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Full length article 

Food loss and waste and the modernization of vegetable value chains 
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A B S T R A C T   

The rapid growth of affluent urban populations and the associated modernization of food value chains are 
reshaping agricultural production and consumption in the Global South. Here we explore how the traditional-to- 
modern transition is affecting food loss and waste (FLW) using an empirical case study from Thailand. Despite the 
consolidation of modern retailing in the 1990s, traditional market channels and smallholder agriculture have 
remained operational and widespread across the country. We identified related factors affecting FLW and food 
quality requirements by combining stakeholder focus groups and semi-structured interviews with quantitative 
measurements along the value chain for Chinese cabbage (Brassica rapa, subsp. pekinensis). Quality re-
quirements were often accompanied by FLW generation and propagated upstream the value chain. At the field 
level, factors affecting both FLW and food quality included weather events, pests and diseases, and low prices at 
the farm gate. However, products that did not meet supermarket requirements could still find a market channel 
in traditional, wholesale markets. In both pathways, a head of cabbage lost 44 to 66% of its wet weight before 
reaching the consumer, as stakeholders trimmed the outer leaves at each node of the value chain. Stakeholders 
associated with modern retailers produced on average significantly more waste from trimming (42%) than other 
stakeholders that are less tied to cosmetic standards (18-24%). We conclude that, alongside technological ad-
vances in the modernization of food value chains, preserving pathways for non-compliant products is key to 
preventing FLW if cosmetic standards prevail.   

1. Introduction 

The global food system is a major transgressor of planetary bound-
aries, including climate change, deforestation and land-use change, 
biodiversity loss, freshwater use and the pollution of aquatic and 
terrestrial ecosystems through excessive nutrient loads (Campbell et al., 
2017; Springmann et al., 2018). Feeding a growing and increasingly 
affluent urban population without increasing the environmental impacts 
of agriculture will require a combination of effective strategies on both 
the demand and supply sides, including the reduction of food losses and 
waste (FLW) (Bajželj et al., 2014; FAO, 2013). Tackling FLW emerges as 
an option not only in mitigating climate change and land degradation, 
but also in improving global food security and responsible production 
and consumption within the Sustainable Development Goals (SDGs) 
(United Nations General Assembly, 2015). Specifically, SDG target 12.3 

aims “to halve per capita global food waste at the retail and consumer levels 
and reduce food losses along production and supply chains, including 
post-harvest losses", by 2030. 

Roughly, one third of the food produced globally is either lost or 
wasted (Gustavsson et al., 2011). Around 44% of the dry matter of 
harvested crops is lost prior to human consumption (Alexander et al., 
2017), with fresh fruits and vegetables (FFV) among the categories with 
the greatest amounts of food wastage (Parfitt et al., 2010). Appropriate 
strategies to overcome the problem are highly context-dependent, since 
hotspots and drivers of FLW differ along food value chains (FVCs) 
around the globe. While a large share of FLW in the Global North occurs 
in retailing and consumption, upstream stages such as post-harvest 
handling and storage take most of the share in the Global South (Lip-
inski et al., 2013; Niles et al., 2018). However, this pattern might be 
changing, since the Global South is moving towards urbanization, 
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dietary shifts and modern forms of retailing (Barrett et al., 2020; Rear-
don et al., 2009). The lack of global FLW data, together with a limited 
temporal and spatial coverage scope, hampers the establishment of a 
baseline for tracking progress towards SDG target 12.3 (Xue et al., 
2017). The effects of the modernization of FVCs on food wastage thus 
remain largely unknown, despite being of interest to both the public and 
private sectors in their efforts to improve economic and environmental 
performance. 

In Thailand, the so-called supermarket revolution and the spread of 
modern retailing started in the 1990s, fuelled by foreign investments 
(Dales et al., 2019; Shannon, 2014). Economic development, alongside 
the rise in per-capita incomes in cities such as Bangkok or Chiang Mai, 
has paved the way for dietary shifts, increased demand for fresh produce 
and product differentiation by means of higher food-quality re-
quirements (Banwell et al., 2013; Lippe et al., 2010). The latter can 
induce profound changes in food systems (Henson and Reardon, 2005; 
Seto and Ramankutty, 2016), leading to tighter coordination and power 
asymmetries among groups of actors in FFV value chains (Dannenberg 
and Nduru, 2012; German et al., 2020). Specific requirements are 
transmitted upstream the value chain, shaping stakeholder procedures 
and strategies for production, harvesting, storage, transportation and 
processing. Furthermore, some authors have argued that the emergence 
of supermarket-driven retail chains has caused entry barriers for 
smallholders, as retailers often consolidate their supply networks around 
a limited number of preferred companies and large-scale producers (Lee 
et al., 2012; Ola and Menapace, 2020; Vetter et al., 2019). However, in 
Thailand, the arrival of modern value chains has not yet reduced the 
importance of traditional retail markets or smallholder agriculture 
(Banwell et al., 2016; Ørtenblad et al., 2020). 

Technological and social innovations support the sustainable 
transformation of food systems (Herrero et al., 2020a), but emerging 
trade-offs and possible side-effects need to be addressed (Herrero et al., 
2020b). While the transition to modern value chains constitutes a 
technological advance (Rao et al., 2017), the introduction of private 
food-quality standards can simultaneously hamper reductions in food 
waste (Stuart, 2009). In particular, there is mounting evidence that 
cosmetic or aesthetic specifications can be a source of food wastage (de 
Hooge et al., 2018; Gustavsson et al., 2011; Halloran et al., 2014). Food 
suitable for human consumption can be rejected on the basis of a 
number of aesthetic criteria, such as shape, colour, grade, weight or 
appearance (Göbel et al., 2015; Gustavsson et al., 2011; Stuart, 2009). 
Cosmetic criteria are embedded in what are called and perceived to be 
quality requirements, which also include the nutritional, organoleptic 
and safety attributes of food. There is a dearth of studies providing 
qualitative and quantitative insights into the impact of cosmetic spec-
ifications on food waste, despite this being one of the more preventable 
causes of food wastage across stakeholders in food supply chains (de 
Hooge et al., 2018). Likewise, strategies for preventing food waste, 
though prioritized in food waste hierarchies (Eriksson and Spångberg, 
2017; Papargyropoulou et al., 2014), are under-represented in the 
literature (Redlingshöfer et al., 2020), while the emphasis on such 
prevention is often not reflected in guidelines and policies (Van Ewijk 
and Stegemann, 2016). 

Since modern retailers do not have ownership of the product until it 
enters their domain, stakeholders upstream of the value chain are 
assuming responsibility for compliance with food quality requirements. 
Non-compliance with quality standards can lead to greater FLW if 
products do not find an alternative pathway to consumers. In this regard, 
the co-existence of non-supermarket sales channels can provide market 
outlets for products that do not meet supermarket standards (Chaboud 
and Moustier, 2020). Finding options for tackling food waste therefore 
requires an understanding of both market outlets and stakeholder 
behavior and interactions. In this paper, we explore how both food 
quality requirements and FLW are interrelated in vegetable value chains 
under modernization in Thailand. 

2. Methods 

2.1. Definitions and boundaries of our study 

A number of projects have aimed at harmonizing definitional 
frameworks of food loss and food waste (FAO, 2014; HLPE, 2014; 
Östergren et al., 2014). As these frameworks have different logics and 
scope (Teigiserova et al., 2020), deciding on definitions upfront is rec-
ommended in FLW studies (FAO, 2014). In the following lines we unfold 
the terminologies and scope used in this study. 

Food loss is defined as the decrease in the quantity or quality of food 
intended for human consumption (FAO, 2014). Although the word 
‘food’ may itself connote human consumption in this context (FAO, 
2014), the redundancy makes explicit the exclusion of non-food items, 
such as animal feed or biofuels. Generally, food is lost only when crops 
are mature and ready for harvest (Östergren et al., 2014). However, as 
the pre-harvest stages can affect post-harvest food losses, they are also 
discussed in our study. Food losses can cover all phases, from production 
to consumption, but the term generally refers to upstream levels of the 
value chain, leaving retailing and consumption outside its scope of 
reference (Gustavsson et al., 2011; Parfitt et al., 2010). For instance, 
vegetables discarded during harvesting or spoiled during transportation 
are considered food losses, since they are mostly unintended. On the 
other hand, food waste derives from the rejection of food that is fit for 
consumption or has been left to spoil or expire (FAO, 2014), commonly 
at the retail or consumption stage (HLPE, 2014). An example is an edible 
food that deviates from aesthetic expectations in terms of shape, size or 
colour, or also fruit and vegetables reaching the limit of their shelf-life. 

Food loss and food waste come together under the term food loss 
and waste (FLW), which refers to a decrease in the quantity and quality 
of food at any stage, from harvest to consumption, regardless of the 
cause (HLPE, 2014). Hereafter, for the purposes of this study, we will 
consistently use FLW to refer to the discarding of food at all stages in the 
value chain. We provide and categorize all data to allow the recalcula-
tion of material flows and reproducibility. The scope of our study in-
cludes all stages except supermarket selling and consumption (Fig. 1). 
During the research, we found that supermarket managers considered 
themselves subject to corporate disclosure rules and were therefore 
generally reluctant to provide information on FLW. However, super-
market distribution centres and branches receive products from 
preferred suppliers in a trimmed and packed state ready for supermarket 
shelves, which is why we concentrated our efforts at the preferred trader 
level. Information on supermarkets’ sourcing practices and product re-
quirements is detailed in Ørtenblad et al., (2020). 

2.2. Cabbage value chain, identification of stakeholders and study area 

In this paper, we focus on a frequently consumed perishable product, 
Chinese cabbage (Brassica rapa, subsp. pekinensis). As a practically staple 
food, within the category of fruits and fresh vegetables (FFV), Chinese 
cabbage (hereafter ‘cabbage’) has an important role in Southeast Asian 
diets and cuisine, as is reflected in its sales volumes (Ørtenblad et al., 
2020). In 2017, the area dedicated to cabbage production in Thailand 
exceeded 11.500 ha and the production reached 268.340 tons (Office of 
Agricultural Economics, 2020). Furthermore, its value-chain operations 
are representative of most vegetable value chains in Thailand, including 
farming practices, handling, processing and packaging, distribution and 
retailing. From an FLW perspective, cabbage is particularly interesting 
because of food spillage at different nodes of the value chain, from farm 
to shelves. Trimmings of cabbage varieties, though often fit and safe for 
human consumption, are commonly discarded during operations in 
FVCs (HLPE, 2014). 

Building upon previous work by Ørtenblad et al., (2020), and taking 
our point of departure in the Global Value Chain (GVC) approach, we 
identified key stakeholders and relationships along the cabbage value 
chain using the ‘snowball sampling’ method (Suri, 2011). A sample at a 
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Fig. 1. Food loss and waste (FLW) boundaries for the purpose of our study. Adapted from (HLPE, 2014).  

Fig. 2. Representation of the cabbage value chain from production to retailing. Five stakeholders were identified: 1) Smallholder farmers; 2) Small traders; 3) Big 
traders; 4) Preferred traders selling to supermarkets; 5) Small retailers in wholesale markets. The arrows represent the trade in cabbage among stakeholders. 
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given node in the value chain was identified, and other stakeholders 
were followed by ‘snowballing’ up- and downstream of it to reach 
traders, suppliers and customers. We traced the cabbage as a common 
food item shared by all stakeholders in order to understand the links and 
interactions between them. Stakeholders represent the functional seg-
ments along traditional and supermarket-driven pathways (Fig. 2). 

Upstream, smallholder farmers have diversified their farming stra-
tegies, producing several crops in farms of three hectares on average 
(Ørtenblad et al., 2020). Plots of cabbage can be cultivated either on 
paddy fields in river basins and valleys where flat plots are intentionally 
flooded, or on rainfed or irrigated and often sloping upland plots with 
well-drained soils, which determines rotations with other vegetables, 
maize or rice. Farm-management activities include soil preparation, 
sowing, fertilization, spraying, irrigation and harvesting, among others. 
Some farmers own a pick-up truck that they use for delivering agricul-
tural products after harvesting, which, given the relatively good road 
infrastructure, reduces the transaction costs of market participation. 
Another option is for farmers to sell their products to traders, small or 
large, at the farm gate, which involves bargaining over prices and/or a 
division of labour related to the harvesting of cabbage in the fields. 
Traders play a pivotal role in ensuring compliance, as well as in product 
differentiation (Lee et al., 2012; Ørtenblad et al., 2020). Small traders 
usually deliver the product to larger traders or wholesale markets, where 
it is sold from parking lots. Farmers who own a truck can bypass these 
small traders and take their produce directly to wholesale markets. Big 
traders (jay or hia, used for the company name of female and male 
traders, respectively) manage large volumes of cabbage at their godangs 
or warehouse facilities, where they perform operations and from which 
the product may be transported further to distant markets in Thailand by 
six-wheel trucks of up to twenty tons. Preferred traders, that is, com-
panies that supply a variety of fresh produce to supermarkets, source this 
produce from big traders. Preferred traders may also have their own 
greenhouses, work closely with cooperatives, and import cabbage from 
international markets, but often their supply chains are intertwined with 
traditional Thai ones. They deliver to supermarket branches in urban 

areas countrywide, often in cooling trucks and using cooling boxes to 
maintain a cold chain. Lastly, small retailers in wholesale markets buy 
the product from traders in wholesale market parking lots and sell it 
directly to local residents and businesses. 

Areas involved in the farming, distribution and sale of cabbage are 
spread across the country, with major production areas in the north of 
Thailand and both retailers and wholesale markets in urban areas 
(Fig. 3). Cabbage production in the northern provinces is mainly carried 
out by smallholders (FAO, 2020a). In conducting this research, four 
cabbage-producing villages were selected, based on the largest pro-
duction volumes. Small traders and big traders are situated in these 
production areas, as well as in urban areas at or in connection with 
wholesale markets. Big traders are central in connecting production 
areas in Chiang Mai to markets in Bangkok. Preferred traders are stra-
tegically located close to cities and supermarket branches. Small re-
tailers at wholesale markets are present in the major national wholesale 
markets of Talaad Thai and Talaad Simummuang in northern Bangkok 
and in Muang Mai in Chiang Mai. 

2.3. Semi-structured interviews and focus groups 

We collected qualitative data to gain in-depth understandings of: 1) 
stakeholder strategies; 2) food quality requirements; and 3) FLW gen-
eration and waste management (Beausang et al., 2017). From an initial 
list of potential respondents (Ørtenblad et al., 2020), we reached 40 
interviewees by snowball sampling. We conducted semi-structured in-
terviews individually with 8 small traders, 5 big traders, 5 preferred 
traders and 12 small retailers. For the smallholder farmers, we held four 
focus groups (one per village) with 3-5 participants. We aimed to reach 
the point of data saturation, which involved matching and aligning the 
answers of different participants until new information dried up 
(Faulkner and Trotter, 2017). 

The interview guides for both the semi-structured interviews and the 
focus groups included six sub-sections: 1) procedures for farming, 
buying and selling; 2) grades, features and minimum requirements; 3) 

Fig. 3. Map of study areas and stakeholders’ locations in Thailand  
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factors affecting quality; 4) factors affecting price; 5) FLW generation; 
and 6) factors affecting FLW. Questions were asked in an open-ended 
manner to avoid the possibility of answers being suggested. While the 
duration of the semi-structured interviews ranged from 40 to 60 mi-
nutes, the focus groups were consensus-oriented and lasted about 2 
hours. Both focus groups and semi-structured interviews were carried 
out in October to December 2019. We coded the responses manually to 
provide metrics of emerging categories of responses. A more detailed 
examination of explanatory factors and patterns was subsequently car-
ried out and interpreted at each segment of the value chain. 

2.4. Quantitative measurements 

Direct weighing is a well-established method of quantifying amounts 
of FLW and may be used on its own or in combination with other 
methods (Hanson et al., 2016). We tested several direct weighing 
methods before deciding on a definitive approach. We conducted 
whole-plot measurements on farms, whole-truck measurements with 
traders and big traders, and different container-based measurements (e. 
g. baskets and boxes) at preferred traders’ premises. However, the 
different volumes and containers used at each level hampered compar-
isons among stakeholders. Therefore, to ensure methodological consis-
tency and arrive at a standard functional unit for the entire value chain, 
we decided to base our measurements on individual cabbage heads. 
Accordingly, cabbage heads were weighed before and after processing 
by stakeholders at each node of the value chain. We conducted a total of 
330 measurements of individual cabbage heads at 35 stakeholders in 
October-December 2019. 

The FLW figure produced for each stakeholder category was calcu-
lated as the difference between the initial weight and the final weight of 
the individual cabbage heads. One-way ANOVA and post-hoc testing 
(Tukey test) of the differences between stakeholders was run in Python, 
statmodels package(Seabold and Perktold, 2010). We tested our as-
sumptions for independence (all groups are mutually exclusive), 
normality (Shapiro-Wilk test) and homogeneity of variance variation 
(Levene’s test). 

3. Results 

The results section is structured according to the responses to the 
semi-structured interviews and focus groups (Fig. 4). First, we introduce 
findings related to stakeholder activities, strategies and the scope of 
relationships, including the procedures for producing, buying and 
selling cabbage. Second, we present the results regarding food quality 
requirements, including factors that are perceived to affect quality 
among stakeholders in the value chain. Lastly, we report factors 
affecting FLW generation and management, together with a figure for 
the mass discarded at each node of the value chain. 

3.1. Stakeholder strategies 

Smallholder farmers in the study area produced Chinese cabbage all 
around the year, though some seasons were more favourable than 
others, as one farmer explained: “…[it is] very different from one season to 
another. It depends mainly on the weather. If I grow Chinese cabbage in 
October, there are more chances that I will have fewer rotten cabbages and a 
better product” (Mae Tho, farmer 114). Besides seasonal uncertainties, 
smallholders make decisions upfront despite lacking information on 
environmental factors, demand and market prices. In focus groups, 
farmers mentioned adverse climate events, pests and diseases, price 
volatility and market uncertainties as negatively affecting their 
activities. 

Depending on supply and demand, according to farmers, the market 
for Chinese cabbage fluctuated between being “lively or high” (rākhā 
kon ben) and “quiet or low” (rākhā kon tāy). Smallholders explained that 
they have some room for manoeuvre and try to catch a “lively or high” 
momentum in the market by changing planting dates and by timing the 
harvest to fall within a ten-day harvest window (i.e. 40-50 days after 
planting). However, farmers expressed concerns about imports from 
other countries, which were reducing farm-gate prices and limiting their 
strategies. Smallholders chose between three channels to sell their 
product: 1) small traders; 2) big traders; and 3) direct sales in wholesale 
markets. The bargaining and negotiation regarding selling to traders 

Fig. 4. Framework for analysing stakeholder responses regarding: 1) Stakeholder strategies; 2) Food quality requirements; 3) Food loss and waste (FLW). White 
boxes contain the main discussion points. Blue boxes summarize the most common answers. Lines represent positive feedback between different blocks. 
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involved two different sales arrangements: farmers selling the whole 
plot before harvest (prior assessments of quality and quantity by traders) 
or selling the harvest by weight. Depending on the arrangement, farmers 
or traders were in charge of the harvest. 

Small traders are less subject to market uncertainties since their 
strategy consisted of buying at market prices and then selling at a higher 
price, thus ensuring a profit. However, they could not always be certain 
of selling an entire load of cabbages. Small traders at wholesale markets 
trimmed the cabbage heads upon arrival and packed them into 10 kg 
plastic bags, which were sold at daily prices. It could take them up to a 
day to sell the cabbage contained in the pick-up truck. 

At big traders’ warehouses in rural locations, the cabbage was 
reloaded from farmers’ and small traders’ pick-up trucks on to bigger 
trucks for long-distance transportation. During this operation, some 
cabbage outer leaves might be removed, but the big traders usually kept 
the outer parts as ‘protection leaves’ during transportation, as one big 
trader emphasized: “We are supposed to keep all the leaves in the truck, 
because it helps to protect the cabbage during the trip. Traders want this” 
(Hot, hia big trader 312). Big traders, together with the preferred traders, 
had the capacity to import cabbage from other countries when the 
product quantity or quality of Thai production was insufficient, for 
instance, due to seasonal fluctuations. When the six-wheel trucks arrived 
at the wholesale markets, the cabbage was then trimmed and packed. 

Preferred traders typically sourced the product from big traders, 
usually relying on close relationships with them as a guarantee of quality 
and quantity. Some preferred traders owned a greenhouse or sourced 
produce from cooperatives that follow their standards. Preferred traders 
had the capacity for storage and transport under cold chain, often used 
when importing cabbage from other countries. “During the hot season, the 
cabbages don’t look nice at all in Thailand. I have to order from China” 
(Talaad Thai, preferred trader 413). After receiving the vegetables, 
preferred traders followed an iterative process of storing them in cold 
rooms at two to five degrees Celsius, checking for chemical residues, 
weighing, grading, cutting, washing, drying and sealing the product in 
plastic bags under their own label, and finally delivering the product in 

cooling trucks (Simummuang, preferred trader 415). Bidding for super-
market orders, preferred traders competed with each other in auctions 
and delivered a product ready for the supermarket shelves. 

Lastly, small retailers at wholesale markets sourced cabbage from 
small traders and big traders in parking lots and warehouses at prices 
that changed daily. Within their strategies, small retailers made good 
sales forecasts about reduced stocks by offering an immediate price 
reduction when products did not meet the expected cosmetic standards: 
“The leaves which are dark green or ripped, I put them together in a basket. 
When the basket is full, I sell it at 20 baht (Talaad Thai, small retailer 523). 
Buyers included food-truck vendors, restaurants and local residents. All 
actors reported that they applied the same strategies for other 
vegetables. 

3.2. Food quality requirements 

We hypothesized that stakeholder’s perceptions about food quality 
requirements are influenced by where in the chain they are operating. 
However, all stakeholders mentioned ‘grade’ as a quality feature, while 
among the different grades of Chinese cabbage, farmers and traders 
identified size and weight as the main quality attributes (Table 1). The 
bigger and heavier the cabbage, the better its quality according to the 
value chain actors. Farmers stated that cabbage size is influenced by the 
topographical location of the plot and seasonality. Cabbage heads pro-
duced in upland plots (rainfed or irrigated) were often smaller than 
those grown in the paddy fields. On the other hand, the majority of 
stakeholders mentioned that during the hot and rainy season cabbage 
heads are also smaller than in the cold and dry season. Small retailers in 
wholesale markets were the only stakeholders who did not mention size 
or weight as determining the grade. Instead, half of them differentiated 
between the first or “beautiful” and second grades according to their 
visual appearance. The other half did not differentiate between grades, 
buying and selling produce without strict cosmetic restrictions. 

Besides the grade, all traders and small retailers mentioned that 
appearance, which involves a number of aesthetic specifications, is 

Table 1 
Food quality requirements and factors affecting quality.  
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important for quality, and therefore stakeholders imposed minimum 
requirements on the product before purchasing it. These requirements 
were conveyed upstream in the value chain to reach the smallholders. A 
lack of insect bites, evidence of caterpillars or wilted leaves were among 
the conditions stakeholders perceived and required as important. 
Farmers ensured compliance with the requirements by adapting their 
farming practices, such as intensifying the use of agrochemicals. Farm 
management was mentioned as one of the main drivers of quality by all 
stakeholders. As intrinsic quality features, all traders rejected cabbage 
heads that were rotten or had been affected by pests or diseases. The 
assessment was done visually, though preferred traders might perform 
random cuts to check that the cabbage was not rotten inside. Climate, 
weather events and differences between seasons were also mentioned 
by all actors in the value chain, as one small trader stated: “the bad 
season is the rainy season, with disease and rotten cabbage” (Muang Mai, 
small trader 220). 

In order to meet the quality requirements, stakeholders trimmed the 
outer leaves of the cabbage to remove imperfections. “If cabbages do not 
look good, I peel more. Today I peel more because my cabbages are not 
beautiful” (Muang Mai, small trader 214). When harvesting, farmers or 
small traders cut the cabbage at the base with a knife and removed the 
loose and ‘dirty’ outer leaves, which were left in the field. Stakeholders 
also removed wilted, sometimes rotten outer leaves: “We remove all the 
rotten outer leaves, but if it is a lot, I reject the whole lot of cabbages. If it is 
just a little bit, I sell them in the wholesale market more cheaply” (Simum-
muang, preferred trader 414). Moreover, some actors leaned towards 
whiter cabbage heads, making colour another reason for trimming: “I 
peel until the cabbage is white (Muang Mai, small retailer 511)”. Preferred 
traders recognized the trade-off between obtaining a whiter cabbage by 
trimming it, the inner leaves being whiter than the outer leaves, and the 
size of the remaining cabbage: “If we sell to a supermarket, we have to peel 
15% to 20% more (Simummuang, preferred trader 415). 

Preferred traders therefore delivered what supermarkets demand in 
terms of food quality. Among these requirements, Good Agricultural 
Practices (GAP) and Good Handling Practices (GHP) at the preferred 
traders level were unique among all stakeholders. “If selling to a super-
market, each cabbage has to weigh 350-800 gram (in winter, 400- 800 gram 
per cabbage), have no bug bites, not be soft inside and be GAP certified” 
(Talaad Thai, preferred trader 414). Depending on the supermarket, the 
specifications included a particular weight range after peeling, and 
sometimes full cabbages were discarded because they did not meet the 
weight requirements. Cleaning and trimming operations were followed 
by ‘decoration’ to make the cabbage look better (e.g. using water or 
wax). Preferred traders mentioned freshness and their cabbages being 
‘free of chemical residues’ as among the aspects that distinguish their 
products from those of others. 

Unlike the preferred traders, small retailers in wholesale markets 
were not limited by the strict cosmetic criteria: “Cabbages that I cannot 
yet sell, later I re-peel and sell them at a cheaper price” (Talaad Thai, small 
retailer 524). Nevertheless, they still followed the procedures for deco-
ration, such as watering and giving volume to the cabbage by slightly 
opening the head. In Talaad Thai and Simummuang, some small re-
tailers saved the leaves after trimming and sold them in baskets at 
different prices. “The ones which are a little bit green or ripped, I put them 
together in a basket […] and sell them at 20 baht/basket (Talaad Thai, small 
retailer 523). The darker outer leaves were separated and sold cheaper 
than the internal leaves. 

Since perceptions about food quality requirements vary between 
stakeholders, smallholders could find different sales channels in line 
with the outcome of the harvest. Products that did not meet supermarket 
criteria (e.g. because of low cosmetic or aesthetic value) found their way 
to traditional markets through small retailers. Even outer leaves that had 
been discarded because of imperfections or a darker colour were sold by 
small retailers in Talaad Thai. 

3.3. Food loss and waste 

Full cabbage heads were discarded by all groups of stakeholders 
during assessment operations because of pests or diseases (Table 2). 
However, concerning the grade, cabbage heads that were “too small” 
were only discarded by preferred traders. During grading operations, 
cabbage heads that did not meet the expected weight were discarded by 
three out of five preferred traders. At the time of the interviews, 10% to 
15% of cabbage heads were being discarded because of grading standards. 

Farmers emphasized problems at pre-harvest stages during the 
growing phase when they were asked about waste generation. Although 
these are not considered FLW by most definitional frameworks, they still 
indicate a waste of resources and impacts, given that farmers had 
invested in inputs such as labour, land or agrochemicals. Furthermore, 
these pre-harvest stages might determine postharvest losses. Common 
problems include inflorescence (flowering) and cabbages that are not 
“well wrapped”, that is, a cabbage that does not grow compactly and has 
loosely rather than tightly wrapped leaves. Moreover, in a bad season 
with outbreaks of pests and diseases, a significant part of the crop, if not 
all of it, can be lost before the harvest. As one smallholder farmer 
stressed: “This year I had to throw away or leave in the field 40% of the 
cabbage because they were rotten inside (Mae Tho, farmer 116”). Besides, 
market prices were one of the factors mentioned affecting FLW. Farmers 
might decide not to harvest when market prices are too low, with the 
threshold at 2 Thai baht per kilogram. 

Trimming was a common activity resulting in FLW among all cate-
gories of stakeholders. If farmers were selling their harvest by weight, it 
would be in their interest not to leave many outer leaves in the field after 
the first trimming. However, small traders were interested in trimming 
more at the farm in order to reduce the weight of the load in their pick- 
up trucks. When the cabbage is not sold by weight at the farm gate, 
traders might be interested in keeping the leaves for transportation, 
since the extra weight does not impose an extra buying cost. Trimming 
spillage was then generated at arrival at the preferred trader’s ware-
house or the parking lots in wholesale markets. Given the higher food 
quality requirements of preferred traders, we hypothesized that they 
were producing more waste from trimming than others. Preferred 
traders peeled both to get rid of imperfections and to obtain a whiter 
cabbage head. On the other hand, small retailers, who do not need to 
meet the strict cosmetic criteria, can sell products that the preferred 
traders would waste. During trimming operations, small retailers sepa-
rated the first trimming of leaves from the cabbage heads (approx. 20 % 
of the weight) from a second trimming (approx. another 20%), leaves 
from both trimmings being sold at different prices. 

Our quantitative measurements confirmed that cabbage heads lose 
weight as they travel along the value chain (Fig. 5). On average, the 
initial weight of a cabbage head is larger on the farm (874 ± 336 g) than 
among the big traders (786 ± 271 g), preferred traders (766 ± 320 g) or 
small traders (567 ± 250 g). Small retailers at wholesale markets had the 
smallest cabbage heads (on average 525 ± 173 g). After trimming, the 
average final weight of the cabbage was 650 ± 245 g on the farm, 639 ±
307 at the big traders, 478 ± 216 g at the traders, 436 ± 201 g at the 
preferred traders and 407 ± 146 g at the small retailers in wholesale 
markets. 

FLW from trimming was calculated as the difference between the 
initial and final weights of the cabbage heads (Fig. 6). Preferred traders 
generated the highest percentages (42 ± 16 %), which were significantly 
higher than the waste percentages generated by the other stakeholders 
(p < 0.000). Big traders generated the lowest percentages (18 ± 16 %), 
but this was not significantly different from the waste percentages 
generated by any of the other stakeholders, whether farmers (24 ± 11 
%), traders (22 ± 9 %) or small retailers in wholesale markets (21 ± 14 
%). We estimate that, under the different pathways, a head of cabbage 
lost 44 to 66 % of its wet weight before reaching the consumer. 

The masses of discarded entire cabbage heads and trimmed outer 
leaves were managed in different ways. During harvesting, farmers or 
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traders removed the outer leaves and left them in the field to decompose. 
At big traders’ warehouses, some big traders disposed of the waste in the 
municipality waste collection points, while others allowed people to 
collect the waste for animal feed. Some farmers brought back the leaves 

to the field after loading the cabbage at the warehouse, and occasionally 
both traders and farmers dumped the leaves on the roadside. One out of 
five preferred traders had waste-management technology such as com-
posting facilities. The others used the municipal solid waste (MSW) 

Table 2 
Food loss and waste generation: factors affecting waste and waste management options.  

Fig. 5. Scatter plot of the initial weight (g) versus final weight (g) after trimming of Chinese cabbage. The points are individual cabbage measurements. The colour 
indicates the stakeholder category (farmer, trader, big trader, preferred trader or small retailer). 
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service, which dumped a large proportion of organic waste into landfills. 
At the wholesale market, small traders and small retailers paid a fee for 
waste disposal under the MSW and/or gave the waste to others for free. 

4. Discussion 

4.1. Overcoming data gaps for measuring progress towards SDG 12.3 

Two indices disaggregate FLW in order to track progress towards 
SDG target 12.3: the Food Loss Index (food losses that occur from pro-
duction up to the retail level) and the Food Waste Index (retail and 
consumption level) (Forbes et al., 2021). While the highest share of food 
losses occurs in Central and Southern Asia with 20.7% of global agri-
cultural production (FAO, 2020b), food waste generation in this region 
is rather similar to other parts of the world and country income groups 
(Dou and Toth, 2021; Forbes et al., 2021). In Thailand, food waste is 
estimated at 123 kg per capita year− 1, with household level, food ser-
vices and retail contributing 79, 28 and 19, kg per capita year− 1, 
respectively (Forbes et al., 2021). However, these numbers are accom-
panied with high uncertainties, since they are inferred from modelling 
and extrapolation from other countries. FLW data from Thailand are 
rated as having a “very low confidence level” due to the lack of empirical 
studies (Forbes et al., 2021). Worldwide, most of the FLW publications 
are based on studies conducted in a few industrialized countries, with 
only 20% of the studies based in direct measurements (Xue et al., 2017). 
Studies considering the whole food supply chain –from farm to fork– are 
limited, leaving the pattern and trends of FLW poorly understood (Liu 
et al., 2020). While per capita food waste increases with per capita GDP 
(Xue et al., 2017), and higher consumer affluence is linked to higher 
FLW (Verma et al., 2020), the question of whether emergent economies 
can avoid the food wastage and environmental impacts associated with 
modern, industrialized food value chains is worth investigating. 

4.2. Food loss and waste (FLW) in the traditional-to-modern transition of 
retailing 

In the transition of retail markets from traditional to modern, there 
may be an FLW trade-off between technological innovations and the 
side-effects of increasing affluence, globalized markets and the intro-
duction of higher food quality requirements. Agricultural innovations, 
such as improved varieties or controlled conditions for growing (e.g. 
greenhouses or sheltered production systems), assist at the farm level 
where crops are left unharvested in the field because of weather, pests or 
disease (Lipinski et al., 2013). According to smallholders in northern 
Thailand, a bad season with outbreaks of pests and disease may lose 
them up to 100% of the harvest. The use of biocides has been increased 
as a result of agricultural intensification, as well as compliance with 
quality requirements that demand vegetables without imperfections 
(Pimentel et al., 1993; Stuart, 2009). Simultaneously, modern retailers 
demand pesticide safe vegetables, which involves a cessation of pesti-
cide applications in the days before harvest, random controls of the 
stocks and inspection of imported products. Technological advances are 
also improving post-harvest processing and transportation (FAO, 2019; 
Gustavsson et al., 2011). While transport is a critical FLW hotspot in the 
supply chains of fruits and vegetables (FAO, 2019), the relatively short 
time from harvest to consumption, given the good infrastructure of 
Thailand, was already reducing wastage in our study. Furthermore, 
Rolle (2006) showed that losses of cabbage due to trimming can be 
reduced from 30% to 10% by precooling, and packaging can prolong the 
shelf-life of vegetables by preserving its quality attributes (FAO, 2019). 
In our study, cold-chain systems and individual packaging were only 
present among preferred traders, who were associated with modern 
retailers. 

On the other hand, the side effects of greater connectivity and deeper 
integration into regional and global markets can include shifts in qual-
ity, supply volumes and price fluctuations, among other things. The 

Fig. 6. Percentage of food loss and waste (FLW) because of trimming at each stakeholder domain (farmer (n=81), small trader (n=46) big trader (n=59), preferred 
trader (n=61) or small retailer (n=83). 
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ASEAN Free Trade Area agreement is facilitating imports from areas that 
might be more suitable for vegetable production. Big traders and 
preferred traders import products to supplement their sourcing from 
Thai farmers, especially during seasons of lower local production vol-
umes and quality. In this connection, the farmers in our study attributed 
the low prices to imports from China and Laos. Cabbages in Thai pro-
duction areas were left unharvested when prices were below harvesting 
costs, even after labour and agrochemical investments. Imports can 
significantly reduce the domestic price, harvested area, and supply as 
well as cabbage farmers’ income (Mahathanaseth and Pensupar, 2019). 
Furthermore, farmers were vulnerable to climate risks, which were 
perceived as causing FLW and lowering quality in comparison with more 
favourable vegetable production areas in colder countries. The presence 
of local, traditional markets might provide a safety net allowing them to 
sell their products, thus easing market uncertainties and risks. 

One of the mechanisms by which modern retailing is shaping value 
chains is through the introduction of private standards or food quality 
requirements (Lee et al., 2012), whereby edible food can be rejected and 
discarded, not least for a number of cosmetic reasons. Harvested crops 
are commonly discarded at multiple levels or are trimmed intensively 
because they do not meet the cosmetic standards of retailers (Gus-
tavsson et al., 2011; Lipinski et al., 2013). Excessive trimming to attain a 
certain aesthetic is identified as a direct cause of FLW (FAO, 2019). In 
our study, all stakeholders mentioned both grade and appearance as 
quality features that were leading to significant amounts of trimming 
spillage. Thus, both perceived food quality standards and food wastage 
are propagated upstream in the value chain, reaching all those stake-
holders that must ensure compliance. In our results, we found that, when 
a head of Chinese cabbage reaches the consumer, it has lost at least 44 to 
66% of its initial weight through trimming. Other studies from Thailand 
reported similar findings not only for Chinese Cabbage production, but 
also for Japanese bunching onion (Allium fistulosum), crisp head lettuce 
“iceberg” (Lactuca sativa var. Capitata) and bok choy (Brassica rapa 
subsp. Chinensis) (Thumdee et al., 2018). We argue that cosmetic 
specifications are propagated upstream –from consumption and 
retailing to the farm stage– leading to food fit for human consumption 
being rejected at all levels. 

4.3. Lack of studies on the impact of cosmetic specifications for FLW 

While many studies have indicated aesthetic, cosmetic appearance or 
quality specifications as causes of food waste (e.g. Gustavsson et al., 
2011; Halloran et al., 2014), there is a dearth of studies providing 
qualitative insights into the implications of food waste along the supply 
chain (de Hooge et al., 2018). Furthermore, very few studies have pro-
vided quantitative estimates of FLW caused by cosmetic specifications 
and the lack of direct measurements result in large uncertainties (Porter 
et al., 2018), which hamper the metrics for tracking and monitoring SDG 
target 12.3. Direct weighing, accompanied by qualitative interviews, 
can help to identify causes and hotspots of food wastage where actions 
should be prioritized and where effective measures are needed. Indi-
vidual product measurements permit the replicability of measuring FLW 
in fresh produce value chains, but it might not fit all cases. Besides, 
quantifying the waste of suboptimal products is necessary not only for 
hotspot identification, but also for formal comparisons across stake-
holders and different agricultural value chains. Cosmetic standards are 
among the drivers of FLW present at all stages and, therefore, addressing 
them could result in simultaneous reductions of FLW along the value 
chain (Teuber and Jensen, 2016). In this context, the value-chain 
approach can assist in understanding stakeholders’ – or other groups 
of actors’ – strategies and activities in the different segments and tra-
jectories of food along the value chain (see also Diaz-Ruiz et al., 2019). 
In our study, stakeholders associated with modern retailers produced on 
average significantly more waste during trimming operations (42%) 
than other stakeholders who were less tied to cosmetic standards 
(18-24%). While trimming was common in all segments of the value 

chain, preferred traders accounted for significantly more food wastage 
than other stakeholders because of their need to comply with stricter 
cosmetic criteria. Future studies should distinguish aesthetic standards 
from quality standards in order to advance our understanding of food 
waste issues. 

4.4. The co-existence of modern and traditional markets as a buffer for 
food wastage 

The presence of modern retailing has not reduced the importance of 
traditional retail markets and smallholder agriculture in Thailand 
(Ørtenblad et al., 2020). We argue that the co-existence of traditional 
wholesale markets and modern retailers acts as a “buffer” for food 
wastage. This might contrast with the narrative claiming that traditional 
food systems are inefficient (Altenburg et al., 2016) when in fact they 
can improve the efficiency of the food system by preventing and 
reducing food waste, thus improving the ratio between food produced 
and food consumed. Products that would otherwise be wasted (e.g. 
because of low cosmetic standards) find their way to consumers through 
traditional wholesale markets. In our case study, vegetables with im-
perfections, which were rejected by stakeholders linked to high-end 
retailers, found outlets and market channels at cheaper points of sale. 
Small retailers in wholesale markets were selling products that the 
preferred traders discarded. Even the darker, outer leaves trimmed by 
small retailers in wholesale markets were sold for human consumption. 
This is a reminder that perceptions of edibility differ, since what is 
considered edible is often subjective and cultural (Moreno et al., 2020; 
Nicholes et al., 2019). According to Stuart (2009), the consumption of 
vegetables that do not meet supermarket standards only highlights the 
fact that their quality demands often mean rejecting food that is 
perfectly edible. Chaboud and Moustier (2020) found low FLW in the 
tomato value chain in Cali, Colombia, due to the diversity of marketing 
strategies that, among other things, made it possible to sell downgraded 
and damaged tomatoes. While there will always be an unavoidable de-
gree of waste or “waste floor” that needs to be managed, the coexistence 
of supermarket and non-supermarket channels can provide comple-
mentarity in terms of vegetable quality criteria, with positive conse-
quences in reducing amounts of unsold produce (Chaboud and 
Moustier, 2020). 

4.5. A focus on food waste prevention rather than waste management 

Food waste hierarchies – also called food-recovery hierarchies – 
provide a guide to understanding the prevention and most environ-
mentally friendly management of food waste, based on life-cycle anal-
ysis (Fig. 7). With FLW gaining attention and momentum 
internationally, waste hierarchies are increasingly being used at the 
policy level (Redlingshöfer et al., 2020). However, food waste hierar-
chies are context-dependent, meaning that their success is dependent on 
a specific socioeconomic and cultural environment. Historically, food 
waste management options occupied the upper levels of the hierarchy. 
Traditional pathways facilitate routes to prevention, reuse for human 
consumption, conversion of food intended for humans into feed for 
animals, and nutrient cycling and recycling. For instance, the accessi-
bility of Thailand’s wholesale markets allowed people and private 
companies to gather food waste for animal feed or organic fertilizer, 
resulting in a win-win situation for the market and those with an interest 
in a free source of field nutrients. However, modern value chains emerge 
with intensification processes, leading to a “decoupling” of nutrients and 
waste-recycling, given the availability of external inputs. Most of the 
food waste is mixed within MSW produced in Thailand’s urban areas 
and ends up dumped in landfills (Ali et al., 2012; Liu et al., 2020), as also 
observed in our study case. About 59% of the MSW of Bangkok was 
organic waste, of which 78.3% was landfilled, 16.8% treated by com-
posting plants and 4.9% was incinerated in 2018 (Liu et al., 2020). 
Wholesale markets such as Talaad Tai and Simummuang are improving 
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their waste management (e.g. through separation and anaerobic diges-
tion) as part of their modernization and sustainability agendas. How-
ever, we argue that prevention plays a major role in avoiding food waste 
streams flowing into the environment. In Bangkok, food waste genera-
tion doubled from 2003 to 2018 (Liu et al., 2020). Although prioritized 
in food waste hierarchies (Eriksson and Spångberg, 2017; Papargyr-
opoulou et al., 2014; WRAP, 2018), prevention strategies are 
under-represented in both scientific studies and policy-making (Red-
lingshöfer et al., 2020; Van Ewijk and Stegemann, 2016). In Thailand, a 
number of strategic plans can be related to FLW, but FLW is not directly 
addressed by specific laws or policies. There is a need to develop a 
comprehensive and transversal FLW policy across sectors to cover the 
whole supply chain, from farm to fork (Liu et al., 2020). 

5. Conclusions 

Tackling food wastage would improve the economic efficiency of 
food value chains while preserving large amounts of land, energy and 
water, among other natural resources. However, most of the FLW studies 
have been conducted in a few industrialized countries, with an unbal-
anced focus to retailing and consumption, and with only one out five 
studies based in direct measurements (Xue et al., 2017). The data desert 
hampers the baseline and monitoring towards SDG target 12.3, but also 
the understanding of the effects of urbanization, dietary shifts and 
modern transitions in FVCs. The modernization of FVCs is bringing in-
novations for reducing FLW, but also side-effects of deeper integration 
into global markets and the introduction of higher food quality speci-
fications. While many studies emphasize aesthetic or cosmetic specifi-
cations as a cause of food waste (e.g. Gustavsson et al., 2011; Halloran 
et al., 2014), there is a dearth of studies providing qualitative or quan-
titative insights into the FLW implications for supply chains (de Hooge 
et al., 2018). We found that stakeholders tied to cosmetic standards 
produced more FLW on average in their operations in Thailand. 
Although the scope of our study is limited to a reduce sample within the 
cabbage value chain, the combination of value chain analysis and direct 

measurements may bring a methodological step towards the right di-
rection, in which repeat studies will permit differentiation across types 
of products and causes of FLW. Food specifications are transmitted up-
stream the value chain causing food wastage at different levels and thus 
challenging the differentiation between food losses (production, pro-
cessing and distribution) and food waste (retailing and consumption). 
Cosmetic specifications must be distinguished from other quality re-
quirements, such as nutritional, organoleptic and safety attributes 
(Stuart, 2009). Addressing aesthetics as a driver of FLW may bring re-
ductions on FLW at several value chain stages simultaneously (Teuber 
and Jensen, 2016). Besides, the coexistence of supermarket and 
non-supermarket channels can provide different niches of vegetable 
aesthetic criteria and thus reduce FLW (Chaboud and Moustier, 2020). 
We conclude that, alongside technological advances in the moderniza-
tion of food value chains, preserving traditional pathways and finding 
news outlets for non-compliant products is key to preventing food 
wastage, especially given the lack of a clear distinction between 
cosmetic and intrinsic quality requirements. 
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