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2 Case summary 
Mango is one of the most economically important tropical fruits in the Asia-Pacific region 
in terms of production and export value. The global production of mangoes has 
dramatically increased over the past decade, most of which has been from Asian 
countries. The increasing demand for mangoes in the international market has generated 
both challenges and opportunities, particularly for developing countries. At present, 
mango producers such as the Philippines cannot consistently deliver high-quality 
mangoes into major markets such as those in Hong Kong and mainland China. 
Furthermore, there is limited information about the rapidly changing mango market with 
regards to its quality requirements, standards, problems and opportunities in key 
emerging markets such as China. As a result, an international in-transit case study was 
conducted to develop a better understanding of mango quality in the export supply chain, 
specifically from Davao City, Philippines to Shanghai, China. This research identified gaps 
in the postharvest management of mangoes in order to maintain and improve mango 
quality in the Philippines. 
The temperature and the quality of Carabao mangoes exported from Davao City in the 
Philippines to Shanghai, China were tracked and monitored. The average temperature 
and relative humidity (RH) inside the container van were 11.0+1.9°C and 96+5.6%RH, 
respectively. The minimum temperature recorded in boxes of mangoes during shipment 
was 9.5 °C, while the maximum temperature was 22.7 °C (read one hour after loading in 
the container van). The temperature was lower in the front of the container van during 
shipment and temperature breaks were recorded during shipment and the quarantine 
period. The quality of the Carabao mangoes was assessed and monitored upon arrival at 
the import consignment and also during storage in the laboratory at the East China 
Normal University (ECNU) in Shanghai, where the conditions in the importer’s warehouse 
were simulated. Mango quality was assessed using the Mango Quality Manual developed 
by the University of Queensland and the Asia-Pacific countries under the small research 
activity (SRA) Mango Quality Project (AGB/2016/009). 
Variations in quality were observed in fruit positioned at various locations in the container 
van (front, centre, back), which was attributed to the numerous delivery times in the 
exporter’s warehouse. It was also an indication of different maturities of mangoes that, in 
turn, affected fruit quality. Mangoes at the back of the container van were delivered later 
which resulted in better quality fruit. Higher temperatures recorded in the centre of the 
container van tended to affect fruit quality. Fruit at the bottom cooled faster and exhibited 
better visual quality, lower weight loss, a higher percentage of marketable fruit, and a 
lower percentage of fruit with diseases. Latex injury, bruising, development of lenticel 
spots and latent infection such as anthracnose and stem-end rot (SER), as well as fruit 
shrivelling were observed during storage in China. Progression of internal defects such as 
riciness and brown spots were also evident during storage. In another evaluation, three 
mango varieties – Florida, Apple and Zambales – were tested in a laboratory set-up that 
mimicked the export shipment conditions of Carabao mangoes with some modifications. 
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Among these varieties, the full yellow stage was observed only in the Apple and Zambales 
varieties. When the temperature of the storage room was set to 20 °C, diseases such as 
anthracnose and SER developed 23 days after treatment (DAT), leading to the 
termination of the fruits’ shelf life. During this period, fruit showed changes in colour and 
firmness.  
To address some limitations in the study, the following recommendations were made: 

• Establish a relationship with the importer in order to be able to follow the supply 
chain of mangoes in the import consignment. 

• Assess the effect of vapour heat treatment (VHT) on the progression of internal 
defects. 

• Determine the peak season of each mango cultivar and evaluate the sensory 
quality of the different mango varieties. 

• Evaluate the effect of VHT on the quality of three mango varieties. 

3 Introduction 

3.1 Project background 
Mango (Mangifera indica L.) is one of the most important tropical fruits in the Asia–Pacific 
region. The Philippines is one of the largest producers of mangoes in the global market. It 
ranks as the eleventh-largest mango producer in the world and as the eighth and twelfth 
top exporter in terms of value and volume, respectively (FAOSTAT, 2016). The Carabao 
mango is the top export variety in the Philippines contributing approximately 80% of the 
total mango production in the country (PSA, 2018) and is one of world’s most popular 
mango varieties. In 1995, the Filipino Carabao mango was listed in the Guinness Book of 
World Records as the sweetest fruit in the world (Castillo-Israel et. al., 2015). This has 
provided more opportunities for the Philippines to showcase the Carabao mango (also 
known internationally as the ‘Super Manila’ or ‘Luzon’) to the world. However, 
approximately 2–7% of the total volume of mangoes produced in the country are for the 
export market. Though the export volume is low, its value is high in international markets 
such as China. The lower export grade of mangoes in the Philippines limits its export 
volume. 
The global production and export values of mangoes has dramatically increased which 
can be mainly attributed to high production from Asian countries. The increasing demand 
for mangoes in the international market has generated both challenges and opportunities, 
particularly for developing countries. At present, mango producers in the Philippines 
cannot consistently deliver high-quality mangoes into major markets such as Hong Kong 
and mainland China. Several problems in the mango industry limit the performance of the 
Philippines in the international market. These include the declining yield and quality of 
mangoes due to pests and diseases, poor nutrients, inefficient water management, low 
adoption of improved technologies, and high post-harvest losses (DOST-PCAARRD, 
2018). These problems beset smallholder growers who have limited resources, resulting 
in low volumes of high-quality mangoes for export. 
In the international market, information is limited about the rapidly changing mango 
market, its quality requirements and standards, and the problems and opportunities in key 
emerging markets such as China. To gain wider access in order to compete in the 
international market, a greater understanding of the conditions and quality of mangoes 
along the international supply chain is required. Hence, an international in-transit case 
study was conducted in the export supply chain, specifically from Davao City in the 
Philippines to Shanghai, China. This study identified gaps in postharvest management of 
mangoes to maintain and improve the quality of Filipino mangoes. 
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3.2 Study objectives 
This study aimed to assess and describe Carabao mango quality in the export mango 
supply chain. In accordance with the aim of the mango SRA, the specific study objectives 
were to: 

• enhance skills and knowledge in monitoring mango quality along the export supply 
chain  

• monitor quality and temperature during a mango shipment from Davao City in the 
Philippines to Shanghai, China 

• simulate the export supply chain conditions in other mango varieties in the 
Philippines  

• understand the main issues and gaps in order to improve mango export quality. 

3.3 Study methodology 
This study includes international in-transit supply-chain monitoring and evaluation of the 
quality of Carabao mangoes in the export supply chain from Davao City in the Philippines 
to Shanghai, China. It also covered temperature monitoring during an in-transit study, as 
well as the simulation of the export conditions for three other mango varieties in the 
Philippines.  
Two studies were conducted in the export supply chain to monitor temperature and quality 
of Filipino Carabao mangoes and a laboratory simulation of the export conditions of 
Carabao mangoes was applied to three other mango varieties: Florida, Apple and 
Zambales. 
Assumptions and limitations 

For the real-world export monitoring study, the mangoes in the import consignment were 
not strictly followed in the warehouse as the importer did not permit monitoring in their 
facility where ripening and storage took place. For the simulation trial, the VHT was not 
included as the Southern Philippine Fresh Fruits Corporation (SPFFC) was not able to 
accommodate treatment of the three cultivar varieties at the time of the study. The 
scheduled time for the simulation trial was the peak season of the exporter’s operations.  
Temperature monitoring 

A mango shipment from Davao City in the Philippines to Shanghai, China through an 
export company – the Southern Philippine Fresh Fruits Corporation (SPFFC) – was 
tracked and tagged for temperature monitoring. Nine out of 18 sample boxes were tagged 
with temperature data loggers (ElitechRC-5™, Elitech (UK). LTD) to monitor the 
temperature of the mangoes inside each box.  
Figure 1 shows the different parts of the container van where the mangoes were located 
for temperature and quality assessment, as well as the actual boxes of mangoes for 
shipment to China. Each box was positioned at the bottom, middle and top layer in each 
of the front, centre and back locations of the container van. The shipment was comprised 
of loose cargo with only six layers of boxes, including empty boxes at the bottom. To 
monitor the surrounding conditions outside the boxes, one temperature and RH logger 
(Tinytag Ultra 2™) was positioned on top of a box located at the front of the container van. 
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Figure 1. Carabao mangoes exports, Davao City, Philippines to Shanghai, China 
Source: Author’s analysis and image 
Note: Samples (A) and actual setup (B) for temperature and quality monitoring 
 

Quality monitoring, Carabao mangoes  

Reject-bin analysis was undertaken at the exporter’s warehouse upon delivery of the fruit. 
Different levels of defects were identified and the percentage of fruit with specific defects 
was recorded. A total of 934 rejected fruit from two receipt dates in the SPFFC were 
assessed. 
Mangoes from the SPFFC were tagged for quality monitoring during a trial shipment from 
the Philippines to China. Initial assessments were completed upon receipt or delivery from 
the farm and during packing of the mangoes at the SPFFC. Mangoes for assessment 
were located and positioned in different parts of the container van during shipment. A total 
of 18 boxes of sample mangoes from different locations and positions within the van were 
labelled for quality monitoring. Ten fruit from each box were used for whole-fruit 
assessment while three fruit per box were used for cut and optional assessments (TSS 
and firmness). The Mango Quality Manual developed by the University of Queensland and 
Asia-Pacific countries was used to assess Carabao mango quality during the export 
shipment trial. In China, quality assessments were completed upon arrival and then three 
and six days later. The storage and assessments of the fruit were completed in a 
laboratory of East China Normal University in Shanghai.  
Fruit used in the front and centre locations of the container van came from the same farm 
(first delivery) while fruit positioned in the back of the container van was sourced from a 
different farm (second delivery) due to the limited supply of mangoes during the first 
delivery. Fruit selected from each delivery were of uniform 0–2 quality (China grade) and 
were of medium size. The maturity of fruit from the first delivery sourced from Governor 
Generoso, Davao Oriental was 106 days after flower induction (DAFI) while the second 
delivery from Mati, Davao Oriental was 107 DAFI. 
Quality monitoring, Florida, Apple and Zambales mango varieties in the Philippines under 
simulated export conditions 

An initial simulation to monitor quality using Florida mangoes was completed. 
Commercially mature and newly harvested Florida mangoes were procured from the local 
wholesale market in Bankerohan, Davao City. Fruit was transported to the University of 
the Philippines (UP) Mindanao Postharvest Biology Laboratory for sorting, treatment and 
storage. Fruit were pre-treated with chlorinated water (150 ppm for three minutes). and 
then subjected to hot water treatment (HWT) at 52–55 °C for three minutes as is the 
practice at the SPFFC. Treatments included the storage of fruit in ambient or coldroom 
conditions (i.e. 10 °C, CoolBotTM) with or without HWT. 
Following this initial simulation, different mango varieties were then assessed. 
Commercially mature and newly harvested Florida, Apple and Zambales mangoes were 
procured from the local wholesale market in Bankerohan, Davao City. Fruit were 

A B 



 

5 

transported to the UP Mindanao Postharvest Biology Laboratory for sorting, treatment and 
storage. At Day 1, treatment following the SPFFC procedures was conducted (except for 
VHT as the exporter could not accommodate this treatment for other mango varieties 
during the peak season of production). Following this, fruit were pre-treated with 
chlorinated water (150 ppm for 3 minutes). The fruit was then subjected to HWT at 52–
55 °C for 3 minutes and then immediately cooled in a water bath at ambient temperature. 
Banana boxes were procured from a carton manufacturer for export and modified 
according to the box design the used by the mango exporter. Fruit was then packed at 
20 °C (day 2). The coldroom was set to 10 °C while loading the mangoes (days 2–17) to 
simulate the conditions during sea freight (days 8–16). It was then set to 20 °C to simulate 
the storage conditions at the importer’s warehouse (days 18–23). The actual conditions of 
the coldroom were 10.0+1.5 °C and 72+4.8% RH for shipment, and 20.1+0.8 °C, 
85.5+4.8% RH for storage. 
Six samples of each mango variety were randomly chosen for whole-fruit assessment at 
4, 8, 12, and 16 DAT. For whole-fruit assessments at 0, 20 and 23 DAT, the same 
samples (30 fruit per variety) were used throughout the duration of the study. Different 
samples (six fruit per variety) were used for cut-fruit assessments at 0, 4, 8, 12, 16, 20 
and 23 DAT.  
Data from the real-world and simulation trials were analysed using the R package 
statistical tool. The version used was R version 3.3.2 (2016-10-31) Copyright © 2016 The 
R Foundation for Statistical Computing, Platform: x86_64-w64-mingw32/x64 (64-bit).  

4 Results and discussion 

4.1 Reject-bin analysis - Philippine Carabao mangoes 
The reject-bin analysis was performed to assess the defects in Carabao mangoes from 
harvest to the pack-house of the export company. Although the mangoes delivered to the 
export company were pre-sorted on the farm, the percentage of rejects upon receipt was 
still high at around 20% (based on reject-bin analysis) to 50% (based on interviews with 
the SPFFC staff) (see Figure 2). The most common defects were latex injury (24.8%) 
scab (22.8%), yellowing or discolouration (15.4%), insect damage (9.0%), lenticel spotting 
(7.15%) and bumps (4.7%) (see Figure 3). Figure 4 shows some of the common defects 
found in mangoes at the exporter’s warehouse. The defects sighted at the export 
company were also common during harvest, although fruit had been sorted and graded in 
the field.  
 
Sorting of fruit was also undertaken in the exporter’s warehouse during packing. The 
percentages of rejected fruit during packing ranged from 4.8% to 16.8% for the second 
and first batches of the delivery, respectively. The two main causes of rejection after 
packing were bumps and latex injury (see Figure 5). These two were also among the 
causes of reject upon receipt. Bumps may not be easily detected in fresh mangoes but 
over time the fruit developed a light green depression in the bruised area. In the exporter’s 
warehouse most of the fruit had the pedicel attached. Fruit with no latex stain during 
receipt often release latex when the pedicel was detached during the succeeding stages 
of handling in the exporter’s warehouse.   
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Figure 2. Carabao mango rejects, receipt and packing at SPFFC 
Source: Author’s analysis 

 

 

 

 
 

 
 
Figure 3. Defects observed during reject-bin analysis at SPFFC 
Source: Author’s analysis 
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Figure 4. Quality defects, Carabao mango, SPFFC 
Source: Author’s image 
 

 
 
Figure 5. Bumps and latex stain defects, Carabao mango, SPFFC  
Source: Author’s analysis 

4.2 Temperature and quality monitoring in a real-world export 
trial 

Temperature monitoring 

Monitoring of temperature commenced upon loading of mango boxes into the container 
van by the exporter for shipment. Due to a limited supply of export grade mangoes, 
temperature monitoring in the container van occurred at different times. The first delivery 
was on the midnight of 24 July 2018. Temperature monitoring in the front and centre 
locations commenced on 25 July 2018 while the back portion was on 28 July 2018 (see 
Figures 6–8). The mango samples for the back location of the container were delivered at 
midnight on 27 July 2018 and were stored in the container van until 5 am on 28 July 2018. 
The shipment was delivered to Davao City seaport on 28 July 2018. The transit time for 
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shipment from Davao City to Shanghai was seven days. The shipment of mangoes via 
sea freight to Shanghai, China was scheduled to arrive on 5 August 2018. However, the 
shipment was delayed and arrived on 9 August 2018 and was then quarantined for one 
day at the port in Shanghai. The mango samples were delivered to a laboratory at ECNU 
in Shanghai, China for storage and quality monitoring on 10 August 2018. The export 
supply chain of Carabao mangoes is shown in Figure 12. 
 

 
Figure 6. Container temperatures, Carabao mango, on loading, Davao City, Philippines to 
Shanghai, China 
Source: Author’s analysis 

 

 
Figure 7. Container temperatures, Carabao mango, centre part, Davao City, Philippines to 
Shanghai, China. 
Source: Author’s analysis 
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Figure 8. Container temperatures, Carabao mango, Davao City, Philippines to Shanghai, 
China 
Source: Author’s analysis 

 
For the boxes located in front and centre of the container van, higher average 
temperatures were recorded at the bottom followed by the boxes in the middle (see Table 
1). In contrast, the topmost boxes at the back recorded higher temperatures compared to 
boxes at the front and centre. The boxes at the back of the container van recorded higher 
temperatures in comparison to the other locations. Those at the top showed slightly lower 
temperatures regardless of location. The boxes at the front exhibited the highest 
temperature one hour after loading, while for the boxes at the back, this occurred during 
the quarantine period. 
During shipment monitoring, a temperature break was recorded on 1 August 2018 within 
the quarantine period. A temperature break is an increase in air temperature greater than 
2 °C for more than 90 minutes within the fruit container (Goedhals-Gerber, 2015). After 
the cooling period, the temperature remained steady during transit, except on 1 August 
2018 at approximately 114 hours after loading. During the temperature break on 1 August 
2018, higher temperatures at the top were recorded at 15.8 °C, 14.8 °C and 14 °C for the 
boxes located at the front, centre and back, respectively. In the same way, the 
temperature and relative humidity in the container (outside the boxes) during the same 
period also increased (see Figure 9).  
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Table 1. Average, maximum and minimum temperatures, export, Davao City, Philippines to 
Shanghai, China 

Location Position 
Average 

temperature 
(°C) 

Maximum 
temperature 

(°C) 

Minimum 
temperature 

(°C) 

Front      

 Top 10.3+1.6 22.7 9.6 

 Middle 10.9+1.2 22.2 9.5 

 Bottom 11.2+1.0 21.2 10.2 

Centre     

 Top 10.6+1.8 22.9 9.8 

 Middle 11.2+1.3 22.7 10.5 

 Bottom 11.0+1.2 22.1 10.0 

Back     

 Top 11.8+1.2 16.1 11.0 

 Middle 11.4+1.0 16.8 10.8 

 Bottom 11.2+1.0 16.7 10.7 

Outside the boxes 
Average 

(Temperature and 
RH) 

Maximum 
(Temperature and 

RH) 

Minimum 
(Temperature and 

RH) 

Front Top 11.0+1.9 °C, 
96+5.6% RH 27 °C, 100% RH 10 °C, 64% RH 

Source: Author’s analysis 

 
Temperature is most important variable in maintaining the quality of fruit, especially during 
an export shipment which often takes several days to deliver the produce to the receiving 
country and consumers. Temperature during transit is crucial as extreme low and high 
temperatures can adversely affect the quality of the fruit. Excessively low temperatures 
can result in chilling or freezing injuries while high temperatures can increase respiration 
which causes water loss, shrivelling, premature softening and lowering of internal quality 
(Vigneault et al., 2009). Hence, monitoring of temperature during transit is important in 
terms of delivering high-quality fruit to the consumers and to avoid failure during the 
supply chain.  
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Figure 9. Temperature and relative humidity (RH) during transit, Davao City, Philippines to 
Shanghai, China 
Source: Author’s analysis 
 
The temperature data loggers recorded the temperature every 30 minutes. Upon loading 
in the container van, the temperature of the boxes of mango samples was higher than the 
set temperature in the container which was 10 °C. The loggers inside the boxes were 
placed inside the package and were in contact with the mangoes. The cooling rate of fruit 
inside the boxes was calculated and it was found that the cooling period varied according 
to the location and position of the boxes (see Table 2). The boxes located in the bottom 
(front, middle or back) cooled faster, which was then followed by those located in the 
centre. The boxes at the top took longer to cool down. The boxes at the back had a lower 
initial temperature; however. they also took longer to cool. The container van was already 
loaded with the earlier boxes, which started to cool down after two hours while the boxes 
in the back were loaded around 48 hours.  
 
Table 2. Cooling periods, mango boxes exported, Davao City, Philippines to Shanghai, 
China 

Location of 
boxes 

Temperature 
(°C) 

Time 
(h) 

Temperature 
(°C) 

Time 
(h) 

Temperature 
(°C) 

Time 
(h) 

Front        

Top  16.4 3 13.2 7 11.6 10.5 

Middle 16.1 2 13.1 4 11.6 5.5 

Bottom 15.6 2 12.8 4.5 11.4 6.5 

Centre       

Top  16.5 5.5 13.3 12 11.7 18 

Middle 16.4 4.5 13.2 9.5 11.6 15.5 

Bottom 16.1 1.5 13.1 2.5 11.6 6 

Back       

Top  13.0 10 11.5 22 10.8 
(11.0, lowest 
temperature, 

85.5 h) 

Middle 13.2 3 11.6 9.5 10.8 228.5 

Bottom 11.8 2 10.9 8.5 10.5 150 h 
Source: Author’s analysis 
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One of the factors that influences temperature during the cooling of produce is the 
difference in temperature between the product and the cooling medium (Ekman et al., 
2016). A large difference results in ‘quick cooling’ in which a rapid drop in temperature 
occurs in warm product (Ekman et al., 2016; Aswaney, 2007). This was observed in the 
boxes at the front and centre of the container van which had higher initial temperatures. 
The cooling rates of a product are usually reported as ‘1/2, 3/4 and 7/8 cooled’ (Thompson 
et al., 2002; Aswaney, 2007). This is because the product may not reach the set 
temperature of the delivery air as heat produced by respiration keeps the fruit warm 
(Ekman et al., 2016). Also, the rate of temperature drop in a horticultural crop slows down 
as cooling progresses (Thompson et. al., 2002). This was observed in the boxes located 
in the back which had a lower initial temperature and took more time to reach the cooling 
period. 
 The cooling period of the produce can also be affected by circulation of the delivery air as 
was observed in the present study. During shipment of fresh produce, the circulation of air 
is important as it can affect the distribution of cool air inside the container van. The 
container van used in the study delivered cool air from the bottom that then travelled 
upward (see Figure 10). In the bottom-air delivery system, the air was released from the 
front along the T-beam floors and through the pallets or the boxes inside the container van 
(Vigneault et al., 2009). The air was then forced upward through the cargo from the front 
to the rear and the air then returned to the cooling unit at the front of the container 
(Vigneault et al., 2009). The air temperature at the bottom, especially near the 
refrigeration system, registered a temperature that was near the set point while the further 
the distance from the cooling unit, the higher the temperature (Punt & Huysamer, 2005). 
Likewise, in this study the boxes near the front recorded temperatures near the set 
temperature of 10 ºC while higher temperatures were recorded at the back. The boxes at 
the top registered lower average temperatures than at the middle and bottom sections. 
However, the boxes along the bottom at each of the different locations (front, centre, 
back) reached temperatures near the set point faster (or cooled faster) than the boxes at 
the middle and top. This indicated that since the release of air was from the bottom, it 
quickly cooled the boxes in the bottom but it did not maintain a lower temperature as it 
reached the boxes at the top. The temperature of the boxes at the top registered lower 
temperatures as the cargo was not fully loaded and more cool air was present at the top. 
The design of the mango boxes may have also influenced the flow of cool air. Packaging 
design (e.g. ventilation) should permit efficient air circulation when the boxes are piled on 
top of each other during shipment. In this study, the boxes used did not have any 
ventilation at the bottom which may have hindered the air circulation from the bottom 
upward.   

 
Figure 10. Illustration of the bottom air delivery in container van used to transport mangoes 
in this study  
Source: Vigneault et al., 2009 

 
Higher temperatures and delayed cooling in the boxes containing mangoes can be 
resolved by pre-cooling the produce to the optimum temperature (10 °C). The importance 
of precooling and the use of optimum storage temperatures throughout the supply chain to 
maintain better quality fruit cannot be understated. It is important that before loading into 
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the container for shipment, fruit must be properly cooled to its optimum storage 
temperature as the container van can only maintain the set temperature and not to bring 
the cargo down to a specific temperature (Goedhals-Gerber, 2015). In this study, the 
produce was not pre-cooled. Instead, after packing at 20 °C the fruit was loaded 
immediately into the container van, which resulted in higher initial temperatures one hour 
after loading. Due to some limitations, the pulp temperature was not measured during the 
shipment, however, temperature data loggers in the boxes were placed near the fruit 
samples. In a study by Oosthuyse (1997), pulp temperature was higher than the air 
temperature in the container which indicated an increase in fruit respiration during 
shipment. In the same study, air temperature increased with pallet height and higher 
temperatures at the end were recorded closest to the door. In the present study, boxes at 
the back or the ‘door end’ recorded higher temperatures with an increase in temperature 
from bottom to top. However, at the front and centre, lower temperatures were recorded at 
the top. This was probably due to the fact that the container was not fully loaded and, 
hence, was cooler for the boxes in the top layer. 

4.2.1 Quality monitoring  
A summary of the supply chain of Carabao mangoes during the export monitoring trial is 
shown in Figure 11. The supply chain was modified whereby, after quarantine, fruit were 
transported to a laboratory in East China Normal University (ECNU) for storage and 
assessment instead of the importer’s warehouse for ripening and packaging. The importer 
did not allow such assessment in their facility, thus this stage in the supply chain was 
simulated instead in the post-harvest laboratory of Pinkun Zhu at ECNU in Shanghai, 
China. The temperature inside the room was set to 20 °C; however, the actual 
temperature and % RH during the storage in the laboratory was 24+1.2 °C and 54+11.5%, 
respectively.   
Weight loss (%) 

Upon arrival in China, fruit in the boxes placed at the back of the container van showed 
the lowest weight loss which was followed by those in the front (see Table 3). Fruit 
positioned at the back of the container van was harvested and delivered later at the 
exporter’s facility (two days after the delivery of fruit located in front and at the centre of 
the container van). The lower weight loss of fruit located at the back of the container van 
could be attributed to the late harvest and delivery of fruit. On the other hand, lower weight 
loss in the front may have been due to a lower average temperature during shipment. 
Weight loss did not vary according to the positioning of the fruit (i.e. top, middle, bottom) 
except during arrival in China. Mangoes positioned at the bottom tended to show lower 
weight loss after shipment. This could have been attributed to faster cooling as cool air 
was delivered from the bottom upward during shipment.  
Visual quality 

During receipt and packing of mangoes, the visual quality of the fruit for export was 
deemed ‘highly marketable’ with only slight, non-objectionable skin defects which 
comprised less than 5% of the surface area (see Table 4). Upon arrival in China, the 
visual quality of the mangoes decreased over time as the room temperature was higher 
than the temperature in the container van during shipment. The decline in visual quality 
was also due to the development of skin defects such as lenticel spotting. Also, some fruit 
showed bruising and latex burn. Upon arrival in China and after six days in storage, an 
increase in the quality of fruit at the bottom position in the van was observed. This 
indicated that faster cooling during shipment may have been beneficial in maintaining the 
quality of fruit during storage. Moreover, fruit located at the back had higher visual 
properties which indicated that they were better-quality fruit as these were harvested later. 
On the other hand, upon arrival in China some fruit located in front and centre of the 
container van showed a visual quality score of three, which is the at lower limit of 
marketability. 
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Figure 11. Supply chain, Carabao mango exports, Davao City, Philippines, to Shanghai, 
China 
Source: Author’s analysis 

Temperature is the main factor that controls the respiration rate of produce (Vigneault et 
al., 2009). Higher temperature causes an increased respiration rate resulting in faster 
deterioration of fruit (Tanner & Amos, 2003). Better quality of fruit at the bottom and lower 
weight loss (upon arrival in China) may be due to faster cooling during shipment.  
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Table 3. Weight loss (%), Carabao mango exports, Davao City, Philippines to Shanghai, 
China 

Source: Author’s analysis 
Note: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance 

Table 4. Visual quality, Carabao mango exports, Davao City, Philippines, to Shanghai, China 

Source: Author’s analysis 
Note: Per factor, means in a column with common letters are not significantly different using LSD at 5% 
level of significance. Visual quality: 5- excellent, excellent quality, high marketable; 4- good, good quality, not 
objectionable; 3- fair, lower limit of marketability; 2- poor, limit of marketability and 1- extremely poor, not 
marketable.  
 

Percentage of marketable fruit 

Fruit with visual quality of five (excellent quality, highly marketable) and four (good quality, 
not objectionable) were considered as marketable fruit. On the other hand, fruit with visual 
quality lower than three (fair, lower limit of marketability) had already reached the end of 
its shelf life and were no longer marketable due to SER, anthracnose, and shrivelling of 
the fruit. The percentage of marketable fruit decreased upon arrival in China. This was 
due to the progression of skin defects and diseases. After six days the percentage of 
marketability was only 23% (see Figure 12).  
Upon arrival in China, a higher percentage of marketable fruit was recorded in fruit located 
at the back of the container van. At six days after arrival, 50% of fruit at the back was still 

 

Davao City, 
Philippines Shanghai, China 

Packing 
at SPFFC 

Arrival in China* 
Storage (Day) 

Factor 3 6 

Location  3.4    

      Front 1.5 8.7b 11.0ab 13.8 ab 

      Centre 1.4 10.0a 13.0a 14.4 a 

      Back  7.8 c 8.8b 12.5 b 

Position  1.6    

      Top 1.6 9.4 a 10.9 13.7 

      Middle 3.1 8.8 ab 11.3 13.3 

      Bottom 3.4 8.3b 10.6 13.0 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC Packing 

at SPFFC 
Arrival in 
China* 

Storage (Day)* 

Factor  3 6 

Location       

     Front 5.0 5.0 3.3c 3.2b 2.8b 

     Centre 5.0 5.0 3.7b 3.3b 2.9b 

     Back 5.0 5.0 4.0a 4.0a 3.6a 

Position       

     Top 5.0 5.0 3.6b 3.6 3.0b 

     Middle 5.0 5.0 3.5b 3.5 3.1b 

     Bottom 5.0 5.0 3.8a 3.4 3.4a 
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marketable while those in front and at the centre only had 8% and 7% marketable fruit, 
respectively. The temperature at the back was higher compared to the other locations. 
This could be attributed to the delayed harvest and later delivery of fruit by two days 
compared to the fruit located in the front and centre locations of the container van. This 
difference in delivery time of mangoes at the exporter’s warehouse resulted in differences 
in postharvest quality during storage and shelf life. Fruit positioned at the bottom was 
better quality than the fruit at the top. This outcome can be attributed to faster and lower 
cooling temperature as the delivery of the cool air during shipment was from the bottom 
(see Figure 13). Although the temperature was not always maintained during shipment, 
fruit in this location consistently had higher percentage of marketable fruit during storage.  

 
Figure 12. Marketable Carabao mango exports (%), Davao City, Philippines to Shanghai, 
China 
Source: Author’s analysis 
 
 

 
Figure 13. Marketability, Carabao mango, Davao City, Philippines to Shanghai, China 
Source: Author’s analysis 
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Skin defects 

Skin defects during receipt and packaging in the exporter’s warehouse were minor and 
not objectionable (see Table 5). Upon arrival in China, changes in fruit quality were 
observed wherein the degree of lenticel spotting intensified. SER and anthracnose started 
to occur as early as three days after arrival in China as shown by higher scores in skin 
defects. Some defects observed in the import consignment are shown in Figure 14. No 
anthracnose and SER were observed in the fruit at the back while the lowest percentage 
of fruit with anthracnose and SER were observed at the bottom (see Figure 15). Moderate 
defects of fruit at the back were due to minor latex injury, shriveling and lenticel spotting. 
Table 5. Skin defects, Carabao mango, Davao City, Philippines to Shanghai, China 

Source: Author’s analysis 
Notes: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. Skin defects: 5- No defect, essentially free from defect; 4- Slight, minor defects, 
not objectionable, less than 5% of the surface area; 3- Moderate, slightly to moderately objectionable 
defects, lower limit of attractions, less than 10% of the surface area; 2- Severe excessive defects, 
limit of acceptability, less than 25% of the surface area; 1- Extremely poor, more than 25% of the 
surface area 

 

 
Figure 14. Defects, Carabao mango observed during export, Davao City, Philippines to 
Shanghai, China 
Source: Author’s image 
 

 
Davao City, Philippines Shanghai, China 

Receipt at 
SPFFC* Packing at 

SPFFC* 
Arrival in 
China* 

Storage (Day)* 

Factor  3 6 

Location      

     Front 4.1a 4.1a 3.3b 3.2b 2.7b 

     Centre 4.0b 4.0b 3.6b 3.4b 2.9b 

     Back 4.0b 4.0b 3.8a 3.8a 3.5a 

Position      

     Top 4.0 4.0a 3.6ab 3.4a 3.0b 

     Middle 4.0 4.0a 3.5b 3.4a 3.0b 

     Bottom 4.0 4.0a 3.7a 3.5a 3.3a 

Latex 
injury 

Lenticel 
spotting 

Shriveling Anthracnose 
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Figure 15. Percentage, Carabao mango with anthracnose and stem end rot (SER), found 
during export, Davao City, Philippines to Shanghai, China 
Source: Author’s analysis 
 

Skin colour 

The colour of mangoes from the start was green, however there were some fruit with 
minimal traces of yellow on the peel (less than 5% of the surface) (see Table 6). During 
storage, visual quality decreased, weight loss increased, and fruit turned to full yellow. 
After arrival in China, the colour of fruit from the front and centre locations advanced into 
more yellow than green, while most of the fruit in the back were in the ‘breaker’ stage 
showing only traces of yellow (less than 5% of the surface area). Figure 16 shows colour 
and quality changes in Carabao mangoes during storage in China. 
Table 6. Skin colour, Carabao mango exports, Davao City, Philippines to Shanghai, China 

Source: Author’s analysis 
Note: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. Skin colour: 1- Green; 2- Breaker, with trace of yellow; 3- More green than 
yellow; 4- More yellow than green; 5- Yellow with trace of green; 6- Yellow.  
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Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC* 
Arrival in 
China* 

Storage (Day) 

Factor  3* 6 

Location       

    Front 1.7a 1.7a 3.2b 5.3b 6.0 

    Centre 1.4b 1.4b 3.7a 5.6a 6.0 

    Back 1.1c 1.1c 2.6c 5.0c 6.0 

Position       

    Top 1.4 1.4 3.3 5.4 6.0 

    Middle 1.4 1.4 3.1 5.2 6.0 

    Bottom 1.4 1.4 3.0 5.3 6.0 
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Figure 16. Quality and colour, Carabao mango upon arrival in China and during subsequent 
storage 
Source: Author’s images 

Percentage of fruit at table-ripe stage (TRS) 

Fruit at TRS was characterised by a hand firmness factor of 4 to 5 (firm soft to soft) and 
with good smell (see Table 7). Upon arrival in China, only 6% of fruit were at TRS (see 
Figure 17). After three days, most the fruit were already at TRS, characterised by yellow 
colouration with traces of green. At six days after arrival in China, all fruit (100%) were 
already at TRS. Upon arrival in China, only the boxes positioned at the centre showed 
some fruit that had reached TRS (see Figure 18). A higher degree of ‘yellowness’ was 
observed in fruit located at the centre during storage in China. A higher percentage of fruit 
at TRS was observed at the top compared to the back. 
 
Table 7. Hand firmness, Carabao mango exported, Davao City, Philippines, to Shanghai, 
China 

Source: Author’s analysis 
Note: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. Firmness: 5- Soft, whole fruit deforms with slight hand pressure, 4- Firm soft, 
whole fruit deforms with moderate hand pressure, 3- Sprung, flesh deforms by 2–3 mm with 
moderate thumb pressure, 2- Rubbery, slight ‘give’ with strong thumb pressure, 1- Hard, no ‘give’ 

 
 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC Packing 

at SPFFC 
Arrival in 
China* 

Storage (Day)* 

Factor  3 6 

Location       

    Front 1.0 1.0 2.5a 4.7b 5.0a 

    Centre 1.0 1.0 2.7a 5.0a 5.0a 

    Back 1.0 1.0 2.1b 5.0a 4.9b 

Position       

    Top 1.0 1.0 2.4 5.0a 5.0 

    Middle 1.0 1.0 2.3 4.9b 4.9 

    Bottom 1.0 1.0 2.6 4.8c 4.9 
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Figure 17. Carabao mango, table-ripe stage (TRS), Davao City, Philippines to Shanghai 
China 
Source: Author’s analysis 

 

 
 
Figure 18. Carabao mango, table-ripe stage (TRS), packing position, Davao City, Philippines 
to Shanghai China 
Source: Author’s analysis 
 

Hand firmness 

Upon receipt at the exporter’s warehouse, all fruit were firm with no smell. Most of the fruit 
upon arrival in China were already rubbery, having a slight ‘give’ with strong thumb 
pressure. Three to six days after arrival in China, the fruit was already firm-soft to soft as 
they reached TRS. Softening of fruit is one of the characteristics of fruit at TRS. Fruits at 
the bottom were firmer than fruits at the top.  
Smell 

No smell was detected at the exporter’s warehouse and upon arrival in China (see Table 
8). During storage in China, changes in smell were observed wherein fruit exhibited a 
pleasant aroma. Changes in smell were also detected during storage when fruit reached 
the table-ripe stage. 
  

0
20
40
60
80

100
120

Receiving
(SPFFC)

Packing
(SPFFC)

Arrival in
China

Three days
from arrival

in China

Six days
from arrival

in China

Pe
rc

en
ta

ge
 (%

) o
f f

ru
it

Non-
TRS

0

20

40

60

80

100

120

Receiving
(SPFFC)

Packing
(SPFFC)

Arrival in
China

Three days
from arrival

in China

Six days
from arrival

in China

Fr
ui

t a
t T

R
S 

(%
)

Top
Middle
Bottom
Front
Centre
Back



 

21 

Table 8. Carabao mango, aroma, Davao City, Philippines to Shanghai, China 

Source: Author’s analysis 
Note:  *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. Smell: 5- Excellent, very pleasant smell, 4- Good, pleasant smell, 3- None, no 
smell, 2- Poor, unpleasant smell, 1- Bad, very unpleasant smell 

4.2.2 Cut-fruit assessment 
Flesh defects 

Riciness was observed upon receipt in China characterised by white, rice-grain-like 
particles in the pulp. The flesh defects intensified from receipt in the export company to 
storage in China (see Table 9). For the first batch of the delivery, brown spot as well as 
riciness was observed. From arrival in China to storage, riciness and brown spot 
intensified from minor to severe, limiting the acceptability of the fruit. Riciness was 
observed from both sources of the fruit (first and second deliveries) in which the first batch 
showed more severe symptom during storage. Figure 19 shows the two flesh defects 
observed in the import consignment such as the riciness and brown spots. 
 
Table 9. Flesh defects, Carabao mango, during export, Davao City, Philippines, to Shanghai, 
China 

Source: Author’s analysis 
Note: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. Flesh defects: 5- None, essentially free from defect, 4- Slight minor defect, not 
objectionable, 3- Moderate, slightly to moderately objectionable defect, lower limit of attractions, 2-
Severe, excessive defect, limit of acceptability, 1- Extremely poor 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC Packing 

at SPFFC 
Arrival in 
China* 

Storage (Day) 

Factor  3* 6 

Location       

    Front 3.0 3.0 3.0 3.4a 4.2 

    Centre 3.0 3.0 3.0 3.3ab 4.3 

    Back 3.0 3.0 3.0 3.2b 4.2 

Position       

    Top 3.0 3.0 3.0 3.3 4.2 

    Middle 3.0 3.0 3.0 3.4 4.2 

    Bottom 3.0 3.0 3.0 3.3 4.3 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC Packing 

at SPFFC 
Arrival in 
China* 

Storage (Day)* 

Factor  3 6 

Location       

    Front 5.0 4.9a 3.9 3.9 3.3 

    Centre 4.4 4.4b 4.3 4.3 3.9 

    Back 5.0 4.8ab 4.3 4.2 3.8 

Position       

    Top 4.9 4.7 4.2 4.2 3.7 

    Middle 5.0 4.9a 3.9 3.9 3.3 

    Bottom 4.4 4.4b 4.3 4.3 3.9 
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Figure 19. Carabao mango, flesh defects during export, Davao City, Philippines to Shanghai 
China 
Source: Author’s image 

Flesh colour 

The internal colour of the mangoes at different locations and positions in the container van 
did not differ but instead intensified with time (see Table 10). The internal colour was 
white-yellow upon receipt in the exporter’s warehouse. This changed to bright yellow and 
then to yellow-orange during storage at the import consignment in Shanghai, China. At six 
days, pulp colour was yellow-orange as the fruit were already at TRS. 
Flesh smell 

The flesh-smell score of mangoes increased over time indicating a change from good to 
excellent from receipt to arrival in China (see Table 11). Upon receipt, fruit placed at the 
back, which was the second delivery in the exporter’s warehouse, had a better smell. The 
aroma of Carabao mangoes was more detectable upon cutting rather than the whole fruit 
which only exhibited a pleasant smell upon reaching TRS. After six days of storage in 
China, fruit at the back along with fruit at the centre of the container van during shipment 
had a better smell. At the same storage period, fruit placed at the top had a better smell 
compared to fruit positioned at the middle and bottom of the container van. 
 
Table 10. Carabao mango, flesh colour during export, Davao City, Philippines to Shanghai, 
China 

Source: Author’s analysis 
Notes:  Flesh colour: 5- Orange, 4- Yellow-orange, 3- Bright yellow, 2- Light yellow, 1- White-yellow 
 
 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC Packing 

at SPFFC 
Arrival in 

China 
Storage (Day) 

Factor  3 6 
Location       
     Front 1.3 1.9 1.7 3.5 4.0 
     Centre 1.6 1.8 2.1 3.7 4.0 
     Back 1.6 1.7 2.4 3.7 4.1 
Position       
     Top 1.6 1.6 2.1 3.5 4.1 
     Middle 1.6 2.0 2.2 3.7 4.0 
     Bottom 1.3 1.8 1.9 3.7 4.0 
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Table 11. Carabao mango, flesh aroma during export, Davao City, Philippines to Shanghai 
China 

Source: Author’s analysis 
Notes: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. Smell: 5- Excellent, very pleasant smell, 4- Good, pleasant smell, 3- None, no 
smell, 2- Poor, unpleasant smell, 1- Bad, very unpleasant smell 

 

4.2.3 Optional assessment 
Total Soluble Solids (TSS) 

At the importer’s warehouse, fruit tagged and located in the centre of the container van 
showed lower TSS than fruit located at the front and back. TSS of Carabao mangoes 
increased to as much as 20.5% Brix. During storage, higher TSS was recorded in fruit 
positioned at the centre of the container van. Upon arrival at the exporter’s warehouse, 
fruit positioned at the bottom showed lower TSS but did not vary from fruit positioned in 
the middle (see Table 12).  
Table 12. Carabao mango, total soluble solids during export, Davao City, Philippines to 
Shanghai China 

Source: Author’s analysis 
Notes: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. 

 
Firmness 

Firmness of fruit decreased over time — all fruit became soft. Firmness only varied among 
fruit placed in different locations a upon arrival in China. Fruit located in the front of the 
container van during shipment was less firm (see Table 13).  

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC* 
Arrival in 

China 
Storage (Day) 

Factor  3 6* 
Location       
    Front 3.4b 4.0 4.0 4.4 4.0b 
    Centre 3.3b 4.0 4.1 4.1 4.7a 
    Back 3.7a 3.9 4.1 4.3 4.4a 
Position       
    Top 3.8a 3.8b 4.1 4.4 4.5a 
    Middle 3.3b 4.1a 4.1 4.2 4.2b 
    Bottom 3.3b 4.0a 4.0 4.3 4.4ab 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC* 
Arrival in 
China* 

Storage (Day)* 

Factor  3 6 
Location       
     Front 8.0ab 9.1 16.9 19.1b 18.5b 
     Centre 7.6b 8.1 17.0 19.8a 20.5a 
     Back 8.7a 8.0 16.1 18.9b 18.4b 
Position       
    Top 8.2 8.6 17.0a 19.3 19.7 
    Middle 7.9 8.6 16.9ab 19.2 18.8 
    Bottom 8.3 8.0 16.0b 19.3 18.8 
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Table 13. Carabao mango, firmness (Newton), exports, Davao City, Philippines to Shanghai 
China 

Source: Author’s analysis 
Notes:  Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance 

 

Skin colour using Nix ProTM colour sensor  

Using Nix Pro colour sensor, L*, a*, b*, chroma and hue values were measured. L* is the 
measure of lightness from 0 to 100 (black to light, respectively) (Sule, 1997). Values in a* 
are negative for green, and positive for red, and b* is negative for blue and positive for 
yellow (Silva et al., 2005). Chroma indicates the purity or saturation of colour while hue 
defines the kind of colour such as red (30º), yellow (90º), green (180º) and blue (270º) 
(Sule, 1997).  
Tables 14 to 18 show the different values for skin colour using a colour sensor. Lightness 
increased over time due to the change in colour from green to yellow (a lighter colour) and 
varied upon receipt but it did not change during storage. Mangoes showed higher 
lightness when positioned at the top of the container van; more green fruit was observed 
at the back as indicated by lower a* (more negative) values. The values in b* increased 
over time indicating a change of colour to yellow which was higher in fruit at the back after 
six days of storage. In the same way, purity of colour — or the chroma value — also 
increased over time. The purity of colour of fruit at the back was lower upon receipt but 
increased during storage. After six days, chroma was higher in fruit located at the back. 
Hue values showed greener fruit at the back, but the value decreased after six days of 
storage. 
 
  

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC Packing 

at SPFFC 
Arrival in 
China* 

Storage (Day) 

Factor  3 6 
Location       
    Front 60.3 42.1 27.7b 8.1 6.4 
    Centre 64.4 46.2 32.0ab 8.1 5.8 
    Back 62.4 46.6 37.8a 9.9 4.2 
Position       
    Top 58.8 46.4 30.1 9.6 5.9 
    Middle 65.2 46.1 30.8 9.1 4.8 
    Bottom 63.1 42.5 36.6 7.4 5.3 
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Table 14. Carabao mango, whole-fruit colour during export, Davao City, Philippines to 
Shanghai China 

Source: Author’s analysis 
Note:  *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. 
 
Table 15. Carabao mango, whole-fruit colour during export, Davao City, Philippines to 
Shanghai China 

Source: Author’s analysis 
Note: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. 
 
  

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC* 
Arrival in 
China* 

Storage (Day) 

Factor  3 6 
Location       
    Front 67.5b 68.5 74.3 78.7 80.2 
    Centre 69.3a 68.4 75.4 79.0 79.8 
    Back 67.2b 68.4 74.4 78.5 78.0 
Position       
    Top 67.2b 69.3a 75.5a 80.0a 78.6 
    Middle 68.1ab 67.9b 73.4b 78.4b 79.7 
    Bottom 68.8a 68.4ab 75.1a 77.7b 79.6 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC* 
Arrival in 
China* 

Storage (Day)* 

Factor  3 6 
Location       
    Front –11.8a –10.8a –5.1a 0.7a 3.9c 
    Centre –12.0a –10.8a –3.8a 1.6a 4.4b 
    Back –12.8b –12.2b –7.6b –0.9b 4.9a 
Position       
    Top –12.1 –11.0 –5.4 1.0 4.2 
    Middle –12.2 –11.4 –5.7 0.2 4.7 
    Bottom –12.3 –11.5 –5.3 –0.0 4.3 
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Table 16. Carabao mango, whole-fruit colour during export, Davao City, Philippines to 
Shanghai China 

Source: Author’s analysis 
Note: *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. 

 
Table 17. Carabao mango, chroma values during export, Davao City, Philippines to 
Shanghai China 

Source: Author’s analysis 
Note:  *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance 
  

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC 
Arrival in 
China*  

Storage (Day)* 

Factor  3 6 
Location       
    Front 34.4a 35.2 37.2b 42.3b 45.6b 
    Centre 34.6a 34.9 39.2a 43.7a 45.7b 
    Back 33.2b 34.5 37.8b 43.3ab 47.5a 
Position       
    Top 33.5b 35.0 38.2 43.0 46.2 
    Middle 34.2ab 35.0 37.6 43.3 46.5 
    Bottom 34.4a 34.8 38.4 43.0 46.1 

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC 
Arrival in 
China*  

Storage (Day)* 

Factor  3 6 
Location       
    Front 36.4a 37.a 37.7b 42.4b 45.8b 
    Centre 36.7a 36.6 39.5a 43.8a 45.9b 
    Back 35.6b 36.7 38.7ab 43.4ab 47.8 a 
Position       
    Top 35.7b 36.7 38.6 43.0 46.4 
    Middle 36.4ab 36.8 38.3 43.4 46.8 
    Bottom 36.6a 36.7 38.9 43.0 46.3 
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Table 18. Carabao mango, hue values during export, Davao City, Philippines to Shanghai 
China 

Source: Author’s analysis 
Note:  *Per factor, means in a column with common letters are not significantly different using LSD at 5% 

level of significance. 

Correlation among quality parameters of Philippine Carabao mangoes during shipment 
from Davao City in the Philippines to Shanghai, China 

During packing in Davao City, a* values showed a positive relationship between weight 
loss, L*, and TSS (see Figure 20). A strong positive correlation was noted between b* and 
chroma while there was a strong negative correlation between a* and hue. Upon arrival in 
China, hand firmness showed a positive correlation with skin colour, a* and b*, and a 
negative correlation with hue.  
Figure 21 shows that upon holding the produce for three days in the export destination, 
skin defects were positively correlated to visual quality and hue, as were chroma and b*, 
and skin colour and L*. The hue showed a strong negative correlation with a* and skin 
colour. Holding produce for six days in China gave positive correlations for visual quality 
and skin defects, skin colour and L*, and chroma and b*. A strong negative correlation 
was observed for a* and hue while moderate negative correlations were noted for visual 
quality and smell, and skin defects and smell.  
  

 
Davao City, Philippines Shanghai, China 

Receiving at 
SPFFC* Packing 

at SPFFC* 
Arrival in 
China*  

Storage (Day)* 

Factor  3 6 
Location       
    Front 108.9b 107.1b 97.7b 89.0b 85.2a 
    Centre 109.1b 107.2b 95.5b 87.9b 84.6b 
    Back 111.0a 109.5a 101.6a 91.2a 84.1b 
Position       
    Top 109.8 107.5 98.1 88.7 84.8 
    Middle 109.5 108.0 98.6 89.7 84.3 
    Bottom 109.7 108.3 97.9 90.0 84.7 
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Figure 20. Correlation matrix among quality parameters of Carabao mango packed at SPFFC 
(A), and upon arrival in Shanghai, China (B) 
Source: Author’s analysis 
Notes: The square areas correspond to Spearman correlation coefficient values presented in the right panel; 

positive correlations are displayed in blue and negative correlations in red. Intensity of colour (light to 
dark) and size of the squares (small to big) are proportional to the correlation coefficients (0 to 1 for 
the positive coefficient and 0 to −1 for the negative coefficient). The legend on the right side of the 
correlogram shows the Spearman correlation coefficients with their corresponding colours. 

 

 
 
Figure 21. Correlation matrix among quality parameters of Carabao mango three (A), and six 
(B) days from arrival in China from the Philippines 
Source: Author’s analysis 
Notes:  The square areas correspond to Spearman correlation coefficient values presented in the right panel; 

positive correlations are displayed in blue and negative correlations in red. Intensity of colour (light to 
dark) and size of the squares (small to big) are proportional to the correlation coefficients (0 to 1 for 
the positive coefficient and 0 to −1 for the negative coefficient). The legend on the right side of the 
correlogram shows the Spearman correlation coefficients with their corresponding colours. 

 

B* A* 

B* A* 
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4.3 Simulation trial 
Initial simulation trial for Florida mango 

Higher weight loss was observed in Florida mangoes stored in ambient conditions 
compared to cold storage at 10 ºC using CoolBotTM (see Table 19). Storage conditions 
significantly affected weight loss but not for HWT fruit.  
Table 19. Weight loss (%), Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

3 6 9 12 

Ambient 
HWT 2.09 4.25 5.96 8.79 

Non-HWT 1.83 3.94 5.91 8.92 

CoolBotTM 
HWT 1.15 1.86 2.69 3.62 

Non-HWT 1.13 2.00 2.70 3.73 
 Storage * * * * 
 Treatment ns ns ns ns 

Interaction  Storage*Treatment ns ns ns ns 
Source: Author’s analysis 
Notes: Per factor, means are not significantly different using LSD at 5% level of significance, * = significant, 

ns = not significant. 
 
The effect of the combination of low temperature storage and HWT was more evident at 
the later part of storage period (see Table 20). Mangoes stored in CoolBot™ had better 
visual quality and delayed deterioration, whether they was subjected to HWT or not. When 
stored in ambient conditions, HWT mangoes had better visual quality than the untreated 
fruit starting from nine DAT. Treatment of hot water alone was beneficial at the end of the 
storage period. CoolBotTM is an inexpensive alternative to a cold room facility. It has a 
microcontroller that regulates the air conditioner which can lower the temperature below 
what is normally specified while preventing the component from freezing. 
 
Table 20. Visual quality, Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

0 3 6 9 12 

Ambient 
HWT 4.08 4.00 3.58 3.17 2.75 

Non-HWT 3.92 3.92 3.67 3.00 1.67 

CoolBotTM 
HWT 4.17 4.00 3.50 3.42 3.25 

Non-HWT 4 4.08 3.42 3.50 3.25 
 Storage ns ns ns * * 
 Treatment * ns ns ns * 

Interaction  Storage* treatment ns ns ns ns * 
Source: Author’s analysis 
Notes: Per factor, means are not significantly different using LSD at 5% level of significance, * = significant, 

ns = not significant. Visual quality: 5- Excellent quality, highly marketable, 4- Good quality, not 
objectionable, 3- Fair, lower limit of marketability, 2- Poor, limit of marketability, 1- Extremely poor, 
not marketable.  
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Skin defects were more pronounced in non-HWT Florida mangoes starting from six days 
of storage in ambient room conditions (see Table 21 and Figure 22). HWT Mangoes were 
still able to delay the progression of defects even if they were stored in ambient 
conditions. HWT was able to reduce the presence of skin defects regardless of storage in 
ambient conditions or at low temperatures. Furthermore, storage in cold temperatures had 
equal effects with HWT in terms of the presence of skin defects. 
 
Table 21. Skin defects, Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

0 3 6 9 12 

Ambient 
HWT 3.92 3.92 3.50 3.50 2.75 

Non-HWT 3.75 3.75 2.92 2.92 1.67 

CoolBotTM 
HWT 4.00 4.00 3.25 3.25 3.17 

Non-HWT 3.92 3.92 3.64 3.67 3.25 
 Storage ns ns ns ns * 
 Treatment ns ns ns ns * 

Interaction  Storage*Treatment ns ns * * * 
Source: Author’s analysis 
Notes: Per factor, means are not significantly different using LSD at 5% level of significance, * = significant, 

n = not significant. Skin defects: 5- No defect, essentially free from defect; 4- Slight, minor defect, not 
objectionable, less than 5% of the surface area; 3- Moderate, slightly to moderately objectionable 
defect, lower limit of attractions, less than 10% of the surface area; 2- Severe excessive defect, limit 
of acceptability, less than 25% of the surface area; 1- Extremely poor, more than 25% of the surface 
area 

 

 
 
Figure 22. Quality, Florida mango, as influenced by HWT and storage conditions 
Source: CS Lubaton 
 
 
Skin colour and blush of Florida mangoes did not vary with storage conditions and HWT 
(see Table 22). The fruits’ skin colour also did not vary significantly over time. 
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Table 22. Skin colour, Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

0 3 6 9 12 

Ambient 
HWT 1.50 1.25 1.25 1.30 1.30 

Non-HWT 1.30 1.42 1.42 1.30 1.42 

CoolBotTM 
HWT 1.25 1.25 1.25 1.25 1.25 

Non-HWT 1.58 1.42 1.58 1.50 1.50 
 Storage ns ns ns ns ns 
 Treatment ns ns ns ns ns 

Interaction Storage*Treatment ns ns ns ns ns 
Source: Author’s analysis 
Notes: Per factor, means are not significantly different using LSD at 5% level of significance, * = significant, 

ns = not significant. Skin colour: 1- Green; 2- Breaker, with trace of yellow; 3- More green than 
yellow; 4- More yellow than green; 5- Yellow with trace of green; 6- Yellow. 

 
The development of blush in Florida mangoes ranged from ‘no blush’ to ‘more yellow than 
blush’ over the course of 12 days in storage (see Table 23). The blush was not affected by 
storage conditions or HWT. 
 

Table 23. Blush, Florida mango, as influenced by HWT and storage conditions 

Source: Author’s analysis 
Notes: Per factor, means are not significantly different using LSD at 5% level of significance, * = significant, 

ns = not significant. Blush 1–5 rating scale: 1- no blush; 2- more yellow than blush; 3- half blush; 4- 
more blush than yellow; 5- all blush. 

 

Most fruit did not develop smell throughout the storage period (see Table 24). However, 
the non-HWT Florida mangoes that were stored in ambient conditions developed a 
noticeably pleasant smell but only at nine DAT. 
 
  

Storage Treatment 
Days after treatment (DAT) 

0 3 6 9 12 

Ambient 
HWT 1.08 1.17 1.33 1.58 1.75 

Non-HWT 1.08 1.17 1.25 1.50 1.75 

CoolBotTM 
HWT 1.33 1.25 1.42 1.58 1.58 

Non-HWT 1.25 1.25 1.42 1.58 1.58 
 Storage ns ns ns ns ns 
 Treatment ns ns ns ns ns 

Interaction Storage* Treatment ns ns ns ns ns 
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Table 24. Smell, Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

0 3 6 9 12 

Ambient 
HWT 3.00 3.00 3.00 3.00 3.17 

Non-HWT 3.00 3.00 3.00 3.42 3.08 

CoolBotTM 
HWT 3.00 3.00 3.00 3.00 3.00 

Non-HWT 3.00 3.00 3.00 3.00 3.00 

 Storage ns ns ns * ns 

 Treatment ns ns ns * ns 

Interaction Storage*Treatment ns ns ns * ns 
Source: Author’s analysis 
Notes: Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. Smell: 5- excellent, very pleasant smell; 4- good, pleasant smell; 3- 
none, no smell; 2- poor, unpleasant smell; 1- bad, very unpleasant smell 

 

Hand firmness in fruit stored in ambient room conditions decreased as the storage period 
progressed, which is an indication of softening and ripening (see Table 25). On the other 
hand, those stored at low temperatures were still very firm until 12 DAT. Mangoes stored 
at ambient temperature, especially the untreated fruit, started to soften at nine DAT.  
 
Table 25. Hand firmness, Florida mango, as influenced by HWT and storage conditions 

Source: Author’s analysis 
Notes: Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. Firmness: 5- Soft, whole fruit deforms with slight hand pressure; 4- 
Firm soft, whole fruit deforms with moderate hand pressure; 3- Sprung, flesh deforms by 2–3 mm 
with moderate thumb pressure; 2- Rubbery, slight ‘give’ with strong thumb pressure; 1- Hard, no 
‘give’ 

4.3.1 Cut-fruit assessment  
HWT and storage in ambient conditions or at low temperatures did not affect colour 
changes in Florida mangoes until six DAT (see Table 26). At nine DAT, the flesh colour of 
the untreated mangoes stored in ambient conditions differed from the rest of the 
treatments. The differences could have been brought about by a variation in the maturity 
of samples within the treatment or an indication of uneven ripening due to fluctuations in 
temperature.  
 
  

Storage Treatment 
Days after treatment (DAT) 

0 3 6 9 12 

Ambient 
HWT 1.00 1.00 1.00 1.50 2.25 

Non-HWT 1.00 1.00 1.00 2.08 3.83 

CoolBotTM 
HWT 1.00 1.00 1.00 1.00 1.08 

Non-HWT 1.00 1.00 1.00 1.00 1.00 

 Storage ns ns ns * * 

 Treatment ns ns ns ns * 

Interaction Storage*Treatment ns ns ns ns * 
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Table 26. Flesh colour, Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

3 6 9 12 

Ambient HWT 4.67 4.67 4.33 2.00 
 Non-HWT 4.33 4.00 2.33 2.00 

CoolBotTM HWT 4.67 4.67 4.67 4.00 

 Non-HWT 5.00 5.00 5.00 4.00 
 Storage ns ns * * 
 Treatment ns ns * ns 

Interaction Storage*Treatment ns ns * ns 
Source: Author’s analysis 
Notes: Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. Flesh colour: 5- orange, 4- yellow-orange, 3- bright yellow, 2- light 
yellow, 1- white-yellow. 

 
HWT mangoes stored at low temperatures using CoolBotTM were free from flesh defects 
until nine DAT as compared to the untreated mangoes (see Table 27). The effect of HWT 
on mangoes stored in ambient conditions was the same with the non-HWT mangoes 
stored with CoolBot™ except that those stored in ambient conditions had severe 
excessive flesh defects at 12 DAT. 
 
Table 27. Flesh defects, Florida mango, as influenced by HWT and storage conditions 

Source: Author’s analysis 
Notes:  Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. Flesh defects: 5- none, essentially free from defect; 4- minor defect, 
not objectionable; 3- moderate, slightly to moderately objectionable defect, lower limit of attractions; 
2- severe excessive defect, limit of acceptability; 1- extreme, extremely poor. 

 
Mangoes stored in ambient conditions, whether treated or not, developed a very pleasant 
smell towards the end of storage period (see Table 28). Those stored at low temperatures 
likely had slower aroma development as ripening was delayed.  
 
  

Storage Treatment 
Days after treatment (DAT) 

3 6 9 12 

Ambient HWT 4.67 4.67 5.00 2.33 
 Non-HWT 3.67 4.00 1.67 3.00 

CoolBotTM HWT 2.00 4.33 4.67 2.67 
 Non-HWT 1.33 5.00 2.67 1.67 
 Storage * ns ns ns 
 Treatment ns ns * ns 

Interaction Storage*Treatment ns ns ns ns 
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Table 28. Flesh smell, Florida mango, as influenced by HWT and storage conditions 

Source: Author’s analysis 
Notes:  Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. Flesh smell: 5- excellent, very pleasant smell; 4- good, pleasant 
smell; 3- none, no smell; 2- poor, unpleasant smell; 1- bad, very unpleasant smell. 

 
Mangoes stored in ambient conditions had consistently higher TSS than those stored with 
CoolBot™ (see Table 29). This could possibly be attributed to the delayed ripening in 
mangoes stored at lower temperatures using CoolBot™. Starting at nine DAT, HWT 
mangoes had lower TSS than the non-HWT mangoes. An interaction between HWT and 
storage conditions was observed starting from nine DAT onwards. The very low TSS 
value in HWT mangoes under ambient storage conditions could be attributed to the 
hydrolysis of sugars converted into other ripening-related compounds during the advance 
stage of ripening.  
 
Table 29. TSS (%Brix), Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

3 6 9 12 

Ambient HWT 7.87 10.57 10.82 6.35 

 Non-HWT 8.48 11.78 14.22 13.20 

CoolBotTM HWT 6.90 8.28 6.35 10.90 
 Non-HWT 6.20 9.20 7.47 10.63 
 Storage * * * ns 
 Treatment ns ns * * 

Interaction  Storage*Treatment ns ns * * 
Source: Author’s analysis 
Notes:  Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. 
 
Fruit stored at low temperatures using CoolBotTM were consistently firmer than fruit stored 
in ambient conditions (see Table 30). The HWT mangoes stored in ambient conditions 
were significantly firmer than the control. Retained firmness in mangoes stored with 
CoolBot™ could be attributed to the delayed ripening process due to low temperatures.  
 
  

Storage Treatment 
Days after treatment (DAT) 

3 6 9 12 

Ambient HWT 3.33 3.67 4.00 5.00 

 Non-HWT 4.33 4.00 4.33 5.00 

CoolBotTM HWT 3.33 4.00 3.33 4.33 
 Non-HWT 3.33 3.00 4.00 4.00 
 Storage ns ns ns * 
 Treatment ns ns ns ns 

Interaction Storage*Treatment ns * ns ns 
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Table 30. Firmness (N), Florida mango, as influenced by HWT and storage conditions 

Storage Treatment 
Days after treatment (DAT) 

3 6 9 12 

Ambient HWT 121.1 108.2 68.4 62.3 

 Non-HWT 93.9 89.0 28.9 44.1 

 HWT 102.7 125.7 118.0 108.2 

CoolBotTM Non-HWT 120.4 127.0 97.1 122.1 

 Storage * * * * 

 Treatment ns ns * ns 

Interaction Storage*Treatment ns ns ns ns 
Source: Author’s analysis 
Notes: Per factor, means in a column are not significantly different using LSD at 5% level of significance, * = 

significant, ns = not significant. 
 
Quality monitoring of Florida, Apple and Zambales mango varieties in the Philippines 
under simulated export conditions 

In the Philippines, Carabao mangoes are the most popular export variety in the 
international market, thus many studies in the Philippines have focused only on this 
variety. However, there are also other mango varieties in the local market such as Florida, 
Apple, and Zambales. These varieties are also prone to high post-harvest losses during 
handling, where temperature plays an important role in determining fruit quality. 
Controlling temperature is crucial in maintaining quality and retaining shelf life of fresh 
produce. To understand and characterise the quality of the other mango varieties 
available in the local market, modified real time conditions of the export supply chain of 
Carabao mangoes from Davao City in the Philippines to Shanghai, China were simulated 
in Florida, Apple and Zambales mangoes (see Figure 23). 
Different varieties of mangoes such as Florida, Apple and Zambales were procured from 
wholesale markets in Davao City in the Philippines. The three varieties were among the 
those identified by Alcasid et al. (2015) in the Philippines. Each variety had different 
characteristics as shown in Table 31. 
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Figure 23. Modified supply chain used to simulate the export conditions of Carabao 
mangoes for three other varieties of mango 
Source: Author’s analysis 

 
Table 31. Different characteristics, three mango varieties used for the export simulation trial 

Variety 
Buying stage in the 
local market (mature 

green stage) 
At day 23 of storage Characteristics 

Florida 

  

*Weight: 546.1+97 g 
Colour: green, slight colour change to 
yellow at table-ripe stage, some with 

blush 
Shape: ovate round 

Apple 

  

*Weight: 546.1+81 g 
Colour: green to light green, colour 

change to yellow at table-ripe stage, 
some without blush 

Shape: round/spheroid 

Zambales 

  

*Weight: 325.9.1+30 g 
Colour: green, colour change to yellow 
at table-ripe stage, few fruits showed 

blush tinge 
Shape: oblong 

Source: Author’s images and analysis 

4.3.2 Whole-fruit assessment 
Weight loss 

Weight loss increased with time for the three mango varieties (see Figure 24). Zambales 
(10%) had higher weight loss followed by Florida (8.4%) then Apple (7.2%). The rate of 
transpiration among varieties may have contributed to the differences in weight loss as 
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they had different skin types (thick or thin) and composition of lenticels, among other 
factors. Zambales had thinner skin than Florida and Apple mangoes. 

 
 
Figure 24. Weight loss, three mango varieties under simulated export conditions 
Source: Author’s analysis 
Note: Vertical bars indicate LSD values at 5% level of significance 

Visual quality 

Due to limited availability of the three mango varieties in the local market, only a few 
samples were of excellent quality to begin with. Among the three varieties, Zambales had 
better quality from the beginning until the end of storage (see Table 32). At 20 DAT, fruit 
already had poor quality due to anthracnose and SER (see Figure 25). 

Table 32. Visual quality, three mango varieties under simulated export conditions. 

Source: Author’s analysis 
Notes:  Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Visual quality: 5- Excellent quality, highly marketable, 4- Good quality, not objectionable, 
3- Fair, lower limit of marketability, 2- Poor, limit of marketability, 1- Extremely poor, not marketable 

 
Skin defects 

Slight to moderate skin defects on the three mango varieties included scab, latex injury, 
lenticel spotting and development of decay during storage. Skin defects affect the visual 
quality of fruit. Table 33 shows the degree of skin defects which progressed with storage. 
Zambales mangoes showed better quality skin than the Florida and Apple samples. 
Severe and extremely poor skin surface in the mangoes at 20 DAT and 23 DAT were due 
to the development of anthracnose and SER (see Figure 26). 
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Variety 
Days after treatment 

0 4 8 12 16 20 23 

Florida 3.7 a 3.5a 3.5a 3.2b 3.5b 2.5a 1.8ab 

Apple 3.6a 3.7a 3.8a 3.9a 3.0c 3.1a 1.4b 

Zambales 4.0a 3.7a 3.6a 3.9a 3.9a 2.7a 2.0a 
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Table 33. Skin defects, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Notes: Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Skin defects: 5- No defect, essentially free from defect; 4- Slight, minor defect, not 
objectionable, less than 5% of the surface area; 3- Moderate, slightly to moderately objectionable 
defect, lower limit of attractions, less than 10% of the surface area; 2- Severe excessive defect, limit 
of acceptability, less than 25% of the surface area; 1- Extremely poor, more than 25% of the surface 
area 

 

 
Figure 25. Quality and skin colour of three mango varieties under simulated export 
conditions at 4, 20 and 23 days after treatment (DAT) 
Source: Author’s images 
 
Skin colour (yellow/green, blush) 

The three varieties differed in skin colour. The colour slightly changed in Florida mangoes 
from ‘green’ to ‘more green than yellow’ at 23 DAT. Zambales and Apple mangoes 
showed changes in colour from ‘green’ to ‘full yellow’ also after 23 DAT (see Table 34). In 
Apple mangoes, the skin colour changed from ‘green’ to ‘half green, half yellow’ at 16 
DAT. 
Fruit reached the table-ripe stage when it had a skin colour of 4 (more yellow than green) 
or 5 (all yellow). This was combined with a hand firmness of 4 (firm soft, whole fruit 
deforms with moderate hand pressure) or 5 (soft, whole fruit deforms with slight hand 
pressure). Most Zambales mangoes were already at the table-ripe stage at 23 DAT while 
only some Apple mangoes reached the table-ripe stage. On the other hand, the sample of 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 3.6b 3.7 3.4 3.1b 3.2 2.6b 1.9a 

Apple 3.5b 3.7 3.7 3.5a 3.0 2.5b 1.4b 

Zambales 3.9a 3.7 3.3 3.7a 3.7 3.2a 1.9a 
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Florida mangoes did not reach the table-ripe stage within the storage period. All fruit were 
terminated at 23 DAT due to a high degree of anthracnose. 
 
Table 34. Skin colour, three mango varieties under simulated export conditions 

Source:  Author’s analysis 
Notes: *Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Skin colour: yellow/green proportion 1–5 rating scale: 1- all green; 2- more green than 
yellow; 3- half green, half yellow; 4- more yellow than green; 5- all yellow 

 
Blush was only noted in some Florida and Apple mangoes (see Table 35). Blush on the 
peel differed from 4 to 16 DAT, which was due to the unique or different samples used for 
each evaluation period. However, no changes in blush were observed when the same fruit 
was used for the entire evaluation period. 
 
Table 35. Blush, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Notes: Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Blush 1–5 rating scale: 1- no blush; 2- more yellow than blush; 3- half blush; 4- more 
blush than yellow; 5- all blush 

 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 1.0a 1.2a 1.2a 1.0b 1.0b 1.0a 1.8a 

Apple 1.9a 1.5a 1.8a 1.7a 2.5a 3.2a 3.8a 

Zambales 1.1a 1.2a 1.5a 1.0b 1.3b 2.1a 3.8a 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 1.7b 1.5ab 1.5b 1.2b 1.0a 1.7b 1.7b 

Apple 2.9a 2.7a 2.8a 2.0a 1.0a 2.9a 2.9a 

Zambales 1.1c 1.0b 1.0b 1.0b 1.1a 1.1c 1.1c 
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Figure 26. Quality and skin colour, three mango varieties under simulated export conditions 
every four DAT for 23 days 
Source: Author’s images 
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Hand firmness 

Changes in fruit firmness through hand pressing may indicate the changes in ripeness of 
fruit. Firmness at four, eight, 12 and 16 DAT varied due to different samples used at each 
evaluation period. For 0, 20 and 23 DAT, the same samples were used for the entire 
evaluation period. Firmness of these fruit only changed at 23 DAT wherein most of 
Zambales mangoes were described as ‘firm soft’ to ‘soft’ (see Table 36).  
Table 36. Hand firmness, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Notes:  Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Firmness: 5- Soft, whole fruit deforms with slight hand pressure; 4- Firm soft, whole fruit 
deforms with moderate hand pressure; 3- Sprung, flesh deforms by 2–3 mm with moderate thumb 
pressure; 2- Rubbery, slight ‘give’ with strong thumb pressure; 1- Hard, no ‘give’. 

Smell 

Most of the fruit did not develop a strong smell at the table-ripe stage (see Table 37). 
Apple and Zambales samples exhibited slight changes in smell at 23 DAT but did not 
differ significantly among the varieties. Florida mangoes did not exhibit any smell during 
the 23 days in storage. 
Table 37. Smell, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Notes: Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Smell: 5- Excellent, very pleasant smell; 4- Good, pleasant smell; 3- None, no smell; 2-
Poor, unpleasant smell; 1- Bad, very unpleasant smell. 

4.3.3 Cut-fruit assessment 
Flesh defects 

Internal flesh defects did not vary among the three varieties except at 20 DAT where 
Florida mangoes developed ‘slight minor defects’ while Apple and Zambales did not (see 
Table 38). 
Table 38. Flesh defects, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Notes:  Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Flesh defects: 5- None, essentially free from defect; 4- Slight minor defect, not 
objectionable; 3- Moderate, slightly to moderately objectionable defect, lower limit of attractions; 2-
Severe, excessive defect, limit of acceptability; 1- Extremely poor. 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 1.0 1.0 1.0 1.0b 1.3b 1.0 2.5 

Apple 1.0 1.0 1.0 1.0b 1.2b 1.0 3.7 

Zambales 1.0 1.7 1.5 1.8a 2.0a 1.0 4.1 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Apple 3.0 3.0 3.0 3.0 3.0 3.0 3.1 

Zambales 3.0 3.7 3.0 3.0 3.0 3.0 3.2 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 4.3 4.8 4.7 5.0 5.0 4.3b 4.2 

Apple 4.7 5.0 5.0 5.0 4.8 5.0a 4.8 

Zambales 5.0 5.0 5.0 5.0 5.0 5.0a 5.0 
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Flesh colour 

The Apple variety had the most changes in terms of flesh colour followed by the Zambales 
(see Table 39). Following 23 DAT, Apple and Zambales varieties had developed a ripe 
characteristic in the flesh while Florida mangoes still had light yellow flesh.  
Table 39. Flesh colour, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Note: Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Flesh colour: 5- Orange; 4- Yellow-orange; 3- Bright yellow; 2- Light yellow; 1- White- 
yellow. 

 
Flesh smell 

At the later stage of storage, cut Zambales mangoes exhibited aromatic flesh which was 
otherwise not observed in intact fruit (see Table 40). Zambales samples were the first to 
develop aromatic flesh at 20 DAT followed by the Apple variety. However, Florida 
mangoes were still not able to produce aroma within 23 days of evaluation period. 
 
Table 40. Flesh smell, three mango varieties under simulated export conditions 

Source: Author’s analysis 
Notes:  Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. Smell: 5- Excellent, very pleasant smell; 4- Good, pleasant smell; 3- None, no smell; 2-
Poor, unpleasant smell; 1- Bad, very unpleasant smell. 

 

4.3.4 Optional assessment 
Total Soluble Solids (TSS) 

Throughout the storage period, the Zambales samples showed the highest TSS from 
10.8% to 16.7% Brix from initial to 23 DAT (see Figure 27). This was followed by the 
Apple samples which had TSS ranging from 7.1% to 11.4% Brix from initial to 23 DAT. 
The lowest TSS during the storage period was recorded in Florida mangoes. 
 

Variety 
Days after treatment (DAT) 

0 4 8 12 16 20 23 

Florida 1.3b 1.2 1.5 1.0b 1.2b 1.0c 2.8b 

Apple 2.7a 1.7 1.7 2.5a 2.2a 3.2a 4.0a 

Zambales 1.0a 1.7 1.3 1.0b 1.2b 2.3b 4.0a 

Variety 
Days after treatment 

0 4 8 12 16 20 23 

Florida 4.3 3.0 3.2 3.0 3.0 3.2b 3.2b 

Apple 5.0 3.2 3.0 3.2 3.2 3.0b 4.0a 

Zambales 5.0 3.2 3.0 3.0 3.5 4.2a 4.2a 
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Figure 27. Total soluble solids (TSS), Florida, Apple and Zambales mango varieties under 
simulated export conditions 
Source: Author’s analysis 
Note: Vertical bars indicate LSD values at 5% level of significance. 

 
Firmness 

Firmness among varieties decreased with time indicating changes in fruit ripeness (see 
Figure 28). Zambales fruit were the least firm among the three varieties. Florida mangoes 
were firmer than Zambales and Apple varieties.  
 

 
 
Figure 28. Firmness, Florida, Apple and Zambales mango varieties under simulated export 
conditions 
Source: Author’s analysis 
Note: Vertical bars indicate LSD values at 5% level of significance. 
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Skin colour using Nix ProTM colour sensor 

The lightness (L*) of mango skin colour increased the most over time in the Zambales 
samples (as demonstrated by higher L*) followed by the Apple samples, while the lowest 
L* was recorded in the Florida mangoes (see Table 41). More negative a* (redness) was 
recorded in the Florida samples indicating more green fruit while the Apple variety showed 
the least negative a* indicating the least green fruit. Furthermore, the Zambales samples 
showed less negative a* values compared to the Florida variety, while also showing 
higher b*, thus indicating more yellow fruit. Zambales fruit showed higher purity in yellow 
colour as indicated by higher chroma and hue values nearer to 90o.  
 
 
Table 41. Whole-fruit colour, L*, a*, b*, chroma and hue, three mango varieties under 
simulated export conditions 

Source: Author’s analysis 
Note: Means in a column with common letters are not significantly different using LSD at 5% level of 

significance. 

Flesh colour using Nix ProTM colour sensor 

Internal colour in fruit showed higher L* and lower a* values in the Florida samples, 
demonstrated by a light-yellow colour and a hue angle of 90o (see Table 42). A higher 
purity of colour, indicated by chroma values, was observed in the Apple mangoes as they 
showed brighter yellow-orange colour at the latter stages of storage, followed by 
Zambales.  

Variety  

Days after treatment (DAT) 

0 4 8 12 16 20 23 

   L*    

Florida 47.3b 49.2b 74.8 51.0ab 50.5b 50.5b 50.4c 

Apple 49.7b 44.8b 74.2 47.6b 54.9a 58.4a 58.4b 

Zambales 53.1a 55.2a 72.8 54.1a 56.8a 61.2a 62.8a 

 a* 

Florida –9.3a –12.5b 2.4 –15.6b –15.8b –10.8b –11.1c 

Apple –4.1b 2.18a 2.9 –3.9a –0.1a 9.1a 12.8a 

Zambales –14.4c –13.3b 4.0 13.8b –14.0b –8.1b –0.1b 

 b* 

Florida 28.6 29.5 44.8 33.1a 32.6 30.5b 30.4c 

Apple 26.3 26.1 52.7 25.9b 31.9 34.7ab 35.3b 

Zambales 28.5 32.7 42.3 32.8a 33.4 38.6a 42.6a 

 Chroma 

Florida 30.5a 32.1ab 45.0 36.6a 36.3a 32.6b 32.5c 

Apple 27.1b 29.6b 52.9 26.4b 35.5b 36.6ab 38.6b 

Zambales 31.9a 35.3a 43.0 35.6a 36.2a 39.6a 42.9a 

 Hue 

Florida 107.0b 113.1a 87.4 115.3a 115.8a 109.1a 109.9a 

Apple 98.4c 84.5b 87.4 98.0b 112.8a 75.7b 70.9c 

Zambales 116.7a 112.0a 86.2 112.8a 90.2b 102.9a 90.5b 
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Table 42. Flesh colour, L*, a*, b*, chroma and hue, three mango varieties under simulated 
export conditions 

Source: Author’s analysis 
Note: Means in a column with common letters are not significantly different using LSD at 5% level of 

significance 

5 Conclusion and recommendations 

5.1 Conclusion 
The temperature and quality during export of mangoes from Davao City in the Philippines 
to Shanghai, China, was monitored. Reject-bin analysis was completed to assess the 
main causes of rejection at an exporter’s warehouse. There was a high rejection rate due 
to latex burn, scab, yellowing or discolouration, insect damage, lenticel spotting, and 
bumps. Except for bumps, these rejections were also the common defects in the farm at 
harvest. The percentage of reject fruit at the SPFFC was 22% and could reach as high as 
50%. After packing, the common defects were latex injury and bumps, which may have 
developed due to poor handling of fruit. 
 
The transit time for shipment from Davao City to Shanghai was usually seven days; 
however, the arrival of the sample shipment was delayed up to three days. The quarantine 
period for Carabao mangoes was reduced from 37 days down to one day which proved to 
be an advantage for both exporters and importers. The monitored shipment comprised of 
loose, half-loaded cargo. The conditions inside the container van were 11.0+1.9 °C, 
96+5.6% RH. The minimum temperature recorded in the mango boxes during shipment 

Variety 

Days after treatment (DAT) 

 4 8 12 16 20 23 

   L*    

Florida  76.8 74.8 78.0a 74.3 71.2 69.3a 

Apple  73.9 74.2 71.5b 73.3 66.8 65.2b 

Zambales  67.1 73.6 72.1b 75.0 69.3 64.2b 

 a* 

Florida  –0.5 2.4 –2.2b 0.2b 0.2b 4.4c 

Apple  3.3 2.9 5.5a 3.9b 8.3a 9.5b 

Zambales  6.0 3.2 2.8a 43.1a 8.9a 14.0a 

 b* 

Florida  40.2b 44.8ab 31.4c 37.3b 42.1c 50.5b 

Apple  52.5a 52.7a 54.2a 52.7a 60.0a 60.7a 

Zambales  44.5b 40.5b 42.1b 44.4b 53.3b 52.7b 

 Chroma 

Florida  40.4b 45.0 31.5c 37.6b 42.3c 50.7c 

Apple  52.6a 52.9 54.5a 52.9a 60.7a 61.5a 

Zambales  45.9b 41.1 42.2b 44.4b 54.1b 54.6b 

 Hue 

Florida  91.5 87.4 94.6a 90.9 90.5a 85.2a 

Apple  86.5 87.4 84.3b 85.9 82.3b 81.2b 

Zambales  82.8 87.2 86.2b 88.9 80.5b 75.1c 
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was 9.5 ºC while the maximum temperature was 22.7 ºC, with the latter being read one 
hour after loading in the container van. A temperature break was recorded during the 
shipment and quarantine periods.  
The level of cooling, as monitored by the temperature in the boxes containing produce 
inside the container van, was shown to be affected by the temperature difference between 
the product microenvironment and the cooling medium. A rapid decrease in the 
temperature was observed in boxes with higher temperatures but as cooling progressed 
the drop in the temperature became slower. Furthermore, the cooling period was shown to 
be affected by air circulation in the container van. The container van used in the study 
delivered cool air from the bottom upward. The air was forced upward through the cargo 
from the front to the rear (back) and then the air returned to the cooling unit at the front of 
the container. The further the distance from the cooling unit, the higher the temperature of 
the boxes. Low temperatures due to faster cooling at the bottom were not always 
maintained. The design of the mango boxes may have affected the poor air circulation 
inside the container van. Lower average temperatures in the boxes positioned at the top 
may have been due to more cool air being present at the top as the cargo was not fully 
loaded.  
The difference in delivery time of mangoes at the exporter’s warehouse resulted in 
variations in post-harvest quality during storage and shelf life. Higher temperatures at the 
back of the container van did not adversely affect quality as the fruit was delivered two 
days after the fruit positioned at the front and centre. Furthermore, differences in quality of 
fruit in various conditions in the container van were influenced by temperature during 
shipment. Fruit at the bottom had better quality due to faster cooling temperatures as the 
delivery of the cool air during shipment was from the bottom. Although the temperature 
was not always maintained during shipment, samples in this location had a consistently 
higher percentage of marketable fruit during storage.  
Aside from Carabao mangoes, there were also other varieties available in the local market 
including the Florida, Apple and Zambales cultivars. Under a simulated trial following the 
conditions used for exporting Carabao mangoes with some modifications, the quality 
characteristics of the three mango varieties were monitored and assessed. These showed 
differences in size and colour, as well as in post-harvest quality characteristics.  
Based on the findings, there were some gaps in producing and maintaining premium 
quality mangoes for export. The export volume only accounted for 2%–7% of the total 
volume of mangoes produced in the country. The smallholders could not consistently 
provide premium-quality mangoes. As a result, they experienced up to 50% fruit rejection 
upon receipt at the exporter’s warehouse. Consequently, this posed a great challenge for 
exporters in providing the target volume required by the importer, as encountered in the 
export trial. The exporter could not provide a full shipment of mangoes to the importer due 
to the limited volume of export-quality mangoes. However, the exporter still shipped 
mangoes to China, even with half-loaded cargo due to the high financial return.  
The low production of export-quality mangoes was due to some pre-harvest and post-
harvest factors. Even though fruit was already sorted in the farm, higher post-harvest 
losses still occurred at the exporter’s warehouse. Proper management and handling of 
fruit during production and immediately after harvest should be practiced by all supply 
chain stakeholders ranging from farmers to the export company. Appropriate technologies 
should be consistently and adequately disseminated along the entire supply chain. This 
includes the management of bruising in the exporter’s warehouse. Carabao mangoes are 
highly susceptible to bruising), and latex stain immediately after harvest. These simple 
techniques are among the important aspects in preparing mangoes for export that are 
often neglected by the handlers of fruit.   
The low export volume of Carabao mangoes may hinder the sector from harnessing the 
opportunities available for Filipino mangoes in the international market. The Philippines 
are among the top exporters of mangoes in the world in terms of value despite the low 
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export volume. This shows that the Filipino mango is highly valuable and among the most 
expensive imported mango varieties in countries such as China. The international market 
for Carabao mangoes is expanding as more countries express their interest in importing 
Filipino mango varieties. However, to keep up with the demands of the market in terms of 
volume and quality, assistance needs to be provided to the mango industry (especially the 
smallholder farmers as they are a major player) to produce and maintain export-quality 
Carabao mangoes. 

5.2 Recommendations 
Some limitations were encountered during the real-world export monitoring and simulation 
trials. Mango samples were sourced from various farms and delivered at different days 
because of limited fruit available for export. Hence, differences of mango quality among 
locations (front, centre and back) were mostly due to different fruit deliveries. Hence, it 
would be better to monitor and assess the quality of fruit sourced from one farm and 
delivered to the packhouse on the same day. This can be done during the peak season of 
production of Carabao mangoes for export.  
Upon arrival in China, handling evaluation of the mangoes was not strictly followed from 
ripening to retail as the importer did not permit the researcher to conduct the assessment 
in their warehouse. Instead, fruit was delivered to East China Normal University for 
storage under laboratory conditions. The importer did however share some information 
about the retail market of Carabao mangoes – CitySuper at the Raffles City Mall 
Changning, Shanghai, China. Compared to mangoes stored in the laboratory, fruit with 
excellent quality were sold by retailers. Even though fruit was shrivelled, no anthracnose 
and SER were observed.  
During the simulation trial, there was a limited supply of the three mango varieties which 
restricted the number of good-quality fruit available for the trial. Also, the VHT facility in 
the exporter’s warehouse was not available during the simulation trial as the facility’s 
schedule was full for Carabao mango treatments. The trial coincided with the peak 
production at the export company. Due to limited volume and quality of the three mango 
varieties used for the simulation trial, the sensory evaluation was not conducted as the 
shelf life ended before reaching the table-ripe stage. 
To address some of the problems, the following points are recommended: 

1. Enhance the relationship with the importer to be able to completely follow the 
supply chain of Carabao mangoes in an import consignment. 

2. Assess the effect of VHT on the progression of internal defects. 
3. Evaluate other mango varieties during peak season to be able to get greater 

quantities and better-quality fruit for evaluation, including organoleptic tests. 
4. Determine responses of other mango varieties to VHT during a simulation trial. 

The simulation trial with other mango varieties should be completed during the lean 
production season in the export company so that the trial of other mango varieties can be 
accommodated.  
The shipment monitored in this study was a half-loaded cargo and, hence, monitoring of a 
fully-loaded cargo may provide additional information on the conditions and quality of 
mangoes during export. Monitoring of the pulp temperature could also be undertaken to 
achieve a better understanding of fruit quality during shipment. Management of latex 
should be done in the farm immediately after harvest to reduce latex injury in the 
exporter’s warehouse and the import consignment. In addition, the mango boxes for 
export should be designed to allow efficient air circulation during shipment.  
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