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Abstract: Among the common methods of quantifying household food waste, direct measurement is
regarded as infeasible due to its prohibitive costs, and self-assessment methods tend to underestimate
the actual values. This paper aims to propose a methodological approach to reach a compromise
between feasibility and accuracy. Bread was studied, since it is a relatable example. The self-
assessment method was used to survey 419 households in Shiraz, Iran, during 2019 to estimate
household bread waste (BW) and to identify waste-causing consumption recipes (WCCR). These
WCCRs were replicated in the lab, and the resulting BW was measured. The underestimation in the
self-assessment method was revealed by comparing the survey results with the lab measurements.
The underestimation ratio (UR) ranged between 1.24 and 1.80. The pattern of difference between these
four bread types was similar among the survey and lab data. In conclusion, the lab measurements
may estimate BW caused by the WCCRs more accurately. This suggests that URs can be applied to
correct the underestimation in self-assessment surveys. Such an approach could provide the basis for
further research on the development of cost-effective methods to quantify waste across a variety of
food commodities.

Keywords: quantification methodology; bread waste; subjective assessment; food waste and loss;
food waste evaluation; food waste measurement; household food waste

1. Introduction

In recent years, increased attention has been paid to food loss and waste (FLW) at
national and international levels [1–4]. The United Nations’ (UN) Sustainable Development
Goal 12.3 requires all nations to cut their food waste at consumer level by half by 2030 and
to mitigate food loss along production and supply chains [5]. Several countries passed
laws and adopted plans aiming at FLW reduction. In Germany, for example, the Federal
Ministry for Food and Agriculture [6] adopted a national strategy for the reduction of food
waste, starting in 2019. Japan’s parliament even passed a law in 2019 for reducing FLW [7].

However, the success of such plans is highly dependent on thorough monitoring
and evaluation of their progress. For this purpose, valid and reliable data on FLW play
a crucial role, and quantifying FLW is a necessary prerequisite [8]. The availability of
up-to-date primary comparable data on FLW remains a serious challenge [9]. The reason
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might be embedded in the lack of standard measuring methods or inhomogeneity in FLW
definitions and recognitions [8,10]. In a systematic review, van der Werf and Gilliland [11]
found high variability in FLW estimations (95.6–300.0 kg/capita/yr). They argued that, in
addition to geographical factors, methodological and definitional differences could cause
the high variation.

According to the report on Global Food Losses and Food Waste published by the
Food and Agriculture Organization of the United Nations [12], food loss refers to food’s
quantitative deduction from farms to market (pre-consumption stages), whereas food waste
alludes to discarding food at retail and consumer levels (consumption stages). Hereafter,
the terms “food loss” and “food waste” are used in conformation with these definitions.

Compared to food waste estimation, quantifying food loss seems to be less com-
plex, with the use of food balance sheets [13] and analysis of the mass flow of certain
food commodities at production, storage, transportation, processing, and distribution
stages [12,14,15]. Expectedly, gaining access to robust data on food loss is easier in coun-
tries with well-developed food supply chains and transparent inventory [16]. For example,
in the European Union (EU), the food traceability law, Article 18 of Regulation 178/2002,
requires the member states to maintain precise records of food and feed products “at all
stages of production, processing, and distribution” [17]. This law can facilitate the material
flow analysis to quantify FLW throughout the food supply chains. To quantify potato
loss in Switzerland, Willersinn et al. [2] first used secondary data from the governmental
and institutional sources, then surveyed producers and stakeholders along the different
segments of the supply chain to cover the missing data.

However, regarding food waste, establishing proper quantification methods to gain
more precise estimations remains essential, especially considering the high contribution
of consumption stages to the total FLW, which is approximately 6–20% in developing
countries and 26–40% in developed countries [12]. Aside from the methods used to
estimate waste in foodservice sectors that bear low ambiguity [18,19], limitations and
complexity of household food waste estimation methods seem to remain crucial [2,16].
Therefore, food waste quantification at household level has become a central issue [16].

In spite of the attempts to establish one standard method for food waste estimation
in households, such as the efforts within the FUSION [20] and REFRESH [21] projects,
researchers still implement various approaches depending on data availability, context,
and settings of their studies. Both of the projects mentioned aimed to develop unified
definitional frameworks and standard quantification methods for FLW. However, these
projects belong to the EU and focused on the food waste issue in the EU. Although the
applicability of the methods developed within these projects was satisfactory for some
European studies [8,22], implementation of such methods might be challenging in some
non-European countries where sufficient research budgets are scarce, e.g., in developing
countries. In general, the food waste data gap in developing countries is wider compared
to high-income countries [16]. The reason might be that food waste quantification methods,
especially for identifying domestic food waste, are costly. Therefore, in order to fill the
data gap, it is critical to develop methodologies that are both accurate and affordable
particularly in low-income countries [16,23,24].

Elimelech et al. [24] categorized previous methodologies of food waste evaluation for
households into two approaches: (1) objective or “food waste direct measurement” that is
based on physical analysis of domestic food waste and (2) subjective or “self-assessment”
that includes using consumer diaries or recall questionnaires. Both of these approaches
have limitations and advantages. Although direct measurements may yield more precise
numbers [25], they are expensive and challenging to carry out [24]. In many study set-
tings [26], it is difficult to achieve large enough sample sizes using direct measurement
methods, due to the high costs and efforts involved. Although self-assessments may be
more convenient to obtain larger sample sizes and cover more population segments, they
bear high uncertainty and subjectivity [16,23,25,27], and so implementing them might be
unjustified [24,26]. Few researchers have tried to increase the reliability of household food
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waste data by implementing hybrid methods consisting of both direct measurement and
self-assessment surveys [24,26]. Elimelech et al. [24] compared objective and subjective
methods by conducting food waste physical direct measurement and food expenditure
survey as the objective methods and questionnaire survey as the subjective method simul-
taneously. Moreover, Quested et al. [26] compared direct measurement and food waste
diary. Both of these studies concluded that direct measurement is more accurate than
self-assessment. However, considering the impracticality of direct measurement in many
contexts, improving self-assessment surveys seems to be more relevant.

The major flaw in self-assessment methods is considered to be
underestimation [20,23,24,28–30]. The studies that implement diaries mostly understate
the amount of waste [23,28,29], because respondents are more mindful about the mat-
ter [20,26,28]. Underestimation also occurs in the surveys using recall questionnaires, due
to difficulty in remembering the waste amount or even lack of awareness regarding waste
occurrence [30]. Some respondents’ lack of honesty and openness can also explain the
inaccuracy in the results of both diary and questionnaire surveys [20].

Although previous self-assessment studies might have failed to provide accurate
estimations of food waste amounts at household level [16], a considerable amount of
literature has successfully identified the reasons behind food wastage at the household
level [2,31–35]. These reasons can include attitudes to food shopping, storage manage-
ment [34,35], personal preferences [36], beliefs, lifestyle, waste awareness, and perhaps, a
particularly crucial point is food preparation/consumption methods [2,31–33], henceforth
referred to as “consumption recipe” (CR).

Certain CRs could lead to avoidable food wastage due to the discarding of edible
parts of food [37]. An example of such CRs is the consumption of citrus fruits as juice, or
only pomace, or even pomace and zest, which generates various amounts of avoidable
food waste [38]. Another example is that some athletes discard egg yolk before consump-
tion [39]. More examples could be obtained in different geographical and cultural contexts,
most of which could be replicated in a lab with possible practicality of measuring the
resulting waste.

The goal of this paper is to propose a new methodological approach to reach a
compromise between accuracy and feasibility by increasing the validity of self-assessment
survey data while considering executive costs and complications. Accordingly, the study
aimed to examine the feasibility of measuring avoidable food waste resulting from waste-
causing CRs (WCCR) in the lab and to discuss the possibility of using the lab results to
correct the underestimation of self-assessment surveys. The research focused on identifying
the WCCRs that contribute to avoidable food waste that is measurable in a lab.

As previously mentioned, most studies on FLW have been conducted in developed
countries [16]. Therefore, as a developing country with a dynamic young population and
a transitional agri-food system, Iran was chosen as the target region. Bread was used as
an example to test the method. The reason for choosing this food commodity lies in its
importance as the main staple food in Iranian culture and cuisine [40]. Choosing bread
facilitated reaching a relatively large number of households who could easily relate to
the study’s topic. Shiraz was chosen as the target location, as it is the capital of the major
wheat-producing province, Fars. Shiraz is also the fifth most populated city in the country,
with about 1.87 million inhabitants [41], which provided favorable possibilities to conduct
this study in an urban setting. The main focus of this study was solely on the methodology
of household food waste measurement. The discussion of bread waste (BW) amount falls
outside of the scope of this paper and will be provided in a separate article.

2. Materials and Methods
2.1. Overview

This section provides information on how the questionnaire survey and the lab mea-
surements were conducted. Moreover, the statistical analysis methodology used to compare
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the survey outcome with the lab results is described. The final part of this section outlines
the underestimation ratio (UR) calculation.

2.2. The Questionnaire Survey

A face-to-face questionnaire survey was conducted from December 2018 to August
2019 in Shiraz, Iran. A total of 419 households were studied. Each household was defined
as one sampling unit, referring to a group of two or more individuals living in one house
and sharing food and its costs. The study was carried out in conformity with the Dec-
laration of Helsinki. The survey protocol was certified by the Ethical Committee of the
Shiraz University of Medical Sciences, with the code IR.SUMS.REC.1397.595. In all cases,
participants’ written consent was obtained before the onset of interviews.

The sample size was calculated based on the total number of households living in
Shiraz and according to the following equation [42], while adding about a 10% buffer.

n =
NZ2P(1 − P)

(N − 1)E2 + Z2P(1 − P)
= 384,

where n identifies the sample size;

N is the population (households in Shiraz = 477,916 [41]);
Z denotes the Z score based on the level of confidence (for a level of confidence of 95%,
Z = 1.96);
P stands for the expected prevalence or proportion (assumed to be 50%);
E is an abbreviation for the margin of error (assumed to be 5%).

Final sample size = n + ~10% = 419

In order to achieve homogeneity in the geographical distribution of samples, the
households were selected based on a three-stage selection approach consisting of, firstly,
stratified sampling, secondly, cluster sampling, and finally, systematic sampling.

Data were gathered using a researcher-made questionnaire. In order to evaluate the
respondents’ comprehension of the questions, the questionnaire was tested beforehand
by interviewing 22 samples outside of the study population. The questionnaire included
questions regarding bread purchase, wastage, and CRs of the households. The person
responsible for food preparation and management in the household was interviewed.

The bread types included in this study were baguette, burger bun (hereafter referred
to as bun), a baguette-like 20-cm bread locally known as sandwich bread, and a traditional
Iranian flatbread called sangak. Each bread type was available in two categories at the food
market in Shiraz, namely traditionally baked and machine-made for sangak, and fresh
and packaged for the others. Packaged bread was defined as factory-produced bread with
plastic packing and expiry date. For the sake of simplicity, each category of a bread type is
referred to as bread item (e.g., fresh baguette). Further specifications of the studied bread
can be found in Iranian National Standards Organization (INSO) [43,44] and Karizaki [40].

The respondents were asked to provide an estimation of the number of bread pieces
usually purchased when typically shopping for the household, as well as the amount
of waste of the same purchase, using specific portion sizes, namely a 7-cm piece for
baguette and sandwich; half a piece for bun; and one palm as a scale for sangak. The
definition of waste was explained to the respondents as parts of bread not used for human
consumption. This means stale bread used for cooking was not considered as waste, but
bread which was disposed of with household garbage or fed to animals was accounted
for as waste. The reported purchased bread pieces and the respective waste amount
values were converted to gram using the locally validated domestic guideline for food
measures [45]. The waste was calculated based on the mass relation of the wasted amount
compared to the purchased amount, expressed in percent. In addition, the respondents
were asked to describe the CRs they apply for each bread item. A hypothetical example is
given below for further clarification.
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Interviewer: How many pieces of baguette would you typically purchase for the household
without considering special occasions?

Respondent: Two pieces.

Interviewer: How much of these two pieces would be normally wasted in your house?
Please express your estimation using a 7-cm baguette piece as an index.

Respondent: Normally two 7-cm pieces would be wasted.

Interviewer: How do you consume baguette? Do you consume the bread as a whole or do
you discard some parts before consumption?

Respondent: We normally discard the inner crumb before consumption.

In the given example, the amount of purchased baguette and the waste amount would
have been calculated to be 310 and 70 g, respectively, given that a complete baguette piece
weighs 155 g and each 7-cm piece is 35 g [45]. Accordingly, the baguette waste amount for
this hypothetical household would be 22.6%. Moreover, inner crumb discarding would be
identified as the WCCR for this household. Similar questions were also asked regarding
the other bread types. In cases where the response did not conform to the validated portion
sizes, a nutritionist converted the answers to gram using dietary assessment exchange lists.
If the response was too subjective and conversion was not possible, the case was excluded
from the analysis.

2.3. Lab Measurement

The WCCRs were identified using the survey outcome. Measuring the waste amount
resulting from the WCCRs was carried out as follows: bread pieces were acquired from
randomly selected bakeries and supermarkets in Shiraz, and the WCCRs for all bread types
(except sangak) were replicated with the help of 10 randomly chosen untrained panelists.
The bread pieces were weighted first intact—total mass of the whole bread—and then after
replicating the WCCR and without the discarded parts, using a lab scale with an accuracy
of two decimals. The difference indicating the waste was expressed as a percentage of
the total mass. Sangak sampling and recipe replication were treated differently, because
sangak’s WCCR is associated with bread quality. Further information about the WCCRs is
provided in the results section.

A random selection of a total of 39 sangak pieces (three pieces per shop) was purchased
from five traditional sangak bakeries and eight machine-made bakeries in Shiraz. Dough
that was not adequately baked was removed from the perimeter of each sangak bread
piece. For the other three bread types, 30 bread pieces of each bread item were randomly
purchased from different bakeries and supermarkets and then pooled. Packaged baguette
was not available at the time of the lab study due to seasonal scarcity. Ten randomly
selected untrained panelists were asked to apply the WCCRs. Each panelist was given
three bread pieces from each pool. This meant that each panelist applied WCCRs on three
pieces of each bread item.

2.4. Statistical Analysis

The software used to analyze the data was SPSS Version 25 [46]. One-way ANOVA
and Tukey’s post-hoc tests were conducted to compare the waste percentage mean of
the four bread types from the same data source (i.e., lab measurement and questionnaire
survey). A nominal p-value of 0.05 or lower was considered statistically significant.

The two-sample t-test was applied to compare the survey data with the lab measure-
ment results, assuming unequal variances. Finally, the URs were calculated as the quotient
of the mean values for waste amount measured in the lab and the mean values of the waste
amount reported in the survey.

With the use of boxplots, all observations were thoroughly checked for outliers. Cases
with a value of three interquartile range (IQR) or higher were recognized as extreme outliers,
whereas values more than 1.5 and less than 3 IQR were identified as normal outliers [47]. No
outlier was detected among the lab measurement data. However, in the survey datasets, one
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extreme outlier was found for sangak and baguette. The extreme outliers were excluded for
the comparison with lab measurement results, because after referring to the questionnaires,
it was revealed that these extreme outliers were the households that reportedly throw away,
not only parts of the bread but also the whole bread, because if it is stale it is considered
inedible. Such samples could not be used to represent the waste caused by WCCRs. Normal
outliers remained in the data. The test was also run without the normal outliers for extra
assurance, which did not change the significance in any of the comparisons. The extreme
outliers were not excluded from the data used for presenting the total waste in the survey,
because extreme high wastage due to the disposal of whole bread can be considered
legitimate and must be included in the analysis.

3. Results
3.1. Overview

In this section the questionnaire survey outcomes are presented, followed by the
results of the comparison between the survey and the lab measurement data.

3.2. Wheat BW of the Households

Based on the 873 responses from the 419 respondents to the question on the waste
amount, the total wheat BW was estimated at 3.64% with a standard deviation (SD) of
6.83%, regardless of type and category. Table 1 shows the mean percentage values for BW,
classified on the basis of bread type and category. It is apparent from this table that similar
waste proportions were noted in the same categories of baguette, bun, and sandwich, while
sangak reportedly had lower numbers. The Tukey test revealed significant differences
between sangak waste and any other bread type from the same category (p-value < 0.001),
while no significant difference was found among the other three bread types within the
same category.

Table 1. Mass-percentage mean (standard deviation) of total waste for different bread items.

Bread Category Baguette Bun Sandwich Sangak 1

Fresh 5.58 [7.85] 4.09 [5.97] 4.65 [8.64] 1.86 [5.15]
Packaged 6.07 [6.34] 7.91 [8.06] 8.42 [9.15] 2.65 [5.76]

Total 5.72 [7.43] 5.17 [6.80] 5.47 [8.86] 2.24 [5.46]
1 For sangak, the categories are traditionally backed and machine-made, instead of fresh and packaged, respectively.

3.3. Bread Purchasing Habits and the Ability to Recall Waste Amount and CRs

The questionnaire survey revealed that not all of the studied households typically pur-
chase all eight bread items. Moreover, not all of the respondents of those households that
purchase certain bread types were able to recall the waste amount or CRs. Table 2 shows
the typical wheat bread purchasing habits in the households as well as the respondents’
ability to recall the waste amount and CRs. Overall, the respondents had less difficulty in
remembering CRs than the waste amount, except in the case of sangak. A high rate of re-
spondents of the households who typically purchase sangak (95.1% for traditionally baked
and 98.8% for machine-made) were able to recall the waste amount, while this number
ranged from 53.2% to 66.4% for fresh bun and fresh baguette, respectively. Contrarily, the
ability to recall the CR was high for all bread items ranging from 91.5% to 93.5%. A small
number of interviewees could recall the waste amount but were unable to recollect the CRs.
Generally, the tendency towards purchasing fresh bread seems to be higher in comparison
to packaged bread. Sangak seemed to be the most popular bread type among the bread
types in this study, while bun was found to be the least popular.
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Table 2. Number (frequency) of households presented based on their typical bread purchase habits, and the respondents’
ability to recall waste amount and CR.

Attitudes to Bread Purchasing and
Consumption

Baguette Bun Sandwich Sangak
f p f p f p t m

Typically purchasing the bread item 134
[32.0%]

54
[12.9%]

124
[29.6%]

43
[10.3%]

211
[50.4%]

59
[14.1%]

267
[63.7%]

245
[58.5%]

Able to recall the waste amount 89
[21.2%]

35
[8.4%]

66
[15.8%]

26
[6.2%]

126
[30.1%]

35
[8.4%]

254
[60.6%]

242
[57.8%]

Able to recall the CR 123
[29.4%]

50
[11.9%]

116
[27.7%]

40
[9.5%]

197
[47.0%]

54
[12.9%]

249
[59.4%]

229
[54.7%]

Able to recall the waste amount but not
the CR

5
[1.2%]

2
[0.5%]

6
[1.4%]

2
[0.5%]

6
[1.4%]

3
[0.7%]

14
[3.3%]

16
[3.8%]

CR = Consumption recipes; f = fresh, p = packaged, t = traditionally baked, m = machine-made.

3.4. CRs

In response to the question “how do you normally consume bread in your household?”,
three major responses were elicited: (1) consuming bread as a whole, (2) consuming bread
after discarding the crumb (unbaked perimeter discarded in the case of sangak), and (3)
unable to recall the CR. Crumb discard refers to removing the spongy inner texture of
bread after cutting the longitudinal section of a bread piece such as baguette. Unbaked
perimeter discard occurs when a consumer disposes unbaked or semi-baked dough from
the outer perimeter of a flatbread piece such as sangak. However, consuming bread as a
whole does not imply that consumers do not discard parts or the whole pieces of bread.
The consumers who reported this CR might still throw away stale bread, non-specific parts,
or leftovers, hence contributing to the waste percentages previously reported (see Table 1).

Figure 1 illustrates the frequency of the major CRs for the eight bread items among the
surveyed households. Overall, the majority of the study population discarded the crumb
before consuming baguette, bun, and sandwich bread, whereas most of the sangak con-
suming households reported that they consume this bread as a whole. Packaged baguette
had the highest share of crumb discard (67%), whereas at least half of the households who
consume other bread items (with the exception of sangak) also discard the crumb. In more
than 80% of the households, there was a tendency to consume sangak without discarding
any specific parts. Only a small share of respondents was unable to recollect the CRs, as
previously indicated differently in Table 2.
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3.5. Survey and Lab Measurement Data Comparison

Discarding unbaked perimeter from sangak and discarding crumb from the other
three bread types were identified as the main WCCRs that were to be replicated in the lab
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based on the methodology described in Section 2.3. Table 3 presents the mean percentage
values of BW directly measured in the lab as well as the waste calculated based on the
responses from the households in which the typical WCCR was unbaked perimeter discard
for sangak and/or crumb discard for the others.

Table 3. Comparison between survey and lab measurement waste percentage obtained from the data on discarding bread
crumb (unbaked perimeter for sangak).

Bread Types Lab Measurement Household Survey Sig.
(2-Tailed) URn Mean [SD] n Mean [SD]

Baguette 30 11.28 [3.62] 45 9.12 [5.29] 0.039 1.24
Bun 56 17.51 [4.60] 26 11.06 [5.41] 0.000 1.58

Sandwich 60 18.51 [5.81] 44 12.65 [8.77] 0.000 1.46
Sangak 20 8.67 [4.43] 50 4.81 [4.63] 0.002 1.80

Moreover, Table 3 indicates the results of two-sample t-tests conducted to compare the
waste of the same bread type measured in the lab and estimated in the survey. Additionally,
this table lists the UR for each bread type, indicating the ratio of measured waste values
measured in the lab to the waste values reported in the survey. The two-sample t-test
revealed that the waste estimated based on the survey results was significantly lower than
the waste measured in the lab for all bread types. The mean values calculated using the
lab measurement data were 1.24–1.80 times higher than those estimated according to the
questionnaires, which is another way of explaining what the UR represents.

A closer inspection of the results revealed a similar difference pattern among the mean
percentage values for the waste of different bread types of the same data source. Figure 2
visualizes the difference patterns between the different bread types among the lab and the
survey data. Looking at the lab measurement bar graph, it is clear that sandwich was the
highest, closely followed by bun and baguette, while sangak has the lowest mean value.
Similar pattern can be seen in the survey results. However, in the lab dataset, the waste
values for bun and sandwich waste values were significantly higher compared to baguette
and sangak. Additionally, analyzing the questionnaire survey waste data did not show
any significant difference between sandwich, bun, and baguette, while sangak waste was
significantly lower compared to the other three bread types.
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Figure 2. Graphical representation of the waste percentage means for different bread types: (a) illustrates the waste
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bread types measured in the lab. Different letters on top of bars with the same color indicate a significant difference within
each graph at an alpha level of 0.05 according to Tukey’s post-hoc test.
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4. Discussion

The inconsistency in the available data on household food waste is associated with the
lack of standard quantification methods [48]. As explained in Section 1, among food waste
quantification methods at household level, the implementation of objective approaches
(physical measurement) might seem unjustified in large-scale settings due to their high cost
and labor requirements [16,49]. On the other hand, the validity and accuracy of subjective
methods (self-assessment) are uncertain, although their implementation may be more
convenient [24].

Generally, in the self-assessment approach, the accuracy of the respondents’ waste
estimates is still questionable [28,30]. Nonetheless, Elimelech et al. [24] argued based on
Galton’s “the wisdom of the crowd” [50] that although individuals might underestimate
food waste, the overall outcome could be “quite good”. However, they also made clear that
using self-assessment methods to evaluate household food waste cannot be justified due
to underestimation. Elimelech et al. [24], along with other researchers, proposed further
investigations for improving such methods [26,30,51]. The fact that self-assessment surveys
highly depend on the respondents’ ability to recall the amount of food waste undermines
the accuracy of their outcome [16]. However, although recalling the waste amount is
challenging for the respondents, they might remember the CRs of certain food commodities
more simply.

As one of the study objectives was to identify the WCCRs that may lead to discarding
parts of bread, the focus of this study was on the respondents’ ability to recall not only
the waste amount but also the CRs. The results unveiled that the number of respondents
who were able to recall the recipes were more than those able to recall the waste amount.
Meanwhile, a small number of respondents were able to recall waste but not the recipe.
This means respondents could remember the CRs easier than the waste amount. These
findings are in good agreement with the work of Richter and Bokelmann [52], who found
the self-assessment approach suitable for recollecting precise food waste behavior data.
These results are also broadly consistent with the argumentation in Section 1 [2,31–33].
That behavioral information is easier to remember compared to the food waste amount
could be explained by the differences in the individuals’ ability to recollect data of different
natures [53]. Dex [53] explained that people’s ability to remember qualitative information
is higher than their ability to recall information of quantitative nature.

As described in Section 1, different factors are associated with food wastage in house-
holds, with CR being an important one [2,31–33]. Therefore, in this study, the major CRs
which could lead to discarding parts of bread pieces and consequently bread wastage
were identified as WCCRs. The results showed that the major WCCRs among Shirazi
households were discarding the inner crumb of baguette, bun, and sandwich bread, and
discarding the unbaked perimeter of sangak. It is unclear why some consumers in Shiraz
discard the inner crumb of bread. To the best of our knowledge, no scientific research has
addressed this matter. However, it can be speculated that consumers discard the crumb
due to cultural reasons, or low bread quality and palatability.

The households were grouped based on their CR, and the BW mean was calculated
for the households in which the WCCRs were implemented. Predictably, the mean waste
values caused by the WCCRs were higher than the overall calculated waste. All households
may waste bread due to storage or purchasing mismanagement [2,31–33]. However, those
households with the habit of discarding parts of bread contribute to more waste than the
households that usually consume the bread as a whole. The main purpose of this study is
to examine the possibility of measuring the waste resulted from the WCCRs. Therefore, we
attempted to replicate the WCCRs in the lab and directly measure the waste amount.

The lab measurement results were significantly higher than the self-assessment estima-
tions. This concurs well with previous studies that made comparisons between objective
and subjective methods [23,24,26]. By “comparing diaries and waste compositional anal-
ysis” in a study on household waste of all food groups, Quested et al. [26] found the
underestimation in the self-assessment method to be between 7% and 40% (URs of 1.08
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to 1.67). Meanwhile, the URs in the present study ranged between 1.24 and 1.80. The
concurrence of our results with the work of Quested et al. [26] could suggest that the
objective measurement (lab measurement) used in the study resulted in more realistic
estimations compared to the subjective method (survey).

Moreover, looking at the differences between the four bread types, it is clear that the
difference pattern among BW mean values is similar in survey data and lab outcome. In
the survey, sangak was found to have the least waste amount compared to the other three
bread types. Lab measurement yielded similar results. This confirms previous findings
by Irani and Yazdi-Samadi [54]. The lower waste of sangak can be explained by the fact
that most of the households consume this bread type as a whole. Further examinations
revealed a similar difference pattern among the survey results and the lab outcomes. In
both datasets, sangak had the lowest waste, followed, respectively, by baguette, bun, and
sandwich. Assuming the underestimation to be the only factor manipulating the survey
results, it could be expected that the real BW mean values should have had the same
difference pattern among them, but higher. Therefore, the rational assumption is that the
real values are closer to the ones measured in the lab. This may provide additional support
for the reliability of the lab measurement results in the present study.

An option for improving the subjective methods might be using URs to correct the
underestimation in self-assessment data. Using under/overestimation ratios for correct-
ing data is a well-known approach in data analysis. For example, in nutritional stud-
ies, under/over-reporting commonly occurs in recall-based dietary energy intake assess-
ments [55–57]. Adjusting these data flaws by means of under/overestimation factors is
a well-established method in nutritional sciences [58]. Similarly, using a UR as a tool for
correcting the underreporting in household waste self-assessment data might provide a
more realistic evaluation. For instance, the UR for bun was 1.58, while the overall waste
for this bread—without taking the CRs into account—was estimated to be 5.17% based on
the survey. Inflating this number by the factor of 1.58 results in a BW mean of 8.17%. The
inflated value is more in agreement with the 13% BW reported by Edjabou et al. [59], who
directly measured food waste mass in Danish households.

Based on the approach implemented by Xue et al. [16], we created Table 4 to present
the strengths and weaknesses of the methods used for quantifying household food waste in
contrast to a hybrid method that consists of self-assessment and lab measurement. As can
be seen, the direct measurement method yields the most accurate results. However, this
method could be irrelevant in many contexts, because it is cost- and labor-intensive [26].
Implementing a self-assessment method is more feasible, but it does not generate accurate
results [24]. Based on our experience, replicating WCCRs and measuring the waste is
feasible, and it can help to increase the accuracy of the self-assessment method. Both direct
measurement and lab measurement are highly objective. Considering the uncertainty
of self-assessment and the need to use objective and subjective hybrid methods [24],
implementing a method similar to the one used in this study as an objective method would
be a better alternative when compared with the costly method of direct measurement.

Table 4. Description of strengths and weaknesses of the methods used for household food waste quan-
tification.

Method Cost Accuracy Feasibility Objectivity

Direct measurement ••• ••• • •••
SA survey • • ••• •

SA survey and lab
measurement hybrid •• •• ••• ••

Cost refers to both monetary and labor costs; SA = Self-assessment; • = Low; •• = Medium, ••• = High.

Accordingly, the description of the method that this paper proposes can be discussed
as follows:
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1. WCCR identification: The first step is to identify a particular food commodity with
WCCR. The necessary information for this purpose could be captured by carrying out
a pilot survey by means of a qualitative questionnaire. The criteria for identifying the
WCCR are (a) a certain level of familiarity with the chosen food commodity has to exist
among the target consumers (e.g., the food commodity is commonly consumed by the
majority of the understudy households); (b) the WCCR has to be replicable and should
commonly exist among the target consumers. For instance, bread in the context of the
present study was commonly consumed among the surveyed households. Moreover,
most of the consumers in Shiraz were familiar with the WCCR (e.g., discarding the
inner crumb of baguette), which was also replicable in a lab. The main characteristic
of the chosen WCCR could be that it contributes to avoidable food waste. Ideally,
more than one food commodity with WCCR should be found among a population,
which would help to ensure the calculation of a more reliable UR. We recommend
choosing food commodities that are not too culturally potent. BW values in the present
study were too low, which made data analysis challenging. The low values might be
due to the fact that according to many Iranian people’s beliefs, bread is considered
sacred in their culture, and wasting it is stigmatized [40]. Moreover, consumers’
perception of edible and inedible food, and thus of avoidable and unavoidable waste,
might vary among different populations with different cultural, ethnic, or religious
backgrounds [2,37,60]. For example, while potato peel might be considered as inedible
and hence unavoidable waste in some cultures [61], others find it nutritious [62].
Therefore, it is essential that the researchers familiarize themselves with the cultural
context of their target population.

2. Household survey: After identifying the food commodities with WCCRs, a survey
must be carried out to evaluate the household food waste using the self-assessment
methods (diary or recall questionnaires). However, additional questions on the CRs
of the food commodities identified in Step 1 are necessary to enable calculation of
the waste amount for the identified food items in the households that implement the
WCCRs, for example, “do you discard the inner crumb of baguette?”.

3. Food waste measurement in lab: The third step is to randomly acquire samples of the
food commodity identified in Step 1 and perform the WCCR. The replication of WCCR
in the lab should be carried out by an untrained panel to reduce bias. Subtracting
the mass of each food sample before WCCR execution from its mass after WCCR
execution reveals the waste amount.

4. Calculating the UR: In this step the surveyed households are grouped based on their
CRs for the food commodity identified in Step 1. The mean waste is calculated
separately for the group with WCCR being the typical consumption habit. The
underestimation factor can be calculated based on the following equation.

UR =
The waste amount measured in the lab

The waste amount obtained from the survey

If more than one food commodity is identified in Step 1, an average UR could be
calculated for all of them.

5. Self-assessment survey underestimation correction: Finally, making use of the calculated
UR, the survey waste results for all food items are inflated in order to correct the
underestimation caused by respondents’ underreporting.

Study Limitations and Future Research Directions

A major drawback of the work was that the panel was chosen outside of the survey
target population due to the research limitations. Therefore, finding correlations and
regressing the results of the survey and the lab measurement was not possible. On the
other hand, having paired data, as Elimelech et al. [24] had, allows the researcher to conduct
more critical analysis and hence gain more accurate results. Therefore, random selection of
panelists among the surveyed population can be recommended.
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In general, complementing the self-assessment approach with objective methods,
such as the one used in this study or direct measurement methods implemented by other
researchers [24,26], does not suffice to improve the results. The adoption of food waste
questionnaires in accordance with the context of the study is also necessary. One idea could
be establishing locally standardized portions sizes for different types of food to facilitate
responding to and analyzing questions. Referring back to nutritional science, locally
validated dietary intake assessment questionnaires such as food frequency questionnaire
(FFQ) provide the interviewees with multiple-choice options to select the portion size that
is closer to the estimated intake of particular food items (e.g., one palm for flatbread or
a matchbox for fresh cheese) [63]. This method has been well-established over time and
yields acceptable data. A similar approach can be found in food waste valuation studies
such as the European project REFRESH [21], in which particular portion sizes are defined
for each food group. However, the portion sizes seem to be too generic (e.g., only using
a serving spoon of potato or a slice of bread), and this may not be applicable in many
geographical and cultural contexts, especially in developing countries.

Another suggestion for improving the reliability of food waste data could be clarifying
the definitions of avoidable and unavoidable food waste [64] not only for the study objec-
tives, but also for the survey participants. While conducting any types of self-assessment
methods, whether it is a food waste diary or questionnaire survey, it is necessary to reach a
mutual understanding with the respondents regarding what is considered as waste. Mis-
understanding the food waste definition might result in high variance and low reliability
of data.

5. Conclusions

In conclusion, this paper proposes the augmentation of self-assessment food waste sur-
veys with lab measurements to obtain more reliable data on households’ food waste. Even
though the direct measurement might yield more accurate results, the hybrid approach
of self-assessment survey and lab measurement could achieve a compromise between
accuracy and feasibility. In general, although the present paper’s BW results may be
limited to specific geographical and cultural conditions, the methodological approach of
this study could be applicable in a variety of research settings. It is likely to find specific
CRs in different cultures, which may cause the wastage of certain food commodities. This
will allow the researchers to replicate the CRs, and precisely measure the causing waste
amount, which can be used to correct the underestimation in the results gained through
self-assessment methods. This approach could facilitate the attainment of an acceptable
sample size while adjusting the self-assessment method underestimation using the UR
calculated based on lab measurement. Thus, adjustment could lead to a deeper under-
standing of the actual situation with regard to food waste. The proposed hybrid approach
could be convenient for implementation in developing countries where research resources
are particularly scarce. The outcome of the present paper could contribute to filling the
household food waste data gap, which might be one major barrier in the obtainment of
effective strategies to achieve sustainable and responsible consumption patterns. However,
it is vital to test this approach in different settings and validate the methodology before
implementing it in large-scale studies. Further research is needed to examine the possible
ways to identify food commodities with WCCRs.
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