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protocol 
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Our Process
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Next Set of Studies 

• We expect to replicate the same with Tomato 
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Systematic Review 
Causes and Strategies for Mitigating Postharvest Losses within the Mango Supply 
Chain

General Objectives 

❖To identify possible causes for post-harvest loss of mango 

  Primary       - Mechanical, Biological, Microbial, Chemical

  Secondary  - Improper Harvesting

      - Marketing Channel

      - Inappropriate environmental Factors

      - Lack of knowledge/Skill

      - Inappropriate packaging

      - Inadequate storage

      - Inadequate Transportation Facilities

❖To identify mitigation techniques for post-harvest loss of mango 
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chart for search results and selection details based on Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 8

Total number of Records identified through a 
search  engine (n=6779)

Number of duplicates Records 

removed after initial screening 

(n=14)

Records after removing irrelevant articles 
                            (n=100)

Full-text articles excluded with 

reasons: 

Records excluded based on their title 

and abstract, 

Non-English 

Commentaries, 

Editorials

Conference Abstracts 

(n=6679)

Studies considered for qualitative synthesis   

                            (n=51)
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Full-text articles excluded with 

reasons;

• Irrelevant content 

(n=35)

   Records after removing duplicates  

                            (n=86)



Findings 
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Main Types of Losses 

Primary causes
Mechanical 
     -Harvesting practices, transportation methods, and packing techniques

Biological
      -Pest and disease 

      -Anthracnose and stem-end rot

Secondary causes
      -Lack of knowledge/skills and documentation
      -Lack of awareness about correct harvesting and subsequent handling practices
      -Inappropriate packaging
      -Inadequate storage
      -Inadequate transportation facilities
      -Marketing channel
      -Inadequate marketing systems
      -Government regulations and legislation
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Mitigation Strategies 

Pre-harvesting strategies 

• Maturity indices
    - number of days from full bloom
   -  non-destructive and destructive 
parameters 
• Appropriate harvesting tools- 

pickers 
• Harvesting methods and time

Post-harvest strategies 

• Pre-storage physical treatments 
      - heat treatments 
      - irradiation
• Pre-storage chemical treatments 
      - Edible coating 
               - Bio-polymer-based coating 
               - Essential oils incorporated edible coatings 
               - Hexanal based coatings

•  Modified atmospheric packaging (MAP) 

     MAP + essential oil  vapor-treatment 



Qualitative Assessment of Food Loss Epidemiology 
Looking at the sources, causes and reasons…

Objectives

❖ To assess qualitative post-harvest losses of Mango (Mangifera indica) along the supply 
chain in Sri Lanka 

❖ To explore Opportunities and constraints in different stages of the mango supply 
chain in Sri Lanka 
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Methodology

Interviewing group - Farmers and middlemen (collectors, wholesalers, and retailers) 

Study Areas -       15 Farmers in Anuradhapura
              10 Collectors in Omaragolla & Minuwangoda
                4 Wholesalers in Manin Market, Colombo
                 3 Retailers in Pannala & Makandura area

Data collection - Interview administered questionnaire (KAP), key informant interview 
guides (KIG)

Data analysis- KIG - Thematic analysis (NVivo), KAP questionnaire - using Excel   
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Farmer level -15 Farmers from Anuradhapura area 



Collector level -10 collectors from Minuwangoda 



Wholesaler level - 10 wholesalers/ retailers



81.25%

18.75%

Gender

male female

18.75%

31.25%

50%

Farm size ( acre)

small medium large
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81.25%

12.5%

6.25%

Mango variety

TJC TJC, KC TJC,KC,Villard

KAP – Farmer level (socio and demographics)

KAP Survey Results 



18.75%

12.50%

31.25%6.25%

6.25%

25%

Most post harvest loss occurring places in 
the supply chain 

Production

retailling

Transporting

Production, harvesting,
transporting
transporting, storing
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12.50%

6.25%

6.25%

75%

Best Packaging method used to stack 
mangoes after harvesting

Wooden box

Plastic crates

wooden box, plastic crates

following a proper field packaging method

87.50%

6.25%

6.25%

Do you follow good agricultural 
practices (GAP) when growing 

mangoes?

always never previously done

KAP Survey Results Farmer Level 



“Recognizing the 
commercial 

potential, we decided 
to venture into this 

business”

“The Agriculture 
Department suggested 

this and I pick TJC 
mangoes”

“My father's guidance 

prompted our family to 

get involved in this 

business”

“Initially, I cultivated KC mangoes, but later I 
observed a significant demand for TJC mangoes in 
the market. Consequently, I decided to cultivate 

TJC mangoes alongside KC to compete effectively 
in the market. While TJC cultivation incurred 

higher costs, KC cultivation was more economical 
and yielded a higher quantity of fruit. Overall, 
both ventures have been profitable for me”

KIG Summary: Farmer level

 1. Reasons for selecting TJC
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2. Loss Assessment 

2.1 Pre harvest 
“There was damage from insects 
and pests specially anthracnose 

and mealybugs. Due to this 
damage, it is not possible to go to 

the export market”“It was destroyed by animal 
damage before it had a chance to 

mature particularly from 
monkeys. Couldn't even be 

consumed”
“I experienced bad weather 
conditions, including strong 

winds, caused mangoes to fall 
prematurely”

“Due to improper pruning 
and lack of fertilizer 

application, we were unable 
to achieve a satisfactory 

harvest”

“There was a loss before 
harvest due to people coming 

into the garden and picking 
mangoes”



2.2 Post harvest “Post-harvest 
losses were 
minimal “

“The mangoes couldn't be harvested at the 
optimal time, leading to delays until a 

suitable buyer was found. Lack of adequate 
storage facilities resulted in the mangoes 

remaining on the tree for too long, leading 
to overripening. There is also a lack of 

understanding or knowledge about the ideal 
time for mango harvesting.”

“Many mangoes were 
discarded due to 

deformities, such as an 
abnormal growth in the 

middle of the fruit”



2.3 Outside factors affecting post harvest losses 

“The absence of a 
proper market 

exacerbated the 
situation”

“Fluctuation in prices. A 
fair price should be 
offered, taking into 

account the cultivation 
expenses”

“Market price 
fluctuations make me 

wonder if someone else 
is artificially controlling 

the market” 

“Price fluctuations occur due to the 
absence of a formal system in the 

country. Despite calls from the 
Minister of Agriculture to increase 

production, there is no 
comprehensive plan in place from 

production to sales”



3. Selling Methods

“We provide 
mangoes to the 
middlemen who 
come to collect 

them”
“I've engaged with middlemen, 

but they're still asking for cheap, 
which doesn't work for us. 
Therefore, it seems more 

beneficial to sell the mangoes at 
the economic center. I'm exploring 

opportunities to market the 
mango harvest to export buyers”

“We plan to dehydrate 
mangoes, and for this 

purpose, we have obtained 
a drying machine and 

constructed a building”



4. Readiness to minimize losses “Cultivation fields are 
maintained with proper 
cleaning to reduce pest 

damage, timely application of 
fertilizers, and timely 

pruning”

“I conducted an experiment 
by banding the stem with 

cotton before bagging, and I 
observed its effectiveness in 
controlling mealybugs and 

ants”
“The mangoes are 
covered with nets 
and packed into 

plastic baskets in a 
storage room”

“We have enlisted the 
assistance of an agricultural 

instructor to tackle insect 
and pest damage, as we lack 

expertise in this area”

“we utilize locally 
produced insecticides 

and pesticides to 
address insect damage 

and pest control”



4.1 Training & education
“I believe that preventing these 

losses requires either 
improvements in current 

methods or the adoption of 
new technologies. I'm planning 
to participate in such sessions 

in the future”

“Expert advice is essential in 
this regard. Please visit our 

farm and assess the damage 
firsthand. We are eager to 
receive advice on how to 

address these issues 
effectively”

“If a demonstrated method 
doesn't yield the desired 

results, we assess its 
effectiveness and consider 

alternative approaches”



5. Usage of Artificial ripening agents 

“No chemicals are being 
used to extend the fruit's 

shelf life or hasten 
ripening”

6. Consumer demand for mango

“Mangoes are indeed 
delicious, and their 

popularity contributes 
to increasing demand”

“While people adore 
the taste of these 
mangoes, the high 

price poses a 
challenge”



7. Balanced diet

7.1 Nutritional value of mango

“I believe it's beneficial 
to include both fruits 

and vegetables in every 
meal for a balanced 

diet”

“we need a 
balanced diet to 
protect our body 
from diseases”

“We avoid oily food 
and instead consume 
fish, eggs, and green 
leafy vegetables to 
ensure a nutritious 

diet”

“No idea”
“Vitamin C, 

Vitamin A, 

Minerals, Fiber”

8. Nutrition sensitive value 
chain idea

“No idea”

“Yes, I have 

heard about 

it”



Opportunities for farmers

• Land Availability for Cultivation

• Farmers' Willingness to Boost Production

• Accessibility to Farming Information

• Potential for Expanding Cultivation

Constraints for farmers 

• Labor Shortage

• Limited Knowledge of Modern Farming Practices

• Restricted Market Access and Local Competition

• Financial Constraints

• Insufficient Understanding of Processing and Value Addition

• Climate Changes, Pest, and Disease Impact

• Price Fluctuations

• Inadequate Extension Services

Farmer Level



Collector Level/ 1. Mango sourcing 

“TJC variety is typically picked by 
hand. For varieties like KC, Vilard 

and others a stick with a net 
attached is often used, causing 

the mangoes to fall in to the net ”

“We visit mango farmers and collect 
the freshly harvested mangoes (TJC). 

And we harvest mangoes by 
ourselves specially other mango 

varieties. Additionally, some farmers 
deliver the mangoes to us”

1.1 Harvesting practices



2. Consideration of Quality indices 

2.1 Knowledge about Maturity Indices of mangoes

“Yes, when the shoulders 

of the mango become 

prominent and gray, it 

indicates that it is ready 

for harvesting”

“No idea”

“Judging ripeness based 

on experience. When we 

see it, we can tell that this 

mango is ripe”



3. Transporting and storing facilities 

“The harvested mangoes are 

packed into wooden boxes, and 

placed as a single layer. Once the 

first layer is complete, additional 

mangoes are loaded loosely on top 

until the lorry/truck is full. Upon 

arrival at the collecting center, the 

mangoes are stored accordingly”

“We do not 
have  cool room 

facilities”

“We use plastic crates 
and wooden boxes 

and corrugated boxes 
to store and pack 

mangoes”



4. Losses during collection and transportation

“Typically, for every 1000 kg of mangoes, 

approximately 25-50 kg are lost. Mangoes 

damaged during collection and 

transportation, immature mangoes and those 

infested by fruit flies are typically discarded. 

Additionally, mangoes are prone to rotting 

when exposed to water during the rainy 

season”

“While it's challenging to 
prevent all damage, careful 

handling can reduce it 
significantly. To mitigate losses, 

we resort to pulping as a 
method to decrease wastage”

“We anticipate 
minimal post-harvest 
losses from our end”



“However, due to competition in the industry, it 
becomes challenging to adhere to this practice. 

When we selectively harvest only mature 
mangoes for the market, our stock is considerably 

lower compared to those who harvest 
indiscriminately. Consequently, those with larger 
quantities have more leverage in setting prices. 

Thus, despite our intentions, we are compelled to 
follow suit to remain competitive”



5. Chemical treatments to induce ripening 

“Once all the mangoes are 
brought to our storage facility, 

they undergo heat treatment in 
ripening chambers for 24 hours. 

Following this, they are removed, 
graded, and packed accordingly”

“If left to ripen naturally, 
the wastage tends to be 
higher. Hence, we resort 

to artificial ripening”

“Artificial ripening 
agents should be 

prohibited”

“There needs to be a shift in 
people's mindset. It's essential 

to adopt a positive attitude 
and prioritize factors beyond 

just financial gain”

“We ripen mangoes naturally by 
allowing them to ripen on the 

ground. No artificial ripening agents 
are used. That's why we only harvest 

mature mangoes”



6. challenges in reducing post-harvest loss

“We're unable to invest in 
plastic crates due to their high 

cost. However, if we had 
them, they would significantly 

reduce damage during 
transportation and storage”

“Cold storage 
facilities would be 
beneficial for us”

“We are unable to make use 
of the ripening chambers 

provided by NIPHM due to 
the large quantity of 

mangoes that we handle”

“My main 
challenge is the 

insufficient space 
available”

“There is an increase in the number of 
collectors now. The cost of plastic crates 
has risen, and fuel prices are also high. 

Additionally, there is instability in market 
prices. The collectors have significant 
influence over market prices based on 
the quantity of mangoes they bring”



7. Readiness to minimize losses

“Employees are informed 
and trained, but despite 
their efforts, mangoes 
are prone to damage 

during ripening”

“Mangoes are packaged in a way 
to prevent latex from mixing 

with each other. Despite 
receiving valuable training from 

NIPHM, implementing those 
techniques in practice proves to 

be challenging”

“There isn't a significant post-
harvest loss on our part. 

However, a small proportion 
still spoils, and it's difficult to 
avoid this waste entirely. So 

we ignore it”



Collectors believe that post-harvest loss is minimal at their stage, but our 
observations reveal significant losses



Opportunities for collectors

• With a substantial mango collection, they have the potential to tap into both local and export markets directly

Constraints for collectors 

• Limited Market Accessibility

• Insufficient Infrastructure Facilities

• Low Technological Awareness

• Intense Competition Among Collectors

• Lack of Knowledge on Enhanced Post-Harvest Practices

• Price Volatility

• Inadequate Quality Control

• Limited Training and Financial Support

• Unfavorable Attitudes

Collector Level



Wholesaler & Retailer level/ 1. Mango sourcing 

“Some individuals used to bring me 
large quantities of mangoes, although 

not on a daily basis as mangoes are 
only available seasonally. When 
mangoes are scarce, I travel to 

Dambulla and other mango-growing 
areas to procure them ” “I primarily purchase 

TJC, Villard, and KC 
mango varieties, 

focusing on those with 
excellent taste” 



2. Mango storing methods

“sort the mangoes immediately upon 
receiving them. Ripe ones are packed 
separately from unripe ones. They are 
then carefully placed into plastic crates 

and layered with newspaper before 
being covered with polythene for 

added protection ” 



3. Post-harvest losses experienced

“during the rainy season, 
typically over 40% of 

mangoes go to waste, 
which is unavoidable” 

“Damage occurs during transportation 
mainly due to the high transport cost, which 
leads to packing a high quantity of mangoes 
in a box. This overcrowding causes damage 

to the mangoes. Additionally, when mangoes 
are packed alongside vegetables, they are 
prone to damage. Furthermore, mangoes 
also suffer damage during the unloading 

process from the truck” 



3.1 Post-harvest loss management

“Selling at half 
the price” 

“If they bring unripe 
mangoes, I refuse 

to purchase them ” 

“There is indeed a loss, but the 
responsibility for that loss falls on the 

person who supplies the mangoes. We 
refuse to accept that loss ourselves. If 
the mangoes remain unsold, they are 

discarded. However, the loss is incurred 
by the supplier, not by us. I experience 
a loss of 10-15 kg every two to three 

days” 



4. Challenges in reducing post-harvest losses

“During peak mango seasons, the market becomes 

saturated with mangoes, which I then sell. Mangoes 

are in high demand due to their rich flavor. Nowadays, 

with the introduction of Alphonso mangoes, mangoes 

are available for sale throughout the year, whereas 

previously, this wasn't the case. TJC mangoes entered 

the market when there were no other mango varieties 

available. Hence, mangoes tend to incur losses, 

especially economically, if export market opportunities 

cannot be secured”



“In the past, when people harvested mangoes, they 
would only pick the mature ones. If there were 100 

mangoes, all 100 could be consumed. However, 
nowadays, the new generation harvests mangoes before 

they mature. When a line of lorries arrives, the one in 
front is left with immature mangoes, while the one 

behind continues harvesting. This competition in the 
business has led to a decline in ethics and consequently, 

more wastage”



5. Training and education

“No, we haven't 
participated in any 

program. We rely solely 
on our experience”



Wholesalers do not experience financial losses due to post-harvest issues but 
our observations reveal significant physical losses while  the retailers  face 
both  financial and physical  loss 



Opportunities for wholesalers/ retailers 

• Growing Demand for Mangoes

• Price Surge Due to Increased Demand

Constraints for wholesalers/ retailers 

• Inadequate Quality (Receiving Immature Fruits)

• Limited Infrastructure Facilities

• Improper Storage Conditions

• Significant Post-Harvest Losses, Particularly in Rainy Seasons

• Competition from Other Fruit Varieties

Wholesaler/Retailer Level



In a Nutshell….

• Mangoes go through a tough journey

• Most post harvest losses can be retraced back to orchard management to 
pre harvest practices 

• Interestingly the value chain players do not believe in post harvest losses 
as it is masked by the economic gains they receive 

• They have no clue to the food loss that is happening along with the loss of 
nutrition that goes to the trash bin along with the commodity 
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Tough to be a Mango



So what’s our Mangoes journey…. 



Farmer  

Collector  

Export market  

Selling by themselves  

Processing centers 

Super market   

Fruit shops   

Wholesaler  

Road-side venders  

Food industry (ex-, 
hotels, juice bar..etc.)   

It’s more of a Web or a MATRIX



Objectives 

▪ To measure the quantitative and qualitative post-harvest loss of mangoes at wholesaler and 
retailer points.

▪ To identify key factors contributing to loss at the wholesaler to retailer level.
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Wholesale Assessment Protocol
Other side of the Food Loss Epidemiology 



Materials and Methods 

Collector 
3

Collector 
1

Collector 
4

Collector 
6

Collector 
5

Wholesaler 
2

Wholesaler 1 Wholesaler 
3

Collector 
7

Collector 
2

Retailer 
2

Retailer 
1

Retailer 
5

Retailer 
3

Retailer 
4

Retailer 
7

Retailer 
6

Retailer 
8

Consumer

Study Design

53



Sample Selection

Wholesaler

Retailer 3

Retailer 2

Retailer 1

Sample 1

Sample 2

3 R

Sample 1 3 R

Interview-administered questionnaire to trace backward, background details about mango  

54

Wholesaler – Manin Market, Colombo

Retailer – Permanent fruit shops in Colombo

Mango variety – TJC and/ or Karthakolomban



At Wholesaler Level  

• Visual observations (diseases, fruit 
fly infestation,  physical damages)

• Weight 

• Peel and pulp color 

• TSS

• Firmness 

• Acidity

• Vitamin C

• Beta carotene 

• Reducing & non reducing sugars

At Retailer Level

• Visual observations (diseases, fruit 
fly infestation,  physical damages)

• Weight 

• Peel and pulp color 

• TSS

• Firmness 

• Acidity

• Vitamin C

• Beta carotene 

• Reducing & non reducing sugars

55

Ongoing Process…



ACIAR's Collaborative Journey

 Insights and Lessons Learned 

THANK YOU
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