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Of all of the stages in the supply chain, more food waste comes from households than any

other sector. A Dutch composition analysis showed that the solid food waste (including

sauces, fats, and dairy products) from household waste amounted to 48.0 kg per person

per year (in 2013), of which 5.0 kg consisted of cooked rice and pasta. These two product

groups were numbers 1 and 3 in terms of relative waste: 34% of the purchased quantity

of rice and 23% of that of pasta was wasted. Using questionnaires, we discovered that

Dutch consumers mainly throw away food because they prepare too much of it. The

same is true for rice and pasta because they increase greatly in volume when cooked.

The water uptake ratio of rice is 2.5 (2.3–2.8) and that of pasta is 1.8 (1.5–2.3), which

increases the chances of consumers overestimating portions. In 2013, more than half

of the people surveyed did not measure pasta and rice portions. In view of this, the

Netherlands Nutrition Centre developed a measuring cup called the Eetmaatje, which is

marked with the recommended volumes for Dutch adults for different types of pasta and

rice in terms of dry weight. The theoretical reduction of food waste the Eetmaatje provides

is calculated to be ∼6% for pasta and 21% for rice, or 12.5% combined. Between 2014

and 2019, more than 1.6 million Eetmaatje cups were distributed for free among Dutch

households. Over that period, the measuring of pasta and rice by Dutch households

increased. Most people (85–89%) in a panel of consumers who own an Eetmaatje think

it is handy or very handy to use. The majority of those in the panel (50–80%) say that they

use the Eetmaatje most times when they prepare a meal. Four out of five of those in the

panel (77–87%) are convinced that the Eetmaatje helps them waste less pasta and rice.

The Eetmaatje functions as a nudge to change cooking behavior and thus food waste

behavior. Consumers who measure their pasta using the Eetmaatje self-reported that

they produced less total food waste. The measured household waste of cooked rice

and pasta seems to show a downward trend since the introduction of the cup. There

is strong evidence that the Eetmaatje has increased the number of Dutch households

measuring rice and pasta and thereby reducing food waste.
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INTRODUCTION

The Problem of Waste
The Food and Agriculture Organization estimates that one-third
of the world’s food production is wasted (1). In the European
Union, the annual per capita estimate is 173 kg of food waste
per person, which is equivalent to Europeans wasting 20% of
the continent’s food production (2). Wageningen UR estimated
the annual food waste in the Netherlands to be between 1,781
and 2,466 t, which is equivalent to between 105 and 145 kg per
person (3). This figure covers all food lost and wasted from
after primary production in the food industry to distribution to
households. The group contributing the most to food waste is
households (52%). According to these numbers, the focus in food
waste reduction should be both on households and businesses,
but with households prioritized. Consumer behavioral change
should therefore be facilitated (4). In view of the above, the focus
of this paper is on the reduction of avoidable household food
waste. There are also large differences in amounts of food waste
among countries (2). European households have the highest food
waste numbers as measured in wasted kilocalories: 38% of total
kCal (5). Food waste also contributes considerably to greenhouse
gas emissions, land use, water use, fossil energy, and other inputs
associated with food production (6). According to Tonini et al.
(7), “Food preparation, for households and food service sectors,
also provided an important contribution to the Global Warming
impacts.” The United Nations placed food waste prevention
on the international political agenda with the introduction of
target 12.3 in the UN’s Sustainable Development Goal 12 (Ensure
sustainable consumption and production patterns): “By 2030,
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” (8).

Food Waste by Consumers
Consumer-generated food waste is generated by multi-
dimensional behavior, influenced by cultural, social, political,
economic, and geographic factors, as well as cognitive,
motivational, and structural factors, food-related behaviors,
and food habits (9–11).

A compositional analysis of Dutch household food waste in
2016 showed that solid food waste (including sauces, fats, and
dairy) from household waste amounts to 41.2 kg per person per
year, which corresponds to 13% of the amount of food purchased.
The annual waste of pasta and rice was measured to be 1.8 kg per
person, or 4% of the total annual per capita waste. Rice and pasta
are not the most wasted product groups in absolute amounts—
they rank numbers 9 and 10, respectively, but in relative waste,
they number 1 and 3 per product group: 34% of purchased rice
and 23% of purchased pasta are wasted, both adjusted for water
absorption during cooking in relation to the percentage of dry
product purchased. A remarkable fact is that almost all of the
wasted pasta and rice is cooked (12).

The Netherlands Nutrition Centre identified three main
behavioral steps that can be taken to reduce consumer food waste:
smart buying, smart cooking by using correct quantities, and
better storage of food. These goals were defined and selected

with the use of intervention mapping (13). Secondi et al. (14)
concluded that a more precise measuring of portion sizes could
potentially contribute substantially to reducing food waste. The
main self-reported reason why Dutch consumers waste food
is that they prepare more food than they consume (15, 16).
Measuring portions could help reduce food waste in households.

Possible Interventions
Stöckli et al. (17) recently reviewed waste-reduction interventions
for consumers published in scientific and non-peer-reviewed
reports. Their review concluded that “informational
interventions are the most commonly used intervention
type even though evidence indicates that this intervention type
is relatively ineffective.” Interventions with a direct focus on
food waste-related behaviors are supposed to be more effective.
A four-country study shows that households reporting less waste
tend to exhibit five food practices: planning of shopping and
planning of meal preparation, exclusion of impulse buying,
management of stocks and fridge, cooking the right quantities,
and being creative with leftovers (18). A recent review of
consumption-stage food waste reduction interventions found no
effective interventions described on cooking the right portions or
that little or no robust evidence was provided for the described
interventions (19). Some effective interventions to promote
buying smaller portion sizes in restaurant settings have also
been identified, motivated by health reasons and food waste
reduction (20). The low number of described interventions is
worrying, according to Reynolds et al. (19), especially since most
interventions suggested so far appear to be effective at reducing
food waste. Nonetheless, most interventions do not focus on
cooking and are not proven to be effective or reproducible.

Information to consumers should be tailored to provide
knowledge and skills to change particular food waste behaviors,
ideally at the point of decision (21). Clear insights into factors
related to consumer perceptions and behaviors related to food
waste are necessary to reduce food waste in households (18).
These factors are given in the consumer food waste model
in Figure 1: consumer management of food waste related to
preparing food is determined by motivation, opportunity, and
ability, including skills and knowledge about portions (18).
Aschemann-Witzel et al. (9) demonstrated that “consumers’
motivation to avoid food waste, their management skills of food
provisioning and food handling and their trade-offs between
priorities have an extensive influence on their food waste
behaviors.” Using interventions and experiments, it is possible
to implement effective solutions, they concluded. This paper
describes in detail the results of an intervention to promote
cooking the right portions of pasta and rice.

Aim
The aim of this paper is to perform an intervention on cooking
the right amount of pasta and rice by using a measuring cup
called the Eetmaatje (Figure 2) and to evaluate its contribution
to cooking the right portions to reduce food waste in households.
The cup reflects the recommended volumes for Dutch adults for
different types of pasta and rice in terms of dry weight.
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FIGURE 1 | Consumer food waste model including the role of motivation, ability, and opportunity for predicting the level of food waste in households (18).

First, the paper provides a technical description of how
to set the right uncooked portion sizes of pasta and rice for
Dutch adults. Second, it argues how cooking the nutritionally
recommended quantities can theoretically contribute to the
reduction of food waste in most target groups. Third, we evaluate
the use, satisfaction, and contribution to the reduction of food
waste of the measuring cup by consumer research and by
measuring actual food waste.

METHODS

This paper focuses exclusively on avoidable household food
waste. We define food waste as food intended for human
consumption that is not consumed (4, 22). Non-consumed
food is split into avoidable and unavoidable food waste (5).
Unavoidable foodwaste consists of the parts of food products that
are not intended for consumption, such as shells, peels, stalks,
cheese rinds, eggshells, coffee grounds, tea bags, meat bones, and
fish bones (23).

Before and after the introduction of the Eetmaatje measuring
cup, we conducted several consumer surveys. Most results
and conclusions are based on the following four comparative,
representative, biannual online questionnaires about food waste
behavior in general:

◦ 2013—An ISO-certified survey with a 72% response rate,
performed before the introduction of Eetmaatje by the GfK
market research organization, involving a consumer panel of
2,055 adult main shoppers aged 18 or older (15).

◦ 2015—An ISO-certified survey with a 69% response rate,
performed after the introduction of the Eetmaatje by GfK,
involving a consumer panel of 2,054 adult main shoppers aged
18 or older (24).

◦ 2017—An ISO-certified survey with a 58% response rate,
performed by GfK, involving a consumer panel of 2,010 main
shoppers aged 18 or older (25).

◦ 2019—An ISO-certified survey with a 60% response rate,
performed by Flycatcher Internet Research, involving a
consumer panel of 997 main shoppers aged 18 or older out of
1,666 invited (26).

The questionnaires are designed to be comparable with one
another (e.g., same question wording and order and same
response options and wording). The four samples are stratified
and representative of gender, age, region, and income, randomly
sampled from a panel of 10,000 consumers. Differences between
groups were tested with Chi-square tests, combined with z-tests
for percentages and t-tests for averages. Significance was tested
with 95% confidence. For averages, the maximum inaccuracy
margin in this confidence interval is 3% (where n = 997 but
lower than n> 2000). The Bonferronimethodwas used to correct
multiple testing in order to reduce the possibility of significant
differences by chance.

• Supportive evidence is based on a client panel of the Albert
Heijn supermarket to evaluate the measuring cup in February
2014 (n = 336) and October 2014 (n = 330). These clients
had the chance to receive an Eetmaatje for free in the
supermarket in the winter of 2014. The client panel consisted
of clients who were part of the supermarket’s loyalty scheme
and were randomly invited to take part in consumer research
through a maximum of six questionnaires per year. Consumer
research for Albert Heijn was carried out by Consumer &
Business Insights Albert Heijn, Zaanstad. The two samples
are independent.

Additional illustrative insights have been collected from:

• An online Facebook questionnaire among the visitors to
the 2018 edition of Huishoudbeurs, a large annual fair for
household products in Amsterdam, where 60,000 visitors
received an Eetmaatje for free. The questionnaire resulted in n
= 445 responses, mostly from women of low socio-economic
status and therefore not representative of the total population.
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TABLE 1 | Dutch recommended daily intakes of carbohydrate-rich products,

including wholegrain products such as pasta and rice (29).

14–18 years old 19–50 years old

(M + F)

51–70 years old

(M + F)

Recommendation in

spoons (cooked)

4–5 spoons (F), 6

spoons (M)

4–5 spoons 3–4 spoons

Recommendation in

grams (cooked)

200–250 grams,

300 grams

200–250 grams 150–200 grams

• Professional clients of the Netherlands Nutrition Centre’s
web shop, such as dietitians and bodyweight coaches, among
others, who ordered a package of 10 Eetmaatjes to distribute
among their clients (n= 150).

Finally, we analyzed changes in household food waste between
2010 and 2019, measured by triennial sorting analyses in a
representative sample of 130 Dutch households (23, 27, 28). The
methodology and scientific protocol are described in detail in Van
Dooren et al. (12).

RESULTS

Development of the Measuring Cup
Setting the Portion Size
The recommended intakes of foods and food groups in the
Netherlands were updated and published in 2016 (29). The
recommended intakes of carbohydrate-rich products, including
wholegrain products, such as pasta and rice, are summarized
in Table 1. The recommendations are given in cooked serving
spoons and in grams. A serving spoon of grain products is set
as an average 50 g cooked, although other sources calculate 45 g
for pasta and 60 g for rice (30). The portions are in line with
earlier recommendations (Wheel of Five, 2004), except for the
six spoons recommended for male adolescents. Although the
recommendations are the same for adult men and women, we
expect that the lower limit of 200 g fits women and people with
a small appetite better, while the upper limit, 250 g, fits men and
people with more appetite, in line with their metabolic energy
needs. According to the Dutch National Food Consumption
Survey (31), most pasta and rice is consumed during dinner.
Nevertheless, part of the recommended intakes can be consumed
on other eating occasions. Therefore, it was decided to apply
cooked portions of∼200 g.

Water Absorption and Volume Ratios
The next step in our research was to translate cooked portions
to quantities of dry product. The Netherlands Nutrition Centre
recommends 100 g of dry pasta per person or 125 g for persons
with a large appetite, which is equivalent to between 200 and
250 g of cooked pasta. The same double portion applies for rice:
75 g of dry rice or 100 g for people with large appetites translates
into between 150 and 200 g of cooked rice. These figures are
based on assumptions of water uptake of grain products during
cooking. The official Dutch measurements and weights table
calculates a factor of 2.5 for different types of rice and pasta

TABLE 2 | Water uptake factors between dry and cooked pasta.

Portion dry

(in cups)

Portion

cooked

(in cups)

Water uptake

factor

Dutch portion of 200g

cooked, calculated as

dry (grams)

Tortellini 0.5 1 2.0 100

Farfalle 0.75 1.25 1.7 120

Macaroni 0.5 1.125 2.3 89

Penne small 0.5 1 2.0 100

Penne average 0.66 1.25 1.9 106

Shells 0.75 1.125 1.5 133

Wholegrain

penne/shells

0.75 1.125 1.5 133

Average 1.83 112

(30), but the more recent food composition table of the Dutch
Food Composition Database (NEVO) applies different factors
between different kinds of cooked and uncooked grains: 2.65 for
wholegrain pasta, 2.48 for white rice, and 2.72 for brown rice (32)
(personal communication Annette Stafleu, Netherlands Nutrition
Centre, 16-7-2018).

Some scientific research looking into the cooking properties
of rice and pasta already exists. Thomas et al. (33) found that,
for white rice, the water uptake ratio is 2.5 (with a range of 2.33–
2.75). Steglich (34) studied the water absorption of spaghetti. The
cooking process is characterized by steady water absorption: the
longer the time, the more absorption. The best cooking time was
4min with a 2.25 factor, while in a range of 3–5min, the uptake
ratio varied from 2.0 to 2.5 (34).

The biggest pasta producer in the world, Barilla, is one
of the few that provides water absorption ratios for different
kinds of pasta (35) (see Table 2). Portions of spaghetti are
not measured in volume but in circumference, where 2 oz. of
spaghetti corresponds to 5.4 cm in circumference (35). Based on
these proportions, one 100 g portion of spaghetti for one person is
7.17 cm of spaghetti in circumference, while a two-person serving
of 200 g will measure 10.14 cm.

Table 2 demonstrates the water uptake factors for other pasta,
ranging between 1.5 for shells and 2.3 for macaroni. The average
is 1.83, which is somewhat lower than the 2.0 suggested by
different sources. On average, preparing a one-person portion
requires 112 g of dry pasta. The selected factor for pasta in the
cup is 1.83.

Recipes available online and on the packages of the leading
pasta and rice products on the Dutch market mostly use 100 g
of dry carbohydrate product per person, as we recommend, but
sometimes they use 75 g. Using 100 g dry pasta in recipes, which
corresponds to a 2.0 factor, will result in a cooked quantity
that is close to the average recommendation of 109 g dry pasta
(factor 1.83).

Cup Design and Testing
Based on these factors (2.5 for rice and 1.83 for pasta) and
recommendations (∼200 g cooked), the Eetmaatje measuring
cup was developed in cooperation with the Dutch Creative
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FIGURE 2 | Measuring cup containing macaroni.

Brands Group, a company from Delfgauw, the Netherlands.
This company specializes in the development, production, and
distribution of innovative houseware products. The company
contributed to the design of the cup and the selection of a food-
safe, recyclable material (Figure 2). The portion sizes in volume
for different types of pasta and rice were measured and tested by
hand using cardboard molds, which were filled and weighed until
the right volumes were calibrated. The company is the owner of
the design and is responsible for its production and transport
(see https://youtu.be/Hvp2B-jyOqg).

The difference in measured consumed volume between men
and women (28, Table 3) was addressed by putting a simple
message on the package: “Thismeasuring cup indicates uncooked
portions. These uncooked portions are based on the daily
quantities of wholegrain cereals that the Nutrition Centre uses
for an adult Dutch woman.” However, the 200 g portions were
expected to be also adequate for most men or meet the actual
average needs of male and female members of a household, as
well as eaters with a small or large appetite.

Theoretical Reduction of Rice and Pasta
Waste
In this section, we approximately calculate the theoretical
reduction of rice and pasta waste caused by using the
measuring cup (Table 3). According to the Dutch National Food
Consumption Survey 2007–2010 (31) the median consumption
of pasta, rice, and other grain products excluding bread is 168–
173 g for men and 120–140 g for women on consumption days
(rice and pasta were consumed twice a week). The types of

pasta and rice are not specified. Those quantities are lower than
the recommended intakes. Table 3 summarizes the consumption
of pasta and rice by population subgroups and consumption
days. We added the average measured waste percentage to those
quantities (27) in scenarios where they consumed only pasta
(+23%), only rice (+34%), or half pasta, half rice (+28%). We
then compared these amounts with the advised amount on the
Eetmaatje measuring cup. The difference between the median
cooked quantity and the amount advised on the Eetmaatje cup,
which is the actual cooked amount when everyone uses the
measuring cup, provides the result for the theoretical reduction of
food waste. For the average adult, the approximate result is 6% for
pasta and 21% for rice, which is equivalent to 12.5% combined.
However, looking into the average for pasta and rice combined,
it is theoretically possible that women between 19 and 50 years
are still going to waste ∼5–10% more. For all other groups,
a reduction in food waste proportional to the result obtained
is expected.

The portions used in the cup design were based on
recommended and not on actual intakes, so the cup could lead to
more food waste among consumers who actually eat less than the
recommendations, but, in theory, we expect an overall reduction
nonetheless. From a nutritional perspective, it is important
for public health bodies to communicate the recommended
quantities as part of food-based dietary guidelines (29) instead
of promoting low quantities to accommodate people who simply
eat less. The lower consumption from women is expected to be
compensated for in households of two or three people by an
expected higher intake from the other household members, who
in most cases, are men. In this sense, the Eetmaatje measuring
cup functions as an indicator of the needed quantity. We assume
that the measuring cup does not influence the quantities people
actually eat, only the amount they use to cook, but this cannot be
entirely excluded.

Measuring Portions Before the
Introduction of the Cup
According to Temminghoff and Damen (15), almost half of
the consumers say that they measure ingredients most times
when preparing a meal, but only a fifth do this for every meal.
Consumers in general do not know the right portion sizes
per person, such as for rice. They randomly rely on intuition
to measure pasta for cooking, for example, or they simply
prepare an entire package of it at once. Households that do
not use any kind of measuring during cooking report that they
throw away more food than households that measure (15, 16),
however other factors could explain these answers. Before the
intervention started in 2014, close to half of Dutch consumers
(41%) determined pasta quantities to cook based merely on their
intuition or estimation by eye (15). This suggests that at least
41% of the population was likely to cook too much pasta and
waste some of it, considering most pasta waste is generated from
cooking. According to Temminghoff and Damen (15), a 12%
share of consumers said they always cooked an entire package
of pasta or rice, regardless of their actual needs or household size.
This practice does not necessarily lead to waste if any excess rice
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TABLE 3 | Theoretical reduction of rice and pasta waste by using the Eetmaatje measuring cup on consumption days.

Consumption (g) Cooked (g) Advised quantity (g) Weekly reduction in waste

Grains mixed Median (If 28% wasted) Average rice/pasta (grams) (percentage)

Men 19–30 y 172 239 185 54 29

Women 19–30 y 120 167 185 −18 −10

Men 31–50 y 172 239 185 54 29

Women 13–50 y 127 176 185 −9 −5

Men 51–70 y 168 233 185 48 26

Women 51–70 y 140 194 185 9 5

Average (unweighted) 23 12

When only rice (If 34% wasted) Rice 75g × 2.5

Men 19–30 y 172 261 188 73 39

Women 19–30 y 120 182 188 −6 −3

Men 31–50 y 172 261 188 73 39

Women 13–50 y 127 192 188 4 2

Men 51–70 y 168 255 188 67 36

Women 51–70 y 140 212 188 24 13

Average (unweighted) 39 21

When only pasta (If 23% wasted) Pasta 100g × 1.83*

Men 19–30 y 172 223 183 40 22

Women 19–30 y 120 156 183 −27 −15

Men 31–50 y 172 223 183 40 22

Women 13–50 y 127 165 183 −18 −10

Men 51–70 y 168 218 183 35 19

Women 51–70 y 140 182 183 −1 −1

Average (unweighted) 12 6

*Average water uptake (see Table 2).

or pasta cooked is eaten as leftovers at a later date. In families
with children and youths aged between 6 and 17, the share of
consumers saying they cook entire packages of rice or pasta rises
to 16–17% (15). Other consumers already used an instrument to
measure dry food quantity to cook before the introduction of the
intervention, usually a kitchen scale (21%), a teacup (17%), or a
measuring cup (6%) (15).

Evaluation With Consumer Panels
After testing, design, and production, the Eetmaatje was
introduced in February 2014. Within 2 weeks, one million items
were distributed for free among customers of the biggest retailer
in the Netherlands, Albert Heijn. The Dutch Minister of Food
and Agriculture received the very first Eetmaatje, generating free
publicity and consequently helping with distribution, along with
advertisements. Shoppers received one Eetmaatje for free when
they bought two packages of pasta or rice on sale, which was
done to make sure that regular pasta or rice consumers were
the ones receiving the free Eetmaatje cups. In the years that
followed, another 0.6 million Eetmaatje cups were distributed
through other channels, such as the web shop of the Netherlands
Nutrition Centre, other supermarket chains, and the 2018 and
2019 edition of the Huishoudbeurs fair.

The market research company GfK and Flycatcher Internet
Research carried out consumer research using independent,

representative consumer panels, before introduction (2013) and
biannually thereafter, in 2015, 2017, and 2019. The results are
summarized in Table 4. Before the introduction of the Eetmaatje
in 2013, only 6% of the people surveyed said they used some
sort of measuring cup to prepare pasta. By 2015, 2 years after the
introduction of the cup, this share doubled to 12%. In 2017, more
than half of this share (7%) were using the Eetmaatje, as opposed
to none in 2013 (25). In 2019, the share of consumers using the
Eetmaatje cup was 8%. Table 4 shows that some consumers (4%)
shifted between 2013 and 2019 from a teacup to another type
of measuring. Those who used a traditional measuring cup or
a teacup did not switch to the Eetmaatje, while using a scale to
weigh food quantities actually increased in 2017. The group of
people not measuring dry food before cooking decreased from
53% in 2013 to 46% in 2019, showing significant decreases in both
groups using random by-eye estimation and those cooking entire
packages at once (2017). The research shows that one-person
households and families without children under 18 tend to use
a measuring cup, a teacup, or a scale to measure dry food to cook
more often. Women more frequently weigh dry food amounts
(28%), while men use a teacupmore often (18%). Among wealthy
consumers, the percentage of those who weigh the amount of dry
food they cook is higher (32%) (25).

We, together with Albert Heijn, conducted two evaluation
surveys among the retailer’s client panel, the first in February
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TABLE 4 | Consumers who measure and do not measure pasta, including

whether they measure dry food using a scale, a teacup, a measuring cup, or the

Eetmaatje (before and after the introduction of the Eetmaatje), 2013–2019.

GfK

(15)

GfK

(24)

GfK

(25)

Flycatcher

(26)

2013

(n = 2055)

(%)

2015

(n = 2054)

(%)

2017

(n = 2010)

(%)

2019

(n = 997)

(%)

Trend

Quantity

estimated by eye

41 37 39 35 Sign. decrease

2019

Whole package

cooked

12 13 9 11 Sign. decrease

2017

Total no

measuring

53 49 48 46

Weighing with

scale (grams)

21 20 23 26 Sign. increase

2017

Measuring by

teacup

17 16 15 13

Measuring by

measuring cup

6 12 12 10 Sign. increase

2015

Of which

Eetmaatje (no

2015 data)

0 ? 7 8 Sign. increase

2017

Total measuring 44 47 49 49

Others/unknown 3 4 3 5

Percentages

adjusted for total

of 100%

100 100 100 100

?, not measured.

2014, just after the Eetmaatje’s introduction (n = 336), and the
second in October 2014, 8 months after the introduction (n =

330). According to the results of these surveys, the Eetmaatje is
most commonly used for rice (72%), followed by pasta (50%).
The second questionnaire showed that 30% of Albert Heijn’s
customers know of the cup, among which 59% own one, which
is equivalent to 17% of the entire panel. Familiarity with the cup
in the panel decreased significantly to 30% from 42% 8 months
after the first questionnaire, but ownership remained comparable
at 17 vs. 20%, which is not a significant drop.

Among owners, a 26% (15 of 59% owners) share said they
always use the cup, 30% (18/59%) use it frequently, and 28% use
it sometimes (17/59%). The “always” category increased from 8%
(4/48%) in the first questionnaire to 26% (15/59%) in the second,
while the “never” category decreased from 27% (13/48%) to 16%
(9/59%) (Figure 3). Within the total samples, the numbers of
frequent users were, respectively, n = 67 and n = 59 in each
survey. Their reported reasons for using the Eetmaatje were
always cooking the right portions, generating less food waste,
using it being easier than weighing dry food, and eating healthy
portions. For the majority of users, the portions of the Eetmaatje
are right (66%), but for 15%, they are too small, and for 3%, too
big. The most important barriers cited by non-users were that
the amounts do not match the desired quantity, a preference
for weighing or using a different measuring cup, or forgetting
to use the Eetmaatje. A majority of owners in the panel (88%)
reported that they were very positive about the Eetmaatje cup,

87% said they are convinced that it helps them cook the right
portions, and 77% said they are convinced that it helps them
reduce food waste. These results are comparable to the results
from the first questionnaire: 85% positive, 89% convinced about
the right portions, 83% convinced about food waste reduction
[(36), not published]. Albert Heijn is, with a 35% market share,
the biggest supermarket chain in the Netherlands. Although their
client profile may differ from other chains, the self-reported food
waste from Albert Heijn clients does not differ significantly from
clients from other chains (37).

A recent questionnaire among visitors to the Huishoudbeurs
fair in 2018, which is not representative of the entire Dutch
population, confirmed these results. The recent questionnaire
shows that 59% always use the Eetmaatje, 28% frequently use it,
5% sometimes use it, and 13% never use it. A share of 87% of the
respondents was convinced that the tool helps them reduce their
food waste in terms of pasta and rice.

The Eetmaatje was also distributed through the web shop
of the Netherlands Nutrition Centre. Dietitians and bodyweight
coaches, among other professionals, could order packages of
10 Eetmaatjes to give to their clients for free. In 2017, 150 of
those professionals responded to a questionnaire, which provided
additional insights: 90% of them recommend the Eetmaatje
to overweight clients. Another 53% recommend it to clients
with healthy weights and 30% to underweight clients. The
Eetmaatje is mainly advised to determine correct portion sizes
(89%), but other reasons were also frequently cited, such as
losing weight (49%), reducing food waste (46%), and ensuring
that the right amount is consumed (43%). For 90% of the
professionals surveyed, the Eetmaatje delivers the desired results,
meaning accurate portion sizes and eating according to food-
based dietary guidelines.

Measuring Actual Household Food Waste
CREMWaste Management measured actual food waste in Dutch
households in 2010, 2013, 2016, and 2019 (12, 16, 23, 27, 28).
These measurements are longitudinal: every time 130 households
from the same 13 districts and streets were sampled. Total food
waste showed a significant downward trend from 48 kg to 47.4 kg
to 41.2 kg to 34.3 kg. Rice and pasta ranked numbers 9 and 10
on the list of most wasted products in 2016. Figure 4 shows a
downward trend in wasted amounts of rice and pasta before and
after the introduction of the Eetmaatje. Before the introduction
(2010), the average annual per capita waste of cooked rice and
pasta from households was 2.9 kg for rice and 2.1 kg for pasta.
Although not statistically confirmed, there seems to have been a
decrease in the waste of rice, halving to 1.45 kg, but the decrease
of pasta is less clear, fluctuating through the years and ending
in 2019 at 1.35 kg. This downward trend cannot be directly
attributed to the introduction of the Eetmaatje, since part of the
wasted rice is from take-out meals, and the reduction could be
the result of other interventions.

Food waste was also measured in 2016 by a self-
reporting frequency questionnaire (38). Self-reporting gives
an underestimation relative to waste measured by sorting
analysis (39). Respondents were asked about their agreement
with the statement: “Within our household, we try as much as
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FIGURE 3 | Eetmaatje ownership and frequency of use, February and October 2014 (36).

FIGURE 4 | Measured annual waste of cooked rice and pasta in collected

household food waste in the Netherlands before 2010 and after the

introduction of the measuring cup in 2013, 2016, and 2019, in kg per capita.

possible to weigh/measure ingredients.” Answers were related
to their reported food waste. Respondents who weigh their
ingredients as well as possible wasted less food than respondents
who do not. The difference in self-reported food waste between
the highest and lowest groups was 16.8 kg less food waste per
year. This correlation—of households that weigh food wasting
less—does not necessarily mean it is causal, because it could also
be explained by an overall awareness about reducing food waste
in those households.

DISCUSSION

Ability to Change Behavior
Awareness of the environmental andmoral consequences of food
waste does not directly correlate with the amount of reported

food waste in households (18). This study demonstrates that
additional factors stimulate consumers to use a measuring cup:

• Usability and convenience of the measuring cup compared
to weighing

• Choosing the right, healthy portions
• Losing weight

In line with the model of Van Geffen et al. (18), convenience
and health support consumer motivation. The Eetmaatje cup
contributes to the ability of the consumer to cook precise,
healthy portions. The health and convenience aspects of using
the Eetmaatje meet the consumer’s sustainability goals and the
common-sense social norm not to waste food.

Most human behaviors are habits, which are less susceptible
to rational change. This implies that policies aimed at changing
habitual behaviors need to consider the strength of habits and
the difficulty of establishing new ones and breaking existing
ones. Establishing new habits might include helping people
who intentionally want to break the habit, such as through
information prompts (40). The Eetmaatje could help to create
a new habit, viewed as a prompt to remind the consumer to
cook precise portions and reduce waste. From the literature, we
know that a higher frequency of cooking is likely to improve skills
in, for example, cooking the right portions (41, 42). Using the
Eetmaatje measuring cup leads to better matching of individual
appetites and circumstances in the household. In practice, food
waste reduction is expected, especially in the half of Dutch
consumers who have not used measuring instruments or scales
so far, proportionally contributing more to rice and pasta waste.

The general feeling of having the ability to change behavior
has been examined under the related terms self-efficacy and
perceived behavioral control (43). Stancu et al. (44) found
perceived behavioral control to have a significant effect on
self-reported food waste behavior. In addition to this general
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feeling of control, the present study has examined the feeling
of portion control, i.e., specific abilities to cook precise portions
and how they contribute to reducing food waste, in more
detail. It is necessary for consumers to be convinced that they
can change their own behavior. From earlier research, we can
conclude that perceived behavioral control reduces food waste in
households (44). The present study underlines that it is essential
for interventions to support self-efficacy.

In their review of interventions, Stöckli et al. (17) found that
prompts in general were relatively more effective at changing
behavior compared to informational interventions. Osbaldiston
and Schott (45) defined prompts as “verbal or written messages
designed to remind people to perform a target behavior.” Nudges
are a relatively new phenomenon in the field of reducing food
waste (17). Nudges such as changes to plate type and size as
well as portion size already demonstrated that they can lead to
a reduction in food waste out of the home (46, 47). But there is
no evidence that prompts and nudges to reduce food waste are
effective in households. Our paper adds evidence to this field. The
Eetmaatje could be viewed as a kind of prompt in the kitchen,
helping people to cook more precise portions, as well as a nudge
to remind the consumer about reducing food waste every time
they cook.

Portions in Other Countries
It is interesting to look at the possibilities of implementing the
Eetmaatje outside the Netherlands. Other countries most likely
have other recommendations for pasta and rice, depending on
the culture, food, and energy needs of the population. In Italy,
a common portion of cooked pasta is ∼105 g (35). The British
Nutrition Foundation recommends cooked medium portion
sizes of 180 g for rice, 230 g for pasta or macaroni, and 220 g for
spaghetti (48). The US consumption is in the range of 120 to
175 g (49). The Union of Organizations ofManufacturers of Pasta
Products of the European Union refers to cooked portion sizes
between 180 and 220 g (50). In conclusion, the Eetmaatje could
be used in other countries but may require small adjustments in
portion sizes.

Possible Improvements
Users (see http://liefdevoorlekkers.nl/2014/02/06/eetmaatje/)
suggested that the Eetmaatje is also applicable for other types
of grain products that are less frequently used. For example,
bulgur and pearl barley seem to have the same water absorption
properties as rice and quinoa, while polenta (cornmeal) and
buckwheat have the same properties as couscous. Oat and
other breakfast cereals would also be possible suggested uses
for the Eetmaatje. These are all good possibilities for further
improvement of the Eetmaatje, but their inclusion should be
further supported by literature or tests. Another user-suggested
improvement could be switching the choice of material to
compostable or bio-based plastic.

The literature indicates that the water uptake factor of brown
rice is higher (2.7–3.9) than that of white rice (2.5) (33). Although
the consumption of white rice is currently much higher than
that of brown rice (31), food-based dietary guidelines advise
an increase in the consumption of brown rice. In the future,

a separate measure for brown rice could be added to the
Eetmaatje cup.

The Eetmaatje cup is designed for adult portions, but they are
also applicable for adolescents between 14 and 18 years old. The
development of a version for children could be investigated, as
could adding instructions on how to apply adult portions sizes to
children, for example, 1 adult portion = 2 children portions (up
to a certain age).

Although several studies found statistical correlations between
factors and food waste, it is important to understand the
theory that explains these correlations (21). Policy-makers
who are responsible for consumer-focused interventions and
the experts assisting them should therefore strive to identify
evidence for causal relationships before they develop, implement,
and evaluate interventions for reducing consumer food waste
(17, 51). After our study, the REFRESH project published
guidance for evaluating interventions preventing household
food waste (52). The Eetmaatje intervention is categorized
as “prompting people to undertake desired behavior” with a
theory-based and an empirical impact evaluation, including
measuring outputs, intermediate outcomes, and final outcome.
Looking at the recommendations, our intervention could be
improved, for instance, by establishing an evaluation plan before
the intervention in order to have a better control group and
reference measurement.

An estimation of the eventual waste reduction achieved with
the use of the Eetmaatje could be done. The theoretical annual
waste reduction is ∼6% or 624 g per person for pasta (Table 3:
12 g/week) and 21% or 2028 g per person for rice (39 g/week).
Based on a distribution of 1.6 million Eetmaatje cups, which are
frequently used by at least 50% of receivers who have an average
household size of 2.1 persons, the annual waste reduction could
be at least 1,050 t of cooked pasta or 580 t uncooked and 3,410 t
of rice or 1,360 t uncooked. These are approximate calculations,
suggesting that waste reduction could in fact be lower or higher.
Figure 4 shows a downward trend in cooked pasta waste of
0.73 kg per person (12,600 t) and in rice waste of 1.45 kg per
person between 2010 and 2019 (25,100 t for the population). The
changes appear too large to be attributed to the Eetmaatje alone.
The 8% who reported the use of the Eetmaatje in 2019 (Table 4)
corresponds with half of the maximum of 20% of the 7.9 million
households that could own a cup. Many different factors may
have affected consumer food waste behavior; in the last decade
awareness campaigns on environmental sustainability and other
interventions have been performed that may have also influenced
this behavior.

CONCLUSIONS

Less than half of Dutch consumers measured the portions of dry
pasta and rice for cooking before the Eetmaatje measuring cup
was introduced. Measuring portions and use of the Eetmaatje
increased in the 6 years after introduction. There is strong
evidence that the Eetmaatje has increased the number of Dutch
households measuring rice and pasta and thereby reducing food
waste. Using recommended portions is expected to reduce waste

Frontiers in Nutrition | www.frontiersin.org 9 February 2020 | Volume 6 | Article 197

http://liefdevoorlekkers.nl/2014/02/06/eetmaatje/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


van Dooren et al. Intervention Eetmaatje

from cooking pasta and rice. The Eetmaatje cups distributed
in our panels remain in use by 50–80% of the consumers who
received one, while 85–89% Eetmaatje owners are satisfied with
the tool, considering it useful. Approximately 80% of users
report that the Eetmaatje cup helps them cook precise, healthy
portions and waste less pasta and rice. In addition, consumers
who measure pasta before cooking produce less total food waste,
according to self-reports. The Eetmaatje measuring cup functions
as a nudge toward changing cooking behavior, consequently
helping to reduce food waste. In 2019, the measured actual
household waste from cooking pasta and rice in the Netherlands
showed a downward trend compared to 2013, before the
intervention, which does not show that the reduction is directly
related to the intervention. In the future, the Eetmaatje tool could
be applied to other products and in other countries. Reducing
food waste is not the only motivation for consumers to adopt the
Eetmaatje measuring cup, but other factors, such as convenience
and cooking healthy portions, should also be promoted.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

CD wrote the paper. FM and KE were responsible for the
consumer research and questionnaires. MS managed the project.
FM, KE, andMS contributed to the content of the paper and gave
critical inputs.

FUNDING

Dutch Ministry of Agriculture, Nature and Food Quality (former
Economische Zaken) financial supported this project.

ACKNOWLEDGMENTS

We thank Eva de Groot for her support in the collection of
additional data. We thank Dutch Creative Brands Group for
its support in the development, design, and production of the
Eetmaatje. We thank the supermarket chain Albert Heijn for
distributing the first 1 million samples and sharing with us the
results of their consumer panel. We thank the research groups
GfK and Flycatcher for their cooperation in consumer research.
Finally, we thank the Dutch Ministry of Agriculture, Nature, and
Food Quality for their financial support for this project.

REFERENCES

1. FAO. Food Wastage Footprint, Impacts on Natural Resources. Rome:
FAO (2013).

2. Stenmarck Å, Jensen C, Quested T, Moates G. Estimates of European Food

Waste Levels. Stockholm: FUSIONS (2016). Available online at: http://www.
eu-fusions.org/phocadownload/Publications/Estimates%20of%20European
%20food%20waste%20levels.pdf

3. Soethoudt H, Vollebregt M, Van der Burgh M. Monitor Voedselverspilling;

Update 2009-2014. Wageningen: Wageningen UR (2016).
4. Soethoudt H, Bos-Brouwers H.Monitor Voedselverspilling; Update 2009-2012.

Wageningen: Wageningen UR (2014).
5. Lipinski B, Hanson C, Lomax J, Kitonoja L, Waite R, Searchinger T. Reducing

food loss and waste. In: Creating a Sustainable Food Future. Washington, DC:
World Resource Institute (2013).

6. Kummu M, De Moel H, Porkka M, Siebert S, Varis O, Ward PJ. Lost
food, wasted resources, global food supply chain losses and their impacts on
freshwater, cropland, and fertiliser use. Sci Tot Environ. (2012) 438:477–89.
doi: 10.1016/j.scitotenv.2012.08.092

7. Tonini D, Albizzati PF, Astrup TF. Environmental impacts of food waste,
learnings and challenges from a case study on UK. Waste Man. (2018)
76:744–66. doi: 10.1016/j.wasman.2018.03.032

8. UN DESA. The Sustainable Development Goals Report 2016, New York, NY:
United Nations (2016). doi: 10.18356/3405d09f-en

9. Aschemann-Witzel J, De Hooge I, Amani P, Bech-Larsen T, Oostindjer M.
Consumer-related food waste, causes and potential for action. Sustainability.
(2015) 7:6457–77. doi: 10.3390/su7066457

10. Schanes K, Dobernig K, Gözet B. Food waste matters - a systematic review
of household food waste practices and their policy implications. J Clean Prod.

(2018) 182:978–91. doi: 10.1016/j.jclepro.2018.02.030
11. Janssen E, Van der Sluis M, Jonkers R, De Haan C. Voedselverspilling

in Huishoudens; Determinantenonderzoek. (2010). Amsterdam: Rescon
Research and Consultancy. Available online at: https://www.afvalcirculair.nl/
onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-0/

12. Van Dooren C, Janmaat O, Snoek J, Schrijnen M. Measuring food waste in
Dutch households, a synthesis of three studies.Waste Man. (2019) 94:153–64.
doi: 10.1016/j.wasman.2019.05.025

13. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH. Planning Health Promotion

Programs, an Intervention Mapping Approach. San Francisco, CA: Jossey-
Bass (2006).

14. Secondi L, Principato L, Laureti T. Household food waste behaviour
in EU-27 countries, a multilevel analysis. Food Policy. (2015) 56:25–40.
doi: 10.1016/j.foodpol.2015.07.007

15. Temminghoff MBM, Damen N. Voedselverspilling 1-Meting. Dongen: GfK
(2013). Available online at: https://www.voedingscentrum.nl/Assets/Uploads/
voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling
%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval
%20en%20GFT-afval%20-%202019%20CREM%20Waste%20Management.
pdf

16. CREM. Bepaling Voedselverliezen bij Huishoudens en Bedrijfscatering in

Nederland. (2010). Amsterdam: Consultancy and Research for Environmental
Management BV. Available online at: https://www.afvalcirculair.nl/
onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-
bepaling/

17. Stöckli S, Niklaus E, Dorn M. Call for testing interventions to prevent
consumer food waste. Resourc Conserv Recycl. (2018) 136:445–62.
doi: 10.1016/j.resconrec.2018.03.029

18. Van Geffen LEJ, Van Herpen E, Van Trijp JCM. Causes and Determinants of

Consumers Food Waste; A Theoretical Framework.Wageningen: Wageningen
UR (2016). Available online at: https://www.eu-ReFresh.org/causes-
determinants-consumers-food-waste

19. Reynolds C, Goucher L, Quested T, Bromley S, Gillick S, Wells VK,
et al. Review, consumption-stage food waste reduction interventions – what
works and how to design better interventions. Food Policy. (2019) 83:7–27.
doi: 10.1016/j.foodpol.2019.01.009

20. Berkowitz S, Marquart L, Mykerezi E, Degeneffe D, Reicks
M. Reduced-portion entrées in a worksite and restaurant
setting, impact on food consumption and waste. Public

Health Nutr. (2016) 19:3048–54. doi: 10.1017/S13689800160
01348

21. Wunder S, McFarland K, Hirschnitz-Garbers M, Parfitt J, Luyckx K, Jarosz
D, et al. Food Waste Prevention and Valorisation, Relevant EU Policy

Areas. Review of EU Policy Areas With Relevant Impact on Food Waste

Prevention and Valorisation. ReFresh Deliverable 3.3. Berlin: ReFresh. (2018).

Frontiers in Nutrition | www.frontiersin.org 10 February 2020 | Volume 6 | Article 197

http://www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European%20food%20waste%20levels.pdf
http://www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European%20food%20waste%20levels.pdf
http://www.eu-fusions.org/phocadownload/Publications/Estimates%20of%20European%20food%20waste%20levels.pdf
https://doi.org/10.1016/j.scitotenv.2012.08.092
https://doi.org/10.1016/j.wasman.2018.03.032
https://doi.org/10.18356/3405d09f-en
https://doi.org/10.3390/su7066457
https://doi.org/10.1016/j.jclepro.2018.02.030
https://www.afvalcirculair.nl/onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-0/
https://www.afvalcirculair.nl/onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-0/
https://doi.org/10.1016/j.wasman.2019.05.025
https://doi.org/10.1016/j.foodpol.2015.07.007
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20CREM%20Waste%20Management.pdf
https://www.afvalcirculair.nl/onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-bepaling/
https://www.afvalcirculair.nl/onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-bepaling/
https://www.afvalcirculair.nl/onderwerpen/helpdesk-afvalbeheer/publicaties/downloads-0/eindrapport-bepaling/
https://doi.org/10.1016/j.resconrec.2018.03.029
https://www.eu-ReFresh.org/causes-determinants-consumers-food-waste
https://www.eu-ReFresh.org/causes-determinants-consumers-food-waste
https://doi.org/10.1016/j.foodpol.2019.01.009
https://doi.org/10.1017/S1368980016001348
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


van Dooren et al. Intervention Eetmaatje

Available online at: https://www.eu-ReFresh.org/food-waste-prevention-
and-valorisation-relevant-eu-policy-areas

22. HLPE. Food Losses and Waste in the Context of Sustainable Food Systems. A
report by the High Level Panel of Experts on Food Security and Nutrition of
the Committee on World Food Security. High Level Panel of Experts (HLPE)
on Food Security and Nutrition of the Committee on World Food Security,
Rome, Italy (2014).

23. Steenhuisen F. Determination of Food Waste in Household Waste in the

Netherlands in 2016 (in Dutch ‘Bepaling Voedselverspilling in Huishoudelijk

afval Nederland 2016’). Amsterdam: CREM Waste Management (2017).
Available online at: https://www.voedingscentrum.nl/Assets/Uploads/
voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling
%202017/Voedselverspilling%20via%20Huishoudelijk%20afval%202016_
sorteeranalyse%20(CREMWM).pdf

24. Temminghoff MBM, Van Helden G. Voedselverspilling Meting 2015.
GfK (2015). Available online at: https://www.voedingscentrum.nl/Assets/
Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/
GfK_Voedingscentrum_Rapportage%20Voedselverspilling%202-meting
%202015%20(PDF).pdf

25. Temminghoff MBM, Van Helden G. Voedselverspilling Meting 2017. GfK
(2017). Available online at: https://www.voedingscentrum.nl/Assets/Uploads/
voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling
%202017/Rapportage%20Voedselverspilling%203-meting%202017%20
%20definitief%20(GfK).pdf

26. Flycatcher Internet Research. “Food Waste” (in Dutch, Voedselverspilling).

Maastricht (2019). Available online at: https://www.voedingscentrum.
nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/
Persmappen/Verspilling%202019/Rapportage%20voedselverspilling
%20trendmeting%20-%20juni%202019.pdf

27. Van Westerhoven M. Bepaling Voedselverliezen in Huishoudelijk afval in

Nederland, Vervolgmeeting 2013. Amsterdam: CREM (2013). Available
online at: https://www.rijksoverheid.nl/documenten/rapporten/2014/
01/13/bepaling-voedselverliezen-in-huishoudelijk-afval-in-nederland-
vervolgmeting-2013

28. Steenhuisen, F. (2019). Determination of Food Waste in Household

Waste in the Netherlands in 2019 (in Dutch ‘Bepaling Voedselverspilling

in Huishoudelijk afval Nederland 2019’). Amsterdam: CREM Waste
Management. Available online at: https://www.voedingscentrum.nl/Assets/
Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/
Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk
%20restafval%20en%20GFT-afval%20-%202019%20--%20CREM%20Waste
%20Management.pdf

29. Brink L, Postma – Smeets A, Stafleu A, Wolvers D. Guidelines Wheel of Five

(in Dutch, Richtlijnen Schijf van Vijf). The Hague: Voedingscentrum
(2016). Available online at: https://www.voedingscentrum.nl/Assets/
Uploads/voedingscentrum/Documents/Professionals/Schijf%20van%20Vijf/
Voedingscentrum%20Richtlijnen%20Schijf%20van%20Vijf%202016%204.
pdf

30. Van der Heijden LJM. Rapport ’maten, gewichten en codenummers 1997’. In:
Geerts-van der Weij A, Binsbergen JJ van, Douwes A, Poen H, Vries JHM de,
editors. Informatorium Voor Voeding en Dietetiek. Houten: Bohn Stafleu van
Loghum (1997). p. VIII/1–VIII/3.

31. Van Rossum CTM, Fransen HP, Verkaik-Kloosterman J, Buurma-
Rethans EJM, Ocke MC. Dutch National Food Consumption Survey

2007-2010, Diet of Children and Adults Aged 7 to 69 Years. Bilthoven:
RIVM (2011).

32. RIVM. NEVO-Table, Dutch Nutrient Database. Bilthoven: RIVM (2011).
33. Thomas R, And WA, Bhat R. Physiochemical properties, proximate

composition, and cooking qualities of locally grown and imported rice
varieties marketed in Penang, Malaysia. Int Food Res J. (2013) 20:
1345–51.

34. Steglich T. Multi-scale characterisation of pasta; Effects of raw materials on
water absorption, water distribution, and microstructure. Food Res Int. (2014)
66:132–9. doi: 10.1016/j.foodres.2014.09.007

35. Barilla. Measuring Pasta. Barilla (2013). Available online at: https://www.
barilla.com/faq?p=measuring (accessed August 1, 2019).

36. Van den Berg S. Results Eetmaatje (in Dutch), Update Oktober 2014. Zaanstad:
CBI; Albert Heijn (2014).

37. Derksen E, Aardening P. Food Waste Self-Assessment; Estimation of the

Amount of Food Waste per Year by Dutch Consumers Based on Self-

Assessment” (in Dutch). (2019). Maastricht: Flycatcher Internet Research.
Available online at: https://www.voedingscentrum.nl/Assets/Uploads/
voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling
%202019/VOEDSE$\sim$2.PDF

38. Kaal M, Hooijmans S, Houtepen I. Food waste in the Netherlands Based

on Self-Assessment) (in Dutch ‘Voedselverspilling in Nederland op Basis van

Zelfrapportage’). (2017). Amsterdam: Kantar Public.
39. Tostivint C, Östergren K, Quested T, Soethoudt H, Stenmarck Å, Svanes E,

et al. Food Waste Quantification Manual to Monitor Food Waste Amounts

and Progression. Wageningen: FUSIONS (2016). Available online at: www.eu-
fusions.org/phocadownload/Publications/Food%20waste%20quantification
%20manual%20to%20monitor%20food%20waste%20amounts%20and
%20progression.pdf

40. Umpfenbach K. Influences on Consumer Behaviour, Policy Implications

Beyond Nudging. Berlin: Ecologic Institute (2014). Available online at:https://
www.ec.europa.eu/environment/enveco/economics_policy/pdf/Behaviour
%20Policy%20Brief.pdf

41. Graham-Rowe E, Jessop DC, Sparks P. Identifying motivations and barriers
to minimising household food waste. Resour Conserv Recycl. (2014) 84:15–23.
doi: 10.1016/j.resconrec.2013.12.005

42. Mallinson LJ, Russell JM, Barker ME. Attitudes and
behaviour towards convenience food and food waste in the
United Kingdom. Appetite. (2016) 103:17–28. doi: 10.1016/j.appet.2016.
03.017

43. Bandura A. Social cognitive theory in cultural context. Appl Psychol. (2002)
51:269–90. doi: 10.1111/1464-0597.00092

44. Stancu V, Haugaard P, Lähteenmäki L. Determinants of consumer food
waste behaviour, Two routes to food waste. Appetite. (2016) 96:7–17.
doi: 10.1016/j.appet.2015.08.025

45. Osbaldiston R, Schott JP. Environmental sustainability and behavioral
science, meta-analysis of proenvironmental behavior experiments.
Environ Behav. (2011) 44:257–99. doi: 10.1177/00139165114
02673

46. Kallbekken S, Sælen H. Nudging’ hotel guests to reduce food waste
as a win–win environmental measure. Econ Lett. (2013) 119:325–7.
doi: 10.1016/j.econlet.2013.03.019

47. Williamson S, Block LG, Keller PA. Of waste and waists, the effect of plate
material on food consumption and waste. J Ass Cons Res. (2016) 1:147–60.
doi: 10.1086/684287

48. BNF. Portion Sizes, Food a Fact of Life. British Nutrition Foundation. (2013).
Available online at: www.foodafactoflife.org.uk

49. USDA. Food portions and servings; How do they differ? In: Nutritional
Insights no 11. (1999). p.4. A Publication of the USDA Center for Nutrition
Policy and Promotion. Available online at: https://fns-prod.azureedge.net/
sites/default/files/nutrition_insights_uploads/insight11.pdf

50. UNAFRA. Union of Organizations of Manufacturers of Pasta Products of the

EU. (2016). Available online at: https://www.pasta-unafpa.org/test.HTM
51. Roodhuyzen DMA, Luning PA, Fogliano V, Steenbekkers LPA. Putting

together the puzzle of consumer food waste, towards an integral
perspective. Trends Food Sci Tech. (2017) 68:37–50. doi: 10.1016/j.tifs.2017.
07.009

52. Quested T. Guidance for Evaluating Interventions Preventing Household Food

Waste. ReFresh Report (2019). Available online at: https://www.eu-refresh.
org/guidance-evaluating-interventions-preventing-household-food-waste

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 van Dooren, Mensink, Eversteijn and Schrijnen. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Nutrition | www.frontiersin.org 11 February 2020 | Volume 6 | Article 197

https://www.eu-ReFresh.org/food-waste-prevention-and-valorisation-relevant-eu-policy-areas
https://www.eu-ReFresh.org/food-waste-prevention-and-valorisation-relevant-eu-policy-areas
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Voedselverspilling%20via%20Huishoudelijk%20afval%202016_sorteeranalyse%20(CREMWM).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Voedselverspilling%20via%20Huishoudelijk%20afval%202016_sorteeranalyse%20(CREMWM).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Voedselverspilling%20via%20Huishoudelijk%20afval%202016_sorteeranalyse%20(CREMWM).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Voedselverspilling%20via%20Huishoudelijk%20afval%202016_sorteeranalyse%20(CREMWM).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/GfK_Voedingscentrum_Rapportage%20Voedselverspilling%202-meting%202015%20(PDF).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/GfK_Voedingscentrum_Rapportage%20Voedselverspilling%202-meting%202015%20(PDF).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/GfK_Voedingscentrum_Rapportage%20Voedselverspilling%202-meting%202015%20(PDF).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/GfK_Voedingscentrum_Rapportage%20Voedselverspilling%202-meting%202015%20(PDF).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Rapportage%20Voedselverspilling%203-meting%202017%20%20definitief%20(GfK).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Rapportage%20Voedselverspilling%203-meting%202017%20%20definitief%20(GfK).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Rapportage%20Voedselverspilling%203-meting%202017%20%20definitief%20(GfK).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202017/Rapportage%20Voedselverspilling%203-meting%202017%20%20definitief%20(GfK).pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Rapportage%20voedselverspilling%20trendmeting%20-%20juni%202019.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Rapportage%20voedselverspilling%20trendmeting%20-%20juni%202019.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Rapportage%20voedselverspilling%20trendmeting%20-%20juni%202019.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Rapportage%20voedselverspilling%20trendmeting%20-%20juni%202019.pdf
https://www.rijksoverheid.nl/documenten/rapporten/2014/01/13/bepaling-voedselverliezen-in-huishoudelijk-afval-in-nederland-vervolgmeting-2013
https://www.rijksoverheid.nl/documenten/rapporten/2014/01/13/bepaling-voedselverliezen-in-huishoudelijk-afval-in-nederland-vervolgmeting-2013
https://www.rijksoverheid.nl/documenten/rapporten/2014/01/13/bepaling-voedselverliezen-in-huishoudelijk-afval-in-nederland-vervolgmeting-2013
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20--%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20--%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20--%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20--%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/Voedselverspilling%20in%20fijn%20huishoudelijk%20restafval%20en%20GFT-afval%20-%202019%20--%20CREM%20Waste%20Management.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Schijf%20van%20Vijf/Voedingscentrum%20Richtlijnen%20Schijf%20van%20Vijf%202016%204.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Schijf%20van%20Vijf/Voedingscentrum%20Richtlijnen%20Schijf%20van%20Vijf%202016%204.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Schijf%20van%20Vijf/Voedingscentrum%20Richtlijnen%20Schijf%20van%20Vijf%202016%204.pdf
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Schijf%20van%20Vijf/Voedingscentrum%20Richtlijnen%20Schijf%20van%20Vijf%202016%204.pdf
https://doi.org/10.1016/j.foodres.2014.09.007
https://www.barilla.com/faq?p=measuring
https://www.barilla.com/faq?p=measuring
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/VOEDSE${sim }$2.PDF
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/VOEDSE${sim }$2.PDF
https://www.voedingscentrum.nl/Assets/Uploads/voedingscentrum/Documents/Professionals/Pers/Persmappen/Verspilling%202019/VOEDSE${sim }$2.PDF
www.eu-fusions.org/phocadownload/Publications/Food%20waste%20quantification%20manual%20to%20monitor%20food%20waste%20amounts%20and%20progression.pdf
www.eu-fusions.org/phocadownload/Publications/Food%20waste%20quantification%20manual%20to%20monitor%20food%20waste%20amounts%20and%20progression.pdf
www.eu-fusions.org/phocadownload/Publications/Food%20waste%20quantification%20manual%20to%20monitor%20food%20waste%20amounts%20and%20progression.pdf
www.eu-fusions.org/phocadownload/Publications/Food%20waste%20quantification%20manual%20to%20monitor%20food%20waste%20amounts%20and%20progression.pdf
https://www.ec.europa.eu/environment/enveco/economics_policy/pdf/Behaviour%20Policy%20Brief.pdf
https://www.ec.europa.eu/environment/enveco/economics_policy/pdf/Behaviour%20Policy%20Brief.pdf
https://www.ec.europa.eu/environment/enveco/economics_policy/pdf/Behaviour%20Policy%20Brief.pdf
https://doi.org/10.1016/j.resconrec.2013.12.005
https://doi.org/10.1016/j.appet.2016.03.017
https://doi.org/10.1111/1464-0597.00092
https://doi.org/10.1016/j.appet.2015.08.025
https://doi.org/10.1177/0013916511402673
https://doi.org/10.1016/j.econlet.2013.03.019
https://doi.org/10.1086/684287
www.foodafactoflife.org.uk
https://fns-prod.azureedge.net/sites/default/files/nutrition_insights_uploads/insight11.pdf
https://fns-prod.azureedge.net/sites/default/files/nutrition_insights_uploads/insight11.pdf
https://www.pasta-unafpa.org/test.HTM
https://doi.org/10.1016/j.tifs.2017.07.009
https://www.eu-refresh.org/guidance-evaluating-interventions-preventing-household-food-waste
https://www.eu-refresh.org/guidance-evaluating-interventions-preventing-household-food-waste
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Development and Evaluation of the Eetmaatje Measuring Cup for Rice and Pasta as an Intervention to Reduce Food Waste
	Introduction
	The Problem of Waste
	Food Waste by Consumers
	Possible Interventions
	Aim

	Methods
	Results
	Development of the Measuring Cup
	Setting the Portion Size
	Water Absorption and Volume Ratios
	Cup Design and Testing

	Theoretical Reduction of Rice and Pasta Waste
	Measuring Portions Before the Introduction of the Cup
	Evaluation With Consumer Panels
	Measuring Actual Household Food Waste

	Discussion
	Ability to Change Behavior
	Portions in Other Countries
	Possible Improvements

	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


