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Abstract

Background—*Food waste studies have been used for more than 40 years to assess nutrient
intake, dietary quality, menu performance, food acceptability, cost, and effectiveness of nutrition
education in the National School Lunch Program (NSLP).

Objective—Describe methods used to measure food waste and respective results in the NSLP
across time.

Methods—A systematic review using PubMed, Science Direct, Informaworld, and Institute of
Scientific Information Web of Knowledge was conducted using the following search terms: waste,
school lunch, plate waste, food waste, kitchen, half method, quarter method, weight, and
photography. Studies published through June 2015 were included. The systematic review followed
preferred reporting items for systematic reviews and meta-analyses recommendations.

Results—The final review included 53 articles. Food waste methodologies included in-person
visual estimation (n=11), digital photography (n=11), direct weighing (n=23), and a combination
of in-person visual estimation, digital photography, and/or direct weighing (n=8). A majority of
studies used a pre—post intervention or cross-sectional design. Fruits and vegetables were the most
researched dietary component on the lunch tray and yielded the greatest amount of waste across
studies.

Conclusions—Food waste is commonly assessed in the NSLP, but the methods are diverse and
reporting metrics are variable. Future research should focus on establishing more uniform metrics
to measure and report on food waste in the NSLP. Consistent food waste measurement methods
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will allow for better comparisons between studies. Such measures may facilitate better decision
making about NSLP practices, programs, and policies that influence student consumption patterns
across settings and interventions.

Keywords
Food waste; Plate waste; School lunch; Consumption; Diet

The National School Lunch Program (NSLP) serves more than 31 million children in more
than 100,000 schools each school day.12 The NSLP aims to offer balanced meals to
schoolchildren, provided at free or reduced costs for low-income populations and subsidized
by the federal government.2 The Healthy Hunger Free Kids Act of 2010 required updated
nutrition standards for schools based on the most recent Dietary Guidelines for Americans
and Institute of Medicine recommendations.3 The requirements consist of five meal
components: fruits, vegetables, whole grains, low-fat dairy, protein, and sodium content in a
specified range. The serving size and caloric limits for each meal for children enrolled in
grades kindergarten through 12 are based on age group. A lunch provided to a student must
consist of three out of the five components offered to be considered a reimbursable meal,
with one of the components being a fruit or vegetable.3

The NSLP setting provides an important opportunity for researchers and practitioners to
study how much and what types of nutrients children consume and waste. The lunchroom is
experimental in nature because menus are designed (and can be changed) by local school
food authorities per national nutrition standards, food portions are standardized, and many
students dine in the cafeteria every school day. Study results with high external validity have
far reaching implications for the NSLP nationwide.

Since the 1970s,* researchers have used plate and food waste studies to observe nutrient
intake, dietary quality, menu performance, food acceptability, cost, and effectiveness of
nutrition education in the NSLP. Plate and food waste are used synonymously throughout
most of the school foods research literature and will herein be referred to as food waste.
Food waste studies measure the uneaten edible portion of food served to an individual.®
Food waste methodology can measure several important food and nutrition outcomes,®
including the amount of a specific nutrient available, consumed, and wasted, the types of
food groups most likely being eaten or thrown away, compliance with nutrition practices and
policies, the effect of nutrition education on food choice and consumption, acceptability of
menu items, and the influence of waste on an institution’s budget and on natural resources.
The resulting data can be used to drive important changes in practices, programs, and
policies in a school lunch program. In addition, in recent years, global and national food
waste campaigns have further amplified the importance of reducing food waste.’-8

The purpose of this systematic review was to provide a summary of the literature describing
the measurement and results of food waste studies in the NSLP across time.
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METHODS
Search Strategy

Articles included in this systematic literature review were extracted from PubMed, Science
Direct, Informaworld, and I1SI Web of Knowledge using the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) format published through June 2015.°
When testing key words, these databases yielded relevant articles. The authors tested
potential key words related to NSLP and food waste through mock searches to ensure that
the final list of terms captured relevant articles that met inclusion and exclusion criteria.
Keywords entered with Boolean operators included waste, school lunch, plate waste, food
waste, kitchen, half methoa, quarter methoa, weight, and photography. The following are
two search strategies used in Science Direct: waste OR “food waste” OR “plate waste” OR
“kitchen waste” AND school AND lunch; waste OR “food waste” OR “plate waste” AND
school AND lunch AND “quarter method” OR “half method” OR weight OR photography.
No limits or filters were used in the search. The search strategy was modified for individual
databases.

Study Selection

The main criterion for inclusion was the explicit use and description of a method to measure
food waste in the NSLP. Articles included were peer-reviewed, written in the English
language, and based on studies conducted in the United States covering the NSLP. Journal
articles that collected primary data were considered. Articles were excluded in cases where
they did not focus on the NSLP, were conducted outside of the United States, did not
measure food waste, or presented a review of literature. Meeting abstracts were excluded
due to limited information about methodology conducted. Cross-sectional, intervention,
quasiexperimental, randomized controlled trial, and mixed-methods study designs and
methods were considered.

Data Extraction

Two reviewers first evaluated articles by titles, abstracts, and key words. In cases where food
waste and kindergarten through 12th-grade schools were discussed in the title of an article,
abstract, or key words, the full article was reviewed to determine relevance. Titles and
abstracts that met the inclusion criteria were recorded for full text review. The references in
each article included were reviewed to determine whether any other additional studies were
relevant, although no additional articles were found that were not already captured in the
search. The authors reviewed each article independently and met to determine inclusion or
exclusion; disagreements were resolved via discussion.

For each article included in the review, one coder collected and entered data into an
extraction template. Information recorded included: first author and year published, purpose,
study design and specific data collection method, school type, number of schools involved,
location of school, number of students, free and reduced NSLP eligibility, race/ethnicity,
grade level or age, dietary component measures, duration and frequency of the data
collected, food waste results, other relevant findings to food waste, and whether conducted
before or after implementation of the NSLP standards updated by the Healthy Hunger Free
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Kids Act of 2010. The categories for data extraction were determined based on factors that
may inform a researcher’s decision to select a particular food waste measurement method.
For example, it may be useful for researchers to understand the various ways results are
reported when using a particular method (ie, waste of nutrients, specific foods, or food
groups). The data collected, along with the publication, were reviewed by at least two
additional coders to ensure accuracy; all disagreements were resolved by discussing
inclusion and exclusion criteria to reach consensus.

Quality Appraisal of Individual Studies

RESULTS

Study quality was assessed using the Effective Public Health Policy Project (EPHPP)
Quality Assessment Tool.1% The EPHPP Quality Assessment Tool provides researchers with
criteria to evaluate studies on the basis of selection bias, study design, confounders, blinding,
data collection methods, withdraws and dropouts, intervention integrity, and analysis. Each
criteria is scored numerically according to provided guidelines by the EPHPP Quality
Assessment Tool as strong (score=1), moderate (score=2), or weak (score=3). Subsequently,
the entire article is rated as strong (no weak ratings), moderate (one weak rating), or weak
(two or more weak ratings).

This study was exempt from institutional review board review because there was no
interaction with human subjects.

A total of 10,892 articles were retrieved using the database search. After eliminating
duplicates and articles that did not meet inclusion criteria based on title and abstract
screening, 66 articles remained for content review. After reviewing the full articles, 13
studies were excluded due to the following reasons: four were conducted outside of the
United States; four did not involve the NSLP; three were in preschools; and two were
conference abstracts, not full articles (see the Figure).

The 53 studies included in this review used four major types of food waste measurement
methodologies: in-person visual estimation (n=11) (Table 1), digital photography (n=11)
(Table 2), direct weighing (n=23) (Table 3), and a combination of in-person visual
estimation, digital photography, and/or direct weighing (n=8) (Table 4). With regard to study
design and methods, most studies identified interventions with a pre—post or pre—post-
follow-up design (n=20) or cross-sectional (n=23), two were quasiexperimental, two were
mixed methods, one study was longitudinal, and five were randomized controlled trials.
Fourteen studies were rated as strong, 20 studies were rated as moderate, and 19 studies
were rated as weak according to the EPHPP Quality Assessment Tool. Studies labeled as
moderate were likely to have a weak rating for study design, whereas studies labeled as
weak were likely to have weak ratings for selection bias or confounders and study design.
See Tables 1 through 4 for quality assessment ratings.

In-Person Visual Estimation of Food Waste through Observation

In-person visual estimation through observation of food waste occurred in 11 studies (Table
1).11-21 Researchers conducted in-person visual estimation through observation by first
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viewing several serving sizes of school lunch foods of interest to understand the appearance
of the average plated food component. Researchers then weighed several samples of the
plated food item of interest to find the average serving weight in grams or ounces. Finally,
student trays were collected and assessed for the amount of food wasted in validated
increments. Increments included less or more than half wasted, 111520 quarters (eg, none,
half, three-quarters, or all),16-19.21 or 3 6-point scale (eg, 0=0% to 10% and 5=91% to
100%),12:14 or a percent estimation (eg, on a scale of 0% to 100%).13 In some studies, a
computer program was used to estimate the grams or ounces and energy of food consumed
from the in-person visual estimation through observation.

One study focused on the total amount of food wasted.12 Other studies used food waste
measurement as a proxy for the amount of foods students consumed. The research had a
variety of aims, including to understand the influence of nutrition education11:13.14.21 or
changes in nutrition requirements.1819 In addition, studies examined the effects of lunchtime
procedures or the food environment or infrastructurel®16.20 and food acceptability on
consumption levels.1” Studies were concentrated in the West, 1520 Northeast,14:16.17.21 gng
South,12:18.19 with two studies not reporting geographic location.11:13 Three studies
examined schools with free and reduced lunch eligibility rates of more than 80%.12-14

By far, fruits and vegetables were the most frequently studied food groups.12-21 Nutrition
education was minimally effective in decreasing the amount of food waste.11.13.14.21
Modifying lunchtime procedures or the food itself increased consumption of foods and
decreased waste.15-17:20 New nutrition standards resulted in no significant differences in the
percentage of fruits, vegetables, or whole grains consumed or wasted.1® Sex and age
significantly influenced waste in Reger’s study.12

Visual Estimation of Food Waste through Digital Photography

Visual estimation through digital photography was used in 11 studies (Table 2).22-32
Researchers conducted visual estimation of food waste through digital photography by
photographing either or both reference serving sizes of the food component of interest, or
the student’s selected food pre-consumption. When taking photographs of the reference
serving sizes, researchers generally calculated an average weight for the food component as
well. Each student’s tray was then photographed at the tray return area (post-consumption).
In reviewing the photographs, food consumption was estimated as a percentage of the
reference serving size or student’s preconsumption selection. Food waste estimates were
made as a raw percent?2-24 or in increments of 10%,2°:26:32 2505, 27-31 or 0% to 10% to 25%
to 50% to 100%.26:27 Computer applications were used to estimate the weight and energy of
food consumed from the visual estimation through digital photography in studies using this
method.

The purposes of each study varied, with food waste measures aimed at primarily
understanding the amount of food wasteZ2:31 and food consumption,2%:27:28 modification of
food environment or lunchtime procedures,26:29 instrument validity,23 compliance with
nutrition recommendations,?4 and nutrition education.3%:32 Studies were conducted in the
West, 2526 Midwest,2728:30.31 Northeast,2? and South,22:24:32 although one did not report
geographic location.23 Alaimo and colleagues3® and Monlezun and colleagues3? reported
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free and reduced rates near 100%, whereas several other studies did not report free and
reduced rates.

As in the studies using visual estimation techniques to measure waste, studies using digital
photography also focused predominantly on fruits and vegetables. Several distinguished
between forms of fruits and vegetables, such as cooked, raw, canned, and fresh.25:29:31 Two
studies reported that waste of fruit and vegetables was the highest when compared with other
dietary components.22:24 Three studies reported a decrease in waste of fruit and vegetables
and other dietary components as a result of an intervention.2527:29 Several studies expressed
food waste in terms of calories rather than as a percentage of food wasted.26:28:32

Direct Weighing of Food Waste

Direct weighing of food waste was used as the main research method in 23 studies (Table
3).5:33-54 The process for direct weighing of food waste generally includes to determine
what is being served in the cafeteria on the day of the study, to determine which food(s) will
be included in the study, to weigh random samples of the food(s) and calculate an average
weight, to collect and weigh food waste from student trays, to calculate percent or grams or
ounces consumed by subtracting the food waste collected in Step 4 from the average weight
determined in Step 3 and multiplying by 100. Some research measured waste for all foods
on the tray,>:33-36.44.46-49.53,54 \whereas others focused on collecting waste data about
specific foods or food components.37:39-43:45.50-52 Three additional studies measured the
weight of all food before it was served, collected all food waste from student trays, and
subtracted the total amount leftover.38:50:51 Apout three-fourths of studies used food waste
as a proxy for understanding the amount of food students consumed.

Research aimed to understand the impacts of nutrition education,40:43.50.51 changes in
nutrition requirements,*’ lunchtime procedures or the food environment,36:38:49.52 o food
acceptability on consumption levels.37:39.4142,44.4552,53 gjx studies specifically aimed to
directly measure the amount of waste produced in the NSLP.5:33-35.46,48.54 gy dies were
concentrated in the West,38:39.49-51 Midwest,36:42.53 Northeast,40:43.44.46,48,52
South,5:34:32.54 and mixed locations,33:35:41:45 with two studies not reporting geographic

location.3747 Seven studies reported free and reduced lunch eligibility rates above
805 42-44,46,48,49,52

The most common food components examined in studies involving direct weighing were
fruits and vegetables. Sixteen studies reported the quantity of waste from fruits and
vegetables. Other dietary components examined included milk, grains, and high-protein
items such as soy-based products. Studies examined acceptance of specific foods in the
cafeteria, such as whole grains.38:39:41.4245 Ty studies found a reduction in food waste
from changing recess to before lunch.36:49 Many interventions (eg, nutrition education,
changes in nutrition requirements, lunchtime procedures or the food environment, or food
acceptability on consumption levels) led to a decrease in waste for some foods.

Combination of Methods

Eight studies used a combination of in-person visual estimation through observation, visual
estimation through digital photography, and/or direct weighing methods (Table 4).55-62 One
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study used direct weighing, visual observation, and children’s ratings.>® Three studies used
direct weighing and visual observation.56:58:59 Three studies used direct weighing and
digital photography.>7:61.62 One study used direct weighing, two types of visual observation,
and visual photography.5°

Four studies were designed to validate or compare food waste measures,>°:56.60.61 gne study
validated a questionnaire against a food waste methodology,8 and three used food waste as
a proxy for measuring the amount of food students consumed.>”:59.62 Research aiming to
understand food waste and consumption examined responses to changes in food
requirements.57:59.62

Studies were concentrated in the West,%8:59 Northeast,%2 South,>” with four studies not
reporting the geographic location in the United States.5%:96.60.62 Rates for free or reduced
school lunch eligibility ranged from 35.0%°%1 to 93.69%°8; however, more than half did not
report this information.

Fruit and vegetables or components were consistently assessed across all studies except one,
which was focused on competitive (snack) foods.>” Researchers used a combination of
measures to validate a food waste measurement tool through comparison with a gold
standard of direct weighing of waste. For the validity studies, the digital imaging and
observation technique was found to be comparable to weighed plate waste with 96%51
agreement and the quarter-waste method had a reliability measure of 0.9,59 both showing
promise as alternatives to direct weighing. One other study found that the Day in the Life
Questionnaire-Colorado dietary assessment had a high level of validity compared with plate
waste. 58

DISCUSSION

This literature review highlights methods and results from four main research methodologies
found across 53 food waste studies in the NSLP across time. Studies using in-person visual
estimation, digital photography, direct weighing, and a combination of in-person visual
estimation, digital photography, and/or direct weighing varied greatly in research goals,
protocol, and reporting. The results of this review may be useful for researchers seeking to
measure food waste in school meals, influence what is consumed and wasted at schools,
implement effective interventions, and develop new methods for measurement of food waste.

Study aims ranged from evaluating the effects of programs on food consumption and/or
waste to generally assessing food waste. No discernible trends in food consumption or food
waste outcomes were observed based on study design (cross-sectional, intervention,
quasiexperimental, mixed methods, or randomized controlled trial), the percentage of
students who were eligible for free or reduced school lunch, geographic location of the
school, and/or race or ethnicity. Most studies covered elementary schools, followed by
middle schools; only five studies were conducted in high schools. Inconsistencies were
noted in reporting key study design features (eg, number of schools, location of school, and
dietary component measured), and participant characteristics (eg, eligibility for free or
reduced school lunch eligibility, race/ethnicity, and specific grade of students).
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There was a large degree of variability regarding how food waste was characterized in
results. For example, units of measurement were reported in grams, ounces, percentages, or
kilocalories. More uniform reporting metrics would lead to pooling food waste data across
studies with potential to understand consumption patterns and influence the school lunch
field. Across methodologies, most studies reported the percentage of food groups or specific
foods wasted. Some studies using in-person visual estimation through observation or digital
photography reported food waste in terms of calories or number of servings
wasted.15:20.27.29.32 |y one study using direct weighing, findings were presented by cost and
the percentage of the total food budget wasted.*® Researchers also reported findings in terms
of nutrients wasted and weight of food wasted. This variability contributes to the difficulty in
understanding changes in food waste over time and difference across settings and
populations by methodology.

Many studies used observation, photography, and/or weighing of food waste as a proxy for
measuring food consumption. Perhaps using “plate consumption” rather than “food waste”
or “plate waste,” as Alaimo suggests,3° would increase the relevance of the measurement
method to a study’s purpose. The language around plate waste and food waste should be
selected carefully, especially in light of the attention that the NSLP receives from the public,
media, and policymakers.®3 In addition, plate waste and food waste are used interchangeably
in the school lunch literature and researchers should choose one term to reduce confusion.

Several trends were noted across the methodologies. Nearly all studies were cross-sectional
or interventions; only two studies were quasiexperimental, two studies used mixed methods,
one study was longitudinal, and five were randomized controlled trials. Few longitudinal
food waste studies existed; thus, there is no clear understanding of how much food is wasted
or not wasted as a result of an intervention in the long term. For example, studying the long-
term influences on waste of Smarter Lunchrooms design® is important for knowing how
changing the cafeteria food environment changes student consumption and waste throughout
kindergarten through grade 12.

Some studies aimed to validate a method, compare methods, or to assess intake or another
method to assess waste. The five studies that validated or compared measures found
acceptable correlation values or similar results between measures,5:56.58,60.61

More studies should incorporate qualitative data in a mixed-methods design. Pairing
qualitative with quantitative data allows for study designs that address research questions
that are complex and multifaceted.5® Food waste researchers could address several
qualitative questions along with quantitative food waste research, such as: How does student
perception of the quality of the particular school’s food influence the amount of waste? And,
why do students waste food in general, from their own perspective?

Overall, researchers using the in-person visual estimation through observation methodology
collected food waste data for a greater period of time and at a higher frequency than those
who used visual estimation through digital photography and direct weighing, likely given the
lower burden on the researchers for data collection and analysis. Direct weighing has been
used for a longer period of time when compared with visual estimation through both in-
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person observation and digital photography. Eighteen articles published before 2014 used
weighing compared with eight in-person observation and four digital photography studies. In
2014-2015, 10 studies used direct weighing, seven used in-person observation, and six used
digital photography—evidence of the increasing popularity of visual methodologies.

Fruits and vegetables were the most consistent dietary components measured, except for 12
studies. Fruits and vegetables were often reported to be the foods wasted in the largest
quantities across the methodologies to assess waste. Adequate and balanced nutrition is of
vital importance in assisting children to grow and learn. It is important to understand fruit
and vegetable consumption within the context of the entire tray (meal). Examining only a
segment of the diet does not account for understanding the other foods that compete with a
student’s food consumption patterns. Analyses of food preferences toward studied food
components, as well as food exposures, would also provide insight into food waste and
consumption, especially when research has demonstrated that several exposures may be
needed to influence food acceptance.56.67

In addition, a few studies noted that older students wasted more than younger students and
girls wasted more than boys; therefore, when addressing food waste, it may be important to
consider consumption differences between boys and girls as well as in different age groups.

Of note, no studies reported zero food waste. Since the 1970s, most studies reported more
than 30% food waste and, furthermore, no studies have reported <5%. With an increasing
focus on supporting self-regulation (eg, internal cues for satiety and hunger) instead of a
clean plate or responding to visual cues to consume more,56 some level of waste should be
expected. A multitude of other factors also influence food waste, including balancing caloric
requirements with energy expenditure, metabolic and physical factors, food preferences,
serving sizes, the school environment, and what and how much children eat before the meal
and in the home environment. However, how can food waste be minimized? This is long-
standing question and a complex issue that should be addressed by the NSLP and food waste
researchers strategically.58.69

Summarizing and aggregating data will become easier when researchers establish
standardized food waste data collection measures and reporting techniques. Selection of a
uniform metric to report results is an important consideration for researchers because
consistent reporting may allow for comparison of findings.

Further, the EPHPP Quality Assessment Tool1C ratings were fairly mixed between strong,
moderate, and weak. Weaker ratings raise questions about the validity of the findings,
potentially due to bias in the selection of subjects, lack of description in the measurement of
outcomes, or bias in methods or reporting. Therefore, a standardized food waste data
collection measure and reporting technique has the potential to simultaneously increase
quality assessment ratings.

Limitations exist in this systematic review. The search terms used may not have retrieved all
articles relevant to food waste in the NSLP. Therefore, conclusions made in this research are
limited to the publications retrieved during the search process. Excluding non—peer-reviewed
research may have overlooked important work conducted addressing food waste in schools.
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For example, Buzby and colleagues® published a Report to Congress about plate waste
amounts and measures in the NSLP before 2002. In addition, food waste connected to other
food programs for children have been studied, including the School Breakfast Program and
the Summer Food Service Program.

CONCLUSIONS

Generally, studies of food waste and consumption in the NSLP through the use of in-person
visual estimation, digital photography, and/or weighing over the past 40 years has yielded
mixed results about the amounts of food waste yielded within differing dietary components.
The NSLP has the important purpose of feeding a large majority of our nation’s children
with balanced and nutritious meals. As such, improving measurement methods to understand
the amount of foods consumed and wasted in the lunchroom is an important charge for the
public health and dietetics fields. There is a need for development of methods using
technology that are low cost, have a low subject burden, and allow for measurement of food
waste with limited involvement of researchers. Researchers need to better understand the
causes and consequences of food waste on the school lunch tray by designing studies with
consistent research protocols that examine dietary quality and food preferences of students.
The ultimate goal should be to produce food waste data and implementable strategies that
promote continuous improvement in the cafeteria food environment and healthful eating
habits among students, especially since wasted food is wasted nutrients.”?
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Records identified through database search
(PubMed, Science Direct, Informaworld, IST Web of
Knowledge)
(n=10,892)
Remaining records after 1,562 duplicates removed
across and within databases
(n=9,330) Excluded based upon irrelevant” title
| (n=7,834)
Remaining records after screening by title Excluded based upon irrelevant
(n=1,496) abstract
(n=1,430)
Remaining records after screening by abstract Excluded based upon irrelevant® full-
(n=66) text
(n=13)
'y
v
Remaining records after screening full-text
(n=53) None excluded based upon quality
b 4
Studies included in synthesis
(n=53)

Figure.
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) 2009 flow

diagram for selecting studies to include in the systematic review of food waste in the
National School Lunch Program across time. Terms used in this search included a
combination of the following: waste, school lunch, plate waste, food waste, kitchen waste,
half method, quarter method, weight, and photography. ®Relevance determined by inclusion
and exclusion criteria. Inclusion criteria for articles were peer reviewed, English language,
and conducted in US National School Lunch Program (NSLP). Exclusion criteria for articles
were no focus on the US NSLP, food waste not used as a measurement tool, review of
literature, or a conference meeting abstract. ISI=Institute for Scientific Information.

J Acad Nutr Diet. Author manuscript; available in PMC 2018 November 01.



Page 16

Shanks et al.

"uonuUaAIRII=|
q

'2102 BuluuiBaq pajuswaldul a19m susened [eslu yaun| [00YdS MaU I31e 31SM P00 SSBSSE 0 Pa)I9]|09 I9M eleq,

orPuires Alenb
109 f0.1d s01100.d

Buons Buons Buons Buons 91eIBPOIN Buons 91eIBPON Buons Buons NEETYN Buons  yieay algnd anioeyg
,SUOITeA Jes 00
¥SS 6€6'2¢C Sv0'T 9/8'T oge's 0v9 vIv'Ly 4N 20S ove €T 9JSeM JO 'ON
nU01139(|00 e1ep
€ T N N € 9 dN € 4N 0¢ 0L a1sem poo} Joskeq
179 156 sTT 529 S8 50
Le 8T LT 0S AN
8T T aleulalfe 1eaLu/1ea|N
o £z 1z ST 4 O 6¢ 1€ aoIn( ynuy/suniy
6T O 43 114 6T & 2% 89 [4% sa|qelaban
123 e 1€ peaig/surels
gPeInseawl
sjuauodwod
Arewip Joj pasem
1U20 Jod abe Jeny
AN 9T dN  g-usuebispuryy AN AN 08N T-uapeBiapury v o€ € pre|apelo
T 1 ybIH
14 9 3IPPIN
A 8 8 8T T 14 T T Areuawa|3
s|ooyos
10 "ou pueadA |
poypw
U Yia: u u” u uw'” 1% 9 3 /9 y6%  uoNa||00 BIEp O11109dS
al al al 1Y al 10y al 4108 al pS2 aq/ ubsap Apnis
125T0C 9r€T0C 417002
‘sonfes| |00 025102 e61ST0C 16102 eatT0C  ‘sonBes)joo s1€10C ‘sonfes| (00 £1666T 21966T 11/86T
pue  ‘sanfes|00  ‘sanfes||0d ‘sonfes||00  ‘sanbes||0o pue  ‘sanfes||0d pue uewyjoH  ‘sanbes|jod  ‘sanfes|i0d  ‘sanfes||od
Juisue/\ puesdlld  pue ws|nd pue ws|In3 pue isnr Juisuen pue isnc -wo|g puepiny  pue BBy  pue uRLID
0 PRY

weiBold younT [00YIS [RUOIEN 8yl Ul PaloNpUOod SaIPNIS 3)SeM POOJ 10J UOIBAISSTO YBNOoIY) UOIRWINSS [ensIA Uosiad-u|

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2018 November 01.



Page 17

Shanks et al.

Author Manuscript

*Re} JUBPMIS B413UB JO WS POOY [enpIAIpUI Se Apms 0) Buipiodde pariodal ered,

*SUOII08] 00 31SBM POOJ Ul PAAJOAUI SJO0YS JO Jaquinu Aq parjdninw Apnis Joj paliodal sAep Jo Jsquinu se pajenofes eea,

‘sawinBa) Jo s1sem uezmgg
39119 PIXIUL € 40 3ISEM PRINSEIN]

‘|eaW S|OYM Ul PaINseaw SIUSLINUOJOIW J0/pUe -010BwW oc_omgm\

‘Juauodwod Aselaip ulyim paisem Jusaiad abeiane Jou Ing painseaw Jusuodwod Arelalp pajesipul %Emuomu

'sdnoJf Jo sporsad uonuaAslul ajdinw ssolde pabeiane ‘Alessadau JI ‘pue 9,00T WOl pawnsuod adlad ayy bunoengns
Aq @1sem Juadiad abesane parenajed sioyine s,Apnis siy: ‘(1sem Juadiad Jo pessul) payiodal Sem pawnsuod Juadiad UsYAA “spolsad uofuanisul ajdijnw SsoJde 8)sem pajas]|0d ubisap YyaJeasal usym
Juauodwod Aselsip e ulyym paisem Juadiad abesane parenajed sioyine s,Apnis SIy1 ‘Sased Jaylo U] "ajd1ue paud ay) Ulylim pariodal sem jusuodwiod Aelaip e uiyim aisem Juadlad abelane ayl ‘sased awos u| »

*A1913199ds yum papiodal “ocumzm
"PaISeM [[e J0 ‘74 ‘24 ‘v ‘aUoU JO S)UBWIUL Ul painsesin,
"poYIaW B1SeM Lmtmscuﬁs

"BUIAIBS ® 2 JO SJUBWAIOUL Ul umsmgs_\

"%0T 0} 9%60=0 ‘%S¢ 0} %TT=T ‘%0S 0} %92=C ‘%G. 0} %TS=E ‘%06 0} %9.=V '%600T 0} %T6=5 :3[eds Ju10d-9 UiM paInsesin

Y
‘uonewinse=3,

‘PO0} JO BuUOU 8le=9 0] P00} JO ||e 81e=T Se Pal0ods 8|eds wc_oalx_wno\

"paISeM POOJ JO JJey Uy} SS3] J0) PapJodal sem ubls — pue palsem pooy JO J[ey LByl 810W Joj papiodal sem ubls + v

Author Manuscript

y

'POLARL B1SEM J[ey=7

‘|eL} pajjosu0d EN__(coccéu._bm_k

"UoNUaAIRIUI mog-mim
‘|_UOIN08S-SS010=8D)

1

"uonuaIBuI Q:-Eo__oh-moa-m&u

Author Manuscript Author Manuscript

PMC 2018 November 01.

in

available

1

J Acad Nutr Diet. Author manuscript



Page 18

‘leuo _uuwwummo\_onOQ

*270Z BuluuiBaq ‘parusius)dwil a1am sulaied B Youn| |00YIS MU Ja1Je 91SEA POO) SSBSSE 0) Pal0d]|00 8IaM eleq,

orbuirel
Alirenb ao130e.1d 109 f04d
Meap 81eI3PON 3]eI3PON aJeJapolN e NeaM Buons e Meap Neap\ Meap  yifesy oljgnd aa1ioey3

pSUOITeABSO
0S.'T LTT'L 26T'T 9 262'C TSPy 48N 668 6v0'C GT¢ VL 9JSeM JO 'ON
/U01191100 e1ep

S 4N 4 0T 4 9 € €¢ € ] 174 a1sem pooy Joskeq
o w o< O u wt u o wie 1BYIO
<& <o & L2 0€ O Gt AN
& O T2 aleusalfe Jeaw/1ealN
& 2 O & & & or O 8¢ a1l nnaysuni
o O N O & O ze /L€ o ze sa|qelaban
3% < ze 1z < o1 pealq/surels
/P9 Insesw sjusuodwod
" KIepIp Ioj posem
1U20 Jod abe Jeny
g-uaeBiapuryy 5-¢ 5¢ s8N 5¢ 5¢ ¥ 8-T 9¥ 9 9 pre|apelo
T 18410
T 14 T € 3IPPIN
T T 9 6 8 T¢ € €e Arejuswa|3
S|00Y3s Jo "ou pue adA |
gPoypw
Id Id Id Id Id Id Id yld dy dy 648 uonoe|joo erep oloeds
o) 41 41 41 e 49! pLod e ) 289 qsd uBssp Apnis
e1eS10C eec’10C gT0Z 127102 9ZET0C 26002
ezeS10C  ‘'sonBes|j00 0sGTOZ  ‘sonfes|ioo  ‘sonbes|ioo  ‘sonBes|oo  ‘senbes||oo €102 +z20T0C 9002  ‘'sanbes||00
‘sanfes| |00 pue  ‘sanBes||0d pue pue pue pue  ‘sanbes|jod  ‘ssnbes|od  ‘sanfies||0d pue
pue unzejuoly  JeBeluog  pueowre|y preqgnH  JeBenuog  JeBeijuog  ucSWeIIM  PUB YIWS  PuB UNJeN  PUe Ulle N 1L e IN

Shanks et al.

ERELETENY]

weibold yoaunT |00YydS [euolleN ayl Ul palonpuod saipnis a1sem pooy 1o) Aydeiboloyd renbip ybnoayl uonewnss [ensin

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2018 November 01.



Page 19

Shanks et al.

*ReJ} JUBPMIS B113US JO SWS P00 [enpIAIpUI se Apms 0) Buipiodde pariodal ered,

'sdnoJf Jo sporsad uonuaAslul ajdinw ssolde pabeiane ‘Alessadau JI ‘pue 9,00T WOl pawnsuod adlad ayy bunoengns
Aq a15BM Juadlad abelane pare|nojes sioyne s,Apnis siyy ‘(s1sem abejuadiad Jo peaslsul) pariodas sem pawinsuod Juaalad uaypn sporsad uonusaisiul ajdinjnw SsoJoe alsem palasf|od ubisap YaJeasal uaym
Juauodwod Aselsip e ulyym paisem Juadiad abesane parenajed sioyine s,Apnis SIy1 ‘Sased Jaylo U] "ajd1ue paud ayl Ulylim pariodal sem jusuodwiod Aelaip e uiyim aisem Juadlad abelane ayl ‘sased awos u| »

‘sawnBay Jo a1sem painsean
‘|eaW 3OYM Ul PaINSBaW SIUBLINUOIOIW JO/pUe -010BW o_,__omn_w:
'3313U8 PaXIL € J0 3lsem painsean

‘pauIquio9 sa|qeIafian pue w_:i\

"Juauodwod Aleaip uiyym paisem Juadiad abelane Jou Ing painseaw Jusuodwod Aseiaip paedipul %EmnAv«
"SUOI3D3]|09 91SBM POOS Ul PAAJOAUI S|O0YIS 40 Jaquunu Ag patjdiyjnw Apnis 1o} paiodal sAep Jo Jagquinu Se paje|najed eled,
*A1o13199ds yum paniodal 10u=4N

/

‘uoniod paybiam pue paydeiBfoloyd aouaiagal yum patedwod ydesbojoyd ul aisem ajejd pue UoIII8|aS POOS SO (SIUBWIBIOUI 94GZ 10 94T Ul ‘Ba) Sjuswaloul Jusdlad Buluesw ‘sjuswialoul Em&mau_n_c

‘uonod paybiam pue paydesfiojoyd souaiagal yym patedwod ydesbojoyd ul aisem aejd pue uonos|as pooy 4o Jusalad Buluesw ‘Juadiad mel=dy s
"UOIUSAIRI Hmoa.m:n_k

._.\_O_H_._w>LmE_H_.mv

111 P8]|041u0d umN_Eouchkomb

'sasodind uonepijeA Jo4 pasn Apnis _mco:omm-mme&

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2018 November 01.

in

available

1

J Acad Nutr Diet. Author manuscript



Page 20

‘spoyraw Umx_EuS_S_Q

._mcva_mco_un_@,

"UoIUBAJRIUI %.>>o__ov,.uwoa.m:n_uN

"UoRUAAIRWI Hmoa.wim
"UOIUBAIRI=]

D

'[eUON08S-85010=8D),

._EcmE:maxw_mm:cuOQ

'2102 BuluuiBaq pajuswajdul suseped [esl yaun| [00YIS MaU J3)e 31SeM P00 SSISSE 0} Pa1I3[|09 I9M eleq,

or™™
Aunb welosd
comeid Uiy
e fuons. 6uons awiapon aiapon 6uons fuons e apiapon apiapon e apiapon buong e e apiapon apiapon e apiapo apiapo e e e anandaney3

B it

N 1207 8897 152 ogr 192 060t 3 e 60t o6t 60t 00T N 86T vt N v6e 095 N 6ruE 0ez 000'0ET omem jo oN

Y R

Shanks et al.

0z € 8 1] € S ar S i4 8 6 8 09 N N 9%€ L 14 9L 8 €e N ot aem pooj joskeq
n ne n n n n ne ne ne An® n
< z <o B8O
<o v 9 <o sC <o 5L 8 <o 6 A
< < 8T <o 81 aeuIAlY Teau/IEaN
< 98 < < < &y €e < Fig <o < < < an < 0e
<o €L <o <o <o 9 s < €L < < < <o 91 < 15 sa|qe1aban
N <o
< < 3 < 8T 1 PeaIq/sURID
S
funp oS
v
o
& z
z 62 ubiH
. ,
. . . . b . b . . . , u , . . . . u « .
s
10 ou pueadA ]
S—
a Y Y 0 0 Y Y Y Y Y u Y Y Y Y Y Y w / X Y o S il
1 104 1 1 1 W al 1 1 1 1 S0 ]
© 8 ! El E o @ © > © Y © 6 © © 4 9 © 4 ap © 2 q
ST0Z ‘Senbes| oo ST0Z ‘Senbes| oo ST0Z ‘SenBes| oo 102 ‘Senbes| 100 10 ‘Senbes| o0 10 Senbes| o0 V102 £T0Z ‘senbes| 00 £T0Z ‘senbes| 00 2102 'sanbes| oo T0Z ‘Sonbes) K 110z ‘sanbes) i TT0Z ‘sonbes) i 0102 ‘Senbes| o 0102 ‘Senbes| o 6002 ‘Senbes| o \S00¢ ‘Senbes| oo \966T ‘Sonbes| K \966T ‘Sonbes| K 86T ‘Sonbes)| K \6L6T ‘Sonbes| K 6T ‘Sonbes| i
S €9 rac 19’ 05 6’ 14 7102 Ly ot 14 124 {54 f44 1172 oy 6€ 8€ L€ 9€ GE' e €€
pue pue pue pue pue pue ‘sanBnesijoo S pue pue pue pue pue pue pue pue pue pue pue pue pue pue pue
Bapim Bl wyod ‘sauor ‘sauor b RgsUNH pUe UBYOD “anfiea|joo pue eXAg feswey wyod oA wyod ueuIoH o oz uewjoH Bwoy suepy. faprum wbulpD HOBWOD uospieq uasuer

pWeibold younT [00YIS [eUOIBN 8Y) Ul Sa1pnis a1sem pooy oy BuiyBiem 10a11Q

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2018 November 01.



Page 21

Shanks et al.

*Ael) JuspNIs a111Ua 10 SWia)l Pooy [enpiAlpul se Apnis 0} Buiplodoe paniodal eled,

'SUOI109]|09 81SeM POOJ Ul PAAJOAUL S|O0YDS 40 Jaquinu Ag paljdiinw Apnis 1o} paliodal sAep Jo Jagquinu se pajejnajed Smo\s
"[eaW S]OYM Ul PaINSeaW S}USLINUOIIIW JI0/pUe -0JoeW o_,._omam\_

'891JU8 PaXIU & JO 8)seM painsesinl_

"Juauodwod Alelaip uiyum paisem Juadiad abelane Jou Ing painseawl Jusuodwiod Aseiaip paredipul %EmuAvN

'sdnoJf Jo spotsad uonuaalaul ajdinw ssooe pabeiane ‘Alessadau Ji ‘pue 0,00T WOy pawnsuod wadlad ayr Bunoesgns Ag aisem juadlad abesane pajenajed sioyine s, Apnis siyl ‘(s1sem abejuadiad Jo peaisul) payiodal sem pawinsuod Juadtad uaypn ‘spotiad
uonuaAJIBIul |diNW SSO0JI. 8)SeM Pa)da]|02 uBisap YaJeasal uaym jusuodwod Arelaip e ulyim palsem juadiad afielane paye|ndfed sioymne s,Apnis siy} ‘sased Jayjo uj "aja1ise palid ayl ulyim pauodas sem jusuodwod Aselsip e Ulylim a)sem Juadiad afiesane ay} ‘sased awos ul

Author Manuscript

*A1913198ds yyum payiodal Scnw_zk

*ZT ybnoay xis sapesB se paynuapl ng ‘ybiy Jo s|ppIW Se paiyiIusp! Jou sem Jo apesh yiybie ybBnolyy usuieBIspuIY PaIIUBPI ING ‘B]PPIW J0 AJelUsLUB| S8 PaLJIUBP! JOU SeM [00Yds ApNls auo 1ses) W,

Author Manuscript

*a1eas [eBip e uo payBiam pue puey Aq papos sem aIseM,,
"SIUBPNIS JO Jaquinu Ag papIAIp ‘siyBiam sisem pue paasasun Bunoengns pue pasedaid aonpoud e BuiyBiem Aqg parejnajes sem uondwnsuod ajqeiabisn pue ::Eo
"uoled 8y 4o ybBram Jaureiuod Aidws pue ybiam [ny ay3 Buisn paulwiaiap sem Buiurewsal jiw pingy Jo Em_w\sQ
'saye|d ,sjuapnis |[e oy suonas|as uondwnsuod aid snuiw pooy yoes 4oy asem axeld Jo Jybiam sousieyld,
‘yb1am Buinias ueaw ayy Aq a1sem pooy a)qipa Jo ybiam ayy Buipiaip Aq parenajed aisem arejd Juadiad

/

‘Buinias paloa)as abesane o yBlam snuiw pooy Yyaea Joy aisem areld Jo 1ybram mucemt_n_«
‘Burybrem Uw:cu>>n_\

‘[eL1} P3]|0U0D PBZIWIOPURI=1 DY,

Author Manuscript Author Manuscript

PMC 2018 November 01.

in

available

1

J Acad Nutr Diet. Author manuscript



Page 22

Shanks et al.

"sasodind uoiepijea 1oy pasn Apnis [eU0N03s-$5010

._?o_smm.wmeoumoQ

'2102 BuluuiBaq pajuswajduul a19m susaned [eall yaun| [00YdS MaU I3} 31SeM P00} SSASSE 0} Pa109]]09 I9M eleq,

oifuires Anenb s foid

a1eIapoN 31eIapoN aleIapoN 31eIapoN 31BI9POIN 31RIBPOIN NEE sesp\  eo1oeud yiresy o1gnd aanseyg
ove'T 9.2 16T 822' sz1 vl 05y 000' J/SUOITEABSGO S15BM JO 0N
U100
9€ 8 T 0¢ T 14 8 14 elep asem pooy jo shkeq
09¢ o< o< o a& o< o 18410
i o < O AN
o o dJeuls)je yeaw/jea|N
TE <& <o <o o & & 3ol nuy/sini4
1§ <o <o <o <o <o <o sa|qeraban
o o o v peaiq/suress
wheinsesw
sjuauodwod Arepip
1o} paisem 1ua0 Jod abe Jeny
1S 5¢ G-uaeBiapuryy /8N v 9 9-1 9-uapreBiapuryy pro|spe.o
[4) 14 € 3IPPIN
4 T 4 T <] Areuawa|3
S|00Y3s Jo "ou pue adA |
ydd
dd ydd JON JON /O 4/dd 10N 6ON
yM yM T M T M yM yM yM M poypw uois|jo0 BYEp 1 108dS
mh_ 2SO 2SO [Se) 2SO [Se) 2SO QQmO ubsap Apnis
205102 1o7T0C s7T0C gL TOC ,5500¢ 95€86T
* 'sanfes| |00 “'sanbes|00  gi’TOZ * 'Sonfes |00 * 'sanfes| |02 ' 'sanfea| |00 * 'sanfea| |00 ‘'sonfes||00  ¢gT86T * 'sonbes||00
pue z1.:emyos pue Jojkel pue syueH pue sses pue us|ep  pue uowp|dwe ] pue sane 19 pue %001sWoD
0w BRY
2(BulyBram

103.1p ‘Aydesboloyd [eubip ‘uonewnss [ensin) weibold yaun |00YIS [eUOIIBN 8yl Ul Palonpuod Saipnis a1sem pooy J0) $alBojopoylaw Jo uoleuIquio)

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Acad Nutr Diet. Author manuscript; available in PMC 2018 November 01.



Page 23

Shanks et al.

*ReJ) Juapnis 811U 1o SWia)l pooy [enpiAlpul se Apnis 0} Buiplodoe papiodal eleq,

"SUOI193]|02 31SEM P00} Ul PAAJOAUI SJO0YIS JO Jaquuinu Aq paljdijnw Apnis Joy pauiodas sAep Jo Jaquinu se pae|najed eed,
"|eaW S]OYM Ul P3INSE3W SIUSLIINUOIJIW J0/pUe -0JoeW 91199dS »

'31)U3 PaXIW € 0 ajsem painsean

“usuodwod Aseiaip ulyim paisem abejusalad abielane Jou Ing painseaw Juauodwiod Aseiaip paledlpul %Equv:

'sdnoub 1o spouad uonuaalaul ajdnnw sso1oe pabelane ‘AIessadau Usym ‘pue 9400T WOy pawinsuod abejusdiad ayy Bunoengns Ag aisem
abeiaolad abesane paje|nojed sioyine s, Apnis siy} ‘(s1sem abejuadiad Jo peaisul) pariodal sem pawinsuod Juadlad usypn spouad uonuaAiaiul ajdiinw $soide alsem pajas|0d ubisap Yyoseasal uaym jusuodwod
AJelaip e ulynum paisem abejuadiad abesane pareInafed sioyine s,Apnis Siy) ‘sased Jaylo U] "ajd1ue paid ayl Ulyym panodal sem jusuodwiod Aelaip e ulyim aisem juadlad abelane ay) ‘sased awos ut,,

*A1913193ds yum payodal Hocnmz\

‘Aeay ajdwes e Jo ydeiboloyd aouaiayal yum pasedwod ydeiboloyd ul sisem arejd pue palosjas pooy Jo Jusdiad EmE:mm_«

‘Aydeiboloyd [enbip=da A

“(11e 4o ‘s1anrenb-a31y} 4By ‘BUoU) poylaW d1SeMm hwgmzo\

"Buinlas palosas abesane Jo 1yBIam snuIw pPooy Yyoea Joy sisem areyd 4o 1yBram moceot_n_c

"UOIEAIaSTO [eNSIN=O/\;

‘Burybram Hom__un>>\

“UOIUBAIRIUI umoa.eam

“uonuUsAJRII=|
0

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2018 November 01.

in

available

1

J Acad Nutr Diet. Author manuscript



	Abstract
	METHODS
	Search Strategy
	Study Selection
	Data Extraction
	Quality Appraisal of Individual Studies

	RESULTS
	In-Person Visual Estimation of Food Waste through Observation
	Visual Estimation of Food Waste through Digital Photography
	Direct Weighing of Food Waste
	Combination of Methods

	DISCUSSION
	CONCLUSIONS
	References
	Figure
	Table 1
	Table 2
	Table 3
	Table 4

