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2 Case summary 
This study was undertaken to road test common quality assessments in fresh mango supply 
chains in Vietnam. More importantly, the understanding and capacity in the mango quality 
assessments can be enhanced to improve physical and eating qualities in the mango supply 
chains in Vietnam. The study used the mango quality manual to assess Tuong Da Xanh 
mangoes at the different supply chain stages, including farms, packhouses, exporters and 
retailers. Generally, the content, use and rating scales were applied and reviewed in the trials. 
It was concluded that the manual was useful in assessing the quality of mangoes at different 
stages. However, not all the assessments can be applied to all the value chain stakeholders. 
Each stakeholder will only need to use those sections of the manual that are relevant to them.  

3 Introduction 
3.1 Project background 
Mango (Mangifera indica L.) is one of the most commercially successful fruit crops in Vietnam, 
with a production area of 86,418 hectares and 686,700 tonnes in 2010 (Lap & Chau, 2015). 
Vietnam produces approximately 50,000 tonnes of mangoes for domestic and export markets 
annually (AMIA, 2015). Most of these mangoes are grown in the Mekong River Delta, and the 
Northeast and the Southeast regions of Vietnam (FAO, 2015). Some of the major cultivars 
include Cat Hoa Loc, Cat Chu, Xoai Buoi and Ba Mau (FAO, 2015). Other commercial varieties 
include Xiem Num, Thai and Keo. Ba Mau is a relatively new, popular variety developed in the 
Mekong River Delta. It has fibre-less flesh and a pleasant flavour. However, mango is a 
climacteric fruit and its short ripening period can cause economic loss of sea-freighted 
mangoes due to low firmness and ripened flesh on opening; the mango export market 
demands high-quality, firm green fruit. 
However, mango producers and their supply chains in Vietnam either do not or cannot 
consistently deliver high-quality mangoes into major markets such as those in mainland China. 
The volume of qualified mangoes being exported to these countries is quite low – accounting 
for 15–20% of the total export volume (Nguyen et al., 2015). In addition, the unqualified 
mangoes are consumed in the domestic market or discarded which results in a 26.9% loss. 
The primary scientific impacts are delivered through the activities and results of this research 
project and will provide a greater understanding of the potential approaches to market 
development, and research opportunities for improving mango quality by developing a 
common language for describing physical and eating quality in fresh mango supply chains 
across Asian countries. The road test of the mango quality manual on different commercial 
assessments has been undertaken to determine the quality of the Tuong Da Xanh mango 
cultivar. This project will contribute significantly to identifying and documenting the current 
industry issues and research gaps relating to mango quality in Vietnam, and the priority market 
segments for Vietnam exporters. 

3.2 Study objectives 
In order to develop a common approach to assessing, describing, and improving fruit quality in 
the mango supply chain in Vietnam, the study objectives are as follows.  

• Develop a common objective language for describing physical and eating quality in 
fresh mango supply chains in Vietnam. 
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• Enhance common understanding and develop capacity in the assessment and 
improvement of physical and eating quality in mango supply chains in Vietnam.  

• Evaluate opportunities to improve quality in selected mango supply chains and key 
market segments in mainland China. 

3.3 Study methodology 
The research was designed with sequential steps including:  

• Drafting the mango quality assessment criteria manual, including commercially 
practical subjective criteria. 

• Road test the manual by conducting twelve commercial assessments comprised of four 
different supply chain players (e.g. farmer, wholesaler, exporter and retailer) at three 
supply chain stages to assess the quality of Tuong Da Xanh mangoes. 

• Collate own views with feedback from co-attendees.  

3.3.1 Survey 
A full investigation was carried out via interviews and surveys with mango farmers, exporters 
and retailers in Vietnam from April 2018 to November 2018. Survey sheets and a quality 
manual assessment were developed by the Queensland Department of Agriculture and 
Fisheries (QDAF) and tested by the Sub-Institute of Agricultural Engineering and Postharvest 
Technology’s (SIAEP) project staff.  
The supply chain was segmented into the various supply chain participant groups, including 
farmers, cooperatives, exporters and retailers. Information was gathered through discussions 
with these groups using a prepared interview checklist for data collection. Information was 
captured from:  

• farmer field visits and individual semi-structured interviews with farmers  
• individual discussions with mango cooperatives 
• individual discussions with exporters  
• individual discussions with retailers.  

Secondary data collection included annual committee reports at the village, district and 
provincial levels, as well as statistical data, scientific reports and other information from 
government departments. 

3.3.2 Quality assessment evaluation 
The fruit quality experiment procedures for the evaluation of internal and external quality 
attributes were conducted using the current mango quality assessment (see Table 1). The 
assessments are described below. 
Table 1. Assessment evaluation 

Source: Author’s analysis 

Stage Assessment 

Arrival  
(Sample trays are handled on 
arrival) 

1. Skin colour: subjective according to the rating scale in the manual and 
objective using a colourimeter 
2. Firmness: subjective according to the rating scale in the manual and 
objective using a penetrometer 
3. Defects: subjective referring to detailed descriptions and images in 
Supplement 2 and the rating scale in the manual 

Full-ripe stage 
(Sample trays are stored at 20°C) 

Record the date then rate those defects that worsen as the fruit ripens (i.e. 
skin and flesh colour and defects, firmness)  

After full-ripe stage 
(Sample trays are stored at 20°C) 

Assess daily and record the end of shelf life based on whether the fruit is 
marketable (visual quality) and write down the main defects causing the end 
of shelf life in the data recording sheet. 
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Fruit firmness 

Fruit firmness was assessed using the following subjective hand firmness rating scale in this 
testing manual: 1 = hard, 2 = rubbery, 3 = sprung, 4 = firm-soft and 5 = soft. Fruit firmness was 
also determined objectively with a penetrometer. 
Skin colour development 

Skin colour was objectively measured using a CR 400 Chroma Meter (Konica Minolta, Japan). 
Colour was determined with two measurements per fruit (stem end and central region) and 
repeated every second day at the same positions. Values were obtained for lightness (L*), 
chroma (C*) and hue angle (ho) as calculated using ‘a’ and ‘b’ values by Lab/LCH conversions. 
L* values represented the lightness of the colour with 0 for black and 100 for white. C* data 
represented colour saturation for h° representing colour space and chroma position where red-
purple is an angle of 0°, yellow is 90°, bluish-green is 180°, and blue is 270° (McGuire, 1992). 
Skin colour was also subjectively rated using the following scale in this testing manual 1 = all 
green to 5 = all yellow. 
 
Blemishes or defects 

Blemishes or defects were assessed using the following subjective hand firmness rating scale: 
1 = extreme, 2 = severe, 3 = moderate, 4 = slight, and 5 = none.   
Total soluble solids test 

When the fruit was ripe, the two ‘cheeks’ from each mango were removed using a knife. A 
vertical section of the flesh from the proximal stem end to the distal base was chopped into 
small pieces and frozen at –20°C. Prior to instrumental analysis, the samples were thawed and 
squeezed through two layers of cheesecloth to extract the juice. The TSS (ºBrix) of juice 
samples was determined at room temperature using a PAL–1 digital hand-held ‘pocket’ 
refractometer (Atago, Japan). 
Titrate acidity 

Flesh samples were collected and stored as mentioned above. Prior to instrumental analysis, 
they were thawed and blended with a stick blender. TA of 10 g samples of the homogenised 
pulp was mixed with 50 ml distilled water and was then, using an automatic titrator (Metrohm, 
Switzerland) with 0.1 M NaOH (Melrose Laboratories, Australia), was determined as the titrant. 
TA was expressed as the citric acid equivalent (%) in each sample. 

3.4 Study outcomes 
Table 2. Develop common mango language 

No. Activity Outputs/ 
milestones 

Completion 
date 

1.1 Confirm project 
representatives 

Confirmed the participation in the SRA project by 
email. 

11 July–2 
August 2017 

1.1 Confirm interest and share 
project documentation 

Shared Vietnamese National Standards TCVN 9766: 
2013 

Codex state 184 – 1993 with amendment 1–2005 for 
mangoes and The quality assessment manuals for 

Cat Hoa Loc and Cat Chu mango cultivars. 

22 September 
2017 

1.4 Help to develop training 
resources in partner countries 

Suggested the set of subjective and objective mango 
quality criteria. 

Prepared the short introduction for Workshop 1 
10 March 2018 

1.5 Take part in Workshop 1 in 
Guangzhou, China 

Participated in Workshop 1 in Guangzhou. 
Presented the short introduction in Workshop 1 

19–22 March 
2018 

Source: Author’s analysis 
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Table 3. Enhance a common understanding and develop capacity in assessment of physical and 
eating mango quality 

No. Activity Outputs/milestones Completion 
date 

2.1 Help to review mango eating qualities 
relevant to Vietnamese markets 

Provided suggestions for the draft 
manual 23 April 2018 

2.2 Agree on languages for the final 
document Report in English 23 April 2018 

2.2 Disseminate e-manuals in Vietnamese 
Received and disseminated e-manuals 

Translation of e-manuals into 
Vietnamese 

22 March 2018 

2.3 Conduct domestic mango quality 
assessments in Vietnam 

Conducted the road test for the mango 
quality assessment manual on 10 

commercial assessments 
December 2018 

2.3 Provide information and data for draft 
reports on assessments Reports of the road test for the manual December 2018 

Source: Author’s analysis 

 

4 Results and discussion 

4.1 Mango production in Vietnam 
In the past 10 years, the export of Vietnamese fruits and vegetables has developed rapidly. 
Vegetables and fruits have been exported from Vietnam to 36 countries and territories in the 
world, with a turnover of over USD235 million (Ministry of Industry and Trade, 2018a). By 
2015, Vietnam had exported vegetables to more than 60 countries. The export turnover in 
2015 increased by 123% as compared to the turnover in 2014, and had increased by 782% as 
compared to the year 2005. In 2016, vegetable export turnover reached USD2.3 billion. In the 
first six months of 2017, total export turnover of fruits and vegetables reached USD2.03 billion; 
an increase of 48% from the same period of 2016.  
After the period of significant growth in area and production from 2001 to 2009, the mango 
production area in Vietnam tended to stabilise at 84,000–85,000 hectares from 2010 to 2015 
before reaching 87,000 hectares in 2016. Mango production has increased in the last decade 
from just over 580,300 tonnes in 2010 to 969,000 tonnes in 2016 (see Figure 1). The export 
value of mangoes in Vietnam has increased sharply from USD460,000 in 2010 to USD35.43 
million in 2016 (Ministry of Industry and Trade, 2018b). 
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Figure 1. Mango production area and productivity, Vietnam, 2010–2016 
Source: Author’s analysis 

China is the largest market, accounting for 70.4% of total exports for Vietnamese fruits and 
vegetables, especially mangoes. In addition, markets such as South Korea, the United States 
and Japan are also potential markets for Vietnamese fruits and vegetables, accounting for over 
10% of total export turnover. As well as the traditional overseas markets, the fruit and 
vegetable sector has also expanded rapidly to high-quality markets such as USA, Europe, 
Japan, Canada, Australia and New Zealand. In 2016, mangoes were also approved for export 
to Australia and the USA. 

4.2 Road testing the Mango Quality Assessment Manual 
A quick assessment manual and checklist for mango quality through the supply chain was 
translated into Vietnamese for the survey. Please see the translated version in the supporting 
documents. 

4.2.1 Farmers  
The survey of farmers was conducted in the Dong Thap province and results showed that 
farmers normally assess mango quality through indicators such as skin colour, skin defects 
and fruit firmness (see Figure 2 and Table 4). Other quality assessment criteria include flesh 
defects and fruit appearance. The instructions and scoring systems in this manual were easy 
to follow and each sample assessment took approximately 15 minutes to complete. The least 
useful part of the manual for farmers was the cut fruit assessment because most of them only 
assessed mangoes based on the whole/external appearance (see Figure 3). The most useful 
parts of the manual to farmers were the sections on skin defects and whole fruit assessment. 
More technical support and consultation should be implemented. 
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Figure 2. Interview with mango farmers, Dong Thap province 
Source: Author’s image 

 

   
Figure 3. Mango harvesting and packing practices at the farm 
Source: Author’s images 

 
Table 4. Evaluation feedback from farmers about the mango quality assessment manual 

Source: Author’s analysis 

Surveyed criteria Evaluation feedback (ratio) 

How do you currently assess mango quality? 

Skin colour, skin defects (3/3) 
Hand firmness (2/3) 

Flesh defects, consumer acceptance (1/3) 
Others: open the bag or traders evaluate the quality (1/3) 

What assessments did you conduct today? 
Skin colour (3/3) 

Hand firmness (1/3) 
Skin defects (2/3) 

Did you find the instructions that are relevant to your 
assessments easy to follow? 

Very easy (1/3) 
Somewhat easy (1/3) 

Were the scoring systems easy to use/follow? 
Very easy (1/3) 

Somewhat easy (1/3) 

How long did it take you to complete ALL assessments 
for one sample? <15 minutes 

What parts of the manual were the least useful to you? Cut fruit assessment (1/3) 

What part(s) of the manual were the most useful to 
you? 

Whole fruit assessment (1/3) 
Skin defects (1/3) 

Any further comments/suggestions for improvement? More technical support and consultation 
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4.2.2 Packhouses 
Packhouses in this survey were located in the Tien Giang and Dong Thap provinces (see 
Figure 5). The results showed a variety of assessments that packhouses normally use, 
including skin colour, fruit firmness and skin defects (see Table 5). The instructions and 
scoring systems in this manual were evaluated as ranging between ‘easy’ to ‘normal’. It took 
under 30 minutes to complete all assessments per sample (see Figure 4). The parts of the 
manual that were considered to be the least useful were the cut fruit assessment and quality 
analysis because most of the packhouse staff only assessed mangoes based on 
whole/external appearance. There is a cooperative that sends mango samples to the analytical 
centre to assess mango quality every three months. This cooperative found the ‘whole fruit 
assessment’ section of the manual to be the most useful. They think this guide is very useful 
because it provides packhouse staff with specific guidelines for assessing mango quality. Their 
suggestion is that packhouses assess mango quality based on the criteria that customers 
require using a quality tracking manual. Likewise, it is necessary to conduct best practices for 
traceability for mangoes from farm to customer, encourage organic farming practices and link 
farmer households to establish concentrated cultivation areas. 
Table 5. Mango quality assessment feedback from packhouses 

Surveyed criteria Evaluation feedback (ratio) 

How do you currently assess mango quality? 
Skin colour (3/3)  
Hand firmness, skin defects (2/3)  

What assessments did you conduct today? 
Skin colour, (3/3)  
Hand firmness, skin defects (2/3)  

Did you find the instructions that are relevant to your 
assessments easy to follow?   

Somewhat easy (1/3) 
Normal (2/3) 

Were the scoring systems easy to use/follow? 
Very easy (2/3) 
Somewhat easy (1/3) 

How long did it take you to complete ALL assessments for 
one sample? 

<15 minutes (2/3) 
15–30 minutes (1/3) 

What parts of the manual were the least useful to you? Cut fruit assessment (3/3) 

What part(s) of the manual were the most useful to you? 
Whole fruit assessment (3/3) 
Skin defects (1/3) 

Any further comments/suggestions for improvement? Best practices for traceability  
Source: Author’s analysis 

 

 
Figure 4. Interview at a mango packhouse, Dong Thap province 
Source: Author’s image 
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4.2.3 Export companies 
Mango export companies in this survey are the fruit and vegetables export companies that are 
located in the Dong Thap province and Ho Chi Minh City. They assessed mango quality using 
indicators such as skin colour, consumer acceptance, sensory profiling, fruit firmness, skin 
defects, aroma, library trays and TSS. The results showed that the instructions and scoring 
systems in the manual were ‘easy’ to ‘neutral’ to follow. The time required for export company 
staff to complete all the assessments per sample was dependent upon the number and 
characteristics of the assessments involved. It usually took approximately 15 to 60 minutes to 
complete the assessments for each sample. Staff also mentioned that the section on aroma 
would be the least useful because they assess the green mangoes for their business. 
Therefore, it is obvious that smell is not an important indicator for these companies. The parts 
of the manual that were found to be the most useful were the map supply chain and whole fruit 
assessment. The export company also suggested that the VietGAP and GlobalGAP models 
should be expanded and the number of preliminary mango-processing factories should be 
increased. It was also suggested that the information regarding markets around the world be 
updated regularly. Staff reported that it was necessary to check pesticide residue in the 
mangoes and hence an assessment of reside level would be useful. 
 

   
Figure 5. Mango delivery at the packhouse 
Source: Author’s images 

4.2.4 Retailers 
Mango retailers in this survey were supermarket salespeople and small traders in traditional 
markets within Ho Chi Minh City. They assessed mango quality using indicators such as skin 
colour, skin defects, fruit firmness, aroma and flesh colour (see Table 6). The results showed 
that the instructions and scoring systems provided in the manual were ‘easy’ to ‘neutral’ to 
follow. It took approximately 15 minutes to complete all assessments per sample. The parts of 
the manual that were considered to be the least useful for the retailers were TSS, TA and 
library tray use. The parts of the manual found to be most useful for the retailers were skin 
defects, aroma and firmness. Retailers suggested that farmers supply only the harvested 
mature fruit to purchasers; they should not provide the low-quality immature fruit. 
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Table 6. Mango quality assessment feedback from retailers 

Surveyed criteria Evaluation feedback (ratio) 

How do you currently assess mango quality? 
Skin colour, skin defects (3/3) 

Hand firmness, smell (2/3) 
Flesh colour (1/3) 

What assessments did you conduct today? 

Smell (3/3) 
Hand firmness, skin colour, skin defects, flesh colour 

(2/3) 
Dry matter, flesh defects (1/3) 

Did you find  the instructions that are relevant to 
your assessments easy to follow?   

Normal (2/3) 
Somewhat easy (1/3) 

Were the scoring systems easy to use/follow? 
Normal (2/3) 

Somewhat easy (1/3) 

How long did it take you to complete ALL 
assessments for one sample? <15 minutes (3/3)  

What parts of the manual were the least useful to 
you? TSS, TA, library trays (1/3) 

What part(s) of the manual were the most useful to 
you? 

Skin defects, aroma, and firmness (1/3) 
 

Any further comments/suggestions for 
improvement? Farmers should harvest mature fruit for purchasers 

Source: Author’s image 

4.3 Mango quality assessment evaluation 
The manual was road tested using a minimum of nine commercial assessments sourced from 
three different supply chain stakeholders (e.g. farmers, exporters and retailers) at three stages 
to assess the quality of Tuong Da Xanh mangoes (see Figure 6 and Figure 7). In general, the 
completion of the quality assessment was easy and could be undertaken by most participants 
in 15–60 minutes. The instructions were concise and easy to follow.  

4.3.1 Production stage 
On arrival 

Whole fruit assessment 

Table 7 shows the differences in the sensory quality between the bagged and non-bagged 
fruit. In the bagged treatment, fruit had a better colour appearance than the non-bagged fruit. 
This difference was statistically significant (p<0.05), indicating the effect of bagging on the 
sensory quality of mangoes. This result is similar to that of Vo The Truyen and Nguyen Thanh 
Hieu (2002–2003) when studying the effect of fruit bagging on Cat Hoa Loc mango fruit. 
Table 7. Visual quality, skin defects and colour attributes of Tuong Da Xanh mangoes on arrival 
from the farm 

 Visual quality Skin defects Skin colour 

Bagged 4.9a± 0.3 4.6a±0.7 1.0a±0.0 

Non-bagged 4.5b±0.7 4.3a±0.7 1.0a±0.0 
Source: Author’s analysis 
Note: Data represents the mean for a total of n = 15 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD.  
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Bagged Non-bagged 

Figure 6. Appearance of Tuong Da Xanh mangoes on arrival from the farm 
Source: Author’s images 

 

Table 8. Skin colour assessment attributes of Tuong Da Xanh mangoes on arrival from the farm  

Treatment L* a* b* 

Bagged 79.4a ± 2.0 1.1b ± 0.9 21.7a ± 2.8 

Non-bagged 78.4b ± 2.3 1.9a ± 1.2 20.1b ± 3.0 
Source: Author’s analysis 
Note: Data represents the mean for a total of n = 15 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD.  

 

In both treatments the percentage of green on the skin was not affected by bagging in the 
sensory assessment rating for mango skin colour. However, bagged fruit showed a slightly 
lighter colour. This colour trend was confirmed by a lower a* and higher b* of the bagged fruit 
(see Table 8).  
Cut fruit assessment  

There were no significant differences in flesh defects, flesh colour, flesh aroma and defects of 
skin and flesh between non-bagged and bagged ripe fruit (p>0.05), except for the TSS (see 
Table 9).  
 
Table 9. Visual quality, skin defects and colour attributes of Tuong Da Xanh mangoes collected 
on arrival from the farm 

Treatment Flesh defects Flesh colour Flesh aroma TSS TA 

Bagged 5.0a±0.0 1.2a±0.4 4.6a±0.5 5.3b±0.8 0.8a±0.4 

Non-bagged 5.0a±0.2 1.4a±0.9 4.5a±0.6 6.7a±1.5 0.8a±0.5 
Source: Author’s analysis 
Note: Data represents the mean for a total of n = 15 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD.  
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Table 10. Total soluble solids and titratable acidity of Tuong Da Xanh mangoes 

Treatment TSS TA 

Bagged 5.3b±1.5 0.9ns±0.5 

Non-bagged 6.8a±0.8 0.8ns±0.4 
Source: Author’s analysis 
Note:  Data represents the means for a total of n = 7 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD. 

Full-ripe stage 

There was no significant difference in visual quality (i.e. colour and defects of skin and flesh) 
between bagged and non-bagged ripe fruit (p>0.05), except with respect to the aroma of the 
flesh (see Table 11 and Table 12).  
 

Table 11. Quality attributes of Tuong Da Xanh ripe mangoes collected from the farm  

Treatment Visual 
quality Skin defects Skin 

colour 
Flesh 

defects 
Flesh 
colour 

Flesh 
aroma TSS TA (%) 

Bagged 1.2a±0.1 1.3a±0.4 3.8a±0.6 1.5a±0.5 4.9a±0.2 2.0b±0.6 13.0ns±2.8 0.2ns±0.1 

Non-bagged 1.3a±0.3 1.4a±0.4 3.5a±0.6 1.7a±0.5 5.0a±0.0 2.9a±0.7 14.1ns±3.3 0.2ns±0.1 
Source: Author’s analysis 
Note: Data represents the mean for a total of n = 15 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD.  

 

Table 12. Skin colour attributes of Tuong Da Xanh ripe mangoes collected from the farm 

Treatment 
 

Skin Flesh 

L* a* b* L* a* b* 

Bagged 82.3a±2.8 5.6a±4.5 29.1a±4.3 83.5a±2.8 22.2a±2.7 39.3b±5.7 

Non-bagged 82.0a±3.4 7.4a±5.1 28.9a±5.5 83.1a±3.7 22.6a±2.2 43.2a±6.6 
Source: Author’s analysis 
Note: Data represents the mean for a total of n = 15 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD.  

After full-ripe stage 

The main defects that caused the end of shelf life of the fruit are stem-end rot (SER) and 
anthracnose. Severity of both anthracnose and SER was not reduced by bagging (see Table 
13). Bagging had no significant effect on disease incidence (p>0.05). The fruit were not 
marketable with respect to their visual quality assessment from day 15 to day 23. 
 
Table 13. Effect of bagging on stem-end rot and anthracnose on Tuong Da Xanh mangoes 

 Stem-end rot 
(%) 

Anthracnose 
(%) 

Bagged 66.87a 64.40a 

Non-bagged 55.14a 65.20a 
Source: Author’s analysis 
Note: Data represents the means for a total of n = 15 x 3. Means within the assessed parameter columns with 

different lowercase letters differ significantly (P≤0.05) by Fisher's protected LSD. The data were 
transformed to arcsine p1/2 before analysis. 
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Figure 7. Appearance of Tuong Da Xanh mangoes from the farm at day 15 
Source: Author’s images 

4.3.2 At the packhouse 
The results show that the external quality of fruit that was exported to Australia was excellent 
and highly marketable compared to domestic markets (see Table 14, Table 16 and Table 17). 
The results obtained for internal quality attributes showed high acceptability (see Table 15). 

 

Table 14. External quality attributes of Tuong Da Xanh mangoes from packhouses exported to 
Australia 

Treatment Visual 
quality 

Skin 
defects 

Skin colour 
Hand 
Firmness Yellow/green Blush 

On arrival 4.9±0.3 4.8±0.4 1.0±0.0 1.0±0.2 1.0±0.0 

Full-ripe stage 3.1±1.6 3.0±1.5 3.7±0.9 1.0±0.2 4.5±0.9 
Source: Author’s analysis 

 
Table 15. Internal quality attributes of Tuong Da Xanh mangoes from packhouse exported to 
Australia 

Treatment Dry mater 
(%) 

Flesh 
defects 

Flesh 
colour 

Flesh 
smell 

Firmness 
(lbf) TSS TA (%) 

On arrival 15.3±1.4 5.0±0.0 2.0±0.0 5.0±0.0 2.1±0.8 7.3±1.3 0.6±0.3 

Full-ripe stage  3.6±1.9 4.2±1.4 3.6±1.8 2.6±0.7 13.9±0.9 0.1±0.0 
Source: Author’s analysis 
Note: Data represent means for a total of n = 30 

Table 16. Colour attributes, Tuong Da Xanh mangoes, from packhouse exported to Australia 

Treatment 
Skin Flesh 

L* a* b* L* a* b* 

On arrival 78.1±1.9 1.9±0.7 20.7±2.4 79.2±2.0 25.5±2.8 48.1±3.9 

Full-ripe stage 83.9±2.0 8.8±3.2 32.3±3.8 83.6±3.5 20.3±2.9 32.1±6.9 
Source: Author’s analysis 

In contrast, the results showed that the visual quality of fruit for the domestic market was 
evaluated as fair (see Table 18 and Table 19). The skin defects were a slightly and moderately 
objectionable defect at the lower limit of attractiveness and less than 10% of the surface area. 

Bagged Non-bagged 
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The results obtained for internal quality attributes showed high acceptability. However, the 
flesh defects are severe when the fruit are ripe.   
 
Table 17. External quality attributes of Tuong Da Xanh mangoes, collected from packhouse for 
the domestic market 

Treatment Visual 
quality 

Skin 
defects 

Skin colour 
Firmness 

Yellow/green Blush 

On arrival 1.9±0.4 2.4±1.3 1.2±0.4 1.0±0.0 1.0±0.0 

Full-ripe stage 1.4±0.7 1.4±0.7 3.8±1.0 1.0±0.0 4.9±0.3 
Source: Author’s analysis 
Note: Data represent means for a total of n = 30 
 

Table 18. Colour attributes of Tuong Da Xanh mangoes from packhouse for the domestic market 

Treatment 
Skin Flesh 

L* a* b* L* a* b* 

On arrival 77.1±2.0 3.0±1.0 19.3±2.6 86.4±2.3 25.8±2.7 50.7±4.5 

Full-ripe stage 87.3±2.0 12.7±3.5 37.2±3.2 86.1±1.7 22.0±2.3 36.8±3.9 
Source: Author’s analysis 
Note: Data represent means for a total of n = 24 on arrival and n= 18 for the full-ripe stage  
 

Table 19. Internal quality attributes of Tuong Da Xanh mangoes from packhouse for the domestic 
market 

Treatment Flesh 
defects 

Flesh 
colour 

Flesh 
aroma 

Firmness 
(lbf/kgf) TSS TA 

(%) 

On arrival 4.7±1.1 1.1±0.3 4.7±0.5 6.9±2.2 6.3±0.9 0.4±0.1 

Full-ripe stage 1.4±1.0 4.5±0.5 1.6±1.2   15.4±4.5 0.2±0.2 
Source: Author’s analysis 
Note: Data represents the mean for a total of n = 15 

4.3.3 Retailers 
The results showed that the external qualities of fruit collected from the retailers were fair (see 
Table 20). Skin defects were rated as ranging between ‘moderate’ and ‘severe’.  
Table 20. External quality attributes of ripe Tuong Da Xanh mangoes collected from retailers  

Treatment Visual 
quality 

Skin 
defects 

Skin colour 
Firmness Aroma 

Yellow/green Blush 

On arrival 2.8±1.1 2.6±0.8 1.7±0.9 1.0±0.0 1.0±0.0 5.0±0.0 

Full-ripe stage 2.1±1.3 2.1±1.1 3.0±1.2 1.0±0.0 4.0±0.7 3.7±1.0 

Source: Author’s analysis 
Note:  Data represents the mean for a total of n = 30  
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Table 21. Colour attributes of Tuong Da Xanh mangoes from retailers 

Treatment 
Skin Flesh 

L* a* b* L* a* b* 

On arrival 87.8±7.3 –22.2±2.0 28.6±4.8 109.4±4.1 –15.7±2.9 33±4.6 

Full-ripe stage 91.5±6.4 –19.3±2.5 33.8±4.9 96.1±4.4 –5.9±2.0 40.0±3.7 
Source: Author’s analysis 

However, the results obtained for internal quality attributes showed high acceptability (Table 21 
and Table 22). In this case, on arrival at the retailers the fruit is essentially free from defect. 
When the fruit are ripe, the flesh defects are rated as ‘moderate’ because of post-harvest 
diseases, including stem-end rot and anthracnose. 
 
Table 22. Internal quality attributes of Tuong Da Xanh ripe mangoes collected from retailers  

Treatment 
Dry 

matter 
(%) 

Firmness 
(lbf) 

Flesh 
defects 

Flesh 
colour 

Flesh 
aroma TSS TA 

(%) 

On arrival 14.9±1.1 13.2±6.9 5.0±0.0 1.7±1.4 4.1±0.4 9.2±2.0 0.6±0.3 

Full-ripe stage   1.8±0.7 3.0±1.3 5.0±0.2 3.7±0.7 12.9±2.0 0.2±0.2 

Source: Author’s analysis 
Note: Data represents the mean for a total of n = 21  

 

5 Conclusion and recommendations 
5.1 Conclusion 
Trials of four different stages of the supply chain were conducted to assess quality of the 
targeted cultivar of mangoes using the mango quality manual. The evaluation results showed 
that this manual provided a rapid and effective tool to assist the quality control process. The 
mango quality assessment manual was written in an easy-to-read format with very 
recognisable pictures which showed a set of commercially practical, subjective and objective 
mango quality criteria for effectively assessing quality indexes of whole and cut mangoes. 

Pre-harvest bagging was shown to improve appearance and quality of Tuong Da Xanh 
mangoes with bagging having no significant effect on disease incidence (p>0.05). The fruit 
were considered to be not marketable (based on visual quality assessment) once they had 
reached day 15 of storage.  

According to the assessment results, the fruit for export were rated as excellent in quality, 
highly marketable and nearly free from defects. However, post-harvest diseases such as stem-
end rot and anthracnose were major concerns of the Vietnamese mango industry; an issue 
which requires the official approval of proper post-harvest fungicides. Furthermore, the sorting 
and packing system undertaken on the floor in the packhouses for domestic and Chinese 
markets could increase the risk of damage to the fruit and pose a safety hazard. In contrast, 
the results indicated that the external qualities of fruit that was collected from retailers was fair. 
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5.2 Recommendations 
There are a number of areas where additional research in Vietnam would be helpful to further 
the development of the manual. Currently, the sorting and packing system in most packhouses 
cannot ensure that the food safety requirements are being met. In order for this system to 
adhere to international standards, the whole process needs to be moved off the floor. The 
crates weigh 30–40 kg each and represent an injury risk for workers when they are lifting them. 
A lack of cool chain management and traceability should also be considered. Best practices of 
pre-harvest production (GAP) and post-harvest should be implemented with the supply chain 
stakeholders. 
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7 Supporting documents 

7.1 Mango Quality Manual Questionnaire 
Mango quality manual questionnaire 
 
Name:                                                       Country:  
Company:  
Contact email/ Mobile:  
1. How would you describe your area of operation(s) within the mango supply chain? 
(Please tick the box which applies. If the correct option is not available, please provide details 
in the space provided.) 

       Harvest         Packing      Disinfestation 

       Freight forwarding         Export      Ripening 

       Distribution center         Retail      Consumer 

       Other: 

………………………………………………………………………………………………………………
……………………………………………. 

2. How do you currently assess mango quality? (Please tick all boxes that apply. If the 
correct option is not available, please provide details in the space provided.) 

       Skin colour               Fruit firmness      Skin defects 

       Dry matter               TSS      Smell 

       Flesh colour               Flesh defects      TA 

       TSS:TA               Library trays      Sensory profiling 

       Consumer acceptance   

       Other:   

………………………………………………………………………………………………………………
……………………………………………. 

3. The following questions are in regards to your assessments and the manual.  
a) What assessments did you conduct today? (Please tick all boxes that apply.) 

       Skin colour               Fruit firmness      Skin defects 

       Dry matter               TSS      Smell 

       Flesh colour               Flesh defects      TA 

       TSS:TA               Library trays      Sensory profiling 

       Consumer acceptance   
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b) Were the relevant instructions easy to follow?  (Please tick one.) 

Very easy  Somewhat easy  Neutral Somewhat difficult Very difficult 

c) Were the scoring systems provided easy to use/follow? (Please tick one.) 

Very easy  Somewhat easy  Neutral Somewhat difficult Very difficult 

d) How long did it take you to complete ALL assessments for one sample? (Please tick 
one.) 

<15 minutes 15–30 minutes        31–60 minutes  >60 minutes 

4. What part(s) of the manual would be the least useful to you?  
………………………………………………………………………………………………………………
……………………………………………. 

 

5. What part(s) of the manual would be most useful to you? 
………………………………………………………………………………………………………………
……………………………………………. 

 
6. Do you have further comments/suggestions for improvement?  
………………………………………………………………………………………………………………
……………………………………………. 

7.1.1 Translated questionnaire 
CÁC CÂU HỎI VỀ SỔ TAY ĐÁNH GIÁ CHẤT LƯỢNG XOÀI 

Họ và tên: ................................................................. Quốc gia: .................................................   

Công ty/ Địa chỉ: ........................................................................................................................   

Email/ SĐT: ...............................................................................................................................  

 

1. Bạn hoạt động trong lĩnh vực nào trong chuỗi cung ứng xoài? 

 (Vui lòng đánh dấu vào ô thích hợp, nếu không có tùy chọn chính xác, vui lòng viết ý kiến vào 
khoảng trống bên dưới) 

  Thu hoạch 

  Đóng gói 

  Xử lý côn trùng 

  Giao nhận hàng hóa 

  Xuất khẩu 

  Ủ chín 

  Trung tâm phân phối 

  Nhà bán lẻ 

  Khách hàng 

 

Ý kiến khác:        
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...................................................................................................................................................  

...................................................................................................................................................  

...................................................................................................................................................  

2. Hiện nay bạn đánh giá chất lượng xoài bằng cách nào? 

(Vui lòng đánh dấu vào ô thích hợp, nếu không có tùy chọn chính xác, vui lòng viết ý kiến vào 
khoảng trống bên dưới) 

  Màu sắc vỏ 

  Chất khô 

  Màu sắc thịt quả 

  TSS:TA 

  Khả năng chấp nhận của 
người tiêu dùng 

  Độ cứng 

  TSS 

  Khiếm khuyết thịt quả 

  Khay thí nghiệm 

  Khiếm khuyết vỏ quả 

  Mùi hương 

  TA 

  Hồ sơ cảm quan 

Ý kiến khác:        

...................................................................................................................................................  

...................................................................................................................................................  

...................................................................................................................................................  

3. Các câu hỏi sau đây liên quan đến đánh giá của bạn và sổ tay. 

a) Bạn đã thực hiện những đánh giá nào hôm nay? (Vui lòng đánh dấu tất cả những gì bạn đã 
thực hiện)     

  Màu sắc vỏ 

  Chất khô 

  Màu sắc thịt quả 

  TSS:TA 

  Khả năng chấp nhận của 
người tiêu dùng 

  Độ cứng 

  TSS 

  Khiếm khuyết thịt quả 

  Khay thí nghiệm 

  Khiếm khuyết vỏ quả 

  Mùi hương 

  TA 

  Hồ sơ cảm quan 

b) Các hướng dẫn liên quan đến đánh giá của bạn có dễ theo dõi không? (Vui lòng đánh dấu 
vào một ô) 

  Rất dễ   Khá dễ   Bình thường   Khá khó   Rất khó 

c) Hệ thống tính điểm có dễ sử dụng không? (Vui lòng đánh dấu vào một ô) 

  Rất dễ   Khá dễ   Bình thường   Khá khó   Rất khó 
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d) Bạn mất bao lâu để hoàn thành tất cả các đánh giá cho một mẫu? (Vui lòng đánh dấu vào 
một ô) 

  < 15 phút   15 – 30 phút   31 – 60 phút   > 60 phút 

4. Phần nào của sổ tay ít có tính ứng dụng đối với bạn? 

...................................................................................................................................................  

...................................................................................................................................................  

...................................................................................................................................................  

5. Phần nào của sổ tay hữu ích nhất đối với bạn? 

...................................................................................................................................................  

...................................................................................................................................................  

...................................................................................................................................................  

6. Bạn có ý kiến hoặc đề xuất gì để cải tiến chuỗi cung ứng xoài? 

...................................................................................................................................................  

Xin chân thành cảm ơn sự hợp tác và  cung cấp những thông tin cần thiết của quý vị. 
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7.2 Mango photos at different stages of storage 
At the farm 

Treatment 
Day 0 Day 7 Day 15 

Whole fruit Cut surface Whole fruit Whole fruit Cut surface 

Fa
rm

 1
 

Bagged 

 
  

 
 

Non-
bagged 

 

X 

 
 

 

Fa
rm

 2
 

Bagged 

 
  

 
 

Non-
bagged 

 

X 

 
 

 

Fa
rm

 3
 

Bagged 

 

  
 

 

Non-
bagged 

 

X 
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For domestic and export markets 

Treatment 
Day 0 Day 7 Day 15 

Whole fruit Cut surface Whole fruit Whole fruit Cut surface 

Domestic 

 
 

  
 

Export 

     

For the retail market 

Treatment Day 0 Day 8 

Whole fruit Cut surface Whole fruit Cut surface 

Retailer 1 

 
   

Retailer 2 

 

  
 

Retailer 3 
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