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2 Case summary 
This case study was conducted to deliver Objectives 3.5 and 3.6 of the research project 
‘Enhancing fruit quality in Asian mango chains’. This study had two parts:  

1. To monitor the transport conditions and assess fruit quality in a real-world export 
supply chain from Australia to China while road-testing the draft Quick Assessment 
Manual as the rapid assessment technology tool that had been developed by the 
project. Improvements were made to the manual as a result of the feedback 
provided during this work. 

2. To conduct laboratory-based trials to evaluate the flexibility of the manual for 
assessing different Australian mango cultivars under a simulated supply chain 
environment. 

As the most common export cultivar, the R2E2 mango is also referred to as the ‘Australian 
mango’ in China. Due to its good reputation and premium quality, the price for R2E2 
mangoes at high-end supermarkets was CNY139.6/kg (AUD28/kg). Data collected from 
loggers in the monitoring trial indicated that exporting Australian mangoes to China by sea 
took a long time (approximately 25 days). Temperature conditions experienced along the 
export chain varied from 13.5 to 18.5°C. The rating system in the assessment checklists 
was suitable for developing a score which reflected fruit quality (i.e. visual quality, skin 
colour, skin defects and hand firmness) at the importer level. Ideally, retailers prefer fruit 
to have a 5–7-day shelf life (SL) upon arrival at their premises. Consequently, it was 
considered to be a good outcome when the average shelf life for exported R2E2 mango 
fruit in the monitoring trial was nine days from arrival at the importer’s premises. 
It was proven that the Quick Assessment Manual was a successful reference tool for 
different cultivars, including a commercial export cultivar (e.g. R2E2), an Australian 
breeding program cultivar (e.g. Van Dyke) and an unreleased national new cultivar (e.g. 
NMBP1243). Moreover, the manual could identify differences between cultivars at 
different ripening stages. Compared with R2E2, the similar shelf life of cultivar 1243 and 
even longer shelf life of Van Dyke suggest they might be future export options/alternatives 
or useful as breeding cultivars. 
Both trials proved that the rapid assessment technology developed by the project is ready 
for use within the mango supply chains – at least in Australia and China – because of its 
flexibility in terms of identifying differences in fruit quality of different cultivars at different 
supply chain stages. Secondly, the simulation methodology is also a feasible approach for 
testing the manual. Due to seasonal limitations of exported mango cultivars and the high 
input costs of real-world monitoring of consignments, the simulation methodology is a 
suitable approach for further testing of the manual and for evaluating the performance of 
more mango cultivars in other countries in the future. 
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Key recommendations based on this study include: 

• repeat monitoring and simulation in Australia to validate conclusions 
• improved research methodologies for both trials (e.g. source fruit from the same 

location, harvest fruit at same time/dry matter level) to eliminate the possible effect 
of these variables on results. 

• Continue to road-test the manual using the same methodology (monitoring and 
simulation) in other ACIAR partner countries and on other mango cultivars. 

3 Introduction 

3.1 Project background 
Mangoes (Mangifera indica) are one of the most economically and socially important 
tropical fruits in terms of production, market, export value and growth in Australia and 
throughout the Asia–Pacific region. In 2010, the Asia–Pacific region contributed 76.5% of 
total world production of mangoes, with 11 countries accounting for over 70% of total 
global production. Production in Australia over 2016/17 and 2017/18 has been 61,474 and 
83,315 tonnes (HIA, 2019), respectively. The gross value of production was approximately 
$204.3 million in 2017/18 (HIA, 2019). Approximately 9% (7,694 tonnes) of the Australian 
crop was exported for the year ending June 2018 (HIA, 2019). Among those countries, 
China is the primary destination for Australian mangoes, accounting for around 2,681 
tonnes (mainland China –124 tonnes and Hong Kong – 2,557 tonnes) in 2017/18 (AHEIA, 
2018). 
Mango fruit quality into the export market is highly variable. Due to a lack of consensus, 
no clear standards of market requirements for mango quality is available. Variations in 
supply chain conditions and performance to the various markets in different countries also 
adds to the complexity. At present, individual ACIAR partner mango producer countries 
and their supply chains either do not or cannot consistently deliver high quality mango fruit 
into major markets, such as those in mainland China and Hong Kong. Ideally, this 
situation can be investigated by working collaboratively with Australian and partner 
country stakeholders. The ACIAR Mango Quality SRA project (AGB/2016/009) developed 
a Mango Quality Manual as the common language to describe physical and eating quality 
in fresh mango supply chains across ACIAR partner countries, including Cambodia, 
Indonesia, Pakistan, Philippines and Vietnam. In-country researchers also road-tested the 
feasibility and practicality of the manual along their domestic supply chains as a local 
research activity. 
Similarly, this case study forms part of the ‘manual road-testing’ research activity and has 
two components. The first component was to monitor and test the feasibility of the manual 
in a real-world export shipment from Australia to China, while the second was a 
laboratory-based simulation trial in order to test the flexibility of the manual when 
assessing the quality of different mango cultivars. The outputs from this report proved 
useful in improving the draft manual; understanding the quality of mango fruit in either 
real-world export supply chains or from different cultivars; and identifying potential 
opportunities for exporting new Australian cultivars to China. 
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3.2 Study objectives 
The aim of this study was to achieve the following two project objectives: 

• Objective 3.5 – Using a case study approach to monitor and evaluate specific 
supply chain conditions and also quality in export supply chains from Australia to 
the selected market segments. 

• Objective 3.6 – Using a case study approach to simulate the supply chain 
conditions in a laboratory setting and to monitor and report on the consequences 
in terms of quality for different commercial mango cultivars for export to the 
selected market segments. 

This case study was also to evaluate using the assessment checklists as a rapid 
methodology developed by the project. 

3.3 Study methodology 
Information from both trials in the case study were adequate to provide feedback about 
the project manual. In collaboration with researchers from SCBG CAS, the real-world 
monitoring research activity assessed mango fruit outturn quality (including skin colour 
and firmness) for one Australian cultivar – R2E2. One limitation was that the manual was 
not tested at other stages along the supply chain. The simulation trial methodology was 
designed using temperature and time data from the monitoring activity, which assumed 
that the conditions of the single monitored shipment were representative of typical export 
chains. The trial also assessed performance of different mango cultivars, including one 
Australian breeding cultivar that is not yet available in commercial quantities. 
Assumptions and limitations  

The case study aimed to assess fruit quality of Australian R2E2 mangoes at importer level 
in one real-world export consignment and to test the project manual in both real-world and 
laboratory situations. Quality scores from both trials are based on the project manual and 
not comparable with results achieved from using other manuals. 

3.3.1 Monitoring trial 
Introduction 
Fresh mango fruit has become a significant commodity in the developing economies of 
Asia–Pacific markets and communities. Fruit quality and RSL are two key factors that 
directly determine market demand and economic benefits of mango crops. Delivering a 
premium product to export markets require every supply chain stakeholder to reach a 
common consensus regarding protocols and to work together. Fruit outturn quality and 
RSL are influenced by many factors both internally (e.g. initial harvest quality) and 
externally (e.g. subsequent handling conditions). Among those external factors, 
temperature and time are the most critical. By monitoring transport conditions from farm to 
retail and then assessing fruit quality, the manual could be used to identify quality issues 
and associated supply chain solutions. 
Fruit materials 
R2E2 mango fruits were the subject of the study and were harvested at commercial 
maturity from an orchard near Giru in northern Queensland, Australia during December 
2017. The fruit were de-stemmed in a proprietary mango wash solution (Mango Wash®: a 
neutraliser and detergent mixture that does not need additives) to prevent sap burn injury. 
Then they were sorted by size, placed into harvest bins and transferred to a nearby shed 
within 24 hours of harvest. 
The fruit was exposed to vapour heat insect disinfestation treatment to meet the protocols 
of Chinese market entry requirements. Treated fruit were held in a quarantine room and 
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packed into cardboard mango trays that were lined with foam inserts. In general, there 
were 9 to 11 fruit packed into each tray.  
Temperature monitoring 
Xsense®HiTag2™ data loggers that use radio frequency identification technology to 
automatically record and upload data to a web browser via a communication unit (CU) 
were tested in this study. A CU was positioned at the packing shed and the importer’s 
premises. Nine Xsense temperature loggers which recorded temperature and relative 
humidity were used. One logger was inserted at the freight forwarder in layers 1 (bottom), 
10 (middle) and 15 (top) in pallet numbers 3, 7 and 11 (based on the position of the pallet 
in the container) (see Figure 1). 
Palletising and cooling 
The packed trays were palletised for a 20-foot sea container holding 12 pallets, which 
were composed of 15 layers of six trays each. Individual trays and pallets were covered 
with nylon netting to prevent insect entry. They were then transferred to a cold-room at the 
pack shed and forced-air cooled to 13°C for about 12 to 18 hours. 

Commercial export 
The packed fruit were transported by truck from the pack shed in Giru to Townsville, 
Queensland – a distance of about 50 km. The refrigerated containers fitted with the 
MAXtend® system were transported by truck to the Townsville seaport. The container was 
set to operate at 13°C and was held at port for 5–7 days before being loaded onto a ship. 
The fruit was then sea freighted from Townsville to Shenzhen, China using the 
commercial supply chains (see Figure 2). An atmosphere of 6% CO2 and 3% O2 was 
established over a 1–2 day period inside the containers at the freight forwarder using the 
MAXtend® (Mitsubishi Australia Ltd, Australia) system. During the sea journey, the 
container temperature was set at 13°C. Upon arrival in Shenzhen, the container was 
transported by truck to a nearby Customs clearance business and was cleared within 24 
hours. Once cleared, the consignment was transported to the importer’s warehouse in 
Shenzhen. Fruit samples were transported by an air-conditioned (ca. 22°C) car to the 
SCBG CAS lab in Guangzhou for assessment within five hours of arrival. 
Assessments 
Fruit quality was assessed using the manual at the importer stage. Twenty-seven trays of 
fruit were sampled from the consignment. The sample trays were those that contained the 
temperature loggers or were immediately adjacent to them. 
The end of shelf life for an individual fruit was recorded as the time (in days) at around 
20°C from sampling to a loss of appearance and/or eating quality. This included being 
over-soft (firmness score 5), presence of rot, or any level of chilling injury or severe skin 
defects (e.g. black blemish, under skin browning) which meant that the fruit would no 
longer be considered acceptable by retailers and consumers. 
Data (including temperature information and fruit quality) was collected, analysed and 
graphed from this trial.   
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Figure 1. Top view of 27 temperature loggers’ locations in the container (left) and side view 
of 3 loggers in one pallet (right) 
Source: Author’s analysis 

 

 
Figure 2. Commercial supply chains used for exporting Australian mango by sea to China 
Source: Author’s analysis 
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Figure 3. Australian R2E2 mango (bottom), Ole supermarket, Guangzhou, China 
Source: Author’s image 

3.3.2 Simulation trial 
Introduction 
Mangoes are usually harvested at a hard-green mature stage and subsequently ripened 
to suit commercial market conditions. The outturn quality and shelf life of fruit are 
influenced by the initial harvest quality and subsequent handling conditions, particularly 
temperature. 
Like many other tropical fruits, mangoes are sensitive to low temperatures and storage 
below 10°C can result in the development of a chilling injury. Fruit stored at 12°C will 
slowly ripen when stored for long periods of time, although the length of time can be 
cultivar dependent. For example, ‘Kensington Pride’ (KP) fruit has been reported to start 
ripening after seven days at 12°C (DAF 2018). Exposure to relatively higher 
environmental temperatures can accelerate rates of ripening or lead to heat damage 
which limits RSL. 
The real-world monitoring trial quantified temperature variations that mango fruit 
experienced during commercial export from Australia to China (see Figure 3). However, 
whether the fruit quality assessment manual can be used to accurately evaluate the 
performance of other cultivars that experience the same supply chain conditions remains 
unknown.  
This simulation trial aimed to:  

• Test the manual by reporting whether it can adequately track changes in the 
quality of different mango cultivars under the simulated export supply chain 
conditions in the laboratory. 

• Compare the result of R2E2 mangoes in this study with the result from the real-
world monitoring trial to evaluate the effectiveness of the simulation trial 
methodology. 

Fruit material 
Mango fruit samples that were provided by Dr Ian Bally (DAF) were from the National 
Mango Breeding Program (NMBP). Tested cultivars included: R2E2 as a commercial 
cultivar representative, Van Dyke as a parent cultivar representative and NMBP1243 as a 
new cultivar representative (see Table 1 and Figure 4). 
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Table 1. Detailed information about fruit materials 

Cultivar Harvest date Other information 

NMBP1243 19 Dec 2018 ♂ KP cultivar × ♀ Irwin cultivar 

Van Dyke 19 Dec 2018 Female parent for NMBP4069 

R2E2 8 Jan 2019  
Source: Bally, 2012 

 

Fruit harvest and transport 
Fresh mango fruit were harvested at the Walkamin Research Station in northern 
Queensland, Australia. They were then hot-dipped in Scholar® fungicide at 52°C for five 
minutes. The treated fruit were air-dried and packed for air freight transport to the cold-
room in Brisbane as soon as practical. Air temperature loggers (Verigo©Pod temp & RH) 
were inserted in trays after they were packed for transport. 

 
Figure 4. Mango cultivar samples 
Source: Author’s images 
Note:  NMBP 1243 (left), Van Dyke (middle) and R2E2 (right) 

 
Experiment design 
In the real-world monitoring trial, collected temperature data indicated that the average 
temperature was constant at around 14°C for 17 days during sea freight. This lab-based 
trial simulated a similar temperature environment and simplified the supply chain duration 
to an ideal two-week period (see Figure 5). 
Upon arrival at ESP, fruit samples were evenly divided into the following two treatment 
groups: 

1. Air freight simulation – fruit were immediately dipped in the Ethrel® solution 
(1000μL/L ethephon) for 10 minutes and then moved into the ripening room (20°C) 
(see Figure 6). 

2. Sea freight simulation – fruit were kept in the cold-room (14°C) for 14 days to 
simulate duration of cooling, packing and transport before arriving at the importer. 
They were then dipped in the Ethrel® solution (1000μL/L ethephon) for 10 minutes 
and moved to the ripening room (20°C) for shelf life assessment. 

 
In each group, fruit samples were randomly divided into two trays where tray 1 was for 
destructive assessment (such as the Brix test) and tray 2 was for ER and ESL judgement 
(see Table 2). 
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Figure 5. Simplified supply chains for exporting Australian mango fruit by sea to China 

Source: Author’s analysis 

 

 
Figure 6. Dipping mango samples in the post-harvest laboratory in ESP, Brisbane 
Source: Author’s image 

 
Table 2. Mango cultivar samples under each treatment 

Cultivar Air freight 
Tray 1 

Air freight 
Tray 2 

Sea freight 
Tray 1 

Sea freight 
Tray 2 Total 

NMBP1243 12 10 12 10 44 

Van Dyke 18 10 18 10 56 

R2E2 9 10 10 10 39 
Source: Author’s analysis 

Assessment 
Fruit assessment was undertaken by following the assessment checklists developed by 
the project (Version 1.1). 

• Dry matter (DM) – Upon arrival, dry matter of each fruit was objectively assessed 
using a handheld Felix NIR (near infra-red) unit under ‘16032V2Mango’ model. 
Fruit dry matter was then used to allocate fruit samples. 
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• Weight – Initial (d1) and end (d15) weight of every fruit was measured using a 
balance. The weight loss was calculated and expressed as a percentage loss of 
individual fruit per the original fruit mass (Joyce & Shorter, 1994). 

• Fruit quality assessment – refer to the assessment checklists (see Supporting 
document 8.1). 

• Eating soft and end of shelf life – Days to ER (firmness score of 4) and ESL for 
individual fruit were recorded. The ESL for each fruit was judged according to the 
following parameters: over-soft (hand firmness score 5), presence of rot or any 
level of chilling injury, or severe skin defects such as black blemish or under-skin 
browning (skin defect score 2 or lower). 

Data (including temperature information and fruit quality) was collected, analysed and 
graphed from this trial.   
Risk management 

• Fruit ripeness stage judgement – difficult to determine due to ripening variations 
between cultivars and between every single fruit. The approach taken in this trial 
was to repeat the consumer test process for fruit in tray 1 based on their hand 
firmness score. 

• Hand firmness judgement for the new cultivar – difficult to determine due to limited 
experience. In this trial, KP – as the male parent for the new cultivar NMBP1243 – 
was used as a reference. 

4 Results 

4.1 Monitoring trial 
The temperatures recorded after harvest towards the ESL in fruit samples of three 
cultivars are presented in Table 3 and Figure 7. Data on visual quality (see Table 4), skin 
colour and hand firmness (see Table 5) at outturn was collected using the project manual 
and this information, in turn, provided an indication of fruit ripening progress along the 
supply chain. Shelf life data and reasons for ESL were collected and presented in Table 6. 
The shipment container atmosphere was controlled, and the variation in CO2 and O2 
concentrations over time is shown in Figure 8. 
Temperature 
Table 3. Average temperatures (°C) between and within pallets 

Tray position Pallet 3 (Front) Pallet 7 (Centre) Pallet 11 (Back) Mean 

Top (Layer 15) 15.2 16.0 14.9 15.4 

Middle (Layer 10) 14.9 16.7 15.7 15.8 

Bottom (Layer 1) 13.7 13.5 14.5 13.9 

Mean 14.6 15.3 15.0 15.0 
Source: Author’s analysis 
Note: Temperature assessed from the time atmosphere was established in the container through to 

importer arrival 

• Averaged across the entire shipment, temperatures within the different mango 
trays varied from 13.5 to 16.7°C, depending on their location within the container. 

• Pallet 3 (front) had the lowest average temperature while the centre pallet (pallet 
7) had the highest temperature. 

• Within each pallet, the trays at bottom layer experienced the coolest temperature. 
On average, the middle tray had the highest temperature for centre and back 
pallets while, for the front pallet, it was the top tray. 
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Figure 7. Temperature of sample trays at bottom, middle and top layer in pallet 3 (front), 
pallet 7 (middle) and pallet 11 (back) 
Source: Author’s analysis 
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• Air temperature during sea transport generally ranged from 14 to 17°C, with an 
average of 15°C. 

• Temperature variation was up to 4°C within pallets and up to 2°C between pallets. 
• There was a larger temperature variation between layers in the middle pallet in 

comparison to the front and back pallets. 
• Bottom layer trays in pallets stayed consistently closer to the target of 13°C. 
• There was a rise of up to 3°C in air temperature in the container during 

transhipping in Kaohsiung, Taiwan – three days before arrival at Hong Kong. We 
assume the container must have been off power during this period. 

• During the five-day holding period for quarantine and customs clearance at Hong 
Kong, air temperatures generally remained similar to those recorded during sea 
transit. 

• The total shipment time was 24 days, including transporting from pack house to 
seaport for one day, holding at Townsville seaport for seven days, sea freight from 
Townsville to Taiwan (eight days), Taiwan to Hong Kong (four days) and Hong 
Kong to Shenzhen (four days). 

 
Fruit quality 
Table 4. Average visual quality between and within pallets 

Tray position Pallet 3 (Front) Pallet 7 (Centre) Pallet 11 (Back) Mean 

Top (Layer 15) 4.6 4.8 4.5 4.6 

Middle (Layer 10) 4.5 4.4 4.7 4.5 

Bottom (Layer 1) 4.4 4.3 4.3 4.3 

Mean 4.5 4.5 4.5 4.5 
Source: Author’s analysis 
Notes: 1 = extremely poor; 2 = poor; 3 = fair, limit of marketability; 4 = good; and 5 = excellent 

 

• Visual quality data was not very reliable as these criteria were still under 
development at that time. 

• The overall visual quality was high, with the exception of a few individual fruits 
which had unacceptable defects such as rot, black blemish and skin browning. 

• Trays at the bottom layer had lower visual quality average scores while those on 
the top layers had a higher score. 

 
Table 5. Average fruit skin colour between and within pallets 

Tray position 
Skin colour (yellow/green) Firmness 

Pallet 3 
(front) 

Pallet 7 
(centre) 

Pallet 11 
(back) Mean Pallet 3 

(front) 
Pallet 7 
(centre) 

Pallet 11 
(back) Mean 

Top (Layer 15) 3.0 2.6 3.1 2.9 2.4 3.4 3.1 3.0 

Middle (Layer 10) 3.0 3.4 3.3 3.2 2.1 3.2 3.8 3.0 

Bottom (Layer 1) 3.1 3.5 3.3 3.3 2.1 3.0 3.7 2.9 

Mean 3.0 3.1 3.2 3.1 2.2 3.2 3.5 3.0 
Source: Author’s analysis 
Notes:  1 = 100% green; 2 = green > yellow; 3 = green = yellow; 4 = yellow > green; and 5 = 100% yellow) 

and firmness scores (score 1–5: 1 = no ‘give’; 2 = slight ‘give’ with strong thumb pressure; 3 = flesh 
deforms by 2–3 mm with moderate thumb pressure; 4 = whole fruit deforms with moderate hand 
pressure; and 5 = whole fruit deforms with slight hand pressure 
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• There were variations in skin colour both within and between pallets. Fruit from the 
top layer of the pallets were generally greener than the middle and bottom layers 
(especially in the middle pallet). 

• Variation in firmness was also evident – especially between pallets – with fruit in 
the front pallet being much firmer than those in the centre and back pallets. 

 
Shelf life 
Table 6. Average residual shelf life (days) of fruit between and within pallets 

Tray position Pallet 3 (front) Pallet 7 (centre) Pallet 11 (back) Mean 

Top (Layer 15) 8.0 10.2 10.0 9.3 

Middle (Layer 10) 12.3 7.4 8.3 9.3 

Bottom (Layer 1) 12.3 8.3 7.5 9.4 

Mean 10.9 8.6 8.6 9.3 
Source: Author’s analysis 
Note:  The reliability of shelf life data is under question due to the lack of quality control in the assessment 

undertaken by in-country collaborators. 
 

• Fruit located at the middle and bottom layers in the front pallet had the longest RSL 
on average, while the middle layer tray in the centre pallet had the shortest RSL. 

• There was no consistent pattern in RSL between pallets. 
• Fruit was judged as being at the end of RSL due to softness (73.7%) and 

unacceptable defects (26.3%). 
 
Controlled atmosphere (CA) 

 
Figure 8. CO2 and O2 Concentration in the container () 
Source: Author’s analysis 
Note:  Levels assessed from the time atmosphere was established in the container through to importer 
arrival 

 

• Both O2 (blue line) and CO2 (orange line) concentrations were generally maintained 
close to the setpoint throughout sea transit and the five-day holding period at 
Shenzhen. 
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• There was a drop in gas concentrations (especially CO2) during transhipping in 
Kaohsiung, Taiwan, which coincided with the temperature rise and loss of container 
power noted above. 

4.2 Simulation trial 
The temperatures recorded after harvest towards the ESL in fruit samples of three 
cultivars is presented in Figure 9. Data on fruit DM and fruit weight loss over a subsequent 
14-day period were measured at harvest and are presented in Figures 10 and 11. Data on 
visual quality (see Table 7), skin colour (see Table 8) and hand firmness (see Figure 12) 
at outturn was collected using the project manual and this information, in turn, provided an 
indication of fruit ripening progress along the supply chain. Shelf life data and reasons to 
ESL were collected and presented in Figure 13 and Table 9, respectively. 
 
Temperature 

 
Figure 9. Temperature of fruit samples during transport and storage 
Source: Author’s analysis 

 

• Fruit samples experienced a short period of high temperature (above 25°C) on the 
way from the farm to Cairns airport. 

• Both temperatures in the cold-room and ripening room were stable and close to 
the intended temperature. 

• The average temperature was around 13.4°C in the cold-room and 21.6°C in the 
ripening room. 
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Dry matter 

 
Figure 10. Average overall dry matter by cultivar according to air freight and sea freight 
treatment  
Source: Author’s analysis 

 

• Fruit samples were allocated two treatment modalities based on dry matter in order 
to avoid significant differences between treatments within the cultivars. 

• Among the cultivars, R2E2 fruit had the highest dry matter (19% in average), which 
was significantly higher than the average DM levels for Van Dyke (15.8%) and 
1243 (14.7%). 

 
Weight loss 

 
Figure 11. Average fruit weight loss by cultivar over a subsequent 14-day period for overall, 
air freight and sea freight treatment 
Source: Author’s analysis 
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• Among the cultivars, Van Dyke had the lowest fruit weight loss (1.9% in average), 
while R2E2 and 1243 had similar fruit weight loss overall – 3.7% and 3.5% 
respectively. 

• Among treatments, fruit from all three cultivars that was transported under the 
warmer simulated air freight conditions had significantly high weight loss than fruit 
that was transported by cooler sea freight. 

 
Fruit quality  
Table 7. Average visual quality score 

Treatment Cultivar Day 1 Day 8 

Air freight 

R2E2 4.3 ± 0.2 3.9 ± 0.1 

Van Dyke 4.2 ± 0.2 – 

NMBP1243 4.3 ± 0.2 4.0 ± 0.1 
  Day 1 Day 15 

Sea freight 

R2E2 3.9 ± 0.1 3.7 ± 0.2 

Van Dyke 4.5 ± 0.2 4.2 ± 0.1 

NMBP1243 4.2 ± 0.1 4.3 ± 0.2 
Source: Author’s analysis 
Notes: 1 = extremely poor; 2 = poor; 3 = fair, limit of marketability; 4 = good; and 5 = excellent) of R2E2,  

Van Dyke and NMBP1243 on day 1 (both) and day 8 (for air freight) or day 15 (for sea freight) 

 

• On average, visual quality scores decreased gradually which was mainly due to 
progressively developed skin defect(s) and softness. 

• Interestingly, visual quality scores for sea freighted 1243 cultivar went up slightly 
which could indicate a small rating error. 

 
Table 8. Average skin colour score by cultivar for air and sea freight simulation treatments  

Treatment Cultivar Day 1 Day 3 Day 7 Day 8 Day 9 Day 11 Day 13 

Air freight*  

R2E2 1.3 1.7 3.8 - 4.3 4.7 5.0 

Van Dyke 1.8 – – 5.0    

NMBP1243 1.9 – – 5.0    

 Day 1 … Day 15 Day 17 Day 21 Day 23  

Sea freight 

R2E2 1.0 
14 days 
storage 
(14°C) 

2.6 3.3 4.6 5.0  

Van Dyke 1.0 3.8 5.0    

NMBP1243 1.0 4.9 5.0    
Source: Author’s analysis 
Notes:  Assessment on skin colour was not done at day 8 for R2E2, and at day 3 and day 7 for Van Dyke 

and NMBP1243 
 

• Fruit skin colour of the cultivars Van Dyke and 1243 changed quickly during 
ripening. 

• Storing fruit at 14°C for 14 days delayed ripening of mangoes relative to those fruit 
that were maintained at 20°C. Fruit colour development accelerated rapidly upon 
transfer from 14°C to 20°C. 
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Figure 12. Hand firmness score changing trend by cultivar in air and sea freight simulation 
trials  
Source: Author’s analysis 

 

• During ripening, 1243 fruit softened quickly whereas R2E2 and Van Dyke were 
comparatively firm cultivars. 

• Fruit softening was delayed for mangoes at early stage in 14-day storage at 14°C , 
but fruit softened more quickly after removal to 20°C. 

 
Shelf life and reasons for ESL 

 
Figure 13. Average shelf life(days) by cultivar for air and sea freight treatments  
Source: Author’s analysis 
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Table 9. Reasons of fruit samples reaching ESL by cultivar in air and sea freight treatments 

Cultivar Primary reason Secondary reason Tertiary reason 

R2E2 Softness (45%) Spongy stem (39%) Rot (13%) 

Van Dyke Brown blemish (57%) Softness (23%) Rot (14%) 

NMBP1243 Softness (79%) Rot (14%) Insect sting (7%) 
Source: Author’s analysis 

 

• Fruit exposed to simulated air freight had a shelf life around 20 to 22 days. 
• Exposure to 14 days of cold storage to simulate sea freight resulted in a 

considerably shorter shelf life for R2E2 and 1243; however, there was no obvious 
change for Van Dyke. 

• The main two reasons for fruit reaching ESL was softness and rot. 
• Brown blemish was a serious problem for Van Dyke fruit (57%). 
• Some R2E2 fruit revealed a spongy stem before reaching ESL. 

5 Discussion 

5.1 Monitoring trial 
This trial proves that fruit (e.g. Pallet 3 Layer 1) that was shipped under optimum 
temperatures (13.7°C) arrived in China with lower firmness scores (2.1) and had the best 
performance on RSL (12.3 days). However, fruit at the middle layer in the front pallet 
(Pallet 3 Layer 10) had long RSL (12.3 days) due to low softness scores (2.1), regardless 
of higher air temperature (14.9°C). When comparing these two groups, it can be surmised 
that temperature ranges between 13.7 to 14.9°C had little impact on the fruit’s RSL where 
they have similar firmness, visual quality and skin colour scores. 
The current study highlighted that shipment temperatures can vary substantially across an 
export consignment and result in inconsistent fruit outturn quality. For example, fruit 
sampled from the middle layer of a pallet positioned at the centre of a shipping container 
(Pallet 7 Layer 10) were exposed to the highest air temperatures of 16.7°C and recorded 
the shortest RSL of 7.4 days in comparison to those located elsewhere in the shipment. 
Nevertheless, fruit that was maintained under relatively lower shipment temperatures (e.g. 
fruit at the bottom layer in the back pallet) often arrived at market too soft and with low 
visual quality scores and a short RSL. Although fruit experienced close to optimum 
storage temperatures of14.5°C on average during the x-day shipment, poor visual quality 
and softness limited the average shelf life to 7.5 days.  
The monitoring trial suggested that the optimum shipment time was 24 days from the time 
the container was loaded at the pack house in Australia to arrival at the importer’s 
warehouse in China. As shown in Figure 7, the results suggest the possibility of 
shortening sea freight process time by decreasing holding time at the seaport in Australia. 
Challenges are also posed to supply chain stakeholders in terms of the control and 
monitoring of fruit transport conditions. 
No clear relationship between temperature and RSL was observed in the monitoring trial. 
Results show that RSL was variable – an outcome that was probably due to factors (e.g. 
harvest maturity) other than shipment temperature. For example, there was a correlation 
between relatively low temperatures (13.5°C) and medium-soft (3.0) fruit (Pallet 7 Layer 1) 
which also had a shorter RSL (8.3 days). Also, the reliability of shelf life data is subject to 
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scrutiny due to the lack of controls in the assessment undertaken by in-country 
collaborators. 
Lower temperature would slow down the fruit ripening process as indicated by the 
firmness score for fruit. Fruit in front pallet (Pallet 3) which experienced the lowest 
temperature was relatively firmer (score 2.2 in average) in comparison to fruit in the centre 
of the container. This also applies to fruit at the bottom of the container. 
When comparing fruit in Pallet 3 Layer 10 and Pallet 11 Layer 15, it is apparent that 
firmness is a significant factor affecting RSL. Fruit in these two groups was subjected to 
the same temperature and had an average visual quality and a firmness score ranging 
from 2.1 to 3.1, which can result in an RSL reduction from 12.3 to 10.0 days. 
One interesting observation involved fruit in Pallet 7 Layer 15 which had a high 
temperature (16°C) and high softness score (3.4) but long shelf life (10.2 days). This may 
be due to the highest visual quality score (4.8). However, it is hard to explain why firm 
(2.4) fruit in Pallet 3 Layer 15 with an average temperature (15.2°C) and visual quality 
scores (4.6) had a short RSL (8.0 days). 
This preliminary assessment was undertaken using the manual (draft 3). ‘Visual quality’ 
and the judgement of ESL data was not considered to be reliable for drawing definitive 
conclusions. However, it was deemed valuable for better understanding the situation and 
for improving the current manual. While the quality assessment was undertaken by the 
researcher, judgement of ESL was undertaken by Chinese collaborators and, hence, 
variations between assessors can also have an impact on experiment results. 

5.2 Simulation trial 
The temperature in the cold-room and ripening room for the lab-based simulation trial was 
well-controlled and was set according to information collected from live data. Aside from 
the short exposure to high temperature (above 30°C) after harvest, fruit temperature 
management was good once the mangoes arrived in Brisbane. 
However, fruit samples from the same source were received at different DM levels. The 
commercial cultivar representative R2E2 has extremely high DM levels at 19% on 
average. The new cultivar 1243 and parent cultivar representative Van Dyke had 14.7% 
and 15.8% DM levels on average, which is closer to the commonly sought standard for 
commercial fruit. Reasons for such a big difference could be different harvest times (R2E2 
was harvested three weeks later than Van Dyke and 1243) and the technique (NIRS) that 
was used to measure DM levels. Another factor that could have a potential impact on 
confidence levels in these trial results is the inherent nature of these three cultivars. 
Specifically, the question is how high DM levels could have reached in Van Dyke and 
1243 fruit if they had been left longer on the tree before harvesting and post-harvest trials 
were conducted. 
In terms of average weight loss in fruit during the 14-day storage, fruit that was subjected 
to air freight simulated conditions which were held at 20°C had higher weight loss levels 
than sea-freighted fruit for all three cultivars. This confirms that cold temperature storage 
(14°C) can reduce weight loss in fruit. Scott Ledger from Manbulloo suggested that 3–5% 
weight loss is commercially acceptable, and these experimental results are in line with this 
standard. Among the three cultivars tested, Van Dyke fruit had the lowest weight loss at 
1.9% on average in comparison to 3.7% and 3.5% for R2E2 and 1243, respectively. 
Similar weight loss results occurred for both air and sea freight samples. While a lot of 
other factors should be considered when selecting genotypes and comparing market 
acceptance, this outcome reinforces the suggestion that the Van Dyke cultivar might be a 
good option for export, or as a parent cultivar for a breeding program. 
Average visual quality score was high on the intake day for all three cultivars. Due to 
progressively developed skin defect(s) and fruit softening, the average score decreased 
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slightly but was still considered to be promising. For the 1243 sea freight fruit, the score 
went up slightly, possibly because of its attractive skin blush and the fact that its skin 
colour turned from green to yellow. 
During air freight treatment under 20°C, the skin colour of Van Dyke and 1234 fruit turned 
to all-yellow eight days after harvest  while it took 13 days for R2E2 fruit. During sea 
freight, 1243 and Van Dyke took 17 days to reach full-yellow skin colour while R2E2 fruit 
took 23 days. Storage at 14°C delayed fruit ripening but it then accelerated rapidly at 
20°C. Interestingly, on day 15 after removal from cold storage, the skin colour of 1243 and 
Van Dyke cultivars were close to all-yellow but still only half yellow for R2E2. In this way, it 
is apparent that cold storage delayed ripening more effectively in the R2E2 cultivar. 
Fruit hand firmness also changed quickly during fruit ripening, especially for the cultivar 
1243. R2E2 and Van Dyke are comparatively firm cultivars. The 14-day cold storage 
(14°C) delayed softening of the mango samples, but then fruit softened more quickly after 
removal to 20°C storage. 
All three cultivars had a similar shelf life length – ranging from 20 to 22.6 days – in air 
freight storage at 20°C. Storing at a cold temperature (14°C) can delay fruit deterioration. 
After 14 days simulated transportation via sea, Van Dyke fruit still had a 20.6-day shelf 
life, R2E2 had a 16.3-day shelf life and 1243 had a 14.6-day shelf life. These shelf life 
results suggest the export potential for 1243 and Van Dyke cultivars in the future. The 
primary reason that causes fruit to reach ESL is being over-soft (hand firmness score 5). 
Rot (including stem-end rot and body rot) is also important. For R2E2, spongy stem was 
observed after fruit ripening and then this turned into stem-end rot in some cases. The 
most common issue in Van Dyke (a firm cultivar) was the development of severe brown 
blemish on the fruit skin which affects its visual quality score. This occurred when fruit was 
still quite firm (hand firmness score 3). 
In the simulation trial, version 1.1 of the manual was tested (draft 6). The 
researcher/assessor was more confident undertaking the assessment and collected data 
based on a commonly agreed rating system and scale which had been refined during 
Workshop 1. 

5.3 Linkages 
As the simulation trial was designed according to results from the monitoring trial, there 
are linkages and some corresponding outcomes from both. 
Temperature management of real-world consignments is not easy to replicate in the 
laboratory. For sea freight, temperature variations during trans-shipping and unloading 
can cause major quality issues in mangoes. Seasonal weather is another challenge as the 
temperature was high (~30°C max) in the Australian mango season, however, it was 
winter (e.g. -5°C in Beijing) on arrival in China. While in the laboratory, temperature can 
be effectively controlled, so this ideal environment won’t account for the negative effects 
of temperature variations on fruit quality. Some comparisons of fruit quality scores require 
further investigation and explanation. In the real-world, sea-freight monitoring ratings on 
day 25 suggested fruit skin colour was half yellow and firmness was around a score of 3. 
However, on day 25 in the simulation trial for the sea freight, all three cultivars had a full-
yellow skin colour but had similar hand firmness scores of 3.0 to 3.5. Another interesting 
example is to look at comparing supply chain stages. Fruit quality was assessed at the 
importer in the real-world monitoring shipment. Fruit scored 3.1 for skin colour and scored 
3.0 for hand firmness. However, in the simulation trial, the sea freight R2E2 fruit at 
importer level (day 15) scored 2.6 for skin colour, which was similar to the real-world 
shipment, but scored 1.5 for hand firmness. Possible reasons for the firmer fruit in the 
simulation trial could be shorter travel days and a well-controlled temperature. 
In terms of shelf life, R2E2 had a 9.3-day shelf life in the real-world consignment and 16.3 
days in the simulation trial. Again, longer days for transport and temperature variations 
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along the trip and multitude of potential factors (different farm, harvest time, different 
assessors) are potential reasons for shorter shelf life of fruit in real-world consignments. 
Another important reason was that simulation fruit were not through to quarantine 
procedures (e.g. vapour heat treatment) where exposure to extremely high temperature 
(above 45°C) even if for a short time would obviously shorten fruit shelf life length. 

6 Conclusion and recommendations 

6.1 Conclusion 
The rapid assessment technology (assessment checklists) developed by this project can 
be effectively used in-market at an importer level to identify the differences in quality on a 
range of mango cultivars. 

• Tested result (quality scores) of the assessment checklists can correctly reflect 
fruit ripening stages in both monitoring and simulation trials. 

• Results from the monitoring study identified the fruit quality impacts of managing 
the temperature of a mango fruit consignment in real world export supply chains. 
Using the manual for fruit quality assessments at the importer level helps to 
understand the relationship between fruit quality and the conditions (especially 
temperature and time) fruit experienced along the chain. 

• Results from the simulation trial identified fruit quality and shelf life differences 
between fruit cultivars at different supply chain stages. 

The simulation trial methodology is feasible. 

• Temperature and time data obtained in monitoring trials showed consistency, 
especially during sea freight. The laboratory trial simulated these conditions, which 
enabled researchers to investigate fruit performance along the supply chain 
without constrains from using real world monitoring (e.g. market access approval). 

• R2E2 fruit had similar SL in two trials (real-world: ~ 33 days, lab: ~ 30 days) 
despite different fruit sample sources. 

• However, due to the simulation trial design being ideal and simplified, more 
evidence from real-world monitoring is required to have confidence in the results. 

Compared with R2E2, other mango cultivars could be considered for export. 

• In the simulation trial, it seems possible to export cultivar ‘Van Dyke’ (longer SL) 
and ‘NMBP1243’ (similar SL) to China by sea. Similar trials could be done to test 
other new cultivars from the Australian national mango breeding project to select 
and evaluate export options. 

• However, for export, new cultivars would also need to be pre-tested in real-world 
monitoring trials to understand fruit performance. More trials plus consumer 
preference studies should be done to confirm this conclusion. 

6.2 Recommendations 
As a result of this study it was recommended to continue to road-test and promote the 
assessment checklists. 

• More mango cultivars from Australia could be tested in laboratory trials to validate 
the manual. 

• The same methodology (comparing real world monitoring and simulation) has 
been tested using one local mango cultivar in Australia and the Philippines. The 
manual could be further promoted by encouraging supply chain players in ACIAR 
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partner countries to use this methodology to validate the manual and report 
feedback. 

• The manual should be modified to suit the requirements of various countries and 
cultivars. 

Repeat both trials to improve confidence in the conclusions. 

• Undertake more monitoring trials to confirm temperature and time (days) setting 
for laboratory trial design. 

• Use fruit samples from the same farm in both trials. 
• Harvest fruit samples at the same time, with similar levels of DM for different 

cultivars. 
• Test and repeat trials to evaluate possible export cultivars from different countries. 
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8 Supporting documents 

8.1 Quick Assessment Manual – Whole fruit assessment 
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