
were observed for between 1/3 to 3/4 of the logged period above maximum allowable storage 
temperatures for the di1erent products, showing e1icacy lapses. These results indicate investment 
and management gaps and opportunities in this indelible sector in food value chain by both 
government and private sector players. 

Refrigeration, refrigeration capacity, Uganda, food storage 
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PH.8C.1 Food Waste PH43 

Food loss and waste data gaps in the horticultural 
value chains: a review of literature 
Jane Ambuko Lukhachi, University of Nairobi, Kenya; ambuko@yahoo.com  
Fabi Carola, Food and Agriculture Organisation of the United Nations, Italy;  
Sharon Mayienga, Food and Agriculture Organisation of the United Nations, Italy; 
Emmanuel Amwoka, University of Nairobi, Kenya, 

Horticulture plays a key role not only for food and nutrition security but a source of livelihoods for the 
actors involved in the supply chains. Globally, there is a rise in malnutrition and lifestyle diseases 
associated with unhealthy diets and low consumption of nutritious and protective foods such as 
fruits and vegetables (F&V). Low consumption of F&V is in part attributed to availability and cost, 
especially among the low-income populations. While there are many factors that contribute to the 
high cost and unavailability of F&V, their high perishability and ine1iciency in their supply chains, 
which in turn leads to high postharvest losses, significantly contributes to this scenario. It is 
estimated that 30-40% of the all the F&V produced are lost or wasted along the supply chain n from 
harvest to consumption. There have been e1orts to reduce food loss and waste (FLW) in fruits and 
vegetables, but interventions are often misguided due to lack of reliable data on critical loss points, 
the causes/driver of losses, extent of losses and context-appropriate interventions. As a result, there 
is the tendency of putting in place blind intervention strategies that do not bear much fruit due to 
insu1icient data. A report on the extent of FLW which was published by FAO in 2011 remains the 
most comprehensive and highly cited data source to date, 13 years later. Although this report has 
limitations because of the many assumptions made in the estimates presented, the data therein has 
been adopted as the baseline and/or reference point for many interventions. The aim of this mini 
review is to highlight the FLW data gaps with a focus on fruit and vegetable value chains. The mini 
review borrows heavily from an FLW database created by FAO as an online collection of literature on 
FLW and their causes. The purpose of the database is to draw attention to the areas that have 
insu1icient data and spur the required action to address these gaps. A look at the database 
indicates that most studies focus on cereals and pulses understandably because most of them are 
staples. The database highlights 589 publications on FLW, whose distribution includes cereals and 
pulses (44%); fruits and vegetables (30%); Roots, tubers and oil-bearing crops (20%) and meat and 
animal products (6%). Among the 176 articles (30%) on fruits and vegetables, only three fruit crops 
take up 92% of all the published studies. These include tomato (45%); mango (26%) and banana and 
plantains (21%), and only 8% for other fruits and vegetables. With regard to where the FLW occurs 
along the supply chain, most of the studies focused on the farm and in distribution stages 
(wholesale and retail). In addition, most of the studies have focused on Asia and Africa hence a 
regional imbalance with little reported on food loss status in North America and Europe. From the 
foregoing, there is urgent need to address the data gaps in order to inform targeted interventions 
towards FLW reduction. The need for data is even more urgent for fruit and vegetable value chains 
because of the high losses and need for targeted interventions guided by reliable data in order to 
achieve the anticipated impact which can be measured and reported. 

Food loss, food waste, FLW, data gaps, horticulture, postharvest 
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 PH.8C.2 Food Waste PH226 

Quantifying and assessing causes of postharvest 
losses 
Marie Olsson, Swedish University of Agricultural Sciences, Sweden; marie.olsson@slu.se  
Karl-Erik Gustavsson, Swedish University of Agricultural Sciences, Sweden.  

Reduction of postharvest food losses has become increasingly important, not only due to economic 
significance, but also of environmental and social reasons. However, more detailed knowledge of 
amounts that are lost, and the main causes for products being discarded or used as animal feed are 
often lacking. Additionally, some parts of a product which are fully edible, may not be harvested. 
Here we present carrots as an example of how quantification and assessment of postharvest losses 
in the primary production may be performed, including results from major producers as well as from 
smaller companies. Losses in fields, during storage and during sorting of the carrots were 
investigated. Seasonal variation of losses during storage of the carrots were studied. Beside storage 
diseases, a major cause for products becoming food losses was wrong size due to trade standards. 
Furthermore, investigating the potential of using discarded or unharvested plants parts, broccoli 
leaves was used as an example of a mostly unutilized product part. The nutritional quality was 
analysed, using HPLC-MS. The fresh broccoli leaves contained high amounts of vitamin C, vitamin K, 
pro-vitamin A carotenoids and other carotenoids, as well as other healthful substances. Di1erences 
between di1erent parts (leaf and leaf stem) as well as seasonal di1erences were found. Apart from 
being used as a fresh product, the leaves can also be used as healthy raw material for processed 
food. In summary, the results show that future food availability can be increased by identifying the 
major causes of the losses to be able the reduce these, and by a more e1icient utilization of the 
produce. 

Food losses, food waste, carrots, storage, broccoli 
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 PH.8C.3 Food Waste PH151 

Impact of harvest season and processing practice on 
microbial decay and food waste of carrots 
Merete Edelenbos, Aarhus University, Denmark; merete.edelenbos@food.au.dk  
Lasse Wiis Ravn, Aarhus University, Denmark. 

The carrot (Daucus carota L.) is one of the most economically important vegetables in the world. 
Postharvest handling before marketing includes mechanical harvest in the field, transport to the 
processing plant, unloading into a water bath to remove soil, debris and stones, washing using 
mechanical agitation and brushing, hydro cooling, sorting, and packaging in plastic bags. The shelf 
life of packaged carrots varies from several weeks to less than one week, which disappoints 
customers and causes food waste. This work aimed to evaluate the impact of harvest season and 
processing practices on the microbial decay and food waste of washed carrots. The disease 
incidence increased from 36% on day 6 to 45% on day 12 at 10°C following harvesting, washing and 
packaging in April 2018 of carrots from 2017. The disease incidence in October 2018 and 2019 of 
carrots from 2018 and 2019 also increased after harvesting, washing, and packaging. Interestingly, 
symptoms of decay varied during the season. In the autumn, shelf life terminated due to black root 
rot (Berkeleyomyces basicola (formerly Thielaviopsis basicola), while soft tips and watery tissue with 
slimy and white lesions terminated the shelf life in the spring. In November 2019, the disease 
incidence was zero following the initial wash, increasing to 75%, 79%, 92%, and 100% of black root 
rot following polishing, hydrocooling, sorting and packaging. Similarly, the disease incidence was 
higher following packaging than polishing in January 2024, with the main symptoms being water-
soaked tissue, collapsed tissue, and tissue with white mycelium. The total aerobic count of the 
process water was also determined, but the results were the opposite. The results indicated that 
microbial decay is the main cause of carrots being wasted in the supply chain and that disease 
incidence varies in response to harvest season and processing practices. 

Carrots, season, processing, disease decay, microorganisms, food waste 
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 PH.8C.4 Food Waste PH85 

A critical assessment of bell pepper postharvest 
losses among small-scale farmers in South Africa 
Edwin Karoney, University of Pretoria, South Africa; edwin.karoney@tuks.co.za  
Tintswalo Molelekoa, University of Pretoria, South Africa;  
Nazareth Siyoum, University of Pretoria, South Africa;  
Lise Korsten, University of Pretoria, South Africa. 

South Africa's bell peppers are mainly produced by small-scale farmers delivering to the local 
market with few large commercial producers targeting the retailer markets. The lack of production 
knowledge and extent of postharvest losses are evident in small-scale farmer systems. Hence this 
study aimed to assess postharvest losses among small-scale bell pepper farmers and identify 
associated pathogens. The study involved interview-guided questionnaires focusing on production 
knowledge, observations, and fruit sampling in three regions of Gauteng Province, South Africa. The 
study results indicated that small-scale farmers lose approximately 21% of their produce mainly due 
to rots and moisture loss. Rots alone contributed to 13-25% of total postharvest losses across the 
farms. The rot pathogens included Alternaria, Fusarium, and Colletotrichum species. Reasons for 
losses were associated with poor farm management systems and handling practices. The study 
highlights the need for extensive farmer awareness, training programmes, and incentives to improve 
management practices for better quality and profitability. 

Postharvest losses, plant health, food security, small-scale farmers 
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PH.8C.5 Food Waste PH194 

Wastages and profitability of di1erent fruit and 
vegetables in wholesale markets of Pakistan 
Muhammad Amin, The Islamia University of Bahawalpur, Pakistan; m.amin@iub.edu.pk  
Umair Sohail, The Islamia University of Bahawalpur, Pakistan; 
Iza Fatima, The Islamia University of Bahawalpur, Pakistan;  
Muhammad Nafees, The Islamia University of Bahawalpur, Pakistan. 

Assessments were made for wastages and profitability of di1erent fruit and vegetables at three 
wholesale markets. The studied fruits included pomegranate, guava, citrus (mandarin, orange, 
grapefruit) and grapes, while the vegetables included potato, cauliflower, peas, onion, carrot, green 
chilies, tomato, turnip, bitter gourd, cabbage, brinjal and radish pods. Highly significant di1erence 
was found for the quantity of wastages in di1erent fruits and vegetables at wholesale level with an 
average wastage up to 4.7% in the fruits and 6.7% in the vegetables. The fruit business at wholesale 
level was more profitable with net profit earing as compared to vegetable business. The paper 
provides detailed account of quantity losses, unit prices at purchase and sale levels and net 
earnings. 

Value chains, F&V, Fresh produce, profitability index 
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 PH.8C.6 Food Waste PH223 

Value chain mapping and assessment of pre and 
postharvest losses of purple passionfruit in Viet Nam  
Guinevere Ortiz, Plant and Food Research, New Zealand; guinevere.ortiz@plantandfood.co.nz 
Khanh Ngoc Nguyen, Southern Horticultural Research Institute, Vietnam; 
Ngoc Phu Cao, NOMAFSI, Vietnam;  
Thi PhuongThanh Vu, Plant and Food Research, New Zealand;  
Stephanie Montgomery, Plant and Food Research, New Zealand;  
Dale Yi, Plant and Food Research, United States of America. 

Passionfruit is widely grown mostly by smallholder farmers in Viet Nam's central and northwest 
highlands. However, the industry faces several issues such as low productivity and poor fruit quality. 
Poor harvest and postharvest handling practices and ine1icient supply chain operations also make it 
di1icult to consistently meet quality standards and volumes for high-value markets. Assessing the 
amount of postharvest loss along the passionfruit value chain will provide benchmark information 
for determining loss reduction interventions to increase profitability and competitiveness of 
smallholder farmers. This study was conducted to map the traditional supply chain and determine 
losses from farm to wholesale markets of passionfruit produced in So'n La Province, Viet Nam. 
Results suggest that most the losses occur as early as during harvest due to rough fruit handling and 
use of packaging materials such as recycled plastic sacks that do not protect fruit from mechanical 
damage. Scu1ing, bruising, cuts, and compression damage were the major issues observed. From 
harvest to the collection centre all the way to retail at the Long Bien wholesale market in Ha Noi, a 
typical sack-full of passionfruit undergoes three to four sets of sorting and repacking. In most cases, 
rejection rate, or the amount of fruit going into processing grade, can be as high as 50-60%. 

Passiflora edulis Sims. postharvest loss, value chain 
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PH.8D.1 Prevention of Disorders PH72 

Comparative analysis of physiological responses and 
proteomic profiles during early chilling stress and 
recovery in peel sub-epidermal tissues of mature 
green banana 
Lan-Yen Chang, Department of Horticulture NCHU, Chinese Taipei; lanyenchang@dragon.nchu.edu.tw  
Jelrey K. Brecht, University of Florida, United States of America;  
Sixue Chen, University of Mississippi, United States of America. 

Chilling injury (CI) symptom development represents a progressive change in chilling sensitive 
crops. The banana fruit (Musa acuminata , AAA group, Cavendish type), particularly its peel sub-
epidermal tissues, exhibits pronounced susceptibility to chilling, manifesting as peel vascular 
browning at 14°C. Physiological alterations and proteomic profiles of the subepidermal tissues of 
mature-green banana peel were followed during 1, 12 or 72 hours at 5°C plus 2-day rewarming 
(20°C) to investigate the early progress of chilling stress. Chilling exposure at 5°C suppressed the 
rates of respiration and ethylene production, as well as Y(II) and Fv/Fm, while concurrently inducing 
increases of peel vascular browning and electrolyte e1lux as chilling stress accumulated. Longer 
chilling exposure (72 hours) exacerbated the bursts of respiration and ethylene production during 
rewarming, indicating more severe damage. Electrolyte e1lux, Fv/Fm and Y(II) showed recovery 
patterns when the fruit were returned to room temperature, but vascular browning, as an irreversible 
CI symptom, continued to increase. Proteomic analysis revealed low temperature-induced 
increases of proteins related to responses to external stimuli (e.g. cold, oxidative stress or drought), 
amino acid metabolism (e.g. glutamate, methionine, or cysteine), translation (ribosomal proteins), 
transcription (transcription initiation factors), and transporter or signal transduction (e.g. Ca 2+ 
channel or signalling). Notably, decreased protein abundance ratios for energy-related processes 
(e.g. glycolysis) were observed. After rewarming, the most severe CI treatment (72 hours) resulted in 
increased numbers of down-regulated proteins, particularly in primary metabolism (leucine, 
pyruvate, or lipid), energy metabolism, protein destination, and stress responses. Interestingly, 9S-
LOX (1 hours) appeared to be drastically changed in abundance, suggesting early membrane 
oxidation and breakdown during the development of CI. 

Chilling injury symptoms development, peel vascular browning, membrane breakdown, stress response, 9S-lipoxygenase (9S-LOX) 
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 PH.8D.2 Prevention of Disorders PH129 

MaHsf24, a novel negative modulator, regulates cold 
tolerance in banana fruit by repressing the expression 
of HSPs and antioxidant enzyme genes 
Jian-ye Chen, South China Agricultural University, China; chenjianye@scau.edu.cn  
Jia Si, South China Agricultural University, China; 
Wei Shan, South China Agricultural University, China; 
Jian-fei Kuang, South China Agricultural University, China;  
Wang-jin Lu, South China Agricultural University, China; 
Wei Wei, South China Agricultural University, China. 

Transcriptional regulation mechanisms underlying chilling injury (CI) development have been widely 
investigated in model plants and cold-sensitive fruits, such as banana (Musa acuminata). However, 
unlike the well-known NAC and WRKY transcription factors (TFs), the function and deciphering 
mechanism of heat shock factors (HSFs) involving in cold response are still fragmented. Here, we 
showed that hot water treatment (HWT) alleviated CI in harvested banana fruits accomplishing with 
reduced reactive oxygen species (ROS) accumulation and increased antioxidant enzyme activities. A 
cold-inducible but HWT-inhibited HSF, MaHsf24, was identified. Using DNA a1inity purification 
sequencing (DAP-seq) combined with RNA-seq analyses, we found that three heat shock protein 
(HSP) genes (MaHSP23.6, MaHSP70-1.1 and MaHSP70-1.2) and three antioxidant enzyme genes 
(MaAPX1, MaMDAR4 and MaGSTZ1) were the potential targets of MaHsf24. Subsequent 
electrophoretic mobility shift assay (EMSA), chromatin immunoprecipitation coupled with 
quantitative PCR (ChIP-qPCR) and dual-luciferase reporter (DLR) analyses demonstrated that 
MaHsf24 repressed the transcription of these six targets via directly binding to their promoters. 
Moreover, stably overexpressing MaHsf24 in tomatoes increased cold sensitivity by suppressing the 
expressions of HSPs and antioxidant enzyme genes, while HWT could recover cold tolerance, 
maintaining higher levels of HSPs and antioxidant enzyme genes, and activities of antioxidant 
enzymes. In contrast, transiently silencing MaHsf24 by virus-induced gene silencing (VIGS) in 
banana peels conferred cold resistance with the upregulation of MaHSPs and antioxidant enzyme 
genes. Collectively, our findings support the negative role of MaHsf24 in cold tolerance and unravel a 
novel regulatory network controlling bananas CI occurrence, concerning MaHsf24-exerted inhibition 
of MaHSPs and antioxidant enzyme genes. 

Banana fruits, cold tolerance, HSF, antioxidant enzyme genes, transcriptional regulation 
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 PH.8D.3 Prevention of Disorders PH257 

Predicting the risk of banana fruit chilling injury 
based on postharvest handling temperature and time 
Andrew Macnish, Department of Agriculture and Fisheries, Australia; andrew.macnish@daf.qld.gov.au  
John Archer, Department of Agriculture and Fisheries, Australia;  
Minh Nguyen, Department of Agriculture and Fisheries, Australia. 

Williams Cavendish banana fruit are sensitive to chilling injury when exposed to temperatures below 
13°C. Chilling injury is a physiological disorder that is visible as a dull grey-brown discolouration of 
the banana peel. The extent of injury is a function of chilling temperature and exposure time. Over 
the past 3 years, monitoring of random Australian banana consignments revealed that 25% of 
domestic road freight loads (n=35) and 69% of air freight export shipments (n=16) experienced 
temperatures below 13°C for 6 to 168 hours. A series of experiments were completed to simulate the 
monitored supply chain conditions and determine banana fruit sensitivity to chilling injury. 
Cavendish fruit were harvested green-mature from plantations in north Queensland during the 
summer production cycle over 2 seasons. Fruit was exposed to a range of low temperatures (3, 5, 6, 
7, 10, 11, 12, 13, 14°C) for di1erent durations (4, 8, 16, 24, 48, 96, 144, 168 hours) either before or 
immediately after treatment with 100 µL-1 ethylene at 16°C for 48 hours. Control fruit were 
maintained at 20°C. Following low temperature exposure, all fruit were transferred to 20°C for 
evaluation. An increase in chilling injury incidence and severity was associated with decreasing 
temperatures and extended exposure times. Using this data, a generalised linear model (r 2 =0.81) 
was developed to predict chilling sensitivity and yielded significant (P<0.05) coe1icients for 
temperature, time and the temperature x time interaction. The model accuracy was validated in 
simulated and commercial export supply chains. This study highlights the potential to predict the 
risk of chilling injury occurring in Cavendish banana fruit during postharvest handling. The model is 
being incorporated into a decision support tool to inform improved postharvest handling practices or 
interventions that minimise the risk of chilling injury. 

Banana, chilling, temperature, prediction model, postharvest 
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 PH.8D.4 Prevention of Disorders PH160 

Synergistic e1ect of postharvest oxalic acid dip 
treatment and modified atmosphere packaging on 
storage life and quality of ‘Fuyu’ persimmon 
Zora Singh, Edith Cowan University, Australia; z.singh@ecu.edu.au  
Mahmood Ul Hasan Edith Cowan University, Australia;  
Hafiz M Shoaib Shah, Edith Cowan University, Australia; 
Andrew Woodward, Edith Cowan University, Australia; 
Eben Afrifa-Yamoah, Edith Cowan University, Australia; 
Jashanpreet Kaur, Edith Cowan University, Australia. 

Postharvest application of oxalic acid (OA) has emerged as a potential treatment to mitigate storage 
constraints particularly chilling injury in fruits. In the present work, the freshly harvested 'Fuyu' 
persimmons were separated into four groups; untreated control, OA 5 mM dip treatment for two min, 
modified atmosphere packaging (MAP), and combined application of OA (5 mM) followed by MAP 
bagging, and fruit were stored for 60 days at 0 ±1°C and 95 ± 5% RH. Compared to the control, the 
OA dip application and MAP bagging alone mitigates CI, but the combined application of OA 
followed by MAP was more e1ective in reducing skin and flesh chilling injury (CI) in persimmon fruit 
stored at 0 ±1°C for 45 and 60 days followed by a one-day shelf period. The OA treatment followed by 
MAP application synergistically decreased lipid peroxidation by lowering the accumulation of 
malondialdehyde and hydrogen peroxide content during cold storage. Similarly, the relative 
electrolyte leakage (REL) and weight loss were reduced in the combined application of OA and MAP, 
and enhanced the antioxidants by preserving higher phenolics, flavonoids, and ascorbic acid 
content in 'Fuyu' persimmons. In conclusion, the combined application of OA followed by MAP 
bagging could be a useful approach for extending storability and minimising skin and flesh CI in 
'Fuyu' persimmons. 

Oxalic acid, MAP, chilling injury, oxidative stress, cold storage 
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 PH.8D.5 Prevention of Disorders PH164 

Fumigation of lemon oil and modified atmosphere 
packaging alleviates chilling injury and maintains fruit 
quality of ‘Fuyu’ persimmon 
Mahmood Ul Hasan, Edith Cowan University, Australia; h.ulhasan@ecu.edu.au  
Zora Singh, Edith Cowan University, Australia; 
Hafiz Muhammad Shoaib Shah, Edith Cowan University, Australia; 
Andrew Woodward, Edith Cowan University, Australia; 
Eben Afrifa- Yamoah, Edith Cowan University, Australia. 

The fumigation of organically produced essential oils is one of the postharvest approaches currently 
being tested to extend the storage life and maintain quality in fresh fruits. In the present study, the 
'Fuyu' persimmon fruit were fumigated with 4 µM lemon oil (LO) for 12 hours in sealed plastic 
container, followed by storage at 0 ± 1°C and 95 ± 5% RH for 47 and 64 days following one day at 
ambient conditions. At each sampling interval, skin and flesh chilling injury (CI), firmness, relative 
electrolyte leakage, oxidative stress indicators, and antioxidant quality parameters were assessed. 
LO fumigation, modified atmosphere packaging (MAP) alone, and their combined application lessen 
CI and maintained cold storage quality of 'Fuyu' persimmons. LO fumigation followed by MAP 
significantly alleviated skin and flesh CI incidence, reduced electrolyte leakage, production of 
malondialdehyde, hydrogen peroxide content, and maintained higher firmness during cold storage 
following one day shelf period. The combined application of LO fumigation and MAP markedly 
preserved higher total antioxidants, flavonoids, phenolics, and the activities of superoxide 
dismutase, catalase, and peroxidase enzymes in 'Fuyu' persimmons. Conclusively, the combined 
application of LO fumigation and MAP bagging seems to be promising in alleviating CI during long 
term cold storage of 'Fuyu' persimmon fruit. 

Chilling injury, essential oils, fumigation, lemon oil, oxidative stress, persimmon 
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 PH.8D.6 Prevention of Disorders PH212 

Preharvest spermidine treatment reduces chilling 
injury in ‘Sanguinelli’ blood orange 
Jenifer Puente Moreno, Miguel Hernandez university, Spain; jpuente@umh.es  
Fernando Garrido-Aunon, Miguel Hernandez university, Spain; 
Maria Emma Garcia-Pastor, Miguel Hernandez university, Spain; 
Daniel Valero, Miguel Hernandez university, Spain; 
Maria Serrano Mula, Miguel Hernandez university, Spain. 

'Sanguinelli' is one of the most common and widespread blood oranges varieties in the 
Mediterranean area, mainly southern Italy and Spain. Although the production of blood orange 
varieties in Spain is limited, only in regions where the climate favours the biosynthesis of red 
pigments, present both in the skin and in the flesh. The most crucial factor is therefore the 
temperature di1erence between night and day, one of the factors most a1ected by climate change. 
The presence of anthocyanins has been of increasing interest in recent years, as it is not only 
responsible for the reddish colouring of the orange but also contribute to the organoleptic and 
nutritional properties. Spermidine is a type of polyamines, which are classified as plant growth 
regulators (phytohormones). Therefore, spermidine could intervene in a wide range of physiological 
and biochemical processes, such as cell division, embryogenesis, fruit development and fruit 
ripening, among others. Furthermore, spermidine is involved in the defence reaction of plants 
against biotic and abiotic stress conditions. Considering the importance of blood orange production 
in Spain, the aim of the present study (included in the project PROMETEO/NAC/00075) is to analyse 
the e1ect of preharvest treatment with spermidine (Spd) at concentration of 0.01 mM on blood 
orange, 'Sanguinelli' cultivar, during its postharvest storage at 2°C (chilling temperature). The 
concentration was selected based on previous assays where di1erent concentrations were studied, 
obtaining a significant improvement with Spd at 0.01 mM. The present study was carried out in a 
commercial plot of blood oranges in Alicante, where the treatments were applied by foliar spray at 
three key moments along fruit growth and ripening cycle. Blood oranges were harvested in 
accordance with the company's commercial criteria and were stored for 80 days at 2°C. At harvest 
and each 20 days of cold storage, the following parameters were evaluated: weight loss (%), 
firmness (N mm-1), colour (hue angle), total soluble solids (TSS) content, total acidity (TA), total 
anthocyanin and phenolic contents. Regarding the results, firmness showed significant di1erences, 
being higher in blood oranges treated with spermidine compared to the control. Similarly, weight 
loss was significantly delayed in treated fruit. On the other hand, Spd treatment at 0.01 mM 
significantly increased external colour of the fruits, TSS content and TA. Finally, the content of total 
anthocyanins and total phenolics increased significantly in blood oranges treated after 80 days of 
cold storage, compared to the control fruit. In conclusion, 0.01 mM Spd treatment could be an 
environmentally sustainable tool capable of reducing the susceptibility of 'Sanguinelli' to chilling 
injury, while maintaining the organoleptic quality parameters of the fruit and increasing the content 
of bioactive compounds during postharvest storage. 

Sanguinelli, spermidine, anthocyanins, chilling injury, antioxidant enzymes 
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PP.8.1 Postharvest Treatments (2)  PP8 

KEYNOTE: Natural solutions for postharvest decay 
control. Commercialization readiness and challenges 
Wendy Schotsmans, Janssen PMP, Belgium; WSCHOTSM@its.jnj.com 
Miguel de Bolle, Janssen PMP, Belgium. 

The postharvest control on di1erent pathogens is mainly dependent on traditional methods of 
preservation that often involve the use of synthetic pesticides. However, these are more and more 
under pressure and, as a result, the need for pesticides from natural origins is constantly increasing. 
However, experience learns that green chemistry treatments hardly ever make it to the market. 

When evaluating a new (natural) active ingredient, it is important to follow a systematic approach to 
ensure its safety, e1icacy, and suitability for various applications. The evaluation process typically 
involves several key steps: The first step is a pure theoretical assessment and consists of gathering 
relevant information about the new natural solution. This includes searching for scientific literature 
and patents, safety information, any existing regulatory approvals, or certifications. 

In a second step a more in depth but still high-level assessment is made. A sample of the new 
product is subjected to several tests, starting with e1icacy testing which implies conducting various 
controlled in vitro and in vivo studies to determine potential e1ectiveness as well as potential 
phytotoxicity issues. At the same time stability and compatibility testing is performed reviewing the 
behaviour of the product under di1erent conditions. Besides these laboratory-based assessments, 
other relevant departments also start a high-level evaluation. The legal and regulatory a1airs 
departments do an assessment of the requirements, timeline, and cost to register the product in the 
countries and crops of interest, while the supply chain department evaluates the production 
process and assesses the potential to upscale to commercial volumes. Simultaneously, the 
commercial department does an assessment of the market potential, the need for and the potential 
interest in such a product. 

Only if the high-level assessment is positive the further specialised assessment and development 
starts. This involves further e1icacy testing including field trials, a toxicological and ecotoxicological 
assessment, residue testing, evaluation of environmental fate and behaviour, determination of the 
best registration route, production scale up, packaging, transport investigations etc.  

This presentation will go through these di1erent processes and steps, highlighting where the pitfalls 
are, and where most of these natural products fail.  

Pesticides, synthetic, natural, evaluation  
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 PP.8.2 Postharvest Treatments (2) PP11 

Protective and curative ability of postharvest 
potassium phosphite treatment to control 
Phytophthora brown rot of citrus fruit 
Jan van Niekerk, Citrus Research International, South Africa; janvn@cri.co.za 
Elizabeth van der Merwe, University of Stellenbosch, South Africa; 
Cheryl Lennox, University of Stellenbosch, South Africa. 

Brown rot is a postharvest disease of citrus caused in South Africa by Phytophthora nicotianae. 
Fungicide management of brown rot in South Africa currently consists only of preharvest strategies 
with no postharvest chemical management options available. The objective of this study was to 
evaluate the curative and protective e1icacy of potassium phosphite (1500 ug/mL) as aqueous dip 
treatment for the postharvest management of Phytophthora brown rot on di1erent citrus types 
(lemons, oranges and mandarins). Results indicated that the potassium phosphite had very good 
curative action, reducing brown rot incidence significantly when the fungicide was applied 12 h after 
infection. Applications done 24 h after inoculation also provided some curative action but not as 
e1ective as earlier applications. Potassium phosphite furthermore provided very good protection 
against infection if inoculations were done up to 48 h after application on all three citrus types. 
Results obtained from this study indicate that potassium phosphite is a good option for the curative 
and preventative postharvest management of Phytophthora brown rot of citrus. 

Phytophthora nicotianae, lemons, oranges, mandarins, aqueous treatments 
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PP.8.3 Postharvest Treatments (2) PP63 

Application of Melaleuca cajuputi extract 
 Nattaya Montri, King Mongkut's Institute of Technology, Thailand; nattaya.mo@kmitl.ac.th 
Kanokporn Bunya-atichart, King Mongkut's Institute of Technology, Thailand;  
Rujira Deewatthanawong, Thailand Institute of Scientific and Technology Research, Thailand. 
  
Exporting ‘Gross Michel’ bananas, known as "Kluai Hom Thong" in Thailand, to Japan involves several 
considerations to ensure compliance with Japan's stringent food safety and quality standards, 
especially regarding pesticide residues and other contaminants. The research aimed to evaluate the 
impact of various concentrations of Melaleuca cajuputi Powell crude extract on controlling 
postharvest anthracnose disease in ‘Gross Michel’ bananas, focusing on developing a non-toxic 
production method. The 70% ripening stage bananas were dipped with 0, 800, 1,000, and 1,200 ppm 
crude extract for 2 minutes before spraying with 10-6 spore mL-1 of Colletotrichum musae spore 
suspension, followed by a 2-day incubation, subsequent spraying with 500 ppm of ethephon solution, 
and a further 1-day incubation at ambient temperature (29 + 2°C). The 800 ppm of M. cajuputi crude 
extract resulted in the lowest percentage of anthracnose disease at 92.5% and the longest shelf life of 
8 days. 

Melaleuca, banana, anthracnose, Colletotrichum  
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PP.8.4 Postharvest Treatments (2) PP39 

E1ect of SO2 treatment on Penicillium spp. the cause 
of blue mould of table grapes, and increased 
sensitivity to pyrimethanil when combined with 
Timorex Gold® 
Jose Luis Henriquez, Chile; jhenriqu@uchile.cl  
Paula Alarcon, Chile; 
Camila Salinas, Chile; 
Ysadora Fernandez, Chile; 
Cristobal Arroyo, Chile. 

Blue mould caused by Penicillium spp. is becoming one of the main postharvest rots of table grapes 
in Chile. Most of the field and postharvest management have been focused on the control of grey 
mould (Botrytis cinerea) regardless of the presence of other pathogenic fungi such as Penicillium 
spp. The objective of this research was to evaluate the e1ect of sulphur dioxide on Penicillium spp. 
and determine the sensitivity of Penicillium spp. to pyrimethanil alone or mixed with Timorex Gold. 
The commercial fumigation process consisted of injecting 1,200 mL of SO2, recirculation for 6 min 
and 7 min of ventilation, it was repeated injecting 1,800 mL and recirculating for 10 min. Red globe 
table grapes were taken from 4 clusters before and after SO2 fumigation, each berry was placed in a 
tube containing 2 mL of sterile distilled water, vortexed for 1 min and a 100 mL aliquot was plated in 
acidified water agar, incubated at 20°C for 7 days. The result was expressed as CFU cm2 of berry. The 
sensitivity of 18 Penicillium spp. isolates was studied in minimum medium amended with 
pyrimethanil alone or mixed with Timorex Gold®, at pyrimethanil concentrations of 0, 0.1, 1 and 10 
mL-1. After incubating at 20°C for 18 h the conidial germination percentage was determined. The 
commercial SO2 treatment did not a1ect the amount of CFU of Penicillium spp. while the alternative 
treatment reduced the amount of CFU of Penicillium spp. in two of three trials. All isolates tested 
had increased sensitivity to pyrimethanil when mixed with Timorex Gold®. 

Postharvest rots, fungicides, tea tree oil, integrated disease management, sulphur dioxide 
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 PP.8.5 Postharvest Treatments (2) PP46 

Reduction of imazalil doses for the control of citrus 
postharvest green and blue moulds through the 
combination with sodium benzoate and heat 
Lluís Palou, Ins. Valencià Investigacions Agràries, IVIA, Spain; palou_llu@gva.es   
Alfonso García-Rodríguez, Ins. Valencià Invetigacions Agràries, IVIA, Spain;  
María B. Pérez-Gago, Ins. Valencià Investigacions Agràries, IVIA, Spain. 

Green and blue moulds, caused by the fungi Penicillium digitatum and P. italicum, respectively, are 
the most economically important citrus postharvest diseases in Mediterranean climate areas such 
as Spain. Due to its high e1icacy, persistence, and antisporulant activity, imazalil (IMZ), an 
imidazole, is the most used synthetic chemical fungicide to control these diseases worldwide. 
However, due to health and environmental issues, export markets and commercial channels are 
increasingly demanding citrus fruit with null or reduced fungicide residues. Furthermore, in the 
European Union, this is also an important requirement of the Farm to Fork strategy for agricultural 
production within the European Green Deal. Nevertheless, in terms of design of antifungal 
postharvest treatments, fungicide residue reduction needs to be correctly done to avoid the lack of 
treatment e1ectiveness and the proliferation of resistant strains of the target fungal pathogens. In 
this work, very low IMZ doses (25 and 50 ppm) were combined with the food additive and generally 
recognized as safe (GRAS) compound sodium benzoate (SB) (3% w/v) and heat in dip trials with 
citrus fruit artificially inoculated with P. digitatum or P. italicum. Dip treatments at 50°C for 60 s with 
IMZ+SB resulted in reductions of the incidence of green and blue moulds with respect to control fruit 
(treated with water at 20°C) higher than 90% on 'Valencia' oranges incubated at 20°C for 7 days, 
while IMZ or SB alone at 20 or 50°C reduced disease incidence by 50-70%. Similar results were 
obtained when 25 ppm IMZ, 3% SB, and the combination of these treatments, all applied at 50°C for 
60 s, were tested on artificially inoculated 'Lanelate' oranges and 'Ortanique' mandarins. Therefore, 
heated mixed aqueous solutions of IMZ at low doses and SB may be an interesting integrated tool to 
reduce postharvest fungicide residues on citrus fruit while obtaining high decay control levels. 

Citrus spp.; Penicillium digitatum; P. italicum; integrated postharvest decay control; fungicide reduction; GRAS compounds; heated 
solutions 
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 PP.8.6 Postharvest Treatments (2) PP58 

Decrease in fungicide concentrations in reused post-
harvest treatment waters by interaction with soil and 
field substances and treated fruit 
Javier Parra, Productos Citrosol, Spain; jparra@citrosol.com  

Currently, post-harvest treatments for decay control in citrus fruits are applied mostly by aqueous 
means and by reusing the treatment waters, in order to optimize logistics, consume less water and 
reduce the volume of wastewater. However, despite the use of automatic dosing systems, when the 
waters are reused, di1erent disturbances occur that alter the concentration of the fungicides 
applied, and that causes the concentration to deviate from the optimal working value, both by 
excess, which can generate a danger to food safety, or by deficient actives, leading to less protection 
of the fruit. Among the main phenomena that can lead to a reduction in concentration are the 
absorption by clays carried from the field or the degradation by the action of organic and inorganic 
matter carried from the fruit and the field soil, including the presence of substances foreign to the 
post-harvest treatment (products applied in the field, etc.). In the present work, we present for the 
first time the results of absorption and degradation of imazalil, pyrimethanil, orthophenylphenol and 
potassium sorbate in real treatment waters of citrus drenchers from di1erent packinghouses. The 
behavior of these samples was evaluated as a function of time, amount of fruit treated, 
physicochemical characteristics and geographical origin, and the possible causative factors were 
studied. In some samples, significant and highly variable degradation rates were observed for 
imazalil (30-100%), which could not be correlated with any sample parameter, while pyrimethanil, 
orthophenylphenol and sorbate showed lower degradations. In terms of absorption, very variable 
rates were also observed (5-95%), being on average higher for pyrimethanil, intermediate for imazalil 
and very low for sorbate and orthophenylphenol. These results demonstrate that, due to the 
changing and unpredictable nature of disturbances, it is di1icult to find a universal solution to 
maintain constant concentrations, it would be necessary to have a real-time monitoring and control 
system. 

Treatment application, reused water, fungicide concentration, fungicide degradation, fungicide absorption, industrial conditions 
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FVH.8.1 Understanding Growing Systems Impacts on Composition FV5 

Examine the impact of rising temperatures during 
fruit development on metabolic profiles in 
blueberries 
Itay Maoz, Israel; itaym@volcani.agri.gov.il 
Kasipandi Muniyandi, Israel;  
Krishna Kumar, Israel;  
Mirko De Rosso, Italy;  
Guy Tamir, Israel;  
Annarita Panighel, Italy;  
Karen Silberman, Israel;  
Liat Sinvani-Shimshi, Israel;  
Daniel Chalupowicz, Israel; 
Roberto Carraro, Italy;  
Nir Dai, Israel; 
Riccardo Flamini, Italy. 

Fruits, and small berries, such as blueberries, are universally promoted as healthy due to their 
nutritional value and health-promoting properties. Blueberry growing areas have been expanded in 
the past decade due to consumer demands and the availability of new cultivars with low chilling 
requirements. Global warming e1ects, such as elevated temperature, increased frequencies of 
heatwaves, and decrease in precipitation, are the main risks for the sustainability and chemo-
sensorial properties of fruits, which may lead to lower yields, inferior fruit quality, changes in 
metabolites production, loss of health-promoting properties and/or changes in flavour. Our research 
aimed to study the e1ect of high temperatures during the growing season on physiological 
properties and metabolomic profiles in blueberries. Two blueberry species, Rabbiteye (Vaccinium 
virgatum, CV. Titan) and Highbush (V. corymbosum, cv. Biloxi), were grown under controlled 
day/night temperatures 22/16°C and 30/24°C (greenhouse), during two consecutive seasons. We 
have systematically characterized both volatile and non-volatile volatile metabolites by HPLC-
RI/PDA, GC-MS, and LC-QTOF-MS to generate a comprehensive picture of the temperature-related 
metabolic changes. Our data provide unique insight into the metabolic changes that are a1ected by 
temperature and the unique response of each of these cultivars, representing a species-dependent 
response to a certain extent. Our findings demonstrate that increased temperature during the 
growing season had a consistent and significant impact on both primary and secondary metabolites 
governing flavour and phenols, potentially altering their flavour and health-promoting properties. 

Blueberries, VOCs, temperature, health-promoting properties 
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FVH.8.2 Understanding Growing Systems Impacts on Composition FV17 

E1ects of selenium and sulfur interaction on the 
nutritional quality and bioactive substances 
accumulation in broccoli 
Guangmin Liu, China;  
Yaqin Wang, China;  
Liping Hu, China;  
Hongju He, China; hehongju@iapn.org.cn  

Broccoli (Brassica oleracea var. italica) is widely consumed and has anti-cancer benefits for human 
health. To strengthen the nutrition of broccoli, the e1ects of Na2SeO3 and K2SO4 treatments on the 
nutrient profiles and bioactive components in broccoli were studied. The results showed that the 
content of vitamin C increased by 17.18% after 150 g/m2 sulfur and 25 mg/L selenite combined 
supplementation (hereinafter referred as S150+Se25). The total polyphenols content of S150+Se25 
increased by 37.54% compared with the control. The accumulation of total flavonoids was inhibited 
most significantly under the treatment of 25 mg/L Na2SeO3. The highest contents of both individual 
glucosinolates and total glucosinolates were observed in the treatment of 25 g/m2 sulfur combined 
with 50 mg/L Na2SeO3 (S25+Se50). Meanwhile, after S25+Se50 addition, the sulforaphane content 
was significantly increased by 8.31% compared with the control, but the myrosinase activity was not 
significantly a1ected. These results suggested that S150+Se25 combination treatment improved the 
nutritional quality of broccoli, while S25+Se50 combination treatment was beneficial for increasing 
the content of individual glucosinolates, total glucosinolates and sulforaphane content of broccoli. 

broccoli, nutritional quality, glucosinolates, sodium selenite, potassium sulfate 
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FVH.8.3 Understanding Growing Systems Impacts on Composition FV28 

How do biodynamic and organic production systems 
impact nutritional density?: A review 
Carolyn Lister, Plant and Food Research, New Zealand; carolyn.lister@plantandfood.co.nz 
Alison Wallace, Plant and Food Research, New Zealand;  
Stephen Trolove, Plant and Food Research, New Zealand;  
Craig Anderson , Plant and Food Research, New Zealand;  
Roger Harker, Plant and Food Research, New Zealand.  

This literature review aimed to understand what the current scientific body of evidence is regarding 
whether biodynamic and organic food production systems produce foods with greater nutritional 
density, compared to conventional production practices. Each food has its own distinct nutritional 
and phytochemical profile. Nutritional profiling, and specifically nutrient density measures, has 
been used in an attempt to assess the overall nutritional value, and hence potential health benefits, 
of foods. There are various di1erent measures/tools that have been reported in the literature. 
However, the relevance of any particular nutrient density measure in terms of an impact on human 
health depends on several things including: which components are included, how those nutrients 
are expressed (unit and dietary context) and if comparing at a food, meal or diet level. No existing 
published nutrient density tool is probably appropriate for the study of impacts of growing practices 
on composition for a variety of reasons, including su1icient granularity. Examining the totality of the 
evidence there do appear to be some advantages of biodynamic practices in terms of increasing 
some aspects of nutrient density (at present primarily increases in phenolic concentrations) and 
improving aspects of the soil health. However, there are large gaps in the research when it comes to 
fully understanding the impacts of biodynamic growing practices on the composition, health 
benefits and sensory properties of foods, particularly in a New Zealand context. Even when 
comparing organic and conventionally grown produce, the evidence for an advantage of organics is 
variable. Findings are not always consistent and there is a lack of multiple studies on the same crop 
with other parameters controlled to understand the reasons for di1erences. Thus, there is 
considerable potential for further research to understand and build the evidence base for the 
possible advantages of biodynamic growing practices. 

Fruit, vegetables, human health, soil, phytochemicals 
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FVH.8.4 Understanding Growing Systems Impacts on Composition FV31 

Production of nickel-free strawberries and tomatoes 
in Central Italy 
Luca Mazzoni, Università Politecnica delle Marche, Italy; l.mazzoni@univpm.it 
Franco Capocasa, Università Politecnica delle Marche, Italy;  
Federica Mecozzi, Università Politecnica delle Marche, Italy;  
Valeria Pergolotti, Università Politecnica delle Marche, Italy;  
Giammarco Giovanetti, Università Politecnica delle Marche, Italy;  
Davide Ralaelli, Università Politecnica delle Marche, Italy;  
Rohullah Qaderi, Università Politecnica delle Marche, Italy;  
Bruno Mezzetti, Università Politecnica delle Marche, Italy. 

Recently, the introduction of "free from" products represents a consumption trend that is 
increasingly rooted in eating habits worldwide, so much so that even in Italy real aisles dedicated to 
these products have appeared in large-scale retail trade. Nickel hypersensitivity reactions are one of 
the most common in the modern world. The prevalence of nickel allergy is constantly growing in 
many countries and represents a major health and socioeconomic problem. The nickel in fruit and 
vegetables is on average 4 times higher (0.5-5 µg/g) than that found in meat, milk, dairy products, 
eggs, and other foods of animal origin (0.1- 5 µg/g). In this context, the Regional "Nickel Free" Project 
(ID 59655) aims to develop soilless cultivation techniques for producing Nickel-Free strawberry and 
tomato fruits, which are suitable for the diet of people with allergies to this element. In particular, in 
this study the characteristics of di1erent types of substrate, of strawberry and tomato plants of 
di1erent origins and di1erent genotypes belonging to these two species are being analysed, to 
evaluate their interaction and their influence on the quality of the final product. More specifically, the 
substrates and plants were evaluated to determine the presence or absence of nickel in the starting 
material, while the fruits obtained during the production cycle were evaluated for the presence or 
absence of nickel, and their sensorial and nutritional quality. All cultivation practices (especially 
irrigation and fertilization) were carried out using nickel-free resources, so as not to introduce 
contamination factors during the production process. The first preliminary results show a 
substantial maintenance of fruit quality both starting from nickel-free and non-nickel-free substrates 
and plants, while the nickel content in fruits seems to be more di1icult to reduce in strawberries 
than in tomatoes. This study is still in progress, but it represents an important trial because it 
represent a good example of how the modern agriculture should work to take into consideration the 
needs of di1erent consumer groups, comprising the ones that present allergies or hypersensitivity 
reactions to some elements. 

Allergy, Fragaria x ananassa, Solanum lycopersicum, nutritional quality, soilless production 
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PH.9A.1 Pome Fruit Scalds and Browning PH26 

Molecular mechanism of hypoxia inhibiting the 
occurrence of superficial scald in ‘Ya’ pear 
Yanmin Du, Chinese Academy of Agricutual Sciences, China; duyanmin@caas.cn  
Wenhui Wang, Chinese Academy of Agricutual Sciences, China. 

Superficial scald is a major physiological disorder occurred in pears during long period storage 
under low temperature, and it is a bottleneck problem restricting the long-term stable supply of 
pears. Controlled atmosphere (CA) is one of the most important commercial methods to prevent the 
superficial scald, however the molecular mechanism of the superficial scald inhibited by CA is 
unclear. In this study, on the basis of previous studies, the relationship between postharvest 
ethylene biosynthesis and the occurrence of superficial scald was further elucidated. The e1ects of 
low oxygen, exogenous ethylene and 1-MCP treatment on superficial scald incidence, alpha-
farnesene and its oxidation products, ethylene biosynthesis and signalling of pears during long-term 
storage were clarified. The relative expression patterns of key genes such as PbERF4, PbCBF3 and 
PbAFS1 in response to environmental hypoxia stress, exogenous ethylene and 1-MCP treatment 
were elucidated. The subcellular localization of two transcription factors, PbERF4 and PbCBF3, was 
determined. The interaction among PbERF4, PbCBF3 and PbAFS1 be investigated by yeast one-
hybrid, EMSA and LUC/REN techniques. Both PbERF4 and PbCBF3 could directly bind ProPbAFS1 
and regulate the transcriptional expression of PbAFS1. 

Pears, superficial scald, hypoxia, ethylene. chilling injury 
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PH.9A.2 Pome Fruit Scalds and Browning PH83 

The e1ect of di1erent cooling protocols and storage 
durations on soft scald and bitter pit development in 
a susceptible apple cultivar ‘Scifresh’ 
Jason Ladegourdie, ExperiCo Agri Research Solutions, South Africa; jason@experico.co.za  
Elke Crouch, Stellenbosch University, South Africa;  
Anel Botes, ARC Infruitec-Nietvoorbij, South Africa;  
Mariana Jooste, Stellenbosch University, South Africa. 

Cooling and storage protocols can aid in maintaining fruit quality and mask or prevent storage 
disorders from developing. Delayed cooling at warmer temperatures can reduce certain storage 
disorders, such as soft scald, but it can also reduce fruit quality by increasing softening rates. This 
study's aim was to evaluate the e1ect of various storage protocols on 'Scifresh' apple fruit quality as 
well as ROS, total phenolics, total antioxidant capacity and apple volatiles. Apples were subjected to 
three cooling protocols to determine their e1ects on soft scald and bitter pit development and on 
general fruit quality. The first protocol entailed that the fruit was immediate subjected to room 
cooling at 0.5°C followed by storage at 0.5°C for the remainder of the storage duration. For the 
second protocol the fruit was preconditioned at 10°C for 7 days after harvest followed by storage at 
3.5°C for the remainder of the storage duration. The third storage protocol used stepwise cooling as 
follows: after harvest the apples were left at ambient temperature overnight prior to cold storage 
(20°C); the following morning the fruit was placed at 16°C and the temperature was subsequently 
decreased over a 14-day period until a pulp temperature of 0.5°C was reached followed by storage at 
0.5°C. This study on 'Scifresh' apples has found that bitter pit and soft scald susceptibility are 
influenced by both harvest maturity and the rate of cooling after harvest. However, the driving factors 
di1er between the two storage disorders, displaying an inverse relationship when looking at 
susceptibility. Less mature fruit are more susceptible to the development soft scald. Immediate 
room cooling at -0.5°C reduced bitter pit expression but increased soft scald development. On the 
other hand, preconditioning and stepwise cooling reduced soft scald but increased the expression 
of bitter pit. 'Scifresh' apples are best stored for longer periods such as 4 months to reduce the 
incidence of bitter pit. The final temperature does not seem to induce soft scald, but rather the rate 
at which the fruit is cooled down to that final temperature. Stepwise cooling should be performed to 
limit the incidence of soft scald. The risk of bitter pit development should be reduced by better pre-
harvest, harvest and storage practices which inhibit the action of ethylene. 

Antioxidant, chilling injury, hexanol, precondition cooling, reactive oxygen species, stepwise cooling, storage temperature 
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PH.9A.3 Pome Fruit Scalds and Browning PH154 

The growing season a1ects the result of temperature 
preconditioning before cold storage of ‘Honeycrisp’ 
apples (Malus domestica Borkh.) 
Carolina A. Torres, Washington State University, United States of America; ctorres@wsu.edu  
Oswaldo Gonzalez, Washington State University, United States of America;  
Sadat Amankona, Washington State University, United States of America. 

‘Honeycrisp’ apples su1er chilling injury during cold storage, manifesting in soft scald (SS) 
development. Although this physiological disorder is of multi-factorial origin, preconditioning for 7-
10 days at 10°C before cold storage is widely recommended to reduce its incidence. To evaluate this 
practice, fruit from di1erent orchards and growing seasons (2020-2023) were preconditioned or not, 
and later stored at 1°C for 6 months. Fruit quality (firmness, malic acid, chlorophyll degradation (I AD 
value), starch degradation (1-6)), and disorders incidence evaluations were carried out monthly after 
1 and 7 days at 20°C ('shelf-life'). In general, SS development was season and orchard dependent. In 
2020, SS was higher (P<0.05) in non-preconditioned fruit than in preconditioned one from one of the 
orchards. In 2022, in 2/4 orchards preconditioned fruit had higher incidences than non-
preconditioned ones (P<0.05). In 2021 there was very little SS development overall (5%) with the 
absence of SS in non-preconditioned fruit. The opposite was found in 2023. In general, the I AD 
values significantly decreased with time in storage regardless of the preconditioned treatment for 
most years, and flesh firmness decreased in a block-dependent manner. Starch was fully degraded 
after 2 weeks of storage, regardless of the treatment. Malic acid (%) decreased over time with no 
significant di1erences between treatments. These results indicate that the decrease of SS through 
temperature preconditioning at harvest in Honeycrisp apples, depends on preharvest factors, such 
as seasonal weather, which modulates their response to this cold acclimation practice. 

Chilling injury, acclimation, fruit quality, postharvest 
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 PH.9A.4 Pome Fruit Scalds and Browning PH90 

Characterizing carbon dioxide-related postharvest 
disorders in apple cortex 
Emmi Klarer, United States Department of Agriculture, United States of America; emmi.klarer@usda.gov  
David Rudell, United States Department of Agriculture, United States of America;  
Christine McTavish, United States Department of Agriculture, United States of America. 

Many apple cultivars are sensitive to elevated carbon dioxide (CO2) during storage. Consequently, 
there may also be an enhanced risk of CO2-related disorders of cortex tissue that contribute to 
annual losses for producers. The appearance of CO2 -related symptoms can vary by cultivar, and 
some cultivars develop similar symptoms not related to elevated CO2 levels, confounding diagnosis 
and subsequent mitigation. Fifteen apple cultivars were selected to determine sensitivity to CO2 

during storage, CO 2 -related symptom appearance, means for identifying CO2 -related disorders, 
and how to best mitigate CO2 -related disorders of these cultivars. Fruit were harvested at early (2-3 
weeks before first commercial pick) and late (1 week after commercial pick) timepoints, half were 
treated with diphenylamine (DPA, 2000 ppm), then all fruit were stored in controlled atmosphere 
(CA) for 4 months at 0.6 kPa O2 and 5 kPa CO2, keeping DPA-treated fruit separate from non-treated 
fruit. DPA was used as a contrast due to its use in controlling disorders associated with CO2 

sensitivity. After storage apples were visually rated for injuries, then asymptomatic and symptomatic 
tissues were sampled, frozen, and ground for chemical analysis. Of the tested cultivars, 11 were 
sensitive, displaying a variety of injuries including lens shaped cavities and/or radial browning of the 
cortex. DPA drench was mostly e1ective at eliminating symptoms of CO2 sensitivity, and highlighted 
cases where CO2 sensitivity was not the cause of internal injuries. Results of chemical analyses 
indicate clear di1erences in tissue metabolism between asymptomatic and symptomatic tissues for 
CO2 -related injuries. Cultivars 'Honeycrisp' and 'Pazazz' developed disorders related to CO2 

sensitivity as well as those not typically associated with CO2 (soft scald, non-radial internal 
browning). When multiple disorders were observed, levels of specific metabolic compounds, such 
as phytosterol conjugates, products of tocopherol metabolism, pentacyclic triterpenoids, and 
sphingolipids, were impacted when symptoms were related to CO2 sensitivity. 

Malus domestica (Borkh.), carbon dioxide, storage, metabolic profiling, phytosterols, triterpenoids 
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 PH.9A.5 Pome Fruit Scalds and Browning PH93 

Core browning in ‘Honeycrisp’ o1spring 
Emily Follett, Norwegian Institute of Bioeconomy Research, Norway; emily.follett@nibio.no  
Jorunn Børve, Norwegian Institute of Bioeconomy Research, Norway;  
Yosef Al Shole, Cornell University, Ithaca NY 14850, United States of America;  
Theresa Weigl, Norwegian Institute of Bioeconomy Research, Norway;  
Siv F. Remberg, Norwegian University of Life Sciences, Norway;  
Chris B. Watkins, Cornell University, United States of America. 

Core browning develops during storage of susceptible apple cultivars, including 'Honeycrisp'. The 
disorder is usually associated with senescence or low storage temperature, but the mechanism of 
core browning development is still unclear. Two cultivars from crossings of 'Honeycrisp' and 'SQ-159' 
are planted in Norway and marketed as 'Eden' ('Wursixo') and 'Fryd' ('Wuranda'). Storage 
experiments have been carried out over two seasons to determine the susceptibility of these 
cultivars to physiological disorder development. The most notable disorder in both cultivars was 
core browning, with up to 90% incidence and an association with senescence in 'Wursixo' and low 
temperature stress in 'Wuranda'. Incidence of core browning in 'Wuranda' was still lower in fruit 
stored for shorter periods, but conditioning at 10C for seven days before storage at 4C or 1C greatly 
decreased incidence. From initial measurements, 'Wuranda' seems to be a low ethylene producing 
cultivar. Three other related cultivars, 'Honeycrisp', 'MAIA-1' (EverCrisp®), and 'NY1' (SnapDragon®), 
are also susceptible to core browning, with lower storage temperatures, storage without 
conditioning, or 1-MCP application increasing disorder incidence. Although symptoms in these four 
cultivars somewhat mimic those of chilling injury, the core browning is also impacted by inhibition of 
ethylene production and limited ability for the fruit to respond to stress in storage. The cause of core 
browning in 'Wuranda', 'Honeycrisp', 'MAIA-1', or 'NY1' might be due to chilling, low-ethylene, or both. 
However, causes are clearly di1erent from those in 'Wursixo' despite genetic similarities. These 
results highlight a need for cultivar-specific research into core browning aetiology. 

Malus domestica var. Borkh, ethylene production, storage temperature, chilling injury, senescence, ethylene inhibitor 
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 PH.9A.6 Pome Fruit Scalds and Browning PH203 

Step-down cooling treatments in conjunction with 1-
Methylcyclopropene, to reduce the risk of internal 
browning of ‘Cripps Pink’ apples 
Ian Crouch, ExperiCo Agri-Research Solutions, South Africa; ian@experico.co.za  
Heleen Tayler, ExperiCo Agri-Research Solutions, South Africa; 
Ian Daniel Viljoen, ExperiCo Agri-Research Solutions, South Africa;  
Elke Crouch, Stellenbosch University, South Africa. 

Internal browning of 'Cripps' Pink' apples has its potential determined by pre-harvest factors such as 
climatic variables and growing region, orchard factors and its potential realised by harvest maturity, 
and postharvest factors such as storage temperature, cooling rate, gas composition and storage 
duration. While pre-harvest factors are often di1icult to manage, postharvest factors can be 
manipulated to mitigate the risk of internal browning. The objective of this study was to investigate 
di1erent step-down cooling regimes utilised in conjunction with 1-Methylcyclopropene (1-MCP) to 
mitigate the risk of internal browning of controlled atmosphere stored 'Cripps' Pink' apples. Apples 
were sourced in the Grabouw and Ceres regions (5 orchards per region) of the Western Cape, South 
Africa and subjected to step-down cooling protocols compared to no step-down cooling, with or 
without 1-MCP, stored for 9 months in CA (0.5% CO2 and 1.5% O2), followed by 4 weeks regular air 
(RA) -0.5°C and a 7-day shelf-life period at 20°C. Di1use and radial browning development was 
higher in fruit that received no step-down cooling treatment prior to long-term storage, after 
ripening. A potential region and/ or maturity related risk was exhibited with di1use browning seeming 
more prevalent in post-optimum harvested orchards and radial browning more prevalent in pre-
optimum harvested orchards. 

Malus domestica (Borkh.), long-term storage, diPuse browning, radial browning, controlled atmosphere, harvest maturity, 1-MCP 
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PH.9B.1 Preharvest Treatments for Postharvest PH244 

Postharvest resilience strategies for strawberry: 
Unveiling the preharvest impact of glycine betaine 
and calcium formate on fruit quality and storability 
María Emma García Pastor, Universidad Miguel Hernández de Elche, Spain; m.garciap@umh.es  
Pedro Antonio Padilla, Universidad Miguel Hernández de Elche, Spain; 
Ruben Pascual, Agro Department of Comercial Quimica Masso, Spain;  
Maria Serrano, Universidad Miguel Hernández de Elche, Spain; 
Daniel Valero, Universidad Miguel Hernández de Elche, Spain. 

Strawberry is highly susceptible to losing water and perishable fruit with a short storage life. Glycine 
betaine (GB) has a crucial role in preventing fruit from oxidative stress and pathogen growth, 
maintaining membrane integrity under abiotic stress. On the other hand, calcium plays an essential 
role at cell wall and membrane integrity. However, no studies exist addressing the role of GB and 
calcium formate (CF) as preharvest treatments on quality attributes of strawberry, which is the main 
aim. Based on previous research, GB and CF were applied at 15 mM in 'Red Sayra' cultivar in a 
commercial plot (Huelva, Spain). Foliar treatments were: 1) Control (distilled water); 2) GB 
(GREENSTIM®); 3) CF (CALIBITT®); and 4) GB+CF (GREENSTIM ® +CALIBITT®), being applied in 3 key 
stages along the crop cycle. A randomized plot design was used with a total of 4 blocks with 2 
replicates (n = 8) per treatment. Strawberries were analysed at 5 days at 4°C, 5 days at 4°C + 3 days 
at 20°C, 10 days at 4°C, and 10 days + 3 days at 20°C. Results showed that GB, alone or in 
combination with CF, significantly reduced weight losses and respiration and ethylene rates during 
postharvest storage. All treatments significantly delayed the loss of colour compared with control. 
Firmness was significantly enhanced in GB, CF and GB+CF-treated fruit than control at harvest, and 
a delay of firmness loss was also observed. These results were strongly correlated with the 
membrane integrity parameters. Furthermore, these treatments significantly influenced the volatiles 
emission and the content of TSS and TA, delaying fruit senescence. The antioxidant system was also 
stimulated in those fruits treated with GB and GB+CF. Finally, decay incidence was reduced and 
shelf-life improved, specifically with the GB+CF treatment, acting synergically in both membrane 
and cell wall. 

Fragaria x ananassa Duch. firmness, spray treatments, chemical attributes, shelf-life 
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PH.9B.2 Preharvest Treatments for Postharvest PH175 

Preharvest methyl jasmonate spray maintains 
postharvest quality of cold stored raspberries by 
modulating cell wall stability and phenolic 
metabolism 
Hafiz Muhammad Shoaib Shah, Edith Cowan University, Australia; shoaib.shah@ecu.edu.au 
Zora Singh, Horticulture, Edith Cowan University, Australia; 
Mahmood Ul Hasan, Edith Cowan University, Australia; 
Andrew Woodward, Edith Cowan University, Australia; 
Eben Afrifa-Yamoah, Edith Cowan University, Australia. 

This study was conducted to elucidate the e1ect of preharvest methyl jasmonate (MeJA) application 
on postharvest quality of raspberries during cold storage. MeJA application significantly alleviated 
decay incidence, fruit softening and weight loss. MeJA application resulted in higher shikimic 
dehydrogenase and phenylalanine ammonia lyase activities, leading to higher endogenous 
phenolics in raspberries during cold storage. Additionally, degradation of cell wall was reduced in 
MeJA-treated raspberries leading to higher total pectin and protopectin, and delayed activities of cell 
wall hydrolysing enzymes. Furthermore, preharvest MeJA application maintained higher activities of 
antioxidant enzymes and suppressed hydrogen peroxide radical accumulation. In conclusion, 
preharvest MeJA treatment extended the cold storage life of raspberries by reducing cell wall 
degradation, free radical production, and fruit decay, and increasing endogenous phenolics and 
antioxidants during 10-day cold storage. 

Rubus idaeus; softening; phenolic biosynthesis; methyl jasmonate; cold storage 
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 PH.9B.3 Preharvest Treatments for Postharvest PH238 

Improving Camarosa strawberry fruit characteristic 
by forchlorfenuron (CPPU) preharvest application  
Naeimeh Soukht Saraei, Gorgan University of Agricultural Sciences, Iran; 
Feryal Varasteh Akbarpour, Gorgan University of Agricultural Sciences, Iran; feryalvarasteh@gmail.com  
Hamid Reza Sadeghipour, Golestan University, Iran. 

Consumers today are showing more interest in foods that are both high in nutritional value and have 
health-promoting qualities. Strawberry is a unique berry with various antioxidant metabolites, but 
the most important challenge in its production is to supply a high-quality fruit to the consumer. 
Cytokinins are a diverse chemical group of plant growth regulators that exhibit a wide range of 
functions in cell division and di1erentiation and many physiological processes, so they are exploited 
in agriculture to improve and manage di1erent products. In this study, the researchers assessed the 
e1ects of applying CPPU (0, 5, and 10 ppm) in the flowering stage in some qualitative characteristics 
of Camarosa strawberry fruit. The results showed that the highest total sugar (8.63 mg/g), 
antioxidant activity (87.23%), total anthocyanin (0.84 µmol/g), and flavonoid content (0.203 mg/g) 
were recorded for 5ppm CPPU treatment. The application of 10 ppm CPPU increased the titratable 
acidity by 67% compared to the control. Also, the highest amount of vitamin C with a 142% increase 
compared to the control was observed in the application of 5 ppm CPPU. However, total phenol was 
not a1ected by CPPU. Generally, preharvest CPPU application improved the biochemical and 
qualitative strawberry fruit characteristics of Camarosa cultivar. 

Anthocyanin, antioxidant activity, cytokinin, polyphenol 
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 PH.9B.4 Preharvest Treatments for Postharvest PH201 

Preharvest application of 1-MCP on persimmon 
Ana Pilar Moreno, Instituto Valenciano de Investigaciones Agrarias, Spain; moreno_anamar1@gva.es  
Alejandra Salvador, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Rebeca Gil, CV 315, Instituto Valenciano de Investigaciones Agrarias, Spain; 
Mario Vendrell, Cooperativa Agrícola Nuestra Señora del Oreto Coop. V. Spain; 
Nariane Q. Vilhena, Instituto Valenciano de Investigaciones Agrarias, Spain. 
 
This study investigated the preharvest 1-MCP application (Harvista® (HV)), as a novel strategy to maintain 'Rojo 
Brillante' persimmon postharvest quality at two commercial scenarios: 1) to extend the commercial period in fruit 
treated with ethephon at the beginning of the season; 2) to improve quality after cold storage in fruit treated with 
gibberellic acid (AG3) at the end of the season. The results of this study showed that HV applied 1, 7 and 10 days after 
ethephon treatment was elective in delaying ethephon-induced flesh softening during the harvest period. The 
application of HV 1 day after ethephon treatment maintained the highest flesh firmness during the posterior period of 
3 days at 3°C plus 6 days at 20°C. In addition, the combined use of pre- and postharvest treatment with 1-MCP 
improved fruit quality during the marketing period compared to the single postharvest 1-MCP application. In AG3-
treated fruit, application of HV was carried out 7days (HV7), 3 days (HV3), or a double application at 7 and 3 days 
before harvest (HV7+3). After harvest, the fruit were treated or not with the commercial postharvest 1-MCP 
application and cold stored for up to 60 days plus 6-days at 20°C. After cold storage and subsequent shelf life, HV 
applied 7 days before harvest had the same elect on firmness maintenance as postharvest 1-MCP treatment. Fruit 
from HV3 and HV7+3 treatments exhibited higher firmness than the 1-MCP postharvest treated fruit. In addition, in 
HV-treated fruit, a postharvest 1-MCP application did not improve firmness during commercialisation. Therefore 
preharvest 1-MCP application could be a useful tool for optimizing handling operations in packinghouses. 

1-metilcyclopropene, fruit firmness, cold storage, harvest moment, Rojo Brillante persimmon 
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 PH.9B.5 Preharvest Treatments for Postharvest PH196 

E1ect of five fruit bags and subsequent hot water 
treatment on the physico-chemical and antioxidant 
quality of ‘Çarabao’ mango 
Emma Ruth Bayogan, University of the Philippines, Philippines; evbayogan@up.edu.ph  
Leizel Secretaria, University of the Philippines Mindanao, Philippines;  
Stefano De Faveri, QLd Dept of Agriculture and Fisheries, Australia;  
Peter Johnson, Grilith University, Australia;  
Ana Ocenar, University of Southeastern University, Philippines. 

Preharvest bagging is a safe option that addresses some preharvest fruit production issues with 
pests and diseases while hot water treatment is a postharvest treatment that can control 
postharvest diseases. We evaluated the e1ect of various preharvest bagging materials (newspaper, 
high-density polyethylene (HDPE), biodegradable plastic, white Taiwan paper, and non-woven 
spunbond polypropylene (NSPP)), and hot water treatment (HWT, 52-55°C, 5 min) on the harvest and 
physicochemical qualities of 'Carabao' mango. Among the bagging materials, Taiwan paper bags 
showed an increase in good quality fruit acceptable for export (12.8%). It tended to show higher fruit 
retention at 85% compared to newspaper and biodegradable plastic bags, both at 70%. Fruit and 
growth cracks were more prevalent in biodegradable plastic-bagged fruit. The use of Taiwan paper 
and NSPP bags extended the shelf life of mango fruit due to better quality, lower weight loss, delayed 
disease onset, reduced diseases, and delayed colour change. Shelf life of fruit bagged with these 
new materials was further improved at 12.0 and 10.7 days in Taiwan paper and NSPP bags, 
respectively, when subjected to HWT. Taiwan paper bags delayed the onset of stem end rot by two 
days, while subsequent HWT further delayed the onset of anthracnose by four days. Higher Vitamin 
C content and DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity were also recorded in 
fruit bagged with Taiwan paper and NSPP. At four days, total phenolic content was higher in fruit 
bagged with Taiwan paper bag, however, it did not vary from newspaper bag. The new bagging 
materials such as Taiwan paper and NSPP bags showed potential in improving the harvest quality of 
mango. The subsequent use of HWT further improved the physico-chemical quality of 'Carabao' 
mango fruit, particularly when wrapped in Taiwan paper bags. 

Taiwan paper bags, shelf life, antioxidant activity 
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PH.9B.6 Biochemistry PH240 

ReTain and Harvista e1ects on maturity and 
interactions with postharvest 1-MCP on storage 
quality of ‘Honeycrisp’ apples 
Chris Watkins, Cornell University, United States of America; chris.watkins@cornell.edu  

The 'Honeycrisp' apple is a major apple in the USA, being popular with consumers and highly 
profitable for growers. However, the cultivar is susceptible to a range of physiological disorders that 
can result in economic losses. The use of the preharvest plant growth regulators ReTain 
(aminoethoxyvinylglycine) and Harvista (1-methylcyclopropene; preharvest 1-MCP) is common, but 
there is concern about the e1ects of these treatments on fruit quality, especially on the incidences 
of physiological disorders. In a two-year experiment, an orchard block of 'Honeycrisp' apples in each 
of the Hudson Valley, western New York and Champlain regions of New York were untreated, or 
treated with ReTain or Harvista. Harvested fruit were either untreated or treated with postharvest 1-
MCP and stored in air or controlled atmosphere (CA). ReTain and Harvista delayed fruit drop and 
color development. Ethylene production of the fruit was inhibited, as were starch indices and flesh 
firmness, although not consistently so. Little e1ect of preharvest treatment on firmness, soluble 
solids concentration (SSC) and acidity after storage was detected. CA stored fruit were superior to 
air stored fruit, but preharvest treatments sometimes increased risk of carbon dioxide injuries in CA 
storage. 1-MCP treated air stored fruit had higher titratable acidity, SSC, and lower greasiness than 
untreated fruit, and quality characteristics were similar to those of CA stored fruit. 

Malus domestica, quality, controlled atmosphere storage, bitter pit 
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RetPH.9C.1 Consumer Perception PH53 

Disorders, rots, and the appearance of fruit: 
determining consumer responses to visual cues of 
quality 
Roger Harker, Plant and Food Research, New Zealand; roger.harker@plantandfood.co.nz  
Christina Roigard, Plant and Food Research, New Zealand;  
Birgit Ha, Plant and Food Research, New Zealand. 

Visual examination is a critical component of most postharvest assessments of fruit quality. For 
example, quantification of the incidence and severity of disorders and rots often requires expert 
postharvest evaluators to subject fruit to intense scrutiny n but how does this compare to what 
consumers see when eating? A range of approaches have been used to understand consumers' 
visual assessment of produce from eye-tracking to conjoint studies. Eye-tracking is particularly 
useful, in that a subject's attention to a localised disorder or defect can be quantified, for example 
using measures of the percentage of subjects who fixated on an area of interest, time to first fixation, 
total fixation counts and duration. Conjoint studies have contributed to knowledge of how 
consumers respond to the incidence and severity of defects (damage, disorders, and rots) relative to 
price. As such, this information provides postharvest scientists and industry with information on 
how their own assessments predict consumer outcomes. In this presentation, we overview a series 
of Plant and Food Research studies on apple, pear, and avocado in terms of how they inform 
postharvest science and technology. These studies include observations that the percentage of 
consumers fixating on a defect (defined as the eye movement velocity at the area of interest less 
than 30 visual degrees per second) is related to rejection of that product (consumers will not 
purchase again) and that consumers are more willing to throw away a portion of a fruit rather than 
the whole fruit when the area of the defect is small. Furthermore, we have found that assessments 
based on external appearance are similar for postharvest experts and consumers. 

Appearance, visual assessment, consumers 
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 PH. 9C.2 Consumer Perception PH41 

Improving instrumental prediction of postharvest 
eating quality of fruit: barriers and future 
opportunities 
Birgit Ha, Plant Food Research, New Zealand; birgit.ha@plantandfood.co.nz  
Roger Harker, Plant and Food Research, New Zealand; 
Emma Sherman, Plant and Food Research, New Zealand; 
Nigel Gapper, Plant and Food Research, New Zealand;  
Virginia Corrigan, Plant and Food Research, New Zealand; 
Duncan Hedderley, Plant and Food Research, New Zealand. 

There is an increasing literature demonstrating that physicochemical measures can predict the 
sensory experience and associated hedonic responses of consumers. In some cases, these 
predictive relationships are used to establish industry quality standards as applied at harvest or 
during distribution. The range and sophistication of tools available to predict eating quality are 
increasing (e.g. genomics and metabolomics approaches), although it remains a struggle to 
demonstrate their predictive abilities. A fundamental barrier arises from the high variability in human 
sensory perception, ability to describe texture and flavour, along with the frequent contradictions in 
consumer preferences. Several approaches are discussed that can be used to minimise the 
influence of human variability and it is recommended that positive controls be included so that the 
unreliability of the sensory-consumer panel can be excluded as a reason for poor results. One 
successful approach to overcome human variability has been to avoid multiplying it with the 
inherent variability associated with fruit and hence, postharvest sorting procedures are 
implemented to ensure each consumer receives a series of treatments that di1er from one another 
according to the targeted instrumental measure (e.g. all fruit are presented to consumers at the 
same ripeness but di1ering in dry matter content). This can introduce several risks, including: (1) 
that only those instrumental measures that can be used in real-time to sort fruit before presentation 
to consumers can be robustly assessed, and (2) the study limits biological variability to an extent 
that the study is not a reasonable representation of reality in the market. The alternative is to pursue 
research with larger numbers of consumers assessing unselected produce, and perhaps in the 
marketplace rather than the laboratory. This review assesses barriers to future progress and 
opportunities to build improved approaches. 

Eating quality, fruit, consumer, sensory, physicochemical measures 
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 PH. 9C.3 Consumer Perception PH140 

Environmental and genetic e1ects on postharvest 
sensory quality of salad rocket (Eruca vesicaria 
subsp. sativa) 
Luke Bell, University of Reading, United Kingdom; luke.bell@reading.ac.uk  
Martin Chadwick, University of Reading, United Kingdom; 
Manik Puranik, University of Reading, United Kingdom;  
Lisa Methven, University of Reading, United Kingdom; 
Carol Wagstal, University of Reading, United Kingdom. 

Understanding how food is perceived by people with di1erent taste perception genotypes is key to 
developing foods with appealing sensory qualities that people want to consume. Many of the highly 
nutritious leafy vegetables that should be eaten as part of a healthy diet are shunned by consumers 
who perceive them to be bitter. We show that individuals with 'taster' genotypes for a bitter taste 
receptor (TAS2R38) and high tastebud density (Carbonic Anhydrase VI, CA6; gustin) encoding genes 
cannot perceive the distinctive aroma and flavour traits of the leafy vegetable rocket (Eruca vesicaria 
subsp. sativa) as strongly as 'non-tasters', due to their heightened perception of bitterness, which 
overwhelms the flavour profile. In addition, comprehensive metabolomics and transcriptomics 
analyses were performed on salad rocket lines grown in the UK and Italy. These data demonstrate 
the underlying environmental e1ects impacting rocket phytochemistry and the generation of taste 
and flavour. This in turn means that where a crop is grown has significant impacts on postharvest 
quality traits. Crops that form key components of a healthy diet should be bred, grown, and selected 
for sensory appeal for a wide range of consumers, and across varied cultivation regions, so food that 
is good for us also has a pleasurable taste and flavour. 

Flavour, glucosinolates, isothiocyanates, Brassicaceae, bitterness, sensory analysis, postharvest quality 
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 PH. 9C.4 Consumer Perception PH183 

A comprehensive sensorial analysis and flavanones 
profiling in a new red-fleshed pomelo x grapefruit 
hybrid (‘Redson’) after harvest and during storage 
Itay Maoz, Agricultural Research Organisation, Israel; itaym@volcani.agri.gov.il  
Leanne Salto, Agricultural Research Organisation, Israel; 
Kasipandi Muniyandi, Agricultural Research Organisation, Israel; 
Livnat Goldenberg, Agricultural Research Organisation, Israel; 
Nir Carmi, Agricultural Research Organisation, Israel;  
Ron Porat, Agricultural Research Organisation, Israel. 

'Einat' (trademarked name 'Redson') is a new triploid, red-fleshed pomelo & grapefruit hybrid 
developed by the Israeli citrus breeding program. We examined the quality, flavor, bitterness, and 
flavanone composition of 'Redson' fruit compared to pomelo, grapefruit, 'Oroblanco', and orange. 
'Redson' fruit are seedless with a yellow peel and red flesh and have unique quality characteristics. 
Comprehensive and systematic sensorial analyses were conducted, including a descriptive sensory 
test, consumer sensory test, Just-about-right (JAR) scaling test, and ranking sensory test. The 
sensory tests revealed that 'The Redson' fruit is more bitter than other citrus fruits but earned a high 
acceptance score and ranked first among all bitter citrus fruits, including pomelo, grapefruit, and 
hybrids. To validate the contribution of flavanones to the bitterness sensation, metabolic profiling 
was performed. The results indicated that 'Redson' fruit contained the highest amount of the bitter 
flavanone naringin but had low levels of other bitter flavanones (neohesperidin and poncirin) and 
non-bitter flavanones (hesperidin and narirutin). Then, naringin levels were examined after harvest 
and during storage, and we did not detect significant changes in naringin levels during storage. 
Furthermore, we detected a high correlation (R 

2 = 0.957) between naringin levels and the sensation 
of bitterness among citrus fruit, featuring the importance of naringin in determining citrus bitterness. 

Citrus, flavour, fruit quality, bitterness, naringin 
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 PH. 9C.5 Consumer Perception PH220 

Postharvest quality and sensory attributes of four 
blackberry cultivars 
Zilfina Rubio Ames, University of Georgia, United States of America; zilfina.rubioames@uga.edu  
Ramsey Corn, University of Georgia, United States of America; 
Angelos Deltsidis, University of Georgia, United States of America. 

Consumer preferences are based on di1erent aspects of blackberry fruit quality, such as 
appearance, firmness, flavour, and nutritional value. Even though consumers prefer fruit with a good 
external appearance, repeat purchases depend on fruit flavour. Three harvests and sensory 
evaluations were conducted during the 2023 blackberry season in Georgia. Blackberries of four 
cultivars ('Caddo,’ ‘Ouachita’, ‘Ponca' and 'Osage’) were hand-picked, field-packed, and hand-sorted 
before being placed in cold storage. Blackberries were stored for up to 21 days, and quality 
assessments were performed every 7 days. Quality assessments included visual quality, weight loss, 
colour, firmness respiration rates, red drupelet reversion (RDR) presence, titratable acidity, and total 
soluble solids. 'Caddo' was the largest of the four cultivars, exhibited the least amount of RDR, had a 
firmer berry, and higher total soluble solids. In addition, consumers preferred 'Caddo' among the 
four cultivars, and 'Ouachita' was the least preferred. 

Quality, sensory evaluation, appearance, blackberries 
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 PH. 9C.6 Consumer Perception PH88 

What sensory qualities and emotion responses do 
U.S. consumers want in premium olive oil and what 
role does country of origin labelling play in their 
purchase? 
Ann Colonna, Oregon State University, United States of America; ann.colonna@oregonstate.edu  
Roger Harker, Plant and Food Research, New Zealand. 

Pacific Northwest-based olive oil producers are targeting domestic U.S. markets, where 95% is 
currently supplied by imports. To support these industry aspirations, we have sought to understand 
consumers' motivations for purchasing specialty olive oil and the associations between country of 
origin and product-related factors in an online consumer survey (n=1.851, 65% female, aged 18 and 
over, USA) and have explored the taste perceptions, emotional descriptive measurements and 
purchasing decisions of frequent olive oil consumers in a central-location test (CLT; 119 consumers, 
Portland, Oregon, USA). The CLT evaluated high phenolic oils from Oregon, alongside similar oils 
from California, Greece, and Italy for overall liking, colour, aroma, flavour strength, fruitiness, 
spiciness, pungency, bitterness, and astringency compared to their ideal. Products were rated first 
blind coded, then branded. Of interest was how consumer perception of a novel product changes 
when country of origin was revealed. Utilizing check-all-that-apply methodology, consumers 
described the sensory properties and their emotions toward each product. Results show that 
sensory characteristics with a significant (p=0.00) positive sensory impact included balanced, 
clean, bright, fresh, fruity, fragrant, complex and buttery. Textural must have attributes included silky, 
full-bodied, buttery and smooth. Significant (p=0.00) positive emotion responses included luxurious, 
pleased, sophisticated, satisfied, excited, impressed and nourished. In unbranded testing, one 
Oregon olive oil was liked significantly more (p < 0.05) than all other oils tested except the Italian oil. 
Acceptability ratings pre and post disclosure of country-of-origin labelling were significantly 
di1erent. In a penalty analysis conducted on just-about-right data, significant penalties came from 
lack of fruitiness and weak flavour strength, among others. Significant findings include specific, 
actionable recommendations for branding and marketing arguments that olive growers/producers of 
olive oil can use to increase the competitiveness of their marketing. 

Olive oil, consumer acceptability, CATA, sensory characteristics, emotions, country of origin labelling 
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PH.9D.1 Supply Chain Development PH??? 

Mango value chain development in Pakistan: A 
success story of research for development model  
Aman Ullah Malik, The University of Faisalabad, Pakistan; malikaman1@gmail.com 

Pakistan is one of the leading mango-producing and exporting countries of the world. In the past, the 
local industry faced several supply chain issues downgrading fruit quality and fetching lower prices 
in domestic and export markets. As a result of an agreement, the Australian Center for International 
Agricultural Research (ACIAR) launched the Australia- Pakistan Agriculture Sector Linkages Program 
(ASLP), in two phases (2007-2015) which included the mango industry as well. Initially, a team of 
scientists from both countries jointly identified research gaps through a scoping study and found 
poor quality nursery and tree management as the major production issues, while poor cosmetic 
quality and shelflife, along with high postharvest losses as the main postharvest issues. Fruit quality 
was inferior at the retail end showing sap burn injuries, wrinkling, ripening issues, and postharvest 
rots. Previously, negligible scientific information was available regarding harvest maturity, fruit 
ripening, cold storage, pre-cooling, controlled and modified atmosphere storage, and quarantine 
treatments etc of local cvs. The project comprehensively addressed these issues by developing 
standards operating protocols based on critical control points, for three major cultivars (Sindhi, 
Sammar Bahist Chaunsa, and Sufaid Chaunsa) for distribution locally and export to China, the 
Middle East, and EU, etc. Industry capacity was built by walking the chain activity of stakeholders to 
the Australian mango supply chain and establishing demonstration supply chains. The project also 
demonstrated success in the sea shipment of cv. Sindhri to the EU. Overall, the project helped 
improve Pakistan's mango supply chains, with increased economic returns to the stakeholders and 
the country. The project had long-term impacts inspiring a new generation of entrepreneurs to start 
clean nurseries and farm direct export to new international markets. This paper provides details of a 
successful internationally collaborative ACIAR model of “Research for Development” in the Pakistan 
mango industry. 

Mango, fruit quality, value chain, export, postharvest, shelf life   
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PH.9D.2 Supply Chain Development PH??? 

Value chain improvement through postharvest 
research and development: case studies with small-
scale onion and potato growers in Pakistan 
Raheel Anwar, University of Agriculture, Pakistan; raheelanwar@uaf.eud.pk  
Aman Ullah Malik, University of Agriculture, The University of Faisalabad, Pakistan; 
Kurram Ziaf, University of Agriculture, Pakistan; 
Mahmood Ul Hasan, University of Agriculture, Pakistan; 
Habat Ullah Asad, Regional Bioscience Centre, Pakistan; 
Syed Azeem Hyader Shah Naqvi, Regional Bioscience Centre, Pakistan; 
Muhammad Wasim Haider, University of Agriculture, The Islamia University of Bahawalpur, Pakistan; 
Rehan Riaz, University of Agriculture, The Islamia University of Bahawalpur, Pakistan; 
Hafiz Mahmood Ur Rehman, The Islamia University of Bahawalpur, Pakistan; 
Muhammad Asif, The Islamia University of Bahawalpur, Pakistan; 
Babar Ehsan Bajwa, The Islamia University of Bahawalpur, Pakistan. 

Onion and potato are leading vegetable crops grown in Pakistan for local consumption and export. 
Small-scale farmers contribute a major share in the production of these vegetables. However, 
improper production, harvest, handling and marketing techniques generally result in poor-quality 
produce and low returns to farmers and downstream stakeholders. So, a comprehensive study was 
initiated under an ACIAR HORT/2016/012 project to strengthen these vegetable value chains and 
improve the livelihood of small-scale farmers. Key issues revealed during baseline surveys of 
conventional supply chains included poor production practices, lack of harvest indices and defined 
quality standards, storage potential of commercial cultivars, and improper curing and storage 
techniques. Growers were then facilitated to understand customer needs and commercial quality 
grades. These ‘walk the value chain’ exercises helped identify opportunities in quality production 
and better postharvest management. Need-based research was conducted, and outcomes from 
trials were integrated into the farmer fields. Key strategies included the development of commercial 
quality grades, understanding the storage potential of commercial varieties, and capacity building of 
gender-inclusive farming communities in implementing pre-harvest considerations (withholding 
irrigation before harvest) and proper pre-storage curing, sorting, grading and packing as per market 
requirement. This led to better produce quality and enhanced marketability during long-term 
storage. Growers were also directly linked with the market via consignment trials using a postharvest 
best practice package. Conclusively, the value chain-based R&D approach markedly enhanced 
produce quality and increased gross profit for growers. 

Vegetable value chain, postharvest interventions, potato, participatory action research, small-scale growers 
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PH.9D.3 Supply Chain Development PH??? 

Postharvest temperature management of fresh 
produce using a cold chain for smallholder farms and 
small retailers  
Kevin F. Yaptenco, University of Philippines Los Banos, Philippines; kfyaptenco@up.edu.ph  
Joanne P. Foliente, University of Philippines Los Banos, Philippines; 
Rose Ann Montefalcon, University of Philippines Los Banos, Philippines; 
Ronel S. Pangan, University of Philippines Los Banos, Philippines; 
Ralph Kristoler Gallegos, University of Philippines Los Banos, Philippines; 
Dormita R. del Carmen, University of Philippines Los Banos, Philippines. 

Cold chain services for fresh produce in the Philippines are mostly in urban areas and cater to 
imported produce. Smallholder farmers and community retailers cannot access these facilities and 
are forced to sell at low prices to avoid spoilage, make frequent trips to procure produce and store 
unsold produce overnight in ambient conditions.  

This study developed a prototype cold chain system for small-volume operations (< 500 kg) that 
includes a trailer-mounted forced-air precooler, insulated pallet wrap, and a collapsible cold room. 
Trials were conducted using freshly harvested cabbage for precooling, mixed loads of unsold 
produce stored overnight using the pallet wrap, and cold storage using mixed loads. Freshly 
harvested cabbage reached 7/8th-cooling (27°C to 8°C) after 7 hrs, with a weight loss of 0.94%, with 
an estimated cost of approx. US$1.13 for cooling 177 kg. Using frozen water bottles as a cooling 
source, the pallet wrap was able to reduce air temperature from 30°C to 10°C within 4.5 hrs after 
sealing; the estimated cost was US$2.10 for holding 80 kg of unsold produce. Cold storage at 10°C 
extended shelf life to 3-4 weeks; shelf life at ambient temperature was 2-10 days only. The estimated 
cost of holding 135 kg was US$57.  

The prototype cold chain system can help small growers and retailers plan marketing and 
procurement activities by reducing the pressure to dispose of fresh produce before significant 
deterioration develops. The system is flexible and can be easily established where household 
electricity is available, and any non-refrigerated vehicle with cargo space can be used. 

Cold chain, precooling, postharvest, loss reduction, smallholders 
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PH.9D.4 Supply Chain Development PH14 

Case studies of concrete and iron solar refrigerated 
evaporatively cooled storage structures in India: 
Successes and failures 
Randolph M. Beaudry, Michigan State University, United States of America; beaudry@msu.edu  
Sangeeta Chopra, Indian agricultural Research Institute, India. 

O1-grid, batteryless, solar refrigerated and evaporatively cooled (SREC) storages for perishables 
were built in 3 villages: Picholiya (Rajasthan), Chamrara (Haryana), and Cullakpur (Delhi) in India. 
The following details observations related to success and failure of the SREC enterprise. At 
Picholiya, there was a partnership between the farmer/landowner and a processor, who operated a 
small plant adjacent to the SREC. The SREC performed well for 2 years while a youthful, digitally 
engaged field worker was employed to look after it. However, the field worker resigned when our 
industry partners neglected to pay him and soon after the SREC structure became non-functional. 
During this period, relations between the processor and farmer had soured; there was a lack of 
interest/ investment by the grower and the processor to take on responsibility for operating the 
SREC. Complicating the scenario, the region su1ered from a lowering of the water table leading to 
the loss of some local farms and infrastructure loss in the form of a broken access road. The SREC 
was disassembled, and components returned to IARI. The SREC at Chamrara, Haryana was run by 
elderly but diversified perishables farmer who also managed a small processing facility. The 
installation worked well and maintained fair temperature control (10 to 15°C). The farmer overseeing 
the structure observed that the structure was working well and met his expectations. The facility 
underperformed slightly relative to its potential because solar panels were not washed frequently 
indicating a lack of routine maintenance. The grower, however, also expanded his processing facility 
after the build of the SREC and his business of processing and storage in FSF facility was 
satisfactory. He and some nearby growers around are using the SREC for storage of produce (e.g. 
potatoes), but the produce appeared to be mostly for personal consumption or informal 
sales/trading. More could be done to fully utilize the capabilities of the cold storage to access higher 
value markets. In contrast, the SREC at Cullakpur was used by a farmer who managed a farmer-
producer organization (FPO), a young digitally savvy farmer/entrepreneur. The SREC structure was 
used for precooling and for longer-term storage. Products, primarily spinach, were lightly processed 
(Washed and bunched) and sold to various companies based on orders received through online 
markets. The light processing permitted transfer of the crop to retail containers and the field boxes 
were returned immediately to the grower, minimizing logistical hurdles. The cost economics for 
spinach alone shows that the cold store operator was able to make an annual profit of $62,370 for 
this one crop, potentially recovering the cost of the SREC structure in as little as 3 months. 

Developing world, refrigeration, solar, photovoltaic, evaporation, cooling 
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 PH.9D.5 Supply Chain Development PH148 

O1-grid solar-powered cold storage of tomatoes in 
Nigeria  
Joachim Müller, University of Hohenheim, Germany; joachim.mueller@uni-hohenheim.de 
Klaus Meissner, University of Hohenheim, Germany; 
Wiomou Bonzi, University of Hohenheim, Germany; 
Ana Salvatierra, Solar Cooling Engineering GmbH, Germany;  
Adebayo Adebiyi, Solar Cooling Engineering GmbH, Germany; 
Victor Torres, Solar Cooling Engineering GmbH, Germany;  
Michael Omodara, Nigerian Stored Products Research Institute, Nigeria. 

Tomato production in Nigeria is steadily growing, reaching more than 3.7 Mt in 2022 (FAOSTAT, 2024) 
and the postharvest harvest losses are rated between 45 and 60% (CBI, 2021). Cold storage for 
controlled ripening after harvest is expected to reduce losses considerably. However, conventional 
facilities require reliable electricity supply that is lacking in rural areas. Therefore, a photovoltaic-
powered o1-grid cold room system was developed in cooperation between the University of 
Hohenheim (Stuttgart, Germany), the Nigerian Stored Products Research Institute (Ilorin, Nigeria) 
and Solar Cooling Engineering GmbH (Memmingen, Germany) in order to deliver precise control over 
temperature and relative humidity. The turnkey system consists of a heat-insulated storage chamber 
that is cooled by a water/air heat exchanger and is supplied with a humidifier. The energy required to 
power the water chiller, circulation pump, and fans is supplied by a combination of two 360 W 
photovoltaic (PV) panels and two 230 Ah VDC batteries. The system was tested and optimized under 
local conditions in Nigeria. Batches of 300 kg of freshly harvested tomatoes (cv. Batool-1) at various 
stages of ripeness (green mature, breaker stage, and ripe) were subjected to storage at a 
temperature range of 10-12.5°C and a relative humidity range of 90-95%. Conventional ripening in a 
vegetable shed under ambient conditions was used as the control. Continuous measurements of 
temperature and relative humidity were taken at di1erent locations within the cold room and in the 
vegetable shed. Samples were collected at 2-day intervals to measure the colour index, firmness, 
and total soluble solids (TSS) of the tomatoes. The cold room successfully preserved the quality of 
the stored tomatoes throughout the entire 16-day storage period, even those that were stored at full 
ripeness, in contrast to the noticeable losses observed in the control group. 

Colour index, decentralized energy provision, humidity control, photovoltaic energy, postharvest loss, Solanum lycopersicum, 
tomato ripening 
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PH.9D.6 Postharvest Ripening PH31 

E1ect of storage temperature on shelf-life and quality 
of purple passion fruit grown under Viet Nam 
conditions (Passiflora edulis Sims.) 
Khanh Ngoc Nguyen, Southern Horticultural Research Institute, Vietnam; khanhngoc012016@gmail.com  
Linh Man Dang, Southern Horticultural Research Institute, Vietnam;  
Thi Cam Tien Nguyen, Southern Horticultural Research Institute, Vietnam;  
Nguyen Anh Thu Lam, Southern Horticultural Research Institute, Vietnam;  
Ngoc Phu Cao, Northern Mountainous Agriculture and Forest, Vietnam;  
T. Phuong Thanh Vu, The NZ Institute for Plant and Food RL -PFR, Vietnam; 
Kar Mun Chooi, Plant and Food Research, New Zealand;  
Stephanie C. Montgomery, Plant and Food Research, New Zealand; 
Guinevere I. Ortiz, Plant and Food Research, New Zealand. 

Purple passion fruit grown in Viet Nam's highlands. It is bright red when ripe, has slightly high acidity, 
develops a fragrant aroma, and with smooth, glossy skin. However, there is little information about 
the optimum storage requirements of purple passion fruit grown under Viet Nam conditions. In this 
study, passion fruits were harvested at peel colour index 3 (more green than red) and stored at 3, 5, 7 
and 9°C ± 1°C and an equivalent lot stored at 20°C ± 1°C for 14, 21 and 28 days. Fruit quality and 
postharvest disease incidence were evaluated 5 and 6 weeks after storage plus 3 days at ambient 
condition. Results showed that under ambient conditions (20°C ± 1°C), passion fruit could be stored 
for a maximum of 14 days as the significant reduction in the overall sensory quality afterwards. 
Meanwhile, storage at low temperature (3 and 5°C) led to the development of chilling injuries and 
were highest in fruit stored at lower temperature (3°C). Keeping fruit at 7 and 9°C ± 1°C for 5 weeks 
and 3 days' shelf life resulted in lower disease incidence and severity compared to other treatments. 
These temperatures produced better colour development compared to fruit stored at lower 
temperatures (3 and 5 °C ± 1°C). Fruit stored at 9°C however, had the highest percentage of weight 
loss and lowest fruit firmness, meaning lowered visual quality in terms of shrivelling and shrinkage. 
Overall, storage temperature had no e1ect on juice pH, total soluble solids, and titratable acidity. 
Our results showed that passionfruit quality could be maintained up to 35 days at 7°C ± 1°C. 

Chilling injury, postharvest handling, fruit quality 
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PH.10A. Phytosanitary Workshop PH166 

Steritech’s phytosanitary irradiation journey - 
Applying research for commercially significant 
outcomes 
Ben Reilly, Steritech, Australia; breilly@steritech.com.au  

Over the past two decades Steritech has built a successful phytosanitary irradiation treatment 
business. In 2005, Steritech delivered the world's first phytosanitary irradiation treatment to an 
international consignment of fresh produce. This shipment was Australian mangoes treated for the 
New Zealand market. Today, the company remains the international leader in the field, operating two 
specialised fresh produce facilities using both cobalt-60 and X-ray sources. The business provides 
treatments for the Australian produce industry 52 weeks a year, and services over 80 crops. Post 
harvest research along with several other fields of research has been critical to realising the 
commercial success of the treatment. Once considered a novel technology, it is now a mainstream 
solution in Australia. Postharvest research was critical for building confidence in the treatment, and 
in some cases optimising it where there were issues identified. Scientific research has also helped 
establish specifications used in critical parts of legislation and regulation that allow the industry to 
exist and grow. Examples include food standards development and trade protocol treatment 
requirements. These developments directly contribute to resolving two of the three hearsl barriers 
(Food Standards, Protocols and Facilities) identified in AM19002 Building Capacity in Phytosanitary 
Irradiation - Pathways to Export. Steritech's journey has been long and challenging, facing many 
unforeseen challenges. Research &amp; development continues to be critical to the growing us of 
the end-point-treatment. This oral presentation will use Steritech and Australia's success in 
developing phytosanitary irradiation. It is intended to provide insights for designing e1icient and 
commercially significant research, and the often-complex challenging process of turning research 
into commercially significant outcomes. The presentation will also provide a brief update on fresh 
produce trade facilitated by the treatment, to create awareness and understanding for the treatment 
technology, including its impact on future research opportunities. 

Irradiation, x-ray, gamma ray, phytosanitary, ispm18, ismp28, end-point-treatment, export market access, protocol, trade, 
development  
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PP.9.1 Pathogen Genomics / Plant Pathogen Interactions PP26 

Epigenetic regulation on pathogenicity and patulin 
biosynthesis in Penicillium expansum 
Boqiang Li, Institute of Botany, China; bqli@ibcas.ac.cn  
Shiping Tian, Institute of Botany, China; 
Zhanquan Zhang, Institute of Botany, China; 
Tong Chen, Institute of Botany, China; 
Yong Chen, Institute of Botany, China. 

Penicillium expansum is one of the most important postharvest pathogens that causes blue mould 
disease and produces mycotoxin patulin, leading to huge economic losses and food safety issues. 
Many virulence factors and transcription factors have been proven to be involved in the 
pathogenicity and patulin biosynthesis of P. expansum. Histone H3 lysine 4 (H3K4) methylation is 
well recognized for its association with chromatin regulation and gene transcription. However, 
regulation of H3K4 methylation to pathogenicity and patulin biosynthesis is not well elucidated in P. 
expansum. Here, we identified seven components of Set1/COMPASS in P. expansum, a well-known 
histone methylation complex. The PeSet1, PeSwd1, and PeSwd3 involves in the 
H3K4me1/me2/me3, and PeBre2p, PeSdc1, PeSpp1, and PeSwd2 involves in the H3K4me3. The 
absence of each component impaired growth, pathogenicity, and patulin biosynthesis, as well as 
altered stress responses. The core component PeSet1 regulates patulin biosynthesis by mediating 
the expression of patulin cluster genes and crucial global regulatory factors. Moreover, subunit 
PeBre2p was found to interact with the conserved global regulator PeVelB at Asp294 of PeBre2p. This 
interaction a1ected fungal growth and utilization of fructose, lactose, glycine, and proline in P. 
expansum. In conclusion, this study revealed the important roles of epigenetic regulation on 
pathogenicity and patulin biosynthesis in P. expansum, which provide potential targets for the 
control of blue mould disease and patulin contamination. 

Blue mould, fruit, histone methylation, postharvest, Set1/COMPASS 
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PP.9.2 Pathogen Genomics/ Plant Pathogen Interactions PP5 

Rapid identification of quiescent C. gloeosporioides 
in fruits: A new approach to minimize postharvest 
losses 
Evgeni Eltzov, Israel; eltzov@volcani.agri.gov.il 
Manpreet Kaur, Israel. 

The problem of postharvest food losses is a major issue, having been estimated at 40% to 50% of 
harvested crops worldwide, mostly due to rots caused by fungi. After penetrating the unripe fruit, C. 
gloeosporioides (i.e. pathogenic fungi) remain quiescent ("sleeping") until the fruit ripens. The 
quiescent infections are microscopic and cannot be visually detected during packaging or 
subsequent transport. Thus, there is a need to design assays that allow the identification of the fungi 
at an initial quiescent stage of infection to prevent potential fruit decay during the supply chain and 
consumer storage. A rapid and easy-to-use paper-based LAMP assay was designed for detecting the 
enoyl CoA hydratase quiescent marker of C. gloeosporioides. The developed method requires a 
cheap cellulose membrane and heat block, enabling this method to be employed in resource-
limited settings. The paper-based LAMP assay evinces superior specificity as it e1ectively prevents 
the formation of spurious products during amplification. The assay was found to be highly specific 
for the quiescent stage of C. gloeosporioides with an analytical sensitivity of 0.5 pg of total extracted 
RNA. The developed assay generated the results within 40 min and hence can be e1iciently 
employed for identifying C. gloeosporioides presence and pathogenicity states in resource-limited 
settings. The unique ability of the proposed system to detect and recognize the fungus during the 
quiescent (latent) stage will decrease food losses by allowing improved postharvest management. 
For example, fruit with a high inoculum rate will be sold to the local market or as processed food, 
whereas fruit with low inoculum rates can be stored for long periods or exported. 

Postharvest food losses, fungal infections, LAMP assay, C. gloeosporioides detection 
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 PP.9.3 Pathogen Genomics / Plant Pathogen Interactions PP60 

Sequencing and comparative genomics of Athelia 
bombacina 
Xiaohui Jia, China; jiaxiaohui@caas.cn 
Weiwei Yan, China; 
Wenhui Wang, China. 

This is the first report of the genome-scale assembly and annotation of Athelia bombacina. It is a 
new and important pathogenic fungus on fruits during storage. This study aimed to develop genomic 
resources for A. bombacina and to thus provide both high quality data in this study. The genome is 
29.00 Mb in size, with an N 5 0 sca1old size of 2,943,476 bp and an N 5 0 sca1old size of 1,878,669 
bp, and 4,879 genes were successfully annotated by KOG . By comparison with databases, A. 
bombacina ABD-3 strain was successfully annotated with 2,807 proteins by GO. Most of the 
annotated molecular functional proteins were catalytic activity, the most of the cell components 
were cell membranes, and the most of the biological processes were metabolic processes and 
cellular processes. The number of proteins successfully annotated by KEGG database was 3,116, 
and they participated in 108 metabolic pathways. Among the 8,974 proteins successfully annotated 
with the NR database, and the Moniliophthora roreri genome had the highest correlation. A total of 
501 proteins were successfully annotated with the CAZyme database. The GHs protein family had 
the highest proportion of genes, which was 45.91%. Among them, four gene families: GH16, GH18, 
GH5, and GH43, had a higher proportion of GHs. Computational genomic findings were validated in 
the laboratory and it was found that A. bombacina can produce soluble sugar, oxalic acid, laccase, 
neutral xylanase and polygalacturonase in fermentation broth. 

Athelia bombacina, sequencing genomics, comparative genomics, secondary metabolites, pear 
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 PP.9.4 Pathogen Genomics / Plant Pathogen Interactions PP3 

Molecular pathogenic mechanism and regulatory 
network of postharvest important fungal pathogen 
Botrytis cinerea 
Shiping Tian, Institute of Botany, CAS, China; tsp@ibcas.ac.cn 
Zhanquan Zhang, China; 
Tong Chen , China;  
Yong Chen, China;  
Boqiang Li, China. 

Botrytis cinerea is one of the most destructive phytopathogenic fungi, causing grey mould rot to 
horticultural crops, particularly postharvest fruits and vegetables, leading to an annual economic 
loss of over $10 billion in the world. This fungal pathogen has a wide range of hosts, strong 
adaptability and di1icult control. Due to its substantial economic impact and scientific importance, 
B. cinerea ranks second among the top ten plant fungal pathogens worldwide. Based on more than 
15 years of systematic research, we established a library of B. cinerea mutants, obtained more than 
5300 transformers, and identified more than 20 key pathogenic genes involved in di1erent biological 
processes, such as ROS production/transmembrane transport, secreted proteins, light signal 
transduction and DNA methylation, as well as methyl jasmonate synthesis and capsaicin synthesis. 
These findings revealed the molecular pathogenic mechanism and regulatory network of B. cinerea 
and provided new evidence for in-depth understanding of the complex infection mechanism of the 
fungal pathogen. Moreover, these molecular targets are beneficial for the development of precise 
control technology to grey mould disease in fruit and vegetable crops. 

Postharvest disease, Botrytis cinerea, regulatory network, molecular mechanism, interaction 
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 PP.9.5 Pathogen Genomics / Plant Pathogen Interactions PP79 

New discoveries on emerging postharvest diseases 
of apples in Northern Italy 
Davide Spadaro, University of Torino, Italy; davide.spadaro@unito.it 
Sabine Oettl, Laimburg Research Centre, Italy; 
Dario Angeli, Fondazione Edmund Mach, Centro di Trasferimento Tecnologico, Italy; 
Alessandra Di Francesco, University of Udine, Italy; 
Luca Nari, AGRION, Italy; 
Vladimiro Guarnaccia, University of Torino, Italy. 

Postharvest apple diseases are mainly caused by fungal pathogens entering fruits through wounds 
during harvesting, handling, storage, transport, and marketing. Penicillium spp. Botrytis spp. 
Rhizopus spp. and Mucor spp. are common wound pathogens. Other pathogens are characterized 
by latent infections in field and symptom development during the postharvest phase. Latent 
pathogens are increasingly relevant on Italian apples during postharvest. Neofabraea alba and N. 
kienholzii cause bull's eye rot, infecting late-harvested varieties as Cripps Pink via lenticels. 
Propagules of N. alba are found in rainwater collected from apple orchards. Another pathogen 
infecting the lenticels is Ramularia mali, agent of dry lenticel rot, common on Golden Delicious and 
Ambrosia apples. White haze, reducing fruit quality, is attributed to various basidiomycetous genera, 
with Entyloma, Golubevia, and Tilletiopsis species being common in Northern Italy. New species like 
E. mali sp. nov. and G. mali sp. nov. have been identified. Fruit microbiome analysis showed that the 
agents of white haze are only epiphytic and they occur on the fruit skin just before harvest. On the 
contrary, Ramularia mali first appears as an endophyte at least 3 months before harvesting, but it 
becomes epiphytic starting from September and during storage. Changes in microbiota assembly 
and composition over time are crucial for understanding postharvest pathogen epidemiology. A 
SYBR Green qPCR assay detects and quantifies R. mali in apples, revealing its presence on 
asymptomatic fruits. Ramularia mali was found early in the season in the aerial microbiome 
analysed from spore traps placed in apple orchards. Other latent pathogens are emerging on apples 
in Italy, as Colletotrichum spp. agents of bitter rot, and Alternaria spp. agents of black rot. Fruit and 
aerial metabarcoding are valuable tools for the assessment and prediction of postharvest diseases, 
and to design targeted crop protection strategies. 

Latent pathogens; Colletotrichum spp.; fruit microbiome; metabarcoding; Neofabraea spp.; Ramularia mali; spore trap; white haze 
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 PP.9.6 Pathogen Genomics / Plant Pathogen Interactions PP89 

Benzothiadiazole-mediated disease resistance and 
fruit ripening of harvested banana and the possible 
mechanism 
Xiaoyang Zhu, South China Agricultural University; xiaoyang_zhu@scau.edu.cn 
Wangjin Lu, South China Agricultural University, China; 
Jianye Chen, South China Agricultural University, China; 
Xueping Li, South China Agricultural University, China. 

Benzothiadiazole (BTH) works as a plant activator. The e1ects of di1erent BTH treatments and 
fungicides SPORGON on fruit ripening and disease incidence and the possible mechanism of action 
were investigated. The results showed that BTH treatment significantly delayed banana (Musa spp.) 
fruit ripening, maintained fruit quality, and dramatically reduced the incidence of disease. BTH 
e1ectively inhibited the invasion and development of pathogenic bacteria and controlled the 
occurrence of disease, via enhancing the activities of defence-related enzymes, increasing the 
content of hydrogen peroxide and total antioxidant capacity. Cellular structure analysis after 
inoculation confirmed that BTH treatment e1ectively maintained the cell structural integrity. 
SPORGON did not provide benefits for delaying fruit ripening or for the resistance system, while it 
can control the disease only during the earlier stage and not at later stages. Transcriptome analysis 
identified 10,430 di1erentially expressed genes (DEGs) during the ripening process compared with 
freshly harvested fruit. Many DEGs were identified between the BTH and control group or prochloraz 
treatment, but only a few DEGs were found in the prochloraz treatment compared to the control 
group. A Kyoto Encyclopaedia of Genes and Genomes (KEGG) analysis showed that the DEGs 
induced by the BTH treatment were primarily enriched in the synthesis of terpenoid quinones, plant-
pathogen interaction, plant hormone signal transduction, phenylpropanoid biosynthesis, 
phenylalanine metabolism, peroxisome, and fatty acid biosynthesis among other pathways. BTH 
also induced the expression of many transcription factor (TF) families, including those in the WRKY, 
NAC, MYB and bHLH families, with the WRKY family being the most enriched. The WRKY TF interacts 
with many ripening- and secondary metabolism-related genes to regulate fruit ripening and disease 
resistance. Our results showed that, compared with the fungicide prochloraz, BTH alters the 
transcripts of the genes related to hormone signalling, secondary metabolism and resistance in the 
banana peel, and key TFs, thereby delaying fruit ripening, enhancing fruit resistance, and 
maintaining fruit quality. 

Benzothiadiazole, banana, fruit ripening, disease resistance, transcript level, WRKY 
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PP.11 - Plenary 4. Plenary Plenary 

Postharvest disease control – the fourth dimension 
and the pathobiome paradigm 
Samir Droby, Agricultural Research Organisation, Israel; samird@volcani.agri.gov.il  

Harvested commodities are prone to a wide range of diseases originating from various types of 
infections occurring pre- and postharvest. Understanding all factors involved in the pathosystem is 
the key to developing successful management strategies. In this regard, the commodity should be 
viewed as a dynamic system in which complex interactions exist between resident microbial 
communities and their host. Advanced tools and technologies currently available have dramatically 
enhanced our understanding of the association of plants with their microbiome and mechanisms of 
disease development. Looking at the disease as a process in this context has changed our 
perception of the single pathogen-single disease concept. Ample evidence shows that non-
pathogenic microorganisms cooperate with pathogens to enable infection and enhance the severity 
of the disease. Unravelling the fundamental ecological processes involved in the disease process is 
crucial. In our recent work, we show that the postharvest disease development is likely to be 
complex and may involve, besides the pathogen, other components of the microbiome. In this 
relation, the "pathobiome" concept is introduced and discussed. Additionally, the mechanisms 
underlying the assembly, dynamics, and functional profiling of fruit microbiome in the context of 
disease development and its management using biological strategies are also presented. 
Considering the dynamics and plasticity of the microbiome of harvested commodities in response 
to pre- and postharvest treatments and practices, the approach of using a single antagonist for 
biocontrol should be re-examined. 

Postharvest pathogens, fruit microbiome 
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PH.11A.1 Topics in Food Safety PH242 

From field to fork- do postharvest procedures ensure 
food safety? 
Danielle Duanis-Assaf, Agricultural Research Organisation – Volcani Institute, Israel; danielled@volcani.agri.gov.il  
Chani Bronshtein, Agricultural Research Organisation – Volcani Institute, Israel; 
Dorothy Matiki, Agricultural Research Organisation – Volcani Institute, Israel. 

In recent years, consumer demand for fresh food has increased significantly. Fresh fruits and 
vegetables include important nutrients, vitamins, minerals, dietary fibres, and other compounds 
that have been linked to improved human health. Fresh produce undergoes minimal processing from 
field to fork and is generally consumed in raw form. Along with their increased consumption, there is 
a surge in foodborne infections linked to human foodborne pathogens such as Listeria and 
Salmonella. According to the CDC, fresh produce accounts for more than 10% of all reported food 
poisoning outbreaks and illnesses. Today, postharvest treatments are available to minimize 
microbial load and the prevalence of foodborne pathogens on fresh produce. In most cases, the 
success of such treatments is assessed by the minimal inhibitory concentration for culturable 
bacteria in laboratory settings. The current study aims to investigate how postharvest procedures 
(disinfection and storage conditions) a1ect the survival of two prominent foodborne pathogens, 
Listeria and Salmonella. We combine traditional microbiology methods for estimating foodborne 
bacteria viability with advanced molecular and metabolic methods that allow us to distinguish 
between culturable and non-culturable bacteria in vitro and on fresh produce. Our data indicate that 
diverse disinfection treatments, such as peracetic acid and chlorine-based compounds, induce a 
viable but non-culturable (VBNC) state, which maintains bacteria vitality but inhibits their 
identification in common pathogen detection assays that rely on their ability to grow in lab 
conditions. Furthermore, we observed that low storage temperatures promote the transition to the 
VBNC condition. Overall, our findings provide new insight into the safety of postharvest fresh 
produce and highlight the need to develop novel, e1ective postharvest methods to ensure safer food 
while maintaining quality. 

Food safety, postharvest procedures, foodborne pathogens, disinfections, storage conditions, VBNC 
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 PH.11A.2 Topics in Food Safety PH252 

NZ horticultural food safety responses to Cyclone 
Gabrielle flood event Feb 2023 
Allan Woolf, Plant and Food Research, New Zealand;  
Graham Fletcher, Plant and Food Research, New Zealand; Graham.Fletcher@plantandfood.co.nz  
Graeme Summers, Plant and Food Research, New Zealand; 
Anna Kokeny, Plant and Food Research, New Zealand; 
Bethan Shaw, Plant and Food Research, New Zealand; 
Dave Rogers, Plant and Food Research, New Zealand;  
Reginald Wibisono, Plant and Food Research, New Zealand; 
Nicola Park, Plant and Food Research, New Zealand. 

In February 2023, Tropical Cyclone Gabrielle devastated some important horticultural areas of New 
Zealand. The Cyclone and subsequent flooding caused significant damage to 
agricultural/horticultural land and infrastructure. The cyclone had a US$0.5 billion impact on the 
horticulture industry, comprising crop losses, replanting costs and infrastructure replacement. The 
timing was particularly challenging, occurring during or near to fruit harvest. Food safety questions 
of immediate concern included: identifying and segregating submerged and contaminated product, 
how to determine the safety of any salvageable produce, and how to harvest, transport produce and 
mitigate food safety risks. Challenges included: the wide-spread scale of the destruction, 
inaccessibility of sites, workforce disruption, lack of knowledge about potential risks, relative 
absence of local or international guidance, and lack of on-site capacity for laboratory-testing. The 
flood response included food safety guidelines issued within 24 hours and detailed 
recommendations in seven days, with Zoom meetings for discussion. Regulators, researchers and 
industry stakeholders met to develop research plans. Emergency funding by government and 
donations of time and resources by stakeholders (researchers / industry) eventually enabled on the 
ground assessments to commence, but a lack of capability and the challenging conditions meant 
that it took 33 days before well-structured food safety testing programs commenced. Fruit that was 
submerged or contaminated was destroyed and not harvested or consumed. Interestingly, testing 
indicated that risks from agrichemicals (pesticides, fertiliser) or micro-organisms (from silt, manure, 
dead animals) had not significantly increased, possibly due to dilution e1ects and the contaminants 
being reduced post flood overtime by sunlight and rain. Additional research was carried out to 
determine impact of postharvest washing systems on microbial levels including optimising sanitiser 
treatments (concentration and time). We suggest that there is a need to pre-emptively develop event 
response sampling strategies, including providing "kits" in key sites to facilitate immediate sampling. 

Apple, kiwifruit, emergency response 
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 PH.11A.3 Topics in Food Safety PH163 

Patulin risk in apple within a month after harvesting 
Jorunn Børve, Norwegian Institute for Bioeconomy Research, Norway; jorunn.borve@nibio.no  
Marit Almvik, Norwegian Institute for Bioeconomy Research, Norway;  

Negative publicity when the mycotoxin patulin, which is highly toxic for humans, is found in apple juice 
indicates the need for pre-emptive investigations on risk factors. A major causal agent of patulin is 
Penicillium expansum. In Norway freshly made apple juice is popular among consumers, and a high price 
is obtained both for juice and cider fruit. Juice fruit are either picked directly into separate boxes or sorted 
out at grading. The majority of the fruit in Norway is graded within four to six weeks of harvest due to a 
combination of tradition, higher tax on imported fruit during the main sale season, a short growing 
season, and choice of cultivars grown. The combination of short storage and a relatively cold growing 
season should indicate a rather low risk of rot caused by P. expansum. However, incidence was observed 
over years in commercial fruit and in storage experiments with fruit from commercial or experimental 
orchards. Inoculation experiments were performed to estimate how quickly the pathogen produces 
patulin in amounts causing risk over acceptable limits in juice. It was clear that the risk of patulin in apple 
juice increased with time in cold storage. Three days in room temperature doubled the amount of patulin 
in the juice. Risk reduction treatments for growers, packinghouses, and juice producers are discussed. 

Mycotoxin, risk factors, pre and postharvest treatments 
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PH.11B.1 Non-destructive Assessment (4) PH268 

Physical degradation of onion quality after storage 
identified using X-ray CT 
Bayu Nugraha, Faculty of Agricultural Technology UGM, Indonesia; bayu.nugraha@ugm.ac.id  
Devi Priyanti, Faculty of Agricultural Technology UGM, Indonesia; 
Sri Rahayoe, Faculty of Agricultural Technology UGM, Indonesia; 
Fahrizal Yusuf Alandi, Vocational College, Indonesia. 

Sub-optimal storage conditions riskily degrade the quality of onion, even in a short-term period. 
Quality degradation of onion during storage is typically known from the physical appearance, but 
other physical defects also occur inside the onion that is visually undetectable. The internal defects 
may lead to uncountable losses of the onion. This research aims to identify and quantify the quality 
degradation of onion over di1erent storage conditions non-destructively using X-ray computed 
tomography (CT). To this end, onion was stored in 5, 20, and 35°C temperatures, with two relative 
humidity levels of 76 and 96%. Initial and final conditions of the onion were imaged using X-ray CT at 
a macro scale to see the internal and external structural changes. The physical parameters such as 
porosity and moisture content were spatially mapped in an intact onion. Also, the weight loss and 
transpiration rates were periodically monitored to be linked to the physical degradation occurring 
throughout the storage. The results showed that temperature and relative humidity strongly 
determine the external and internal physical changes of onion. As expected, the highest increase in 
weight loss occurred under the condition of 35°C and 76% RH. 

Postharvest, food loss, transpiration, shelf-life, storability 
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 PH.11B.2 Non-destructive Assessment (4) PH286 

Non-destructive measurement of mechanical 
properties during browning development in the 
compressed area of apples and nectarines 
Magdalena Urbanska, Massey University, New Zealand; m.urbanska@massey.ac.nz  
Mathew Legg, Massey University, New Zealand; 
Andrew East, Massey University, New Zealand. 

Fresh fruit are subjected to high forces during picking, transportation and storage. These forces 
might cause browning of the compressed tissue, making the fruit less attractive to the consumer. 
Browning of the compressed flesh is observed as the bursting of cells releases the phenolic 
compounds which oxidate through the action of the polyphenol oxidase enzyme (PPO). The oxidated 
phenolics then react with other compounds creating melanin. The oxidation of phenolics is not 
immediate and will depend on the PPO activity and ascorbic acid content which is an inhibitor of 
oxidation. Depending on the oxidation process, browning can be observed a few minutes or a few 
days post-compression. Browning is often studied as the change in colour observed through the skin 
as well as a change in near-infrared absorption or thermal di1usivity. However, the heavy melanin 
molecules provide mechanical strength to the compressed area changing its mechanical properties. 
In this work, mechanical changes due to browning development in 'Pink Lady' apples and 'Mayglo' 
nectarines were measured, immediately after the induction of water soaking due to cell bursting and 
after the bruise development. A non-destructive method based on mechanical wave propagation 
was used. The mechanical waves are a1ected by the mechanical properties of the medium they 
travel through allowing the medium assessment. A piezoelectric transducer was used to excite 
monochromatic mechanical waves and their propagation was monitored using Laser Doppler 
Vibrometer to estimate mechanical strength in the form of shear storage and loss moduli. We expect 
a decrease in the sti1ness in the compressed area soon after the compression and then an increase 
in sti1ness after the bruise development, which will be discussed. 

Bruising, surface waves, velocity dispersion, shear modulus, laser doppler vibrometer, Mayglo, pink lady, postharvest 
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 PH.11B.3 Non-destructive Assessment (4) PH162 

Fruit firmness by impact response analysis; theory, 
practice, new device and a curious observation 
Andrew McGlone, Plant and Food Research, New Zealand; Andrew.McGlone@plantandfood.co.nz  
Sam Langdon-Arms, Plant and Food Research, New Zealand; 
Ringo Feng, Plant and Food Research, New Zealand; 
Anne White, Plant and Food Research, New Zealand; 
Mark Wohlers, Plant and Food Research, New Zealand. 

The theory and practice of impact response analysis (IRA) for fruit firmness measurement is 
outlined, highlighting capabilities and limitations for application in the postharvest supply chain 
space. A new hand-held device is presented, the Soft Fruit Tester (SFT), with its long development 
history curated in terms of successes and failures. Experimental studies are reported that 
demonstrate SFT application across a wide variety of fruits undergoing post-harvest softening, 
indicating its potential usefulness across di1erent supply chains. The essential non-destructive 
nature of the device was also comprehensively confirmed. Large experimental studies on kiwifruit 
are reported involving comparisons against both industry standard penetrometer and manual 'hand-
feel' assessments. A curious feature of the kiwifruit studies is the observation of high linear 
correlation against penetrometer firmness at any time point during post-harvest softening but 
overall, across all time points, a strong curvilinear relationship. A plausible explanation for the 
curious observation is given in terms of the physical softening processes occurring in the fruit at 
di1erent times. 

Fruit, firmness, softness, non-destructive, impact response 
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 PH.11B.4 Non-destructive Assessment (4) PH161 

A non-contact acoustic resonance method for fruit 
firmness measurement 
Sam Langdon-Arms, Plant and Food Research, New Zealand; sam.langdon-arms@plantandfood.co.nz  
Andrew McGlone, Plant and Food Research, New Zealand; 
Maryam Alavi, Plant and Food Research, New Zealand. 

The method of acoustic resonance for fruit firmness assessment is outlined, both in theory and 
historical practice, with a new method described that involves no mechanical contact with the fruit 
and is fast enough for high-speed fruit grading applications. The new method impacts the fruit with a 
vortex of pressurised air, su1iciently short and sharp to initiate resonant acoustic wave generation in 
the fruit. The optical schlieren technique is used, with high-speed camera footage, to characterise 
the vortex. Fruit surface movement due to the resonant wave is measured using a laser doppler 
vibrometer. Fourier and wavelet analysis are examined as alternative algorithmic methods for 
extracting key resonant features. The method has been developed into a proof-of-concept device for 
high-speed fruit grading. Experimental trials on apples and kiwifruit are detailed, with comparisons 
with standard penetrometer and compression measurement methods. Conclusions are reached as 
to its potential e1ectiveness in grading di1erent fruit types. 

Fruit, firmness, acoustic resonance, non-destructive, grading 
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 PH.11C.1 Innovative Tech (2) PH52 

Phenylalanine: Improve fruit quality and resistance 
against biotic and abiotic stress 
Noam Alkan, Agricultural Research Organization, Israel; noamal@agri.gov.il  
Manish Kumar Patel, Agricultural Research Organization, Israel; 
Michal Fanyuk, Agricultural Research Organization, Israel; 
Dalia Maurer, Agricultural Research Organization, Israel; 
Oleg Feygenberg, Agricultural Research Organization, Israel; 
Michal Oren-Shamir, Agricultural Research Organization, Israel. 

Phenylalanine is an aromatic amino acid that initiates the biosynthesis of the phenylpropanoid 
metabolic pathway. Both preharvest and postharvest application of phenylalanine to several fruits 
have shown e1icacy in reducing decay caused by pathogens such as Colletotrichum 
gloeosporioides, Alternaria alternata, Lasiodiplodia theobromae, or Penicillium digitatum. This 
reduction is achieved by stimulating the metabolism of phenylpropanoids and the synthesis of 
antioxidant and antifungal flavonoids. Additionally, phenylalanine application induces the 
expression of genes associated with fruit defence mechanisms. The activation of the 
phenylpropanoid pathway and the overall defence response in fruits also enhances their tolerance 
to storage at suboptimal temperatures. Notably, a preharvest spray of phenylalanine, when 
combined with wounding, accelerates the curing of potato tubers by promoting phenylpropanoid 
metabolism up to lignin synthesis. Similarly, combining preharvest phenylalanine application with 
sunlight exposure in mango and apple trees leads to the production of anthocyanins, resulting in the 
induction of red-coloured fruit and increased resistance to pathogens. Fruits treated with 
phenylalanine are preferred by tasting panels due to their enhanced aroma and sweeter taste. 
Furthermore, the antioxidant properties of flavonoids in these fruits contribute to slower oxidation of 
fresh-cut produce. Employing an active edible coating of polysaccharides like chitosan or 
carboxymethyl-cellulose supplemented with phenylalanine has an additional positive e1ect on fruit 
quality improvement and protection against postharvest pathogens and chilling injury in avocado 
fruits. Hence, application of the amino acid phenylalanine induces a general defence response, 
thereby enhancing resistance to fungal pathogens and chilling stress. Furthermore, in combination 
with wounding, the phenylpropanoid pathway directs its flow towards lignin biosynthesis, facilitating 
tissue curing. Similarly, when combined with sunlight radiation, the pathway channels towards 
anthocyanin biosynthesis, resulting in the development of red colour peel. Overall, whether applied 
before or after harvest, phenylalanine amino acid enhances fruit quality, boosts resistance to both 
biotic and abiotic stresses, and improves the storability of produce. 

Induced resistance, phenylalanine, phenylpropanoid pathway, flavonoids, Anthocyanins, chilling, curing, flavour, coating, 
postharvest decay 
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 PH.11C.2 Innovative Tech (2) PH124b 

Impact of oxygen micro-nano bubble water on the 
quality and safety of ‘Fan Retief’ guava (Psidium 
guajava L.)  
Harold Malahlela, Stellenbosch University, South Africa; 21102619@sun.ac.za 
Zinash Belay, Research Council ARC, 7599 Stellenbosch, South Africa;  
Rebogile Mphahlele, Dept. of Land Reform and Rural Development, South Africa;  
Gunner O. Sigge, Stellenbosch University, South Africa; 
Oluwafemi James Caleb, Stellenbosch University, South Africa. 

Micro-nano bubble (MNB) water has emerged as an innovative technique with improved oxidative 
reactivity of aqueous-phase gases, which enhances the antimicrobial e1icacy. Thus, this study 
explored the impact of oxygen enriched MNB (O2 -MNB) on changes in colour parameters (hue angle 
and chroma), physiological properties (weight loss, respiration rate), biochemicals, visual 
appearance and microbial load of guava fruit packaged in clamshells stored at 13°C for 21 days. 
Commercial packhouse treatment (sodium hypochlorite, NaOCl) and untreated samples were used 
as controls. It was found that a 15-minute exposure to O2 -MNB e1ectively preserved the colour of 
guava fruit and resulted in higher hue angle (P > 0.001), chroma (P = 0.003) and overall good 
appearance (P > 0.001). In contrast, untreated control and NaOCl samples had a poor visual 
appearance with skin pitting and browning. Our results further revealed that O2 -MNB washing for 15 
minutes significantly delayed peak in respiration rate (P > 0.001), and consequently lowered TSS/TA 
compared with control and commercial NaOCl samples. In addition, fruit weight loss increased as 
storage duration progressed across all the treatments, however, O2 -MNB e1ectively minimized fruit 
weight loss at the end of storage. Immediately after treatment O2 -MNB resulted in 2 Log reduction in 
the natural microbial load on fruit surface. These results indicated that O2 -MNB for washing can be 
used as an alternative method of preserving guava fruits. 

Activated water systems, fruit quality, spoilage microbes, sodium hypochlorite 
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 PH.11C.3 Innovative Tech (2) PH132 

Postharvest methyl jasmonate application curtails 
decay incidence and alleviates oxidative stress by 
mediating reactive oxygen species and antioxidant 
defence system in cold stored jackfruit bulbs 
Jashanpreet Kaur, Edith Cowan University, Australia; jashanpreet.kaur@ecu.edu.au  
Zora Singh, Edith Cowan University, Australia; 
Muhammad Sohail Mazhar, Department of Industry, Tourism and Trade, Australia;  
Hafiz Muhammad Shah, Edith Cowan University, Australia;  
Andrew Woodward, Edith Cowan University, Australia. 

Methyl jasmonate (MeJA) plays a key role in the plant defence system. The positive e1ects of 
postharvest MeJA application in maintaining fruit quality and delaying senescence have been widely 
studied, however, its e1ect and mechanism of action in jackfruit is unknown. Therefore, the e1icacy 
of postharvest MeJA dip application (0, 0.25, 0.5, and 1 mmol L-1) in reducing decay incidence and 
maintaining the antioxidant potential of jackfruit bulbs under cold storage conditions over the 
storage period of 20 days was investigated. MeJA dip application maintained the quality of jackfruit 
bulbs as observed by reduced fruit weight loss and decay incidence in 0.5 mmol L-1 and 1 mmol L-1 
MeJA treatments, respectively. The soluble solids content was highest in bulbs treated with 1 mmol L 
-1 MeJA, while 0.5 mmol L-1 MeJA treated bulbs exhibited the highest titratable acidity as compared 
to the control. Following the 20 days cold storage period, 1 mmol L-1 MeJA treated bulbs maintained 
higher levels of carotenoids (17.31%), ascorbic acid (28.57%), total phenolics (18.12%), and 
flavonoids (22.32%) as compared to the control. Similarly, the bulbs dipped in 1 mmol L-1 MeJA 
showed higher activities of catalase, ascorbate peroxidase, superoxide dismutase, 
monodehydroascorbate reductase, dehydroascorbate reductase, and glutathione reductase as 
compared to other treatments. In addition, 0.5 mmol L-1 MeJA dip application considerably 
suppressed lipoxygenase activity, hydrogen peroxide radicals, and malondialdehyde content 
compared to other treatments. In conclusion, 0.5 and 1.0 mmol L-1 MeJA dip application is e1ective 
in controlling postharvest decay, maintaining antioxidant potential, and consequently mitigating 
oxidative stress in jackfruit bulbs. 

Jackfruit, methyl jasmonate, antioxidant potential, fruit decay, oxidative stress 
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 PH.11C.4 Innovative Tech (2) PH173 

Glucose treatment extends the vase life of gerbera 
cut flowers by improved water uptake 
Toru Hirose, Meiji University, Japan; lathyrus_odoratus@hotmail.com  
Takashi Handa, Meiji University, Japan. 

Gerbera (Gerbera x hybrida), one of the most popular cut flowers known for its wide range of flower 
colours and large composite flower head (pseudanthium), belongs to the Asteraceae family. A cut 
flower has a flower head and a stem (scape) without leaves. Many studies on gerbera cut flowers 
focus on stem bending, however other factors are still unclear. Gerbera 'Orange Cake' cut flowers 
were treated with 80 g L-1 (234 mM) sucrose or 42 g L-1 (234 mM) glucose solutions with 0.5 mL L-1 
Kathon CG and 50 mg L-1 aluminium sulfate. The vase life of gerbera cut flowers with 5 cm of scape 
was 13 days without sugars, 18 days by sucrose treatment and 20 days by glucose treatment, 
respectively. Similarly to other cut flowers, glucose treatment significantly extends the vase life more 
than sucrose treatment. The water uptake of gerbera cut flowers with 20-55 cm scape was 
measured and related to the scape length. On the first day after treatment (DAT), only the scape 
length a1ects the water uptake. From 2 DAT, treatments a1ect the water uptake; higher water uptake 
was observed with glucose treatment. From 6 DAT, the interaction between the scape length and 
treatment was observed. Longer scape treated with glucose kept higher water uptake. The longest 
vase life was observed with a 55 cm scape and glucose treatment. The vase life of gerbera cut 
flowers is related to its water uptake. 

Gerbera x hybrida, longevity, stem length, sucrose 
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PH.11D.1 Optimisation of Supply Chains PH42 

Exploiting large-scale packinghouse data in 
combination with postharvest trials in order to 
develop a better logistic management system for 
‘Orri’ mandarins  
Ron Porat, ARO, The Volcani Institute, Israel; rporat@volcani.agri.gov.il  
Abiola Owoyemi, The Hebrew University of Jerusalem, Israel; 
Amnon Lichter, ARO, The Volcani Institute, Israel;  
Moria Balaklav, ARO, The Volcani Institute, Israel; 
Noam Koenigstein, Tel Aviv University, Israel;  
Yael Salzer, ARO, The Volcani Institute, Israel. 

'Orri' mandarin is the main citrus variety grown in Israel, and in 2023, it accounted for 64% of all 
citrus exports. After harvest and packaging, the fruit can be directed to the local market (1-2 weeks 
storage), exported to Europe (3-4 weeks storage) or to farther destinations, such as to North America 
or East Asia (6-8 weeks storage). In preliminary studies, we encountered major variabilities in 
postharvest storage performances among batches of 'Orri' mandarins from di1erent orchards and 
harvest times. In the current study, we collaborated with Mehadrin Tnuport Export L.P. (MTEX), the 
largest citrus grower and Export Company in Israel, in order to evaluate whether we may utilize large-
scale pre-harvest and commercial packinghouse data provided by the exporting company in order to 
predict the postharvest storage performance of di1erent sets of 'Orri' mandarins. For that purpose, 
we collected during 3 years (2022-2024), from the MTEX packinghouse nearly 100 sets of 'Orri' 
mandarins per year, and examined their quality after 2, 4 and 8 weeks storage at 4°C and an 
additional week at shelf life at 22°C. The pre-harvest data consisted of tree age, yield, soil type, 
amounts of rain, harvest time, and other complementary data. The packinghouse data consisted 
ripening parameters (TSS, acidity), packing line checks (harvest, nature and pest damage, decay, 
and colour, shape and size abnormalities), and quality categories packaging rates. Consolidating 
these large-scale data using machine learning algorithms, revealed that the observed pre-harvest 
data and the packing line data allowed the prediction of fruit quality by an R2 of 0.74 and RMSE of 0.5 
on a quality scale of 1 (very bad) till 5 (excellent). Overall, the development of fruit quality prediction 
models based on commercial packinghouse data should assist in conducting better marketing 
decisions based on quality predictions, thus assuring quality and reducing losses. 

Logistic management, mandarin, postharvest, quality prediction models 
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 PH.11D.2 Optimisation of Supply Chains PH209 

Simulating supply chain handling scenarios to 
determine suitability of ‘R2E2’ mango fruit for 
seafreight  
Andrew Macnish, Department of Agriculture and Fisheries, Australia;  
Hung Duong, Department of Agriculture and Fisheries, Australia; hung.duong@daf.qld.gov.au 
Philippa Bryant, Department of Agriculture and Fisheries, Australia; 
Lawrence Smith, Department of Agriculture and Fisheries, Australia; 
Daryl Joyce, Department of Agriculture and Fisheries, Australia; 
Peter Hofman, Department of Agriculture and Fisheries, Australia. 

Australian mango exporters are exploring options to move away from a reliance on airfreight to lower 
cost sea freight. However, recent supply chain disruption has resulted in increased pack shed 
consolidation times and sea freight duration that reduced fruit shelf life for consumers. The present 
study simulated variations in 'R2E2' mango fruit consolidation time and sea freight duration at 12-
13°C under a controlled atmosphere that mimicked monitored sea shipments. The research was 
conducted with early- and late-season mangoes over two years. Impacts on fruit quality such as skin 
colour, firmness, weight loss, skin defects and marketable shelf life was assessed at di1erent stages 
during the simulation. The results from year 1 showed that average shelf life for early-season fruit 
was generally about 2 days greater than late-season fruit, even though they were picked only 14 days 
earlier from the same farm block. In year 2, under the best scenario of 0 day consolidation plus 15 
days sea freight, early-season fruit exhibited a shelf life of 8.4 days while it was 4.4 days for late-
season fruit. When shipment duration was increased from 15 to 20 days, early-season fruit lost 1-2 
days of shelf life. A similar trend was observed with late-season fruit. When consolidation time was 
increased from 0 to 2, 4 and 6 days, early-season fruit lost 1.5, 2.5, 3 and 4.8 days of shelf life, 
respectively. Fruit that were consolidated for 4 and 6 days did not have su1icient shelf life for 
consumers. Consolidation time did not significantly influence shelf life for late-season fruit. Taken 
collectively, it is recommended that 'R2E2' mango export consignments should not be consolidated 
at the pack shed for more than 2 to 4 days to maximise residual shelf life. Only early-season fruit of 
lower dry matter content should be sea freighted as they ripen slower and have a longer inherent 
shelf life. 

Mango, shelf life, export, simulation, sea freight 
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 PH.11D.3 Optimisation of Supply Chains PH256 

Postharvest interventions to facilitate sea freight of 
melons from Australia to export markets 
Sukhvinder Pal (SP) Singh, NSW Department of Primary Industries, Australia; sukhvinder.pal.singh@gmail.com  
Stela Gkountina, NSW Department of Primary Industries, Australia; 
Amy Lesiow, NSW Department of Primary Industries, Australia; 
Zabrina Khan, NSW Department of Primary Industries, Australia; 
Matthew Sessions, SMA Marketing Pty Ltd, Australia. 

Sea freight is the cost-e1ective and sustainable method for exporting fruits from Australia to markets 
in Asia and New Zealand. However, the susceptibility of melons to chilling injury and their short 
postharvest life pose challenges for refrigerated sea freight, which typically takes 2-3 weeks to reach 
nearby export markets. The bulkiness of melons and the associated transportation costs make 
airfreight commercially unviable for the industry. To address these issues and enable the industry to 
export melons, we examined the integration of modified atmosphere and humidity packaging (MAP) 
into postharvest handling and shipping protocols for rock melons (cantaloupes) and mini 
watermelons. These protocols encompassed postharvest cooling, washing, sanitisation, fungicide 
treatment and packaging in di1erent types of commercial plastic liners, followed by storage for 2 to 4 
weeks at temperatures of 5 or 10°C. These trials, conducted at a semi-commercial scale, aimed to 
simulate export supply chain conditions, and were evaluated based on parameters such as in-
package gas composition and humidity, weight loss, decay, fruit quality and microbial safety. It was 
observed that di1erent types of MAP liners showed a wide range of O2 (7.6 -15.1%) and CO2 (5.8 -
16.0%) concentrations in the package headspace after 2 weeks of cold storage. High levels of CO2 (> 
10%) were associated with the development of cavities in the flesh and slight o1-odours in both 
types of melons. The data indicated that, amongst other factors, fungicide treatment is crucial for 
achieving extended storage and shelf-life of both rock melons and mini watermelons under 
simulated conditions for up to 3 weeks. The suppression of stem-end mould growth was also 
observed in high CO2 MA bags during the first two weeks of cold storage. In conclusion, 
implementing the proposed postharvest protocols, including MAP packaging with suitable liners, 
can enable the export of rock melons and mini watermelons to target export markets via sea freight. 

Cantaloupes, watermelons, fruit quality, modified atmosphere packaging 
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PP.11.1 Disease Cycles (2) PP76 

Examination of dendrometers to determine apple 
lenticel susceptibility to bull’s eye rot in the orchard 
Reiny W.A. Scheper, Plant and Food Research, New Zealand; reiny.scheper@plantandfood.co.nz 
Cathy I.P. de Villiers, Plant and Food Research, New Zealand; 
Patrick Snelgar, Plant and Food Research, New Zealand; 
Kerry R. Everett, Plant and Food Research, New Zealand. 

Apple bull's eye rot, caused by the fungus Phlyctema vagabunda syn. Neofabraea alba, expresses 
during long-term fruit cool storage. Infections take place in the orchard through lenticels. Previously, 
it was shown that fruit susceptibility is moderated by hydration, and that hydration is a1ected by 
windrun and rainfall. Rather than rely on secondary weather data, our hypothesis is that tools such 
as dendrometers could be used to directly measure fruit hydration, and thus lenticel susceptibility 
to infection by P. vagabunda. To understand the interactions between dendrometers and lenticel 
susceptibility to infection by P. vagabunda, wind speed, relative humidity, rainfall and temperature 
were monitored on two orchard blocks on the Hawke's Bay Research Centre of Plant and Food 
Research. Anemometers were placed at three heights above the ground, within the canopy (1 m 
above ground level), at canopy height (2 m) and above the canopy (4 m). Dendrometers were placed 
on fruit and shoots, and lenticels on the North, South, East and West sides of apple fruit a few weeks 
before harvest were photographed and measured at two or three di1erent times during the day. 
Results of these analyses will be presented and discussed. 

apple, Malus domestica, Phlyctema vagabunda 
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 PP.11.2 Disease Cycles (2) PP81 

Major and emerging postharvest diseases impacting 
berry crops in Canada 
Rishi Burlakoti, Agriculture and AgriFood Canada, Canada; rishi.burlakoti@agr.gc.ca 
Amy Novinscak, Canada. 

Blueberry, red raspberry, and strawberry are major berry crops in Canada. Highbush blueberry and 
red raspberry are mainly cultivated in coastal region of British Columbia (BC), whereas strawberry 
are cultivated in several provinces including BC, Ontario, Quebec and eastern Canada. Botrytis fruit 
rot (BFR) caused by Botrytis cinerea is the most common disease of raspberry, blueberry, and 
strawberry occurred at harvest postharvest stages. BFR is more damaging in red raspberry than in 
the highbush blueberry in the coastal region of BC. Anthracnose fruit rot (AFR) caused by 
Colletotrichum spp. is also a major disease of strawberry and more problematic in eastern Canada 
than in BC. We will discuss on major impact of these fruit rot diseases on three berry crops in 
Canada and e1orts to mitigate these fruit diseases. We will also present the epidemiology of BFR of 
red raspberry and highbush blueberry during 2020 to 2022. The variability among cultivars of red 
raspberry and highbush blueberry on BFR incidence in multiple years will be discussed. Finally, we 
will present the update on emerging foliar and fruit disease of strawberry caused by 
Neopestalotiopsis in Canada. 

highbush blueberry, postharvest diseases, Botrytis, Colletotrichum 
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PP.11.3 Disease Cycles (2) PP38 

Anticipating an incursion by the grape pathogen, 
Guignardia bidwellii 
Lisa Jamieson, The New Zealand Insitute for Plant and Food, New Zealand; Lisa.Jamieson@plantandfood.co.nz  
Owen Woodberry, Bayesian Intelligence, Australia; 
Michael Ormsby, Ministry for Primary Industries, New Zealand; 
Thomas Moore, Plant and Food Research, New Zealand; 
Nari Williams, Plant and Food Research, New Zealand; 
Kerry Everett, Plant and Food Research, New Zealand. 

The fungus Guignardia bidwellii (black rot) causes a pre- and postharvest disease of grapes (Vitis 
vinifera). When infected berries are inadvertently mixed with healthy berries, the resultant wine 
develops unpleasant o1-flavours. Black rot is native to North America, and from there has spread to 
Europe, Central and South America, Asia, Africa and Australasia (New South Wales and Christmas 
Island). Black rot has probably been spread around the world in grape cuttings and rootstocks, but 
can also contaminate micropropagated plants and fresh grape berries. Alternate hosts produced as 
nursery plants could also provide entry points, such as Asplenium nidus (bird's nest fern) and 
Pathenocissus tricuspidate (Boston ivy). An integrated biosecurity risk assessment model (IBRAM) 
has been developed to evaluate the risk of establishment and dispersal of invasive species along 
trade pathways. This model has previously been used for insect pests, and has now been adapted to 
model risk for plant pathogens (IBRAM-path). An example of how IBRAM-path can be used for 
evaluating the risk of incursion of a postharvest pathogen, G. bidwellii, through di1erent pathways 
into Aotearoa New Zealand, will be presented and discussed. 

Vitis vinifera, pathways, biosecurity, incursion, risk, model, Bayesian networks 
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 PP.11.4 Disease Cycles (2) PP91 

Postharvest decay and spoilage of tomato from small 
scale farmers at harvest and storage 
Tintswalo Molelekoa, South Africa; u13131975@tuks.co.za 
Edwin Karoney, University of Pretoria, South Africa; 
Nazareth Siyoum, University of Pretoria, South Africa;  
Lise Korsten, University of Pretoria, South Africa. 

Tomato is the second most important vegetable crop in South Africa, contributing over 24% of the 
gross vegetable production. Despite the importance of tomato, reports demonstrate that farmers 
lose approximately 76% of the crop after harvest. This study therefore aimed to evaluate postharvest 
decay and spoilage losses of tomatoes in small-scale production in Gauteng Province. To achieve 
this, six kilograms of tomato boxes were collected in triplicates from eight farms across three regions 
in Gauteng Province. A total of 216 kg of tomato (36 boxes) were collected during the 2022/2023 
growing season for loss identification and quantification at harvest (day 1) and storage (day 7 and 
14). In addition, the tomatoes were analysed for changes in quality parameters (firmness, pH, weight 
and TSS). The overall results show that firmness is negatively corelated to pH and TSS during storage. 
The analysis indicated that losses due to spoilage and decay contributed 11% of the average 
postharvest losses on day one. Decay losses were significantly higher after storage (day 7 and 14) (p 
= 0.000) with an average of 40%. The fungi associated with postharvest decay were identified as 
Fusarium spp. Alternaria spp. and Colletotrichum spp. In addition, bacteria such as Bacillus spp. 
Enterobacter spp. Pseudomonas spp. Serratia spp. Pantoea agglomerans and Erwinia percicina, 
were also associated with spoilage of tomatoes in storage. Contamination of the fruit can occur pre-
harvest and/or through improper handling at postharvest. The study therefore recommends farmers 
training on good production practices to prevent contamination of tomato with potential plant and 
human pathogens thereby improving the shelf life and food safety in storage. 

Postharvest loss, decay and spoilage pathogens, postharvest storage, food security 
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FVH.11.1 A Focus on the Pacific FV?? 

An overview of the influential developments and 
stakeholders within the food composition program of 
the Pacific Islands: Current and future directions 
Vincent Lal, University of the South Pacific, Fiji; vincent.lal@usp.ac.fj 
Ann Hayman, New Zealand 
Carolyn Lister, Plant and Food Research, New Zealand 
Gina Kennedy, Alliance Biodeversity-CIAT, USA 
Barbara Burlingame, Massey University, New Zealand 

There are over 11 million people living in small islands scattered across the vast ocean of the Pacific 
Island Region. The region consists of three island groups: Micronesia, the Melanesia and the 
Polynesia. The region has a notable increase in population moving from rural to urban areas in the 
Pacific Islands. Over time such rural to urban drift has led to wide ranging dietary changes from the 
more traditional or indigenous root crop-based cuisines to a higher reliance on imported food. It is 
also noteworthy that across most of the Pacific Islands, incidence non-communicable disease is 
also on the rise and the region has among the highest per capital of diabetes in the world. One of the 
reasons for high NCDs may be a result of individuals’ not consuming su1iciently diverse or nutritious 
food. Hence it is important that Pacific Island Communities and Stakeholders understand the 
nutritional value of food consumed by Pacific Islanders. This requires an understanding of the 
composition of food consumed. Food composition initiatives in the Pacific Islands began in the late 
1940s and early 1950s by the South Pacific Commission (now Pacific Community) with a focus on 
commonly consumed Pacific Island Foods. In the 1970s much of the food composition work 
focused on the issues relating to the rise of non-communicable diseases e.g. diabetes and heart 
diseases. Subsequent work by the SPC focused on reviewing data on the nutrient composition of 
Pacific foods and to make recommendations concerning the need for additional food composition 
data in the region. One of the key initiatives in the development of food composition tables for the 
Pacific Islands was setting up of a working group which comprised of key stakeholders in the Pacific 
Islands, including SPC and the University of the South Pacific among others. Some of the gaps and 
limitations towards the development and printing of the Pacific Islands Food Composition Tables 
were identified. A strong collaborative e1ort between the SPC nutrition programme and the New 
Zealand Institute for Crop and Food Research during 1993 - 94 resulted in the publication of the first 
edition of the tables. However, there were still important gaps in the data. Funding for the second 
edition, including the necessary analytical work, laboratory accreditation and publication, was 
provided by the Food and Agriculture Organization of the United Nations (FAO). The work was 
undertaken primarily at the Institute of Applied Sciences at the University of the South Pacific and 
the second edition was published in 2004. In 2019, the FAO together with the Institute of Applied 
Sciences of the University of the South Pacific and other stakeholders in the Pacific Island Region 
initiated the “Feasibility study to update the Pacific Islands Food Composition tables” to its third 
edition. In 2023, the Periodic Table of the Food Initiative (PTFI) set up a Centre of Excellence at the 
University of the South Pacific to support food composition data analysis in Oceania. An overview of 
influential developments and stakeholders within the food composition program of the Pacific 
Islands as the current and future direction are presented in this talk. 

Diets, nutrients, health, non-communicable diseases, data  
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FVH.11.2 A Focus on the Pacific FV?? 

The power of Pacific cuisine 
Robert Oliver, Fiji; robert@pacificislandfoodrevolution.com 

Pacific Island Food Revolution is a transformative initiative dedicated to revitalizing and preserving 
the rich culinary traditions of the South Pacific. The project seeks to celebrate the diverse food 
cultures of the Pacific Islands, which include Fiji, Samoa, Vanuatu, the Kingdom of Tonga, and Papua 
New Guinea. At its core, the initiative addresses the dual challenge of maintaining traditional food 
practices in the face of modernization, climate change and to improving public health through diet. 
It’s anchor product is an MKR style cooking competition series that has run for 3 seasons, designed 
to educate both local populations and international audiences about the nutritional benefits and 
cultural significance of Pacific Island cuisine and an associated social media and radio campaign. 
There are local spin o1s including a Pacific Kids Revolution with UNICEF and Sanma Food 
Revolution, a grass roots community cooking food show created by 2 of the cook teams from season 
2. Pacific Island Food Revolution is now partnering with the Periodic Table Food Initiative (USA), a 
food and nutrition science organization to add a quantifiable nutrition science underpinning to our 
work, and the University of the South Pacific to create student led food revolution. We will partner 
with Professor Steven Ratuva and the climate team at the University of Canterbury to add a climate 
lens to our messaging. Simply put, local food is both health positive, climate positive and 
biodiversity positive. In its next phase, Pacific Island Food Revolution, as well as continuing our 
media, will work within education and tourism to develop local cuisine curricula for hospitality 
students in an e1ort to localize the Pacific tourism and thus reduce food imports and provide a 
richer food experience for visitors. We believe the true emergent change is SOCIAL. It happens with 
people. Policy and strategies provide a framework, but real change happens in people. Through its 
comprehensive approach, the initiative not only honours the past but also shapes a healthier and 
more sustainable future for Pacific Island people. Our aim is to create a population level fleet of 
local food warriors who can cook take health and climate actions in their kitchens. The revolution 
begins at home. 

Food, health, sustainable diets, nutrition, dietary change 
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PH.12A.1 Applications of AI PH78 

Artificial intelligence as a tool for optimization of 
postharvest protocols  
Dan Gamrasni, MIGAL Galilee Research Institute, Israel; danny.gamrasni@gmail.com  
Assaf Israeli, MIGAL Galilee Research Institute, Israel; 
Tom Shlomovich, MIGAL Galilee Research Institute, Israel;  
Martin Goldway, MIGAL Galilee Research Institute, Israel;  
Ofer M. Shir, MIGAL Galilee Research Institute, Israel. 

Postharvest losses reach up to 25-40% of the agricultural production, causing economic and food 
security damages. A wide range of treatments are applied to improve the postharvest potential for 
better maintenance of the global food chain. The current common experimental method is to 
examine one by one the preservation e1ect of di1erent treatments on a given agricultural product. 
Using artificial intelligence (AI) we suggest an innovative approach in which an ensemble of 
treatments is examined simultaneously, hypothesizing that a synergistic e1ect between the 
treatments will provide an enhanced preservation e1ect. This approach is challenging since some of 
the treatments can be examined at numerous activation levels providing a vast search space. As a 
case study, cucumbers were chosen due to their high postharvest losses and their availability all 
year round so that repeated experimental iterations could be examined. The optimization algorithm 
suggested 11 combinations per iteration comprising 2 postharvest treatments selected from a pool 
of 10 treatments, along their activation levels and a package selected from 3 possible types. This 
combinatorial search space consists of about 106 possible combinations. The experiment was 
conducted at 2 temperatures: 10°C for the simulation of refrigerated fruit, and 20°C for the 
simulation of marketed fruit. Fruit quality parameters were assessed at the beginning of the 
experiment and after 4 weeks of storage. The quality of each cucumber was scored according to the 
summarized change of parameters including peel colour, sti1ness, weight, and visual quality. A 
minimal change of the di1erent parameters represents a successful treatment indicating quality 
preservation. According to the results of each iteration, the algorithm produced a new set of 
combinations for the next iteration. After 7 experimental iterations some new protocols were found 
that significantly improved the quality of cucumbers at both temperatures. For example, one of the 
new protocols enabled cucumbers with good marketing quality after 9 weeks in cold storage, far 
more than the current storage ability. This innovative approach demonstrates the potential of 
integrating AI into the development of postharvest protocols for agricultural produce, reducing waste 
and improving food security. 

Artificial intelligence, cucumbers, protocol 
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 PH.12A.2 Applications of AI PH188 

Non-destructive codling moth detection in pear fruit 
using X-ray imaging and deep learning 
Pieter Verboven, KU Leuven MeBioS Postharvest Group, Belgium; pieter.verboven@kuleuven.be  
Jiaqi He, KU Leuven MeBioS Postharvest Group, Belgium;  
Tim Belien, pcfruit npo, Belgium;  
Ammar Alhmedi, pcfruit npo, Belgium;  
Ann Schenk, Flanders Centre of Postharvest Technology, Belgium;  
Dany Bylemans, pcfruit npo, Belgium;  
Bart Nicolai, KU Leuven MeBioS Postharvest Group, Belgium. 

The codling moth (Cydia pomonella, Lepidoptera: Tortricidae) is one of the most devasting internal 
feeding pests in pears. The insect feeding often occurs within the fruit during growth without showing 
obvious external symptoms, which fail to be detected by current commercial quality grading 
systems based on external properties of fruits. Manual inspection is subjective and unable to 
inspect every sample. A non-destructive, rapid and reliable inline system is needed for this 
quarantine organism. X-ray imaging has been proposed as a non-destructive imaging method that 
allows to inspect the volume of fruit. However, more futile defects are more di1icult to identify, 
especially by conventional image processing. Deep learning utilizes its deeply nested neural network 
architectures to automatically learn most relevant features to fulfil tasks such as image 
classification, which imitates the mechanism of the human brain. The method has shown promising 
capability in X-ray image processing compared with traditional machine learning, which requires 
hand-crafted feature extraction that often proves di1icult. In this contribution, we tested the 
performance of di1erent deep learning algorithms using convolutional neural networks for detecting 
fruit moth infestations at di1erent developmental stages. Thereto, 360 fruit were infested to obtain a 
control and 3 di1erent infestation groups. X-ray imaging with an inline line scanner was performed to 
obtain 2D scans of each fruit from 2 angles. E1icientNet models were trained and tested to predict 
multiclass labels. The e1ects of image resolution and number of images per fruit on classification 
success were analysed. The detection method was also tested on a batch of naturally infested fruit. 
The highest classification accuracy is currently above 87% but is expected to be improved 
considering taking into account data augmentation, multiple view angles and/or 3D imaging using X-
ray computed tomography (CT). 

Internal defects, inline sorting, quarantine measures, machine learning, X-ray radiography 
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 PH.12A.3 Applications of AI PH245 

Melon colour analysis for smarter harvest decisions 
and quality evaluations 
Elia Gutierrez-Baeza, University of California, Davis, United States of America; eigutierrezbaeza@ucdavis.edu  
Muyun Tsen, University of California, Davis, United States of America;  
Adrian O. Sbodio, University of California, Davis, United States of America; 
Barbara Blanco-Ulate, University of California, Davis, United States of America. 

Fruit colour is a crucial feature that undergoes complex changes throughout maturity and ripening, 
significantly impacting marketability and consumer acceptance. In the past, melon growers used 
skin colour as a maturity index to ensure uniform quality at harvest and consumer acceptance. 
However, modern long shelf life (LSL) cantaloupe varieties do not exhibit common colour changes 
through ripening, making it di1icult for growers to decide when to harvest the fruit. In this research, 
we examined the di1erent external colorations of LSL cantaloupe varieties during harvest and 
postharvest, including some newly bred varieties that aim to bring back the colour changes related 
to ripening. First, we overcame various challenges when conducting image-based colour analysis on 
melon fruits. One of these was the need to digitally eliminate the fruit netting from the images since 
the colour of this protective tissue is not always linked to maturity. We then evaluated the 
cantaloupe skin colour patterns and how they change across time and postharvest storage. We used 
customized Python scripts and the R package "recolourise" to extract the three main colours in the 
skin of each melon (n= 180-196) per variety. We then performed a k-mean cluster analysis to group 
the cantaloupes based on their primary colours. We selected standard melon images representing a 
ripening progression within our analysis to help assign the fruit to a specific maturity stage. This 
quantitative colour-based approach for assigning maturity has been validated in five distinct melon 
varieties, and we are continuing with the evaluations in additional materials. Our ultimate goal is to 
create a tool that can assist breeders and growers in determining cantaloupe maturity using 
photographs. Moreover, this colour-analysis pipeline could be applied to other fruits whose colour 
patterns are complex and not easily predicted. 

Shelf life, marketability, postharvest, maturity, image analysis, cantaloupe 
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PH.12A.4 Applications of AI PH174 

Development of a vase life prediction system for cut 
roses based on a cultivar-specific scoring system 
Byung-Chun In, Andong National University, Korea (Republic of); bcin@anu.ac.kr  

With the increase of e-commerce purchase, the longevity of cut flowers significantly influences 
consumer purchasing decisions, thus it necessitates establishing an accurate quality guarantee 
system to ensure the vase life of cut flowers. However, existing vase life guarantee methods often 
rely on subjective assessments, overlooking critical factors such as senescence characteristics and 
susceptibility of cut flowers to diseases. The vase life of cut flowers is influenced by a variety of 
senescence characteristics, distribution environment, and disease susceptibility, devising a single 
prediction model that accurately predicts the vase life of cut flowers remains challenging. In this 
study, we developed an artificial intelligence prediction system for the potential vase life of various 
rose cultivars using deep learning and hyperspectral imaging systems. To improve the accuracy of 
the prediction system, we analysed the contribution rates of the physiological and disease factors 
that a1ecting the longevity of cut roses. The results showed that the primary factors determining the 
vase life of cut roses were di1erent according to the flower susceptibility to ethylene, water stress, 
Botrytis cinerea (Bc), and both ethylene and Bc in regardless of the cultivars. Thus, we separated the 
rose cultivars into eight groups based on the four susceptibility natures and two types (standard and 
spray) and developed a cultivar-specific scoring system (CSSS). The CSSS was able to apply 
di1erent weight values of the longevity factors for the each rose cultivar during the model learning 
and development. The model constructed based on the CSSS showed higher performance in 
predicting vase life of various cut rose cultivars compared to the models based on the 
comprehensive scoring system which we developed previously. Our results revealed that the vase 
life prediction model based on CSSS is a reliable method for evaluating the vase life of cut roses. 

Artificial intelligence, Botrytis cinerea, deep learning, hyperspectral camera, prediction, vase life 
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PH.12B.1 Food Safety Workshop PH260 

Food safety of fresh produce: striking a balance 
between compliance, sustainability and profitability 
Sukhvinder Pal (SP) Singh, NSW Department of Primary Industries, Australia; sukhvinder.pal.singh@gmail.com  

Food safety stands at the crossroads of scientific research, regulatory standards, operational 
practices and economic viability. It plays a pivotal role in safeguarding the consumers, industries 
and market access. At its essence, scientific research drives our understanding of microbial 
pathogens, contamination pathways, and strategies for mitigation, laying the groundwork upon 
which food safety standards are developed. Regulatory frameworks, grounded in scientific evidence, 
establish benchmarks aimed at safeguarding public health and preserving consumer trust. 
Conversely, growers and packers/processors endeavour to uphold these standards while 
maintaining their economic viability. Challenges to adherence may arise due to various factors such 
as limited resources, economic constraints, or external variables like weather conditions and 
wildlife. This presentation aims to illuminate these challenges and showcase the success of 
industry's food safety initiatives towards achieving a harmonious balance between regulatory 
compliance, sustainability and profitability. Drawing from real-world examples in the leafy vegetable 
and melon sectors, we will illustrate how this balance is being achieved through initiatives like the 
'Safe Leafy Veg' and 'Safe Melons' programs led by the New South Wales Department of Primary 
Industries and supported by industry, government and regulators in Australia. These programs are 
industry-led but driven by world-class science and data-based food risk management. In a nutshell, 
we will demonstrate the translation of scientific research into the adoption of best practice, leading 
to food safety outcomes desired by all supply chain participants. 

Foodborne illness, best practice, whole-genome sequencing, supply chain, consumers 
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PH.12C.1 Postharvest Ripening PH113 

Kiwifruit softening: A cell wall study 
Christina Fullerton, Plant and Food Research, New Zealand; christina.fullerton@plantandfood.co.nz  
Roneel Prakash, Plant and Food Research, New Zealand; 
Ian Hallett, Plant and Food Research, New Zealand; 
Robert Schaler, Plant and Food Research, New Zealand; 
Rosie Schroeder, Plant and Food Research, New Zealand. 

Success of a new kiwifruit cultivar requires not only good taste, but also a storage life that allows it to 
remain firm during storage and transport to distant markets, and the subsequent ability to soften 
and ripen once it reaches the consumer. During the ripening process it is changes in the cell wall 
composition and in the structure of the cell walls that enable fruit to soften and become edible. 
Within kiwifruit (Actinidia spp.) there are closely related genotypes that show large di1erences in 
softening rates. We compared two such cultivars with di1erent softening rates to investigate the 
biochemical, structural and molecular bases of fruit softening, with a view to identifying key 
softening regulators. Compositional analysis of cell walls during softening showed di1erences in 
monosaccharide composition between the cultivars at the same developmental stage. This 
indicates that the rate of softening may not be just an e1ect of increased enzyme activity, but that 
there may be fundamental di1erences in the cell wall composition. Immunolocalisation studies 
using monoclonal antibodies showed di1erences in the distribution of specific epitopes, particularly 
in the hemicellulose domain of the cell wall. The activity of key cell wall enzymes, such as 
xyloglucan endotransglycosylase, also di1ered. Collectively this information suggests that softening 
rate is influenced by the modification of specific cell wall polysaccharides. This idea is supported by 
expression analysis of xyloglucan transglycosylase/hydrolase (XTH) genes, which suggests that 
genes coding for di1erent XTH isozymes may play key roles in controlling softening rates in kiwifruit. 
Extending the knowledge of the cell wall components, structural properties and genes expressed 
during softening can be applied to identify chemical and genetic markers for breeding kiwifruit to 
enable early-stage selection of genotypes with a preferred softening rate. 

Actinidia, cell wall, enzymes, gene expression, immunolabelling, sugar composition 
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PH.12C.2 Postharvest Ripening PH119 

New insights on the regulatory biology of the ripening 
block in avocado 
Donald Hunter, Plant and Food Research, New Zealand; donald.hunter@plantandfood.co.nz  
Huaibi Zhang, Plant and Food Research, New Zealand;  
Nigel Gapper, Plant and Food Research, New Zealand;  
Kristie O'Donnell, Plant and Food Research, New Zealand;  
Nathanael Napier, Plant and Food Research, New Zealand;  
Zoe Erridge, Plant and Food Research, New Zealand;  
Paul Pidakala, Plant and Food Research, New Zealand;  
Ali Saei, AgResearch, New Zealand; 
Janine Cooney, Plant and Food Research, New Zealand;  
Catrin G nther, Plant and Food Research, New Zealand;  
Charles David, Plant Food ResearchNew Zealand;  
David Brummell, Plant and Food Research, New Zealand;  
Jason Johnston, Plant Food Research, New Zealand;  
Allan Woolf, Plant and Food ResearchNew Zealand. 

'Hass' avocado fruit (Persea americana Mill.) have the remarkable ability to hang on the tree in a 
physiologically mature but unripe state for over twelve months. Previous research suggests that 
ethylene regulation is involved, because ethylene is critical for ripening of the fruit o1-tree. Those 
studies showed that avocados vary widely in their sensitivity to ethylene at harvest, and that 
ripening/softening occurs two days after climacteric ethylene production has peaked in the fruit. We 
hypothesized that at-harvest fruit response variability to ethylene reflects di1erences in the loss of 
their residual on-tree ripening-block strengths. By taking small tissue samples from fruit still on the 
tree, we directly paired ethylene sensitivity di1erences of individual fruit once picked back to their 
on-tree transcriptomes and identified gene expression associated with the on-tree ripening block. 
Physiologically mature fruit (based on size and dry matter content) that were insensitive to a 24-h 
ethylene treatment administered at harvest had on-tree transcriptome profiles usually associated 
with very young immature fruit. More specifically, the fruit were enriched in transcripts related to 
gibberellin biosynthesis and auxin signalling. The on-tree relative transcript abundances of three 
genes associated with these pathways were subsequently shown to predict how fruit would 
immediately respond to an ethylene challenge at harvest: either by producing autocatalytic ethylene 
production and ripening earlier, or by being insensitive to the hormone. Relatively high or low 
transcript abundances of these three genes in fruit could be used to predict whether the fruit will 
ripen earlier or later after harvest in the absence of an ethylene challenge. We conclude that 
avocado fruit on-tree have di1erent strengths of ripening inhibition, which is caused by the 
di1erential retention of gibberellin and auxin-related biology that a1ects their ethylene sensitivity. 

Avocado; ripening block; ethylene sensitivity 
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PH.12C.3 Postharvest Ripening PH71 

A new role for gibberellin A metabolism in 
modulating the pre-climacteric phase of avocado 
(Persea americana Mill. ‘Hass’) fruit postharvest  
Catrin Guenther, Plant and Food Research, New Zealand; catrin.guenther@plantandfood.co.nz  
Dwayne Jensen, Plant and Food Research, New Zealand;  
David Billing, Plant and Food Research, New Zealand;  
Tania Trower, Plant and Food Research, New Zealand;  
Janine Cooney, Plant and Food Research, New Zealand;  
Jeremy Burdon, Plant and Food Research, New Zealand. 

The heterogeneity of avocado fruit (Persea americana Mill. ‘Hass’) ripening postharvest causes 
logistical challenges in delivering fruit with consistent quality to consumers. Despite numerous 
studies on the ripening-associated increase in ethylene production, the plant hormonal signals 
coordinating the onset of the climacteric phase are poorly understood. In this study, the 
accumulation patterns of seven major plant growth regulator (PGR) classes, and their associated 
metabolites, were monitored from individual 'Hass' fruit using biopsy samples throughout the pre-
climacteric phase (PCP): at harvest, the three days thereafter when fruit develop ethylene sensitivity, 
and when fruit started producing ethylene, marking the end of the PCP. Through this approach, 
changes were revealed in metabolism and content of abscisic acid (ABA), auxin (IAA), gibberellins 
(GAs), salicylic acid (SA), jasmonic acid (JA) derivatives, cytokinins (CKs) and for the first time in 
avocadombrassinosteroids (BRs). Across fruit, increased ABA was associated with the climacteric 
rise in ethylene, whereas bioactive GAs, SA-biosynthesis, JA-isoleucine, BR and major cytokinins 
(CKs) decreased significantly. Variation in PCP-duration segregated fruit from the same harvest into 
'Short'-PCP fruit, which entered the climacteric phase 5 days after harvest with a strong burst of 
ethylene (80.1 ±16.9 µL/kg/h) and 'Long'-PCP fruit that entered the climacteric 8 days after harvest 
with a lower burst of ethylene (32.8 ±7.6 µL/kg/h). Pronounced di1erences in PGR composition at 
harvest discriminated 'Short'-PCP fruit by reduced bioactive GA contents and higher amounts of the 
catabolite GA51, whereas 'Long'-PCP fruit contained elevated concentrations of IAA, hydroxylated 
ABA-catabolites, SA-glucoside and the CK dihydrozeatin riboside. The at-harvest di1erences were 
maintained through to the climacteric stage. Together these results indicate that GA-metabolism 
may coordinate ethylene sensitivity during the early PCP in interaction with ABA, while additional 
PGRs that are negatively associated with the climacteric rise in ethylene production, modulate the 
length of the PCP. 

Avocado, plant growth regulator, metabolism, ripening, gibberellin A, ethylene, abscisic acid, brassinosteroid 
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 PH.12C.4 Postharvest Ripening PH143 

The e1ect of storage temperature on post-harvest 
transcriptomic dynamics in ‘Red Aroma’ apple fruit 
Theresa Weigl, Norwegian Institute of Bioeconomy Research, Norway; theresa.weigl@nibio.no  
Jorunn Børve, Norwegian Institute of Bioeconomy Research, Norway;  
Emily Follett, Norwegian Institute of Bioeconomy Research, Norway;  
Hanne Larsen, Norwegian Institute of Food, Fisheries and, Aquaculture Research, Norway;  
Carl Gunnar Fossdal, Norwegian Institute of Bioeconomy Research, Norway;  
Siv Fagertun Remberg, Norwegian University, Norway. 

With about 30% of the total volume, 'Red Aroma' is the main apple cultivar in Norway, appreciated 
for its mild aromatic taste and suitability for the short growing season. However, the cultivar has 
numerous challenges in storage and relatively quickly reaches an unacceptable fruit quality. To 
provide a base for postharvest improvements, transcriptomic changes in cold-stored fruit were 
investigated. Fruit was picked at two distinct maturities, with a three-week gap between the 
harvests. After harvest, the fruit were stored in regular atmosphere cold storage at either 4°C or -
0.5°C. Fruit quality was analysed both at harvest and after the cold storage period of up to 13 weeks. 
Fruit peel samples for RNA isolation and subsequent RNA sequencing were taken at harvest and 
after the cold storage period. The interplay of two storage temperatures and harvest maturities 
resulted in diverse transcriptomic changes. Di1erences in gene expression and transcription factors 
related to ethylene biosynthesis and cell wall modifications were apparent between the two harvest 
maturities and storage temperatures. The link between transcriptional changes and fruit quality will 
be discussed. 

Malus domestica var. Borkh, firmness, post-harvest physiology, harvest timing optimization, fruit ripening process, senescence 
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PH.12D.1 Applications of 1-MCP (2) PH87 

1-MCP treatment in combination with DCA storage: 
The potential for loss of aroma in apple 
Randolph M. Beaudry, Michigan State University, United States of America; beaudry@msu.edu  
Ozge Horzum, Ankara University, Turkey;  
Jiarui Xu, Michigan State University, United States of America;  
Nobuko Sugimoto, Michigan State University, United States of America. 

Dynamic controlled atmosphere (DCA) storage used to subject apple fruit to the lowest O2 levels 
that can be sustained, without damage to the product, to maximally inhibit the action of ethylene. 
Further, DCA-stored fruit are often treated with the ethylene action inhibitor 1-methylcyclopropene 
(1-MCP), the e1ects of which can persist long after storage is completed. We were concerned that 
there may be a substantial loss in aroma as DCA storage duration increased, especially when DCA is 
applied in combination with 1-MCP. A critical concern about 1-MCP is that apple flavour is 
compromised in treated fruit because aroma volatiles are so closely linked with ethylene response. 
We evaluated the recovery of aroma-related ester emanations from six di1erent apple cultivars over 
a period of two years. Storage durations were approximately 4, 7, and 10 months. Following removal 
of fruit from DCA, the volatile profile and fruit quality traits were measured for up to 5 weeks while 
being held at room temperature. Generally, aroma formation was severely compromised 
immediately after DCA storage with and without 1-MCP treatment. Recovery of aroma formation 
took several weeks at room temperature. While individual cultivars di1ered in their responses 
somewhat, typically the rapidity and extent of recovery diminished as the duration of DCA storage 
increased and this phenomenon was exacerbated by 1-MCP application. 

Fruit, aroma, ester, DCA, dynamic, CA 
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 PH.12D.2 Applications of 1-MCP (2) PH84 

E1ect of 1-Methylcyclopropene (1-MCP) on disorder 
development in ‘Scifresh’ apples stored under regular 
and controlled atmosphere conditions 
Jason Ladegourdie, ExperiCo Agri Research Solutions, South Africa; jason@experico.co.za 
Elke Crouch, Stellenbosch University, South Africa;  
Anel Botes, ARC Infruitec-Nietvoorbij, South Africa;  
Mariana Jooste, Stellenbosch University, South Africa. 

Storage temperature and storage atmosphere are factors that can be controlled to extend the 
storage life of apples. These factors are important in maintaining fruit quality, reducing post-harvest 
losses and supplying the year-round demand of apples. 'Scifresh' (marketed as Jazz trade), used in 
this study, is a relatively new cultivar in the international market. However, it is susceptible to a range 
of post-harvest disorders. The aim of the study was to evaluate the e1ects of di1erent storage 
conditions and storage times as well as 1-methylcyclopropene (1-MCP) on fruit quality, disorder 
development and biochemical indicators of 'Scifresh' apples. In season 1, fruit was stepwise cooled 
after harvest. In season 2, apples were immediately stored at 0.5°C to increase the risk of chilling 
injury related disorders to observe the di1erences between treatments better. 'Scifresh' apples were 
subjected to four storage protocols: regular atmosphere (RA) (0.5°C) with and without 1-MCP for 2 
and 4 months; controlled atmosphere (CA) (2 kPa O2 and 2 kPa CO2) with and without 1-MCP for 2, 4, 
6, and 8 months at 0.5°C. Bitter pit incidence was significantly higher in season 1 when fruit was 
stepwise cooled compared to the immediate cooled fruit after harvest in season 2. Therefore, 
'Scifresh' apples need to be immediately room cooled after harvest to reduce the risk of bitter pit 
development. It is recommended to do immediate room cooling of 'Scifresh' apples intended for RA-
storage after harvest at 0.5°C and to store the fruit for longer than 2 months. If fruit is to be stored for 
less than 4 months in RA, fruit needs to be treated with 1-MCP as it will aid in reducing the incidence 
of bitter pit. The fruit was more prone to develop bitter pit with increased internal ethylene 
concentration (IEC) during storage, peel background colour, and decreased flesh firmness. The 
e1ects of 1-MCP on 'Scifresh' apples fruit quality was less e1ective when stored under CA 
conditions. Therefore, due to the risk of bitter pit development under CA conditions, the 
recommendation for long-term CA storage is that fruit should be harvested at optimum maturity and 
not be treated with 1-MCP. 

Antioxidant capacity, apple quality, bitter pit, cooling, Jazz, pome, post-harvest defects, reactive oxygen species, total phenolics 
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 PH.12D.3 Applications of 1-MCP (2) PH102 

Pre- and postharvest ethylene combined with 1-
methylcyclopropene di1erentially a1ects sprout 
growth in red and yellow onion (Allium cepa L.) bulbs 
Arlan James Rodeo, University of the Philippines Los Banos, Philippines; adrodeo@up.edu.ph  
Daphne Gonzales, University of the Philippines Los Banos, Philippines;  
Elda Esguerra, University of the Philippines Los Banos, Philippines. 

Sprouting is a common problem in onion bulbs during long term storage and this can be influenced 
by several factors including varietal di1erences. Postharvest application of ethylene in conjunction 
with 1-methylcyclopropene (1-MCP) before or after curing has been found to reduce sprouting in 
onion during storage. To determine whether preharvest ethylene combined with postharvest 1-MCP 
treatment can also suppress sprouting in two di1erent onion varieties, Juni F1hybrid red onion and 
the yellow type Superex F1 were subjected to either a preharvest ethephon (3000 µl L-1) treatment 2 
weeks before harvest followed by a post-curing 1-MCP treatment (preharvest ethephon + 1-MCP), or 
postharvest ethylene (10 µl L-1) treatment combined with 1-MCP (1 µl L-1) (postharvest ethylene + 1-
MCP). The onions, including untreated control, were stored at 5 C without humidity control for 90 
days. All treatments incurred minimal weight loss (less than 8%) after 90 days. Preharvest ethephon 
+ 1-MCP and postharvest ethylene + 1-MCP prevented sprouting for up to 30 days in red and yellow 
onions, respectively and both treatments reduced sprout growth after 60 days compared to the 
control. While both treatments significantly reduced sprout growth in red onion after 90 days, 
preharvest ethephon + 1-MCP treatment led to higher sprouting incidence and sprout length in 
yellow onion compared to the control. Dry matter content decreased after 90 days of storage for 
both red and yellow onions regardless of treatment. Preharvest ethephon + 1-MCP treatment 
resulted in lower total soluble solids (TSS) in yellow but not in red onion. The characteristics which 
relate to pungency and relative storability such as pyruvate content, dry matter, and total soluble 
solids are higher in the red compared to yellow variety. 

Onion, sprouting, 1-MCP, ethylene, ethephon, pyruvate, low temperature storage 
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 PH.12D.4 Applications of 1-MCP (2) PH236 

Physiological changes in Grand Naine banana fruits 
as influenced by 1-methylcyclopropene (1-MCP) 
under di1erent storage environments 
Jeyakumar Prabhakaran, Tamil Nadu Agricultural University, India; jeyakumar@tnau.ac.in  
Srividhya Srinivasan, Tamil Nadu Agricultural University, India; 
Boominathan Parasuraman, Tamil Nadu Agricultural University, India;  
Kavino Mathiyazhagan, Tamil Nadu Agricultural University, India;  
Ganapathy Subburayan, Tamil Nadu Agricultural University, India. 

Bananas, being climacteric in their ripening behaviour, are sensitive to the factors that influence the 
shelf life and quality of fruits. Considering long-distance transport and market potential, ripening is 
manipulated through physical and physiological approaches. 1-methyl cyclopropene (1-MCP) is 
widely used in di1erent forms in many countries to delay the ripening of fruits and vegetables by 
blocking the ethylene action. An experiment was conducted to study the influence of 1-MCP 
vaporization at di1erent concentrations on postharvest changes in Grand Naine banana fruits at 
ripening stage 2 (25% ripening) under ambient storage, AS (27 ± 2°C), and cold storage, CS (17°C) 
conditions. Fruits treated with 1-MCP at 600 ppb resulted in greater firmness retention even after 13 
days, considering both storage conditions. 1-MCP vaporization impaired the ethylene release and 
delayed the peak of ethylene evolution, with significantly lower ethylene evolution (0.65 µL kg-1 h-1), 
compared to the untreated fruits. A decline in CO2 evolution (12.34 µL CO2 µL kg-1 h-1) was also 
observed due to 1-MCP at 600 ppb while the control fruits had the highest respiration (25.76). The 
maximum CO2 evolution of 1-MCP-treated fruits was very low (35.31) compared to the climacteric 
level (60.24) in control fruits, indicating a suppression in respiration rate and ethylene production. 
Under both storage conditions, Pectin Methyl Esterase activity was low (8.04, 8.22 meq of COOH g-1 
min-1) in fruits treated with 1-MCP at 600 ppb, causing higher fruit firmness. The total antioxidant 
activity as a percentage of DPPH inhibition was also observed to be higher in 1-MCP 600 ppb-treated 
fruits (63.92) than untreated control (36.53). A relatively higher fruit K content (350.8 mg 100g-1) was 
observed due to 1-MCP when compared to the control (295.9). The shelf life of banana fruits was 
significantly enhanced to 18 days by 1-MCP at 600 ppb under CS, while the untreated fruits had only 
four days under AS conditions. 

Banana,1-MCP, physiology, shelf-life, fruit quality 
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PP.12.1 Novel Technologies PP9 

dsRNA as a promising eco-friendly treatment to 
control postharvest diseases 
Danielle Duanis-Assaf, Agricultural Research Organization, Israel; 
Tal Duanis-Assaf, Hebrew University of Jerusalem, Israel; 
Ortal Galsurker, Agricultural Research Organization, Israel; 
Olga Davydov, Weizmann Institute of Science, Israel; 
Dalia Maurer, Agricultural Research Organization, Israel; 
Oleg Feygenberg, Agricultural Research Organization, Israel; 
Elena Poverenov, Agricultural Research Organization, Israel; 
Meital Reches, The Hebrew University of Jerusalem, Israel; 
Robert Fluhr, Weizmann Institute of Science, Israel 
Noam Alkan, The Volcani Center, Israel, Israel; noamal@agri.gov.il  

Pathogenic fungi are a main cause of postharvest loss. The most e1ective treatment against 
postharvest diseases is chemical fungicides. However, due to growing concern for their harmful 
influences, there is a need to develop new strategies. One of the new environmentally friendly 
approaches is the use of dsRNA. By designing dsRNA construct which targets essential genes in 
pathogenic fungi, we were able to reduce decay development. However, the dsRNA treatment 
su1ers from two major disadvantages: not all fungal species have the propensity to uptake dsRNA, 
and low stability of dsRNA in the natural environment. By examining the uptake of cy5-labeled 
dsRNA by various pathogenic fungi we demonstrated that the uptake of dsRNA by Botrytis cinerea 
occurs in the emergence zone of the germination tube, whereas Colletotrichum gloeosporioides 
presented no uptake. We studied the fungi's mechanical properties using atomic force microscopy. 
After characterization of the mode of action of dsRNA penetration to the fungi, we developed new 
technique, which allowed the penetration of the dsRNA to C. gloeosporioides. Next, to overcome the 
instability of the dsRNA, it was loaded onto layered double-hydroxide (LDH), which protected the 
dsRNA from degradation and served as a slow-release device. The dsRNA display an ability to serve 
as a selective treatment, which specifically inhibited the targeted fungi without a1ecting other 
species during storage. The LDH-dsRNA complex had a prolonged e1ect and maintained its 
e1iciency in decreasing decay development up to six weeks post-treatment. Storage conditions as 
high humidity and CO2 accelerated the release of the dsRNA from the LDH. Overall, this study 
advances the use of dsRNA one step closer to an applicative eco-friendly alternative to the 
conventional postharvest fungicides. 

dsRNA, antifungal, postharvest 
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 PP.12.2 Novel Technologies PP2 

Dual role of (E)-2-hexenal in modulating postharvest 
interaction between fruit and Botrytis cinerea 
Yanqun Xu, Zhejiang University, China; xuyanqun@zju.edu.cn  

The exploration of interaction mechanisms between fruits and fungal pathogens holds significant 
promise for controlling post-harvest diseases. Plant volatile organic compounds (VOCs), particularly 
reactive electrophile species such as (E)-2-hexenal, play uncertain roles in defending fruits against 
fungal invasion. Our study reveals that (E)-2-hexenal constitutes 20-50% of the total VOCs in 
strawberries and its concentration increases by 42% upon grey mould infection, underscoring its 
critical role in plant-pathogen interactions. In vitro antifungal assays showed that high 
concentrations of (E)-2-hexenal can inhibit Botrytis cinerea infection, reducing the diameter of 
strawberry lesions. At the cellular level, (E)-2-hexenal was found to increase both reactive oxygen 
species and mitochondrial membrane potential in B. cinerea. LC-MS/MS and FTIR analyses 
confirmed a Michael addition reaction between (E)-2-hexenal and glutathione (GSH), resulting in the 
formation of a GSH-H adduct. Moreover, our research uncovered that low concentrations of (E)-2-
hexenal activate B. cinerea nutritional assimilation capability by inducing the expression of Bcmet3 
and Bcmet16, thereby enhancing sulphate assimilation to increase internal GSH content. This 
process boosts oxidative tolerance and infection potency during the invasion. This study elucidates 
the bidirectional regulatory role of fruit VOC (E)-2-hexenal based on GSH addition in post-harvest 
pathogen infection, expanding our scientific understanding of sulphur assimilation in post-harvest 
disease regulation. Our findings provide a more systematic theoretical basis for selecting 
appropriate dosages of plant VOCs for post-harvest disease control. 

Fruit, Volatile organic compound, Botrytis cinerea, glutathione 
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 PP.12.3 Novel Technologies PP12 

ZIF-8 nanoporous material for thymol release: a 
novel strategy to control ‘Cavendish’ banana fruit 
crown rot 
Johnrell Zuniega, Institute of Crop Science, University of the Philippines, Philippines; jszuniega@up.edu.ph  
Joël Grabulos, CIRAD, France; 
Marc Lebrun, CIRAD, France; 
Karima Meghar, CIRAD, France;  
David Farrusseng, Université Claude Bernard Lyon 1, France; 
Pierre Brat, CIRAD, France. 

Crown rot is a significant postharvest fungal disease that a1ects the export of 'Cavendish' banana 
fruit. The utilization of bioactive compounds with antifungal properties as vapours, in particular 
thymol, is found to be an e1ective solution for disease control. Zeolitic Imidazolate Framework-8 
(ZIF-8) is a highly hydrophobic metal-organic framework (MOF) nanoporous material that can be 
produced at an industrial scale. ZIF-8 has been selected as a potential solution for thymol sustained 
delivery because the di1usion of volatile organic compounds in ZIF-8 is known to be particularly 
slow. This study investigated the impact of thymol vapor released from ZIF-8 on the reduction of 
internal crown rot in banana fruit packed in carton boxes after 11-d storage at 14°C. Hyperspectral 
images revealed that thymol released from ZIF-8 resulted in less advanced internal necrosis of 
crown tissues compared to untreated fruits. In contrast to the direct application of thymol in its 
crystal form, the controlled release allowed the prevention of phytotoxicity when fruits were packed 
in carton boxes. The CO2 and O2 levels did not alter the release concentrations. This study 
demonstrated the potential utility of thymol released from nanoporous material as a novel strategy 
for postharvest disease control. 

'Cavendish' banana fruit, hyperspectral image, internal crown rot, thymol vapor, phytotoxicity, ZIF-8 
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 PP.12.4 Novel Technologies PP69 

Induced resistance as a tool to manage postharvest 
decay of fresh fruit and vegetables 
Gianfranco Romanazzi, Marche Polytechnic University, Italy; g.romanazzi@univpm.it   
Dov Prusky, Israel. 

Harvested fresh fruit and vegetables are perishable, subject to desiccation, show increased 
respiration during ripening, and can be infected colonized by postharvest fungal pathogens. Induced 
resistance is a strategy to control diseases by eliciting biochemical processes in fruits and 
vegetables. This occurs by modulating the progress of ripening and senescence, which maintains 
the fresh produce in a state of heightened resistance to decay-causing fungi. Application of induced 
resistance to protect fruit and vegetables has been improved thanks to increased knowledge and 
scientific tools that better characterize physiological changes in plants. Induced resistance slows 
the decline of innate immunity after harvest, and increases the production of defensive responses 
that directly inhibit plant pathogens. This increase in defence response in fruits and vegetables 
contributes to higher amounts of phenols and antioxidant compounds, including nutraceutical 
compounds, improving both the quality and appearance of the produce. This will summarize 
mechanisms and treatments that induce resistance in harvested fresh fruit and vegetables to 
suppress fungal colonization. Moreover, it highlights the importance of timing of application, host 
maturity and stage of ripening as limiting conditions for the improved expression of induced-
resistance processes. The work was developed within the framework of the FoodWaStop COST 
CA22134 Action. 

basic substances, chitosan, postharvest, ripening delay, shelf life 
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FVH.12.1 The Value of Traditional / Indigenous Crops FV34 

Impact of domestic storage on bioactive 
phytochemicals and sugars in red-fleshed cultivars, 
‘Rubycot’ plumcot and ‘Queen Garnet’ plum 
Michael Netzel, University of Queensland, Australia; m.netzel@uq.edu.au. 
Gethmini Kodagoda, University of Queensland, Australia;  
Hung Hong, The University of Queensland, Australia;  
Tim O'Hare, University of Queensland, Australia;  
Bruce Topp, University of Queensland, Australia;  
Yasmina Sultanbawa, Australia. 

Domestic storage can significantly a1ect the phytochemical composition and sugars in stone fruits. 
The present study evaluated the e1ect of two common domestic storage temperatures (4°C and 
23°C) on the main phytochemicals and sugars found in 'Rubycot' (RC) plumcot, a novel stone fruit 
variety, and 'Queen Garnet' (QG) plum, an anthocyanin-rich Japanese plum. Furthermore, the total 
phenolic content (TPC), was also determined as a measure of the reducing capacity of the samples. 
Phytochemicals (anthocyanins, quercetins and carotenoids) and sugars were analysed by UHPLC 
and TPC was determined using a spectrophotometer. The total anthocyanin concentration (TAC) in 
RC increased during storage at both temperatures and was highest after 7 days of storage at 23°C 
(+95%), whereas QG had the highest TAC after 14 days of storage at 23°C (+60%). At 4°C, TAC in QG 
and RC increased until the last storage day (day 14), but only by 27% (QG) and 30% (RC), 
respectively. A 40% increase in total quercetin concentration (TQC) was observed in QG during 
storage at 23°C. Similar to TAC, TPC increased at both storage temperatures in both cultivars. In 
contrast, there were no significant changes in the carotenoid profiles during storage. Both RC and 
QG had similar sugar profiles (sucrose, glucose, fructose and sorbitol) and the total sugar content 
decreased gradually with time at both storage temperatures. Results from this study clearly showed 
that ambient storage (23°C) can improve the nutritional quality of RC and QG by significantly 
increasing bioactive anthocyanins and quercetins. However, it is important to evaluate the textural 
and sensory properties of stored RC and QG to confirm consumer acceptability following ambient 
storage. 

Plumcot, plum, phytochemicals, domestic storage, stability, nutritional quality 
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FVH.12.2 The Value of Traditional / Indigenous Crops FV25 

Exploring the nutritional value of native Australian 
citrus fruit 
Joel Johnson, The University of Queensland, Australia; joel.johnson@uq.edu.au 
Natasha Hungerford, The University of Queensland, Australia;  
Yasmina Sultanbawa, The University of Queensland, Australia;  
Michael Netzel, The University of Queensland, Australia.  

Citrus fruit play an important role in human nutrition, providing high levels of vitamin C, carotenoids, 
flavonoids, dietary fibre and some B vitamins. Additionally, the fruit provide anti-inflammatory, anti-
diabetic and anti-obesity activity, believed to primarily result from the unique flavonoids and 
polymethoxyflavones present. Australia has six endemic Citrus species; however, there is very 
limited data on the nutritional composition of their fruit. Nevertheless, this information is essential 
to support the commercialisation of these species and/or the use of their germplasm in citrus 
breeding programs. This study focuses on one of the native Australian species: Citrus garrawayi 
(Mount White Lime), with fruit sourced from three distinct geographic locations. Compared to 
commercial Persian lime (C. x latifolia), C. garrawayi generally showed comparable titratable acidity, 
Brix, and protein content. It typically displayed lower levels of moisture, ash, vitamin C, total 
antioxidants and flavonoids, total alkaloids, most minerals, and major sugars (glucose, fructose, 
sucrose). The levels of phytate, tannin, molybdenum, lead and boron were higher in C. garrawayi 
than Persian lime. Citrus garrawayi contained a higher total pectin content, with a greater degree of 
esterification and equivalent mass, but lower methoxy content than Persian lime. This indicates that 
while the overall (proximate) nutritional value of C. garrawayi fruit may be similar to commercial 
Persian lime, it may contain lower levels of specific micronutrients and phytochemicals. 
Nevertheless, the unique flavour, pearl texture and fruit shape may support its commercial uptake in 
the future. Further investigation into the specific flavonoids present and potential bioactive 
properties of C. garrawayi is ongoing, along with investigations into fruit from the other native 
Australian Citrus species. 

Indigenous fruit, ascorbic acid, sugars 
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FVH.12.3 The Value of Traditional / Indigenous Crops FV30 

Unlocking the nutritional potential of Australian 
indigenous edible halophytes 
Michael Netzel, University of Queensland, Australia; m.netzel@uq.edu.au 
Sukirtha Srivarathan, University of Queensland, Australia;  
Hung Hong, University of Queensland, Australia;  
Sandra Olarte Mantilla, University of Queensland, Australia;  
Anh Phan, University of Queensland, Australia;  
Gabriele Netzel, University of Queensland, Australia;  
Olivia Wright, University of Queensland, Australia;  
Yasmina Sultanbawa, University of Queensland, Australia. 

Edible halophytes are receiving significant interest due to their high salinity tolerance, a crucial trait 
in times of climate change, growing world population and loss of arable land. Although they are 
widely distributed and popular for their diverse "applications" among Indigenous communities in 
Australia, studies on their nutritional and sensory profiles are very limited. Therefore, the nutritional 
composition including anti-nutrients and sensory profiles of four important Australian indigenous 
edible halophytes (AIEH), Saltbush (Atriplex sp.), Samphire (Tecticornia sp.), Seablite (Suaeda sp.) 
and Seapurslane (Sesuvium sp.), were determined in the present study. Overall, considerable 
amounts of fibre, essential minerals and trace elements (especially Ca and Fe), protein, 
polyunsaturated fatty acids and vitamin C could be determined in the halophyte samples, whereas 
folate (vitamin B9) and betalains were found in lower concentrations. Anti-nutrients were generally 
lower than in Spinach, a "popular relative" of Saltbush and Seablite (Amaranthaceae family). Results 
of the sensory study clearly showed that the growing location can significantly a1ect the sensory 
attributes of AIEH and subsequently their potential food applications. The present study generated 
critical and novel data on the nutritional and sensory properties of AIEH. However, potential 
applications of these underutilised native plants as a healthy and tasty side dish or (functional) food 
ingredient should be explored further. 

Halophytes, underutilized, composition, sensory, nutrition 
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PH.13B.1 Ethylene in the Supply Chain PH293 

Ethylene as a contaminant at the retail end of the 
cool chain 
Andrew East, Massey University, New Zealand; a.r.east@massey.ac.nz  
Mo Li, Massey University, New Zealand;  
Peter Jelery, Massey University, New Zealand;  
Lu Xintong, Massey University, New Zealand;  
Praveen Veeregowda, Massey University, New Zealand;  
Sue Nicholson, Massey University, New Zealand. 

Ethylene is well known to have physiological e1ects on fresh produce. In particular ethylene is used 
commercially to stimulate ripening in many (climacteric) products. Alternatively, 1-
methylcyclopropoene is used as a treatment to inhibit ethylene perception and subsequent ripening 
and senescence e1ects. Beyond these deliberate treatments ethylene may still exist in the cool 
chain as a contaminant from ripening and rotting produce or combustion, including from exhaust 
fumes. E1ects of contaminant ethylene on produce quality will be a function of exposure 
concentration, time and temperature within the cool chain environment. Until recently 
concentrations of ethylene in the environment have been challenging to measure below the µL L-1 
(ppm) range and as a result little quantification of contaminant ethylene levels have been 
documented. However, technology advances over the last decade have resulted in 
commercialisation of technologies that enable µL L-1 (ppb) ethylene detection by relatively portable 
equipment. This equipment has subsequently been trialled and utilised by Massey University to take 
a series of surveys and unique ethylene measurement in the New Zealand and international supply 
chains. This talk will review (1) the technologies available to assess ethylene concentrations in the 
µL L-1 (ppb) range and (2) example results of the potential ethylene contamination (concentrations) 
that may exist in retail environments. 

MacView, ETD-300, supply chain, refrigeration, ambient ethylene, industrial survey 
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 PH.13B.2 Ethylene in the Supply Chain PH189 

Influence of low temperature storage and exogenous 
ethylene treatment on physico-chemical fruit quality 
of ‘Sindhri’ and ‘Samar Bahisht Chaunsa’ mangoes 
Muhammad Amin, The Islamia University of Bahawalpur, Pakistan; m.amin@iub.edu.pk 
Aman Ullah Malik, The University of Agriculture Faisalabad, Pakistan. 

Sindhri and Samar Bahisht Chaunsa are the two major mango cultivars of Pakistan. Investigations 
were made to determine the optimum temperature for sea-shipment and post-shipment ripening of 
these two cultivars for export markets. Physiologically mature fruit were harvested and subjected to 
di1erent storage temperatures (8, 10, 12 or 14°C; ± 1°C; 80-85%RH) for di1erent periods (7, 14, 21 or 
28 days). The quality of both cultivars was significantly a1ected by the storage temperature and 
duration. Both cultivars were negatively a1ected at 8°C and 14°C with significantly severe chilling 
injury and more physiological weight loss respectively. Sindhri mangoes stored at 11 ± 1°C; 80-
85%RH for 28 days indicated the potential for successful shipment to distant o1shore markets with 
uniform post-storage peel colour development and a post-storage saleable life of 6-7 days at 24 ± 
1°C. The exogenous ethylene treatment (100 ppm for 24-48h) helped attain better post-storage peel 
colour development and other physico-chemical fruit quality attributes. The response of cv. S.B. 
Chaunsa was complicated, and its sea-shipment potential was limited by significant chilling injury, 
higher titratable acidity and poor peel colour development under prolonged low temperature storage 
(> 21 days) at the tested storage temperatures. Disease management is very critical in sea-frights for 
better post-storage/post-shipment out-turn in terms of fruit quality and marketability. This paper 
provides detailed account of the investigations regarding refrigerated shipment potential of both 
commercial mango cultivars. 

Mangifera indica, chilling injury, sea-freight, ripening, marketability 
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 PH.13B.3 Ethylene in the Supply Chain PH23 

Integrated quality control of Indian jujube (Ziziphus 
mauritiana) exportation by collaborating forced-air 
cooling and 1-Methylcyclopropene treatment  
Min-Chi Hsu, Taiwan Agricultural Research Institute, Chinese Taipei; mindy27hsu@gmail.com  
Yu-Shen Liang, National Pingtung University of Science and Technology, Chinese Taipei;  
Jhan-Hong Guo, Department of Tropical Fruit Trees, Chinese Taipei;  
Pei-Ju Lin, Taiwan Agricultural Research Institute, Chinese Taipei. 

Jujube (Ziziphus jujuba Mill. cv. TN13) has attracted a large number of consumers because its rich in 
nutrients, such as carbohydrates, organic acids, amino acids and high medicinal value with anti-
obesity, antioxidant and anti-hepatoma activities. Jujube fruit could be eaten not only dried but fresh 
for a healthy juicy fruit, contains sugars, acids and volatile aroma compounds for providing favour, 
and antioxidant compounds that can ameliorate the oxidative damage caused by free radicals. Fresh 
jujube fruit appearance phenotypes are an important factor for consumers, including fruit size, 
shape, colours, and firmness quite di1erent between fresh and dried ones. For demands of shelf-life 
and export, postharvest handling strategies would be integrated. Maturation and ripening stage 
should be chosen with lower maturity. 1-MCP(1-Methylcyclopropene) applied for 2 hours fumigation 
from field to packing house. Vertical forced-air cooling was be operated following 1-MCP treatment 
at packing house, decreased core temperature lower than 10°C. Cold chain management was 
managed during exportation to Europe. Compared to normal packing protocol without 1-MCP 
treatment, the quality of both applied 1-MCP and precooling treatment arrived retailer after 8 days is 
tremendous well than control (Control: Integrated quality control (ITQ) - 9 score: 1.6% : 60%; 7 score: 
25% : 31.7%; 5 score: 59.4% : 8.3%; 9 score is the best quality ,1 is overripe browning bad quality 
and above 5 score is the quality for selling).Hue angle of ITQ is 111.1 compare to control is 104.2 
more fresh green than control respectively. These data showed that ITQ is a profitable protocol for 
maintaining fresh jujube well quality for export. 

Indian jujube, Ziziphus mauritiana, forced-air cooling, 1-MCP 
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PH.13B.4 Ethylene in the Supply Chain PH95 

Postharvest ethanol treatment promotes ripening of 
kiwifruit through stimulation of ethylene production  
Yasuo Suzuki, Meijo University, Japan; yasuosuzuki@meijo-u.ac.jp  
Yuko Igarashi, Meijo University, Japan;  
Kohei Ieda, Meijo University, Japan; 
Kotomi Ishikawa, Meijo University, Japan; 
Maria Yagi, Meijo University, Japan;  
Mirai Yamamoto, Meijo University, Japan; 
Yasuharu Takeuchi, Meijo University, Japan;  
Haruka Niwa, Meijo University, Japan;  
Miyuko Maeda, Meijo University, Japan;  
Rena Ogawa, Meijo University, Japan; 
Ayaka Tanaka, Meijo University, Japan. 

Postharvest ethanol treatment a1ects ripening and senescence in horticultural crops. In this study, 
to clarify fruit ripening and its mechanism by ethanol, ethanol vapor treatment with ethanol pads, a 
continuous treatment, was applied to kiwifruit fruit to investigate ethylene production, respiration 
rate and internal quality during ripening. Kiwifruit "Hayward" (Actinidia deliciosa) were used as 
materials. The fruit was enclosed in a perforated polyethylene bag with and without (control) an 
ethanol pad and stored at 20°C in the darkness. Ethylene and carbon dioxide were measured with 
gas chromatography. Only 20% of the untreated fruit produced ethylene and ethylene production 
was trace throughout the storage period. In ethanol treated fruit, ethylene production increased 
markedly on 10 days in storage (DIS), and 100% of the fruit produced ethylene on 13 DIS. Respiratory 
rates increased after the ethylene production increased. The results of hardness, sugar content, and 
titratable acidity measurements indicated that the ethanol treated fruit became edible on 13 DIS. 
When 1-MCP treatment was applied prior to ethanol treatment, ethylene production was delayed, 
and the increase in respiration rate and changes in hardness, sugar content, and acidity were also 
delayed. These results indicated that postharvest ethanol treatment promotes ripening of kiwifruit 
through stimulation of ethylene production. 

Ethanol, ethylene, kiwifruit quality, ripening 
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PH.13C.1 MAP Packaging PH262 

The e1ect of modified atmosphere packaging on 
postharvest quality of green eat-all almond during 
cold storage 
Giancarlo Colelli, University in Foggia, Italy; giancarlo.colelli@unifg.it  
Danial Fatchurrahman, University in Foggia, Italy; 
Noelia Castille Montoja, Valencia Polytechnic University, Spain;  
Ayoub Fathi Najafabadi, University in Foggia, Italy; 
Maria Luisa Amodio, University in Foggia, Italy. 

Green "eat-all" almonds, a traditional snack in the Middle East, boast a fuzzy green hull and a tender, 
jelly-like endosperm. Often sold at room temperature, they are susceptible to water loss, colour 
changes, lignification, and decay. Objective of this study was to investigate the e1ect of modified 
atmosphere on the overall quality and storability of the almonds. To this end, the green almonds (var. 
Filippo Cea) were packaged in PP-PET bags with di1erent levels of perforations to modulate the gas 
conditions at the equilibrium, resulting in the following treatments: non-microperforated (0 holes; 
T0), low-microperforated (2 holes; T1), medium-microperforated (4 holes; T2), high-microperforated 
bags (8 holes; T3) and control treatment (CTRL) in air. Samples were stored at 5°C, while CTRL 
samples were stored in open clamshells at 0°C and 5°C. Data related to headspace gas 
concentration, fruit weight loss, decay incidence, firmness, colour, pH, titratable acidity (TA), total 
soluble solid content (SSC), antioxidant capacity, chlorophyll, fibre, total phenols, condensed 
tannins, crude fibre, lignin, and sensory analysis were collected. Fruit quality was assessed at 
harvest and after 13, 22, and 43 days of storage. The results show that about 27% of the fruit stored 
in air at 0°C showed superficial stains attributed to chilling injury. On the other hand, fruit stored in 
T1 and T2 perforation packaging showed the best quality attributes reaching gas equilibrium after 13 
days (T1: 19% CO2 and 7% O2; T2: 12% CO2 and 12% O2) compared to those in T3 and T0 perforations 
and to control, as indicated by slower colour changes during storage (in line with change in 
chlorophyll), lower degradation of bioactive compounds and firmness attributes. Finally, samples 
stored in air, without MAP conditions, showed the worst quality, and the occurrence of some decay 
at the end of cold storage. 

MAP, microperforated bag, shelf-life, firmness, weight loss 
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 PH.13C.2 MAP Packaging PH266 

Improving storability and shelf-life of red dragon fruit 
using O2 absorbent-based modified atmosphere 
packaging 
Bayu Nugraha, Fakultas Teknologi Pertanian UGM, Indonesia; bayu.nugraha@ugm.ac.id  
Aslih Hatul Latifah Asti, Fakultas Teknologi Pertanian UGM, Indonesia; 
Salma Jihan Nabiilah, Fakultas Teknologi Pertanian UGM, Indonesia; 
Rudiati Evi Masithoh, Fakultas Teknologi Pertanian UGM, Indonesia; 
Nursigit Bintoro, Fakultas Teknologi Pertanian UGM, Indonesia; 
Fahrizal Yusuf Alandi, Bioresources Technology and Veterinary UGM,Indonesia;  
Nur Alim Bahmid, National Research and Innovation Agency, Indonesia. 

Dragon fruit has great economic potential for Indonesia, but it is highly perishable during a 
commercial distribution and market display typically signed with shrivelling, bract discoloration and 
decay. This study was conducted to extend the storage and shelf-life of dragon fruit using oxygen (O2) 
absorbent-based modified atmosphere packaging (MAP) at low temperature storage. Dragon fruit 
were packaged in 0.03 mm-thick commercial polyethylene (PE) and polypropylene (PP) films with 
the addition of O2 absorbents to lower respiration process. The packaged fruit were then stored at 
8°C for 21 and 35 days, before being transferred to 20°C for shelf-life quality assessments. As a 
control treatment, the fruit was stored at the same storage temperature. We found that extension of 
storage period, for all packaging treatment, shortened the dragon fruit shelf-life at 20°C. It lasted 7 
days after 21 day-storage while it was only 3 days after 35 day-storage. The fruit without packaging 
underwent severe shrivelling and decay. Dragon fruit packed in the PE film were associated with less 
colour change, weight loss, softening and pH change, and higher total soluble solid for 35 + 3 days of 
the storage and post-storage. The use of PE film and O2 absorbent in MAP, protecting the fruit from 
shrivelling, bract discoloration and decay, is a practical and easy packaging method improvement 
for the dragon fruit. 

Postharvest handling, packaging, tropical fruit, respiration, oxygen 

  

mailto:bayu.nugraha@ugm.ac.id


Back to contents 274 

PH.13C.3 MAP Packaging PH259 

E1ects of storage temperature and packaging on the 
shelf life of peeled garlic cloves 
Prangthong Kwanhong, Department of Agriculture, Thailand; pkwanhong@hotmail.com  
Komchan Songchan, Department of Agriculture, Thailand;  
Siragan Srithanyarat, Department of Agriculture, Thailand. 

This study aims to investigate the use of di1erent storage temperature and packaging technique in 
maintaining the quality of fresh peeled garlic cloves. Garlic samples were sorted and peeled o1 prior 
to packing in 4 packaging types (150 grams/pack), namely, normal sealed low-density polyethylene 
(LDPE) bag, vacuum-sealed LDPE bag, normal sealed modified atmosphere (MA) LDPE bag and 
normal sealed LDPE bag with desiccant pack. All packaging treatments were stored at 5 and 10°C, 
90-95% RH. The result showed that peeled garlic cloves could be stored for up 50 days at 5°C and 30 
days at 10°C with acceptable quality, except for the garlics in MA bag which lasted for only 30 and 15 
days, respectively. The samples had abnormal symptoms, i.e. flesh browning, flesh dries out, and 
fungal infestation, causing the garlic cloves became unacceptable. 

Ready-to-eat garlic, storage quality, package 
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PH.13C.4 MAP Packaging PH80 

Optimum packaging system for export transportation 
of strawberries and grapes by air  
Hidemi Izumi, Kindai University, Japan; izumi@waka.kindai.ac.jp  

The optimum modified atmosphere packaging (MAP) conditions were determined based on 
microbiological quality for 'Tochiotome' strawberries and 'Shine Muscat' grapes intended for air 
transportation from Japan to Asian countries. Storage temperature of strawberries and grapes was 
employed according to real temperature fluctuations ranging from 10-15°C for 72 hours to Hong 
Kong and 10-27°C for 76.5 hours to Taiwan, respectively. The fruits were packaged in OPP films with 
a low water transmission rate (WTR) or ONY films with a high WTR, and non-packaged samples were 
used as controls. With strawberries, the CO2 concentration in both packaging films increased 
similarly to 23-24% by the end of storage. Notably, condensation occurred inside the OPP films but 
not in the ONY films. Bacterial counts of strawberries increased to 2.7-3.2 log CFU/g in OPP films 
and non-packaging during storage, while they remained below the detection level (2.3 log CFU/g) in 
ONY films. Fungal counts tended to be higher in OPP films than in ONY films. Most of fungi isolated 
from strawberries were yeasts, and the diversity of yeast flora was less in the ONY films than in the 
OPP films. With grapes, OPP films and ONY films approached an equilibrium of 6-10% CO2 after 24 
hours, and water vapor condensed into water droplets only in the OPP films. Bacterial counts of 
berries remained below the limit of detection in ONY films, whereas counts increased to 2.7-3.5 log 
CFU/g in samples in OPP films and non-packaging. No di1erences were found in fungal counts of 
berries and diversity of fungi (mostly mould) flora among the treatments. These results indicate that 
MAP using a low WTR film such as ONY is recommended for practical air transportation of 
strawberries and grapes by inhibiting condensation inside the films, thus preventing microbial 
proliferation. 

Strawberries, grapes, air transportation, modified atmosphere packaging, microbiological quality 
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PH.13D.1 Product Volatiles PH206 

Inhibition of branched-chain ester synthesis by ALS 
inhibitors provides evidence for the origins of ester 
precursors  
Randolph M. Beaudry, Michigan State University, United States of America; beaudry@msu.edu  
Philip Engelgau, Michigan State University, United States of America; 
Sumithra Wendakoon, Ryukoku University, Japan;  
Aubrey DuBois, Michigan State University, United States of America;  
Nobuko Sugimoto, Michigan State University, United States of America; 
Emily Mayhew, Michigan State University, United States of America. 

Branched-chain esters are important contributors to the Flavors of many fruits. In most fleshy fruits, 
they contribute to the 'fruitiness' of the aroma and in banana fruit they are responsible for the fruit's 
characteristic aroma. The biochemical origins of these compounds have long been assumed to be 
from protein-sourced, catabolized branched-chain amino acids, a passive, senescent process. In 
contrast with this perspective, fruit ripening is a dynamic, largely uni-directional developmental 
process under the control of numerous, highly regulated processes. We proposed that aroma 
synthesis, oftentimes a terminal developmental process in ripening, is primarily an anabolic process 
that relies upon the de novo synthesis of the precursors to branched-chain esters. To test this 
hypothesis, we applied various acetolactate synthase (ALS) inhibitors to ripening or ripened apple, 
quince, and banana fruits. These inhibitors arrest synthesis of the branched-chain amino acids and 
are widely employed as herbicides in commercial agriculture. The fact that these are lethal 
compounds infers that there is only a single route for the synthesis of the branched-chain amino 
acids. Following herbicide treatment, 2-methylpropyl and 2-methylbutyl esters were significantly (90 
to 100%) reduced in apple, and ornamental quince fruits and 2-methylpropyl and 3-methylbutyl 
esters were likewise suppressed in banana. Simultaneously, valine, leucine, and isoleucine were 
also reduced, but only in fruits that produce the corresponding branched-chain esters. This finding 
suggests that esters are, in fact, largely derived from newly synthesized substrates and not of 
proteinogenic (catabolic) sources. Straight chain esters were partially reduced (30 to 50%) in some 
cases, which was taken to indicate a general herbicidal impact was also in e1ect. In a sensory test of 
the treated apples, we demonstrated the humans could readily recognize the absence of branched-
chain esters in fruits, despite the retention of a still highly complex aroma profile. We believe our 
ability to sense these esters may be responsible for the tendency of human-facilitated breeding to 
select for apple fruit that produce said esters, highlighting the importance of these compounds even 
in fruits with highly complex aroma profiles. 

Apple, banana, ester, aroma, herbicide 
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 PH.13D.2 Product Volatiles PH137 

The transition to peat-free cultivation: 
transplantation medium e1ects on mature crop 
phytochemistry and flavour compounds 
Luke Barnes, University of Reading, United Kingdom; l.s.barnes@pgr.reading.ac.uk  
Dilip Rai, Teagasc Food Research Centre, Ireland;  
Tijana Blanusa, University of Reading, United Kingdom;  
Lael Walsh, Teagasc Horticulture Development Department, Ireland;  
Luke Bell, University of Reading, United Kingdom. 

Peat has historically been an essential constituent of the growing media (GM) used in the production 
of Brassica crops. However, due to environmental concerns surrounding peat extraction, 
horticulture is facing immediate legislative pressure to find replacement materials. While alternative 
GMs are available, the long-term impact of early-stage peat-free cultivation on the yield, sensory and 
health qualities of post-transplant Brassica crops at harvest is not known. In an ongoing series of 
research trials, the impacts of pre-transplant GM selection on the nutritional and sensory quality in 
Brassica oleracea var. acephala cultivars and accessions are being explored. Initially, 80 accessions 
obtained from the Warwick Genetic Resource Unit were cultivated to transplant stage in four peat-
free treatments and a peat-based control. The results indicate genotype x environment e1ects for 
transplant stage biomass, root to shoot ratios and glucosinolate (GSL) profiles. A further field trial 
investigating the potential impact of peat-free nursery cultivation on post-transplant kale crops was 
conducted. Harvest-ready kale crops were analysed for GSL contents by LCMS, as well as volatile 
compounds using GCxGC-TOF-MS. Our results showed that 4-methoxyglucobrassicin and 
neoglucobrassicin contents were 33% and 53% lower, respectively, in cv. Reflex F1 crops cultivated 
pre-transplant in peat free compared with peat. Furthermore, preliminary chemometrics analysis of 
field grown kale indicates di1erences in volatile compounds between those raised to transplant in 
peat and peat-free GM. These results provide the first evidence that early-stage GM selection could 
have potential long-term impacts on Brassica biochemistry and flavour at maturity. In this 
presentation, the most recent research outcomes of the project will be discussed, showcasing novel 
insights into the long-term e1ect of pre-transplant cultivation conditions on post-harvest quality. 

Peat-free, growing media, Brassica oleracea, glucosinolate, genotype environment interactions, nursery, volatile organic 
compounds, GCxGC-TOF-MS, LCMS, sensory, nutrition 
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 PH.13D.3 Product Volatiles PH77 

Quantitative changes of volatile compounds in 
‘Honeycrisp’ apple during cold storage in association 
with soft scald disorder and delayed cooling 
treatment 
Jun Song, Agriculture & Agri-Food Canada, Canada; jun.song@agr.gc.ca  
Charles F. Forney, Agriculture & Agri-Food Canada, Canada; 
Michael Jordan, Agriculture & Agri-Food Canada, Canada; 
Leslie Campbell Palmer, Agriculture & Agri-Food Canada, Canada; 
Mindy Vinqvist-Tymchuk, Agriculture & Agri-Food Canada, Canada; 
Sherry Filmore, Agriculture & Agri-Food Canada, Canada. 

Soft scald is a physiological disorder in 'Honeycrisp' apple fruit that develops during cold storage 
and can significantly reduce fruit quality and marketability. Delayed cooling prior to fruit storage has 
been adopted by the fruit industry to mitigate the development of this disorder. Fundamental 
knowledge about the biochemistry associated with disorder expression and the e1ects of delayed 
cooling to reduce disorder development is still required. Therefore, a quantitative volatile analysis 
employing solid phase micro-extraction and 2-dimisional gas chromatography-mass spectrometry 
(2D-GC-MS) was conducted to investigate changes in the volatile composition of 'Honeycrisp' 
apples associated with soft scald development and delayed cooling treatment. The study was 
conducted over two seasons and over 100 volatile compounds were detected. The data were 
subjected to ANOVA and volatile compounds that changed significantly in association with soft 
scald development after 1.5- and 3-month storage were identified. In addition, an overall increase in 
volatile compounds during storage and as a result of the delayed cooling treatment was found. 
Volatiles associated with fruit ripeness (i.e. esters and ethanol) were greater in fruit that did not 
develop soft scald compared to those that developed the disorder. Delayed cooling also increased 
the content of these volatiles, suggesting that fruit maturity may be an important factor determining 
whether fruit will develop soft scald during storage. The association of volatile metabolism with soft 
scald development has the potential to be used as potential biomarkers of soft scald development. 
Results on volatile also suggest that the positive e1ect of delayed cooling treatment not only can 
reduce soft scald, but also improve volatile production associated with flavour quality in 
'Honeycrisp' apples. 

Malus x domestica, metabolomics, soft scald, volatiles, 2D-GC-MS, fruit quality 
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 PH.13D.4 Product Volatiles PH25 

Comparative analysis on flesh texture and aroma 
components of di1erent pear varieties 
Luming Tian, Institute of Pomology, Chinese Academy of Agricultural Sciences, China; tianluming@caas.cn  
Yuqing Xu, Institute of Pomology, Chinese Academy of Agricultural Sciences, China; 
Chen Yin, Institute of Pomology, Chinese Academy of Agricultural Sciences, China;  
Yufen Cao, Institute of Pomology, Chinese Academy of Agricultural Sciences, China;  
Xingguang Dong, Institute of Pomology, Chinese Academy of Agricultural Sciences, China; 
Hongliang Huo, Institute of Pomology, Chinese Academy of Agricultural Sciences, China. 

In order to explore the evaluation methods and indicators for the flesh texture and aroma of soft -
flesh pear and crisp -flesh pear fruits, pear varieties were selected from the National Pea r 
Germplasm Resources Repository , and the relevant indicators of the flesh for comparative analysis 
were determine d by using the texture analyser and headspace solid-phase microextraction (HS-
SPME) combined with gas chromatography-mass spectrometry (GC-MS). Pear fruits of 8 pear 
varieties and 86 pear varieties were selected for TPA analysis of fruit flesh quality during 
development, post-harvest at room temperature without refrigeration and after refrigeration at 
di1erent shelf periods. Pear fruits of 8 pear varieties and 3 pear varieties were s elected to conduct 
volatile substance determination and analysis at di1erent storage periods at room temperature and 
after refrigeration, respectively. Correlation analysis were performed on TPA parameters and volatile 
compounds of fruit flesh, as well as single fruit weight and soluble solids content (SSC), measured 
at di1erent stages of fruit flesh quality. The results showed that there was a significant di1erence in 
the changes between melting pear and crispy pear, and there was a significant correlation between 
the measured related indicators; PCA principal components were extract ed as reference indicators 
for evaluation and analysis. The relevant texture parameter indicators obtained by the TPA method 
could accurately reflect the changes in texture of pear fruits with di1erent maturities during the shelf 
life and the di1erences in texture characteristics between di1erent pear varieties. The changes in 
flesh texture parameters could provide reference for judging fruit maturity and quantifying fruit flesh 
quality evaluation standards. There was a relation between changes in flesh texture and changes in 
volatile compounds. The di1erences in volatile compounds formed unique aroma characteristics of 
di1erent flesh textures. This study used HS-SPME and GC-MS techniques to screen for di1erent 
volatile compounds related to the quality of crispy flesh pears and soft flesh pears, providing 
reference for elucidating the aroma characteristics of pear fruits with di1erent flesh textures. 

Pear, flesh texture, shelf life, texture profile analysis, HS-SPME/GC-MS 
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PP.13.1 Microbiome / Gene editing PP61 

Postharvest treatments with biocontrol agents and 
essential oils strongly modify the fruit microbiome 
Davide Spadaro, University of Torino, DISAFA and AGROINNOVA, Italy; davide.spadaro@unito.it 
Fabio Buonsenso, University of Torino, DISAFA and AGROINNOVA, Italy; 
Marco Garello, University of Torino, DISAFA and AGROINNOVA, Italy; 
Giulia Remolif, University of Torino, DISAFA and AGROINNOVA, Italy. 

Postharvest disease management of fruits is crucial for global food security amid a growing 
population. Innovative strategies utilizing natural compounds, such as essential oils and biocontrol 
agents, are promising alternatives to pesticides to control storage rots of fruit. Biofumigation with 
slow-release di1users of essential oils (EOs) was e1ective in the control of grey mould of apples and 
of brown rot of nectarines. Metabarcoding analysis showed a significant impact of tissue, treatment, 
and sampling time on the fruit microbiome composition. Epiphytic microbiome had higher richness 
and evenness compared to their endophytic counterpart. On apples, treatments with thyme EO 
reduced B. cinerea abundance, while favouring a significant increase in Penicillium species. 
Similarly, on nectarines, basil EO was able to reduce the abundance of Monilinia spp. but it favoured 
a significant increase of Penicillium spp. Application of di1erent biocontrol agents (BCAs) to control 
postharvest rots of apples, nectarines and grapes significantly a1ected both the epiphytic and 
endophytic microbiome. The BCAs were recovered as epiphytes and as endophytes, demonstrating 
an internalization in the fruit pulp. On nectarines, the microbiome analysis showed a good 
proliferation of the yeasts on the treated fruit, together with a reduction of Monilinia spp. On apples, 
the addition of Aureobasidium pullulans did not correlate with a decreased abundance of white haze 
genera, though the disorder occurrence was reduced on the fruit, which might suggest a more 
complex activity. On grapes, the species of BCAs applied were among the most abundant taxa 
recovered, with a consequent reduction of Botrytis spp. Fruit surfaces harbour resilient microbial 
communities, which make challenging the establishment of BCAs. Integrating microbial 
communities to create a conducive environment for biocontrol agents shows promise in real-world 
conditions. These findings provide new insights for the development of sustainable strategies for the 
management of postharvest diseases of fruit. 

Biofumigation, metabarcoding, apples, nectarines, grapes, biological control, microbiota, Botrytis, Penicillium, Monilinia 
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PP.13.2 Microbiome / Gene editing PP80 

Yeast species associated with postharvest rots in 
sugarbeets 
Shyam Kandel, USDA-ARS, United States of America; shyam.kandel@usda.gov 
Malick Bill, North Dakota State University, United States of America. 
 

Sugarbeet is a major source of consumable sugar in domestic and industrial applications in the U.S. 
Due to high tonnage of the crop that exceeds immediate sugar factory processing capabilities, 
storage of sugarbeet roots is required in most of the sugar production areas in the U.S. including the 
red river valley of Minnesota (MN) and North Dakota (ND). Postharvest storage pathogens including 
yeast species can develop postharvest decays and cause sucrose loss in sugarbeets during storage. 
To date, limited information is available on the spectrum of yeast species associated with storage 
rots in sugarbeet piles in MN and ND. The aim of this study was to identify and characterize yeast 
species associated with postharvest rots in sugarbeets from MN and ND. Symptomatic sugarbeet 
roots with microbial infestation or suspected roots in the vicinity of symptomatic roots were 
collected from factory yards and storage piles during the 2022 processing campaign. Pure cultures 
of yeast isolates were recovered from symptomatic roots and yeast species were identified by 
sequencing of internal transcribed spacer region and D1/D2 regions of 26S ribosomal DNA. A total of 
17 yeasts species were identified from the 108 isolates obtained from the symptomatic root 
samples. Pichia membranifaciens was the most repeated yeast species out of the 17. Other major 
yeast species include Hansespora valbyensis and Kurtzmaniella quercitrusa. Several Candida 
species were also isolated from sugarbeet root samples. This study provides important information 
on yeast isolates from sugarbeet storage which can be foundational in developing management 
strategies to minimize storage rots and sucrose loss. 

Sugarbeets, storage diseases, sucrose loss, Pichia membranifaciens 
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PP.13.3 Microbiome / Gene editing PP24 

Deciphering the e1ects of agronomical practices on 
Aspergillus incidence and carposphere’s microbial 
communities of grapevine 
Stefanos Testempasis, Greece; testempasis@gmail.com 
Christina Papazlatani, University of Thessaly, Greece; 
Serafeim Theocharis, Aristotle University of Thessaloniki, Greece; 
Panagiotis Karas, University of Thessaly, Greece; 
Stefanos Koundouras, Aristotle University of Thessaloniki, Greece; 
Dimitrios Karpouzas, University of Thessaly, Greece; 
George Karaoglanidis, Aristotle University of Thessaloniki, Greece. 

Going through the new transitioning era of the "European Green Deal", the search for alternative, 
non-chemical, disease control methods is essential. Aspergillus bunch rot is considered one of the 
most important diseases of grapevines resulting in severe yield losses and, major qualitative 
deterioration of grape products due to the production of mycotoxins. We investigated, in a two-year 
field study, the impact of agronomic practices like defoliation to enhance grape microclimate (DF), 
pruning method to reduce grape bunch density (LBD), and irrigation cut-o1 (NIR), at three 
developmental stages of grapevine (Pea size berry, Veraison, and Harvest), on (i) grape composition 
(titratable acidity, pH, and total soluble solids), (ii) on the frequency of occurrence of Aspergillus on 
grape berries and (iii) on the overall composition of grape carposphere microbiome. The density of 
Aspergillus on grape berries was significantly reduced by the applied management practices (DF, 
LBD, NIR). Amplicon sequencing analysis showed that both the phenological stage and the 
agronomic practices employed (particularly NIR and DF) imposed significant changes in the α-
diversity and β-diversity of the grape carposphere bacterial and fungal communities. The NIR, LBD, 
and DF treatments which supported lower Aspergillus populations, network analysis revealed 
negative co-occurrence patterns between Aspergillus and several bacterial genera (Streptococcus, 
Rhodococcus, Melitangium) reported to have antifungal properties suggesting potential natural 
attenuation mechanisms for the control of Aspergillus. Overall, our study (i) showed that the 
application of halting of irrigation and thinning of leaves and grape bunches, reduce the occurrence 
of Aspergillus and hence the incidence of Aspergillus bunch rot disease and (ii) identified 
preliminary evidence for interactions of Aspergillus with members of the epiphytic grape bacterial 
communities that might be involved in the suppression of Aspergilli, an observation which will be 
further pursued in following studies in the quest for the discovery of novel biological control agents. 

Bunch rot disease, microbiome, viticultural practices, amplicon sequencing analysis, bunch density, leaf removal, irrigation, disease 
management 
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PP.13.4 Microbiome/gene editing PP32 

CRISPR/Cas9 editing of MLO genes to improve 
powdery mildew resistance in Strawberry 
Yingjie Li, Wageningen University, Bronland 4, 614, WAGENINGEN, 6708 WH, Netherlands; yingjie.li@wur.nl  
Arnaud Bovy, Wageningen University, Wageningen, Netherlands;  
Jan Schaart, Wageningen University, Wageningen, Netherlands;  
Richard Visser, Wageningen University, Wageningen, Netherlands;  
Betty Henken, Wageningen University, Wageningen, Netherlands;  
Gert van Arkel, Wageningen University, Wageningen, Netherlands. 

Strawberry (Fragaria x ananassa) is a highly valued fruit crop known for its unique flavor, nutritional 
benefits, and potential health advantages. However, the presence of powdery mildew (PM) caused 
by Podosphaera aphanis poses a significant threat to strawberry production. The conventional 
method of controlling PM through fungicide application has been hindered by the development of 
resistance. Previous studies have shown that loss-of-function mutations in Mildew Resistance 
Locus O (MLO) genes can confer broad and durable resistance to PM in various plant species. 
However, traditional breeding methods face challenges due to the complex genetic makeup of F. × 
ananassa. In this study, we utilized the CRISPR/Cas9 system to knockout three MLO genes (MLO1, 
MLO2, and MLO3) separately in strawberry. A total of 60 independent lines for each gene were 
generated, with 90% of them exhibiting successful editing as confirmed by PCR amplification and 
High Resolution Melting assay. Phenotypic analysis using in vitro detached leaves PM disease assay 
revealed that approximately 60% of the edited lines displayed increased resistance to PM. These 
findings demonstrate the potential of CRISPR/Cas9-mediated editing of MLO genes as an e1icient 
approach for enhancing PM resistance in strawberry. 

Strawberry, powdery mildew, MLO genes, genetic editing 


