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Abstract

The takeaway food and delivery market is developing rapidly in China, raising
concerns about the impacts of takeaway dishes on both health and the environment.
Here, we compare the environmental impact and nutritional performance of 32 popular
takeaway dishes, which stem from the top 10 best-selling takeaway dishes in 10 large
cities in China. We select water footprint and water scarcity footprint indicators to
represent the environmental impact, and the Food Compass Score to measure
nutritional quality. Our results show that 24 out of 32 takeaway dishes contains meat,

which has a higher water footprint. The inhabitants of water stressed Chinese cities,
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mainly located in northern China, tend to favor meat dishes, resulting in a larger water
scarcity footprint. The results also highlight the lower nutrition quality of the majority
of takeaway dishes, with only three takeaway dishes meeting acceptable environmental
and nutritional standards. Our study highlights the importance of analyzing dishes
rather than individual foods, which can facilitate sustainable dietary choices for
consumers.
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1. Introduction

China’s rapid urbanization has improved the living standards of many of its
citizens, it also affects urban food consumption patterns and eating behaviors (Zhai et
al., 2014; Hovhannisyan and Devadoss, 2018). Recently, as a result of the so-called
‘gig-economy’, there has been a large increase in the ordering of takeaway food for
delivery and consumption off-premises i.e. at home or in the workplace (Meituan
Research Institute, 2021). Indeed, several well-known e-commerce businesses have
sprung up, making use of smartphone and computer technology to streamline the
ordering, payment and delivery process (Jiang et al, 2020; Li et al., 2020; Song et al.,
2018). By 2022, e-commerce based use across all takeaway platforms in China had
reached 520 million users (CNNIC, 2023), and this number is projected to grow to 870
million by 2027 (Statista, 2023). The large urban customer base has triggered a boom
in takeaway platforms, which has experienced steady growth between 2011 and 2022,
with a notable surge during the COVID-19 pandemic (Meituan Research Institute and
China Hospitality Association, 2019; Guo et al., 2023). Between 2020 and 2022, the
per capita expenditure on online takeaway food increased from 17% to 25% of total
food and beverages expenditure in China (SIC, 2023).

Food consumption provides essential nutrients to humans, but some dietary
choices may entail adverse impacts to both health and the environment (Springmann et
al., 2018; Crippa et al., 2021; Xue et al., 2021). Researchers have evaluated the
sustainability of specific ingredients and products in foods, such as meat and seafood

(Mekonnen and Hoekstra, 2012; Ibidhi et al., 2017; Clark et al., 2022; Zhang et al.,
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2022; Zhang et al., 2022). Studies have also examined the varying effects of different
dietary patterns on both the environment and health (Aboussaleh et al., 2017; Tuninetti
et al., 2022). While these studies suggest several healthy food ingredients or dietary
patterns, such as Mediterranean and vegetarian diets (Chapa et al.,2020), they do not
relate their guidance to specific dishes. Specifically, consumers are lack of
understanding of nutritional levels and the environmental impacts resulting from the
combination of food ingredients i.e., dishes. As a result, consumers may face difficulties
in choosing sustainable and healthy diets when ordering food from restaurants or
takeaway platforms. While informing the sustainability of specific dishes would be
more acceptable and relevant to consumers, studies that connect these dishes with their
environmental impacts and nutritional benefits are lacking.

There has been a growing concern about the nutritional aspects of takeaway food
in recent years. Researchers have questioned the nutritional quality of takeaway dishes
(Glynn Davies et al., 2014; Wang et al., 2021). Increased frequency of consuming
takeaway dishes is a contributing factor to obesity (Smith et al., 2009), heart disease
and diabetes (Donin et al., 2018). Investigating the nutrient content of different
takeaway options is important for public health policymaking.

From the environmental perspective, researchers have focused on single-use,
disposable takeaway food packaging and containers which may harm the environment
(Gallego-Schmid et al., 2019; Su et al., 2020; Zhou et al., 2020). Studies have also
looked at air pollution and carbon emissions associated with the takeaway food industry

(Chu et al., 2021; Xie et al., 2021). Water is one of the essential resources for food
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production (Uhlenbrook et al., 2022), accounting for roughly 63% of total freshwater
use in China in 2022 (Ministry of Water Resources of the People’s Republic of China,
2023). However, as far as we know, no research has quantified water consumption for
specific takeaway dishes.

With the world's largest customer base for online food delivery services (Statista,
2023), China is now considering the environmental and nutritional aspects of takeaway
dishes which may influence consumer choice (Xie et al., 2021; Zhao et al., 2021).
However, as far as we know, the joint evaluation of nutritional and environmental
impacts of takeaway dishes is still absent. Water scarcity is a great concern for many
cities in the world due to increasing populations and economic growth (Zhang et al.,
2020). The water footprint is a widely used indicator to show human impact on water
resources (Mekonnen and Hoekstra, 2011; Zhao et al., 2017). However, the water
scarcity derived from human impact is not only determined by the amount of the water
footprint but also the water endowment (Liao et al., 2020; Zhao et al., 2021). Hence,
we choose both the water footprint and the water scarcity footprint as the environmental
indicators, and quantify these indicators for the top 10 best-selling takeaway dishes in
10 large cities in China. The water footprint of a product is defined as the total volume
of freshwater consumed in the process of producing the product (Mekonnen and
Hoekstra, 2011). The water scarcity footprint can be defined as the water stress-
weighted water footprint, which enables the comparisons between different regions or
products in terms of their contribution to water scarcity (Ridoutt and Pfister, 2010). The

water footprint per calorie and protein unit of the selected takeaway dishes is also
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reported to link the water footprint with nutritional value. We further combine the water
footprint with the Food Compass Score (FCS) indicator (Mozaffarian et al., 2021) to
examine both environmental and nutritional aspects of the selected takeaway dishes.
FCS is a novel nutrient profiling system in assessing the healthfulness of food, which
incorporates a wide range of food characteristics. It provides quantitative algorithms to
score the nutritional composition of food from 54 attributes across 9 health-relevant
domains. Our findings can help consumers make choices through reasonable references,
thereby helping to benefit the environment and health of urban dwellers. Our study
therefore makes a valuable contribution to promoting sustainable and healthier dietary

practices for consumption of takeaway foods in China.

2. Methodology and data

2.1 The water footprint of takeaway dishes

We use a bottom-up approach to quantify the water footprint of different takeaway
dishes (Mekonnen and Hoekstra, 2011). The water footprint of a product is the total
volume of freshwater used to produce the product through the production chain. It
includes three components: green water, blue water, and grey water. The green water
footprint refers to the consumption of rainwater stored in soils. The blue water footprint
refers to the consumption of surface water and groundwater, and the grey water
footprint is the freshwater volume needed to assimilate the pollutant load based on
existing water quality standards (Hoekstra et al., 2011). The water footprint of one

takeaway dish can therefore be quantified as:
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WFy=) CQ VW, (1)
i=1

Where WF, is the blue, green, and grey water footprint of one takeaway dish (unit:
m?); VW; is virtual water content of ingredient i in the takeaway dish (m?®/g); CQ; is the
quantity required in the dish for ingredient i (g); and n represents the quantity of variety
of ingredients in the dish. To qualify the effect caused by takeaway dish consumption
on local water resources, we have assumed that the water footprints of all the
ingredients of a dish are locally derived.
Further, depending on the nature of ingredient i, VWW; would be either virtual
water content of an animal product VW, or virtual water content of a crop product VIW..
VW, = VW) + VWy + VW, )
VW, is the total virtual water content of animal products in its life cycle (m?/g);
VW; is the virtual water content in feeding the animals (m3/g); VW, represents virtual
water content by animals drinking (m?/g); VW, is the virtual water content in rearing

the animals (m?/g) i.e., including disinfection, washing, environmental control and

other work.

VW, = VWeqy + VW, 3)

cwu
VWer = @

lgp
CWU=10% Y ET, (5)

d=1
ET, = K, * Ks * ET, (6)

VWcZ _ (a * AR)/(;max - Cnat) (7)
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VW, is the total virtual water content of crop products in its life cycle (m*/g), while
VW,, is the virtual green and blue water content per unit of crop products (m?/g); Y
represents yield per hectare (g/hm?); and CWU is the total green and blue virtual water
content in crop water usage (m>/hm?). ET, is the adjusted evapotranspiration of a crop
throughout its life cycle (mm/d); 10 is the factor used to convert water depths (mm)
into the volumes of water per land surface (m*/hm?); Igp is the length of crop growing
period (d); K. is the crop coefficient; K is the dimensionless transpiration reduction
factor depending on available soil water; ET, is the evapotranspiration of a reference
crop during its life cycle (mm/d). In equation (7), VW,, is the virtual grey water content
of crop product (m>/g); AR is the quantity of fertilizer applied per hectare (g/hm?); a is
the leaching rate; ¢, 1S the maximum permissible concentration of pollutant run-off
(g/m%); and c,,4; is the background concentration of pollutants (g/m?).

Due to data limitations, we only consider the water footprint of the top 10 best-
selling takeaway dishes in different cities in China. We calculate the average water
footprint per 100g of the top 10 best-selling takeaway dishes in each city based on a

sales ranking index:

WF, = 8
N Zg:l ks ( )
WE. Fa 100 ©)
= E3
* 111—1 CQi

Where WE; represents the average water footprint per 100g of the top 10 best-selling
takeaway dishes in each city(m?/100g/capita); kg is the sales ranking index of takeaway
dish d (Table S1), which represents the preference of dishes by city dwellers. Based on

the sales order of takeaway dishes in a particular city, the dish with the highest sales in
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each city is assigned an index of 100. This serves as a reference point for determining
the sales ranking of dishes within the city. The indexes of the remaining nine dishes are
then calculated proportionately based on their sales compared to the best-selling dish
in that particular city. WF; is the standardized WF,, which is the water footprint per
100g of takeaway dishes (m?/100g). The aim of this standardization is to let the water
footprint of different takeaway dishes comparable under same mass. CQ); is the quantity

of ingredient i (g) in the dish.

2.2 The water scarcity footprint of takeaway dishes

Due to different water resource endowment between cities, the water footprint
indicator alone cannot reflect the impact of takeaway dish consumption on the water
stress of cities. Hence, we calculate the water scarcity footprint of takeaway dishes
using the Available Water Remaining Characterization Factors (Aware-CFs) approach:
(Boulay et al., 2017; Boulay and Lenoir, 2020). This method quantifies the potential of

remaining available water in the region after meeting the demand of humans and aquatic

ecosystems.
Availability — HWC — EWR
AMD; = (10)
Area
STe; = —— 11
STe; AMD ld . iy
CEuywarg = STeworl(li - = AMIZVTDi 29 for demand < Availability  (12)
CFyware = Max = 100, for demand > Availabity or AMD; (13)

CFAWARE = Min = 01, for AMDL > 10 * AMDWOT'ld avg (14)
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Where AMD; is water availability minus demand per area; it calculates the
availability of water resources after deducting human water consumption (HWC) and
local ecosystems water requirement (EWR). STe; (equation (10)) is the reciprocal of
severe water scarcity; CF4yarg 18 the water scarcity characterization factor, it compares
world average AMD,yr1q avg and AMD; in area i. CFpy4gg varies from 0.1 to 100. If
AMD; exceeds AMD,yoriq qvg 10 times, CFapyagg would be a minimum of 0.1
representing the most abundant potential of water resource. If AMD; is negative or less
than 0.01 of AMDy,or14 avg> CFaware Would equal its” maximum of 100 showing the
most serious water scarcity.

The average water scarcity footprint of takeaway dishes in 10 cities per 100g
(m3/100g/capita) can therefore be expressed as:

WSF = WF; * CEawagg (15)

Where WSF is the average water scarcity footprint of takeaway dishes

(m*/100g/capita) in the area.

2.3 The nutritional profiling of takeaway dishes

The Food Compass Score (FCS) method (Mozaffarian et al., 2021) was used to
calculate the nutrient content of 10 most popular takeaway dishes. The scoring
principles include nine domains of the food compass and 54 attributes of all the domains.
The nine domains include nutrient ratios, vitamins, minerals, food ingredients, additives,
processing, specific lipids, fiber and protein, and phytochemicals. The score principles

are as follows: 0 to 10 (beneficial attributes), -10 to 0 (harmful attributes). Each domain
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score is calculated according to the attribute scores in that field. To calculate the final
FCS, all the domains are summed and three of the domains are given a half weight
(specific lipids, fiber and protein, and phytochemicals). Under this principle, the score
was scaled to range from 1 (least healthy) to 100 (most healthy). On this basis, food
with FCS>70 is to be encouraged, with FCS ranging from 31 to 69 only to be consumed

in moderation. Foods with FCS <30 are recommended to be minimized.

2.4 Data

We collected the data for the top 10 best-selling takeaway dishes for each selected
city in China (Table S1). The top 10 best-selling takeaway dishes in different cities have
overlaps. For example, all the 10 selected cities have spicy hotpot in their top list.
Overall, there are 32 takeaway dishes in the list of the top 10 best-selling takeaway
dishes in all the 10 cities. These cities are the first-tier cities with high order demand in
the takeaway food market. The sales ranking index of each takeaway meal is released
officially by the takeaway platform (NetEase Data Blog, 2019). The detailed
ingredients and usage quantity are referenced according to the Chinese Cookbook (Liu,
2014). The water footprint of ingredients in takeaway dishes is derived from Mekonnen
and Hoekstra (2011, 2012). These studies contain the average water footprint of crop
products in cities, and the average water footprint of animal products in China.
Nutritional profiling was used in evaluating the quality of nutrients in dishes. The
nutrient profiling of takeaway products is measured by FCS, including 54 attributes

across 9 domains (Mozaffarian et al., 2021). Limited by data availability, we only
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considered 51 attributes, excluding iodine, trans-fats, and alpha-linolenic acid. These
attributes will not significantly affect our results due to their low content in the
takeaway dishes studied. The data of 51 attributes are derived from the 2019-2020 Food
and Nutrient Database for Dietary Studies (FNDDS) (USDA, 2022) and USDA
National Nutrient Database for Standard Reference, Legacy (SR-Legacy) (USDA,
2018). We chose these data sources instead of other available nutritional databases
because the nutrient and food components in FNDDS and SR-Legacy almost covered
the extent of this study. The data on total carotenoids is from the USDA Database for
the Flavonoid Content of Selected Foods (USDA, 2018). The nutritional content of
takeaway dishes refers only to the edible portion. Due to the difference in dietary food
between the USA and China, several components were not identified in the FNDDS,
such as donkey meat, potato starch, and fungus. These data were instead obtained from

the China Food Composition Database (NINH, 2018; NINH, 2019).

3. RESULTS

3.1 The water footprint of different takeaway dishes

There are 32 takeaway dishes in the top 10 best-selling ranking lists, highlighting
diverse taste, often locally clustered preferences (Table S1). People in all selected cities
favor takeaway dishes containing meat ingredients (24 dishes) over dishes without meat.
There are 22 out of 24 meat dishes containing pork and chicken ingredients, which
dominate the meat dishes (Table S2). Three dishes include beef as an ingredient, and
two dishes contain mutton. Donkey meat and river snails are each present in only one

dish. Only eight dishes contain ingredients without meat. These dishes include staple
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foods such as congee, durian pizza, and rice noodle soup; and vegetarian dishes such
as hot and sour shredded potato and stir-fired shredded cabbage, etc.

The water footprint of the 32 takeaway dishes is varied, ranging from 12.88 L/100g
to 2066.42 L/100g (Figure 1). Most of the meat dishes have a higher water footprint,
compared to vegetarian dishes. Amongst the 32 takeaway dishes, donkey burger and
instant spicy steam pot have the highest water footprint (2066.42 L/100g and 583.85
L/100g, respectively), whilst rice congee and millet congee have the lowest water
footprint (12.88 L/100g and 17.91 L/100g, respectively). The water footprint of non-
meat takeaway dishes varies from 12.88 L/100g to 186.67 L/100g, except for durian
pizza (346.95 L/100g). Cheese, being a dairy product, is a major ingredient in durian
pizza, resulting in a higher water footprint compared to most meat-free dishes. The
magnitude of the water footprint associated with meat dishes is primarily influenced by
the proportion of meat in the recipe. Dishes containing a lower proportion of meat have
a lower water footprint, for example mapo tofu contains only a small portion of minced
pork. In addition, recipes that include meat typically incorporate a greater variety of
ingredients compared to meat-free dishes. In contrast to meat dishes, most meat-free
dishes are characterized by simpler and lighter ingredients. Overall, meat dishes have a

heavier flavor than meat-free dishes.
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266 Figure 1. Water footprint for different takeaway dishes in China.
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Figure 2. The average water footprint and water scarcity footprint of takeaway dishes in the
10 selected cities.

The average per capita water footprint of the top 10 best-selling takeaway dishes
varies among cities, ranging from 0.27 m3/100g/capita (Changsha) to 0.51
m*/100g/capita (Beijing) (Figure 2). Such differences are mainly due to diverse
consumer preferences available on takeaway platforms in different cities. For example,
residents in Changsha and Beijing have six different dishes in the top 10 best-selling
takeaway dishes (Table S1). The primary contributor to the highest water footprint per
capita in Beijing is donkey burger. However, this type of dish is popular in northern
China, but less popular with residents in other southern cities such as Changsha.

Similarly, Changsha residents show a preference for certain local dishes, such as rice
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noodle soup with river snail which is a preferred option in southern China, differing
from those favored in Beijing. In addition, the water footprint of the same ingredients
among different cities varies, resulting in different water footprints amongst identical
takeaway dishes.

The water scarcity footprint enables the inter-city comparisons to show the extent
of how takeaway consumption contributes to water scarcity (Figure 2). Under the
assumption of self-sufficiency, cities having a higher water scarcity footprint suggests
they have both higher water consumption demand and water stress. Compared to water
footprint, the disparity in water scarcity footprint is more pronounced between cities.
The city with the highest per capita water scarcity footprint is Beijing (48.86
m*/100g/capita), followed by Xi’an, Shanghai, and Hangzhou. Wuhan has the lowest
per capita water scarcity footprint (0.07 m*/100g/capita). Local water stress primarily
contributes to the water scarcity footprint (Table S5). Considering the spatial
distribution of water resources, southern China typically possesses more abundant
water resources compared to northern China. Located in northern China, Beijing and
Xi’an experience the most severe water stress, and exhibit the largest water scarcity
footprint among the 10 studied cities. The remaining eight cities are situated in southern
China, with Shanghai and Hangzhou exhibiting higher water stress than the other
southern cities, and having the higher water scarcity footprints. Shanghai and Hangzhou
are economically developed cities with large populations, resulting in the higher water
demand and water stress. In contrast, the other six southern cities exhibit lower water

stress and have relatively lower water scarcity footprints.
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3.2 The water footprint per calorie and protein unit

From both environmental and dietary perspectives, consumers may choose to
minimize their water footprint while meeting their nutritional needs. We selected two
indicators to link water footprint with nutritional value, which are the water footprint
per calorie and protein unit. The top 10 takeaway dishes for water footprint per calorie
unit range from 1.73 L/kcal to 7.41 L/kcal (Figure 3). The dish with the highest water
footprint per calorie unit is donkey burger, followed by cold chicken pot with skewers,
spicy chicken hot pot, sweet and sour pork tenderloin, and instant spicy steam pot.
These dishes are characterized by the inclusion of a relatively higher quantity of meat.
Compared with other dishes, choosing these dishes would require more water footprint
to meet identical calorie requirements.

The top 10 best-selling takeaway dishes with the highest water footprint per calorie
unit exhibit varying distribution patterns amongst the different study cities. We find
Shanghai, Shenzhen, Hangzhou, Chengdu, and Wuhan have six dishes, while Beijing,
Guangzhou, Chongqing, and Changsha have five dishes, and Xi’an has three dishes.
For cities with these dishes, it is advisable to substitute them with other options that

have a lower water footprint per calorie unit.
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Figure 3. The water footprint per calorie and protein unit for the top 10 best-selling
takeaway dishes in China.

The water footprint per protein unit for the top 10 best-selling dishes range from
33.85 L/g (yu-shiang shredded pork) to 108.59 L/g (donkey burger). Half of these
dishes include meat ingredients, while the other half do not (Figure 3). Donkey burger,
millet congee, hot and sour rice noodle soup, stir-fried egg with tomato, and instant
spicy steam pot are the top five dishes with the highest water footprint per protein unit.
Certain meat-free dishes including millet congee, hot and sour rice noodle soup, stir-
fried egg with tomato, and hot and sour shredded potato display a lower water footprint,
but they also possess a higher water footprint per protein unit due to their lower protein
content.

Varying distributions of the top 10 dishes possessing the highest water footprint
per unit of protein are presented by the study cities. Beijing, Shanghai, and Hangzhou
have the highest volume of dishes in the top 10 list (five dishes). Guangzhou,
Chongqing, Wuhan, and Xi’an follow closely with four dishes each, while the

remaining three cities feature three dishes.



335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

Four dishes are featured in the top 10 for both water footprint per calorie and
protein unit, including donkey burger, instant spicy steam pot, spicy numbing stir-fried
pot, and spicy hot pot. This illustrates that diverse nutritional standards may lead to
different water-saving actions. Setting a low water footprint per calorie unit as the
standard, hot and sour rice noodle soup, hot-dry noodles with sesame paste, and rice
congee identified as recommended staple foods (Table S11). Advisable stir-fried dishes
include hot and sour shredded potato, stir-fried shredded cabbage, and mapo tofu.
Following the low water footprint per protein unit standard, hot-dry noodles with
sesame paste and rice congee remain as recommended staple foods. Mapo tofu, braised

chicken with rice, and spicy chicken hot pot are suggested as stir-fired dishes.

3.3 Combined evaluation of the water footprint and nutrients of takeaway dishes

We apply the FCS indicator to evaluate the nutritional quality of 32 takeaway
dishes (Figure 4). Under FCS standards, dishes with a score >70 are considered as
healthy options. There are only three recommended healthy dishes (including two meat-
free dishes), which are distributed in quadrant I. Twenty-two dishes with FCS between
30 and 70 are located in quadrant II and quadrant V, which are advised for moderate
consumption. Seven dishes in quadrant III and quadrant VI are recommended for
minimal consumption due to their low FCS. Overall, excessive consumption is not
encouraged for most dishes due to their relatively low FCS.

Combining the water footprint and FCS, takeaway dishes with the lower water
footprint and higher nutritional value are recommended. Generally, only three dishes

are deemed to be environmentally friendly and healthy to choose. Other dishes fail to
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meet one or even two of the criteria. As shown in Figure 4, three dishes (stir-fried
shredded cabbage, stir-fried pork belly with string bean, and millet congee) in quadrant
I are recommended in daily food intake. They have both a higher nutrition and lower
water footprint than dishes in other quadrants. Dishes in quadrant II are recommended
for moderate consumption. Although they have a lower water footprint, their FCS are
moderate with relatively low nutritional quality. These dishes include hot and sour
shredded potato, soup with pepper, mapo tofu, and stir-fried egg with tomato. In
quadrant III, three dishes have a lower water footprint, but with very low nutritional
value. These dishes are rice congee, hot-dry noodles with sesame paste, and pita bread
soaked in lamb soup. Consumption of these dishes should be minimized from a
nutritional perspective, even though they have a minor impact on freshwater resource
compared to other dishes in the study. Dishes in quadrant IV, V and VI have a higher
water footprint. Ten takeaway dishes fall into quadrant V, but no dishes fall into
quadrant IV. Note that all dishes in quadrant V are meat dishes or dishes containing
dairy products (durian pizza), resulting in higher water footprint but lower FCS. Four
dishes in quadrant VI are not recommended from both environmental and nutritional
value perspectives. These dishes include spicy drumstick burger, Chinese burger,
donkey burger, and instant spicy steam pot. It is worth noting that meat containing
dishes do not necessarily determine whether the dishes have a higher nutritional content.
For example, meat dishes in quadrants I1I and VI such as hot-dry noodles with sesame
paste, instant spicy steam pot, and spicy drumstick burger exhibit the lowest nutritional

quality.
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380  Figure 4. Combined water footprint and nutritional value of takeaway dishes. We
381  grouped all 32 dishes into six quadrants. The average water footprint of takeaway
382 dishes (0.34 m?/100g) is used to classify the higher and lower water footprint.
383 Nutritional values of FCS 30 and FCS 70 are used to categorize the nutrition quality
384  of dishes. The blue color indicates meat dishes, red represents vegetarian dishes,

385  and the star symbols represent recommended dishes based on the two standards.
386 4. Discussion

387 4.1 Emphasizing the environmental and nutritional value of takeaway dishes,
388  rather than the food itself
389 We evaluated the environmental and nutritional aspects of the top 10 best-selling

390  takeaway dishes for 10 large cities in China. This provides guidance for urban
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consumers to select more sustainable takeaway options. Rather than analyzing a single
food or providing a general dietary framework, we introduced specific dishes in order
to raise awareness among city customers about sustainable diets when ordering
takeaways. Dishes are a combination of different food ingredients, whose
environmental and nutritional impact are more complex to analyze. In contrast to single
food ingredients, consumer choice on dishes is influenced by a variety of factors
including cultural traditions, local preferences, local agriculture, climate conditions,
and economic levels. Such influences are more important in vast countries like China.
Hence, the impact of dietary habits on takeaway dishes and the resulting environmental
and nutritional effects needs to be analyzed in future research. In addition, compared to
single food ingredients, the nutritional quality of dishes is significantly influenced by
the combination and ratio of different ingredients. For example, we found that
incorporating more non-starchy vegetables in meat dishes, such as spicy chicken hot
pot, resulted in higher nutritional quality.

Our study shows that urban dwellers prefer meat rather than vegetarian dishes in
the selected large cities, with chicken and pork dominating. This is consistent with
trends identified in other research, namely that in recent decades Chinese urban
dwellers are preferring more meat, especially pork and poultry, in their diets (FAO,
2022). Such choices lead to an overall higher water footprint for takeaway dishes. Meat
can provide substantial energy and essential nutrients for humans, particularly protein
and micronutrients (Biesalski, 2005). However, high amount of meat intakes would

result in adverse effect on health, for example, increase the risk of major chronic
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diseases and preterm mortality (Wolk, 2017). In addition, meat production consumes
large amounts of water. Globally, the water footprint of animal products makes up
nearly one-third of the total agricultural water footprint (Mekonnen and Hoekstra,
2012). We found that the magnitude of water footprint in takeaway dishes primarily
depends on the amount of added meat. Dishes with a higher proportion of meat have a
higher water footprint.

We used FCS to analyze the nutritional quality of takeaway dishes. Compared with
other food profiling systems, this method encompasses a wider range of nutrients and
considers the potential adverse effects on health, which makes it suitable for analyzing
dishes with mixed food ingredients. Our study revealed that most takeaway dishes have
lower nutritional quality (FCS<70), with only three dishes achieving an FCS >70. This
aligns with previous research demonstrating the relationship between takeaway dishes
and the risks of diet-related diseases (Sousa et al., 2021). The nutritional value of
takeaway dishes and the limited choice should be highly concerning for public health
policy makers.

Based on our analysis, effort should be directed towards offering more nutritious
and environmentally friendly takeaway options, and encouraging consumers to choose
these dishes. For food retailers we recommend greater diversity, nutritious ingredients,
and environmentally friendly takeaway options. Specifically, fish is a recommended
choice that meeting both the environmental and nutritious standard (Hallstrom et
al.,2019; Zhang et al., 2022). However, no fishes are included in the top 10 takeaway

dishes of the cities we choose. As for governments, they may promote the labelling of
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takeaway dishes with nutritional and water footprint information, for example on the
takeaway ordering platform.
4.2 Limitations

The scope of our study and data confidentiality restricted the extent of our study.
Due to data limitations, same-name dishes may have different preparation processes
and ingredient ratios which affect the calculation of water footprint and FCS.

Our research also has several assumptions. First, we assumed self-sufficiency, i.e.,
that all ingredients used in takeaway dishes are produced locally. Such an assumption
means the water footprint and water scarcity footprint data reflects the impact of
takeaway consumption on local water resources. Second, the water footprint of
condiments, such as salt, vinegar and chili sauce, has been ignored. These ingredients
occupy only small percentage of ingredients in takeaway dishes, hence have only a
minor effect on the final results. Third, the freshwater used in the food preparation and
cooking process has been ignored. However, the water consumption of food preparation
and cooking process accounts for a small proportion compared to the water
consumption to produce dish ingredients. Fourth, iodine, trans-fats, and alpha-linolenic
acid are not included in the FCS accounting. lodine is found in seafood, and our study
contains no marine components. The domain containing trans-fat and alpha-linolenic
acid selects the top 3 attributes when calculating the final score, reducing the extreme
effects of each attribute. Here, we only analyzed the nutrition score generally, without
further analyzing the nutritional component of each dish. As for other studies of this

nature, there are uncertainties under different nutrition standards when calculating food



457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

nutrients. By utilizing FCS, we have selected diverse evaluation standards and avoided
the extreme attributes in each domain. Hence, the results of FCS are considered
reasonable.
5. Conclusions

We conducted an investigation of water footprint and nutritional content of the top
10 best-selling takeaway dishes in 10 large cities in China. The combined analysis is an
initial step towards assisting consumers in making takeaway meal choices that may
conserve freshwater and protect health. Our research confirms that the majority of the
top 10 best-selling takeaway dishes have a higher water footprint and lower FCS, with
only three dishes recommended as a win-win choice. Meat dishes have a greater water
footprint and are favored in the water stressed northern cities in China. With data
improvements, future studies could include a wider range of takeaway dish types,
considering the impact of dietary preferences on choice. Other important environmental
factors, such as land and nutrient pollution i.e., run-off from agricultural land may also
be included.
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