biology and life 7
@ sciences forum HVI\D\Py
Proceeding Paper

Preliminary Study on Plate Waste from “Daily Dish”

in Restaurants

Miguel Castro 1'*(, Kamila Soares

check for
updates

Academic Editor: Theodoros Varzakas
Published: 11 March 2025

Citation: Castro, M.; Soares, K.;
Ribeiro, C.; Esteves, A. Preliminary
Study on Plate Waste from “Daily
Dish” in Restaurants. Biol. Life Sci.
Forum 2025, 40,45. https://doi.org/
10.3390/blsf2024040045

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

1,2 4,5 1,2,6

, Carlos Ribeiro 3 and Alexandra Esteves

Department of Veterinary Science, School of Agrarian and Veterinary Science (ECAV), University of
Tréas-os-Montes e Alto Douro (UTAD), 5000-801 Vila Real, Portugal; kamilacgsoares@gmail.com (K.S.);
alexe@utad.pt (A.E.)

2 Veterinary and Animal Research Center (CECAV), University of Tras-os-Montes e Alto Douro (UTAD),
5000-801 Vila Real, Portugal

Department of Agronomy, School of Agrarian and Veterinary Science (ECAV), University of Trds-os-Montes
e Alto Douro (UTAD), 5000-801 Vila Real, Portugal; cribeiro@utad.pt

Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB),
5000-801 Vila Real, Portugal

Inov4Agro Associated Laboratory, 5000-801 Vila Real, Portugal

Al4AnimalS Associated Laboratory for Animal and Veterinary Science, 5000-801 Vila Real, Portugal
Correspondence: miguelcastro505@gmail.com

Presented at the 5th International Electronic Conference on Foods, 28-30 October 2024; Available online:
https:/ /sciforum.net/event/Foods2024.

[S e

¥

Abstract: Food waste (FW) is a pressing global challenge, with food service establishments
playing a significant role in exacerbating the issue. Efforts to tackle food waste are driven by
growing concerns over its far-reaching impacts, including resource depletion, food security
risks, and environmental, social, and economic costs. Our study aimed to quantify and
analyze plate waste (PW) in three Portuguese restaurants, focusing on waste composition
and reduction strategies. Data was collected over 10 days in each restaurant, categorizing
waste into carbohydrate-based foods, protein-based foods, and vegetables. Statistical
analyses were used to compare waste patterns. Results showed that carbohydrate-based
foods, such as rice and potatoes, were the most wasted (16.3% to 21.9% of total waste).
Despite serving portions 43% smaller than those in comparable studies, the percentage of
PW (10-13%) was similar, indicating higher relative waste. Significant differences were
found among food categories (p < 0.05) but not between restaurants or dish types (meat
vs. fish). In conclusion, menu optimization and portion control are essential to reduce PW,
particularly for less popular dishes. This study highlights the challenges of implementing
food waste reduction measures in restaurants and provides insights for aligning with global
sustainability goals.

Keywords: food waste; plate waste; restaurants; sustainability

1. Introduction

Food loss (FL) and food waste (FW) have become increasingly important topics over
the last decade [1]. These issues represent a critical global challenge, with approximately
1.3 billion tons of food wasted annually, accounting for one-third of all food produced for
human consumption [2]. Wasting edible food instead of consuming it is both ecologically
and economically unsustainable, as the environmental impacts of producing raw materials
and processing them into food are substantial. In Finland, for example, food accounts
for more than one-third of the environmental impact of overall consumption and about
one-quarter of the climate impact of consumption [3]. The drive to address food waste stems
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from concerns about its impact on resource conservation, food security, and environmental,
social, and economic costs [4].

In 2022, 1.05 billion tons of food waste (including inedible parts) were generated, total-
ing 132 kg per capita and representing almost one-fifth of all food available to consumers.
According to UNED, 60% of the total food wasted in 2022 occurred at the household
level, with food services responsible for 28% and retail for 12% [5]. In Europe alone,
88 million tons of food are wasted annually, of which 11 million tons originate from food
service establishments, such as restaurants and cafeterias [2]. This sector is the third-largest
contributor to food waste, accounting for 20% of the total food handled and prepared [6].
Recognizing the urgency of this issue, the United Nations has included food waste reduc-
tion in the Sustainable Development Goals (SDGs), with a target to halve global food waste
by 2030 [7].

FW can be categorized into edible and inedible parts. Edible parts refer to portions of
food intended for human consumption, while inedible parts include components associated
with food that are not meant to be consumed by humans, such as bones, peels, and pits [5].
The inedible parts removed from the human food supply chain often end up in final
destinations such as anaerobic digestion, aerobic composting, land application, controlled
combustion, sewage, waste disposal, or landfills. According to the European Parliament’s
Committee on Agriculture, up to 50% of edible and safe food is needlessly discarded in
households, supermarkets, restaurants, and throughout the entire food chain annually [8].

Restaurants offer various types of services; therefore, the amount of food waste
generated by each type of service may vary. Within the restaurant, there are several
processes, such as food purchasing, preparation, cooking, storage, and distribution, and
each of these stages contributes significantly to FW production. Each of these stages plays
a significant role in the generation of FW [7]. In this context, the concepts of leftovers, plate
waste or scraps, and ingestion leftovers are frequently applied, each with distinct meanings.
Leftovers refer to prepared or cooked foods that are not distributed to consumers [9].
These may include foods that were initially intended for consumption but were later
deemed unsuitable due to quality or hygiene restrictions, as well as consumption rules and
requirements [10]. This category also encompasses foods displayed on buffet counters that
remain unconsumed at the end of the service. On the other hand, plate waste or scraps
describe food that has been served to consumers but remains uneaten and is subsequently
discarded [11]. Finally, ingestion leftovers represent the ratio of unconsumed food to the
total amount of food served, providing a quantitative measure of waste relative to the
portions offered [11]. These distinctions are crucial for understanding the different sources
and types of food waste in restaurant operations.

Plate waste is one of the main factors contributing to food waste in many restaurants,
especially in those that offer buffet-style service [6]. However, PW holds the greatest
potential for reducing food waste, both in general and at the business level. Researchers
assert that most of the PW is indeed avoidable [10,12,13].

The Waste Framework Directive [14], transposed into national law in Portugal (Decree-
Law No 102-D /2020 of 10 December), introduces rules on the prevention of food waste,
setting objectives and reduction targets at the production level, as well as measures to
promote its prevention and the reduction of food waste at various stages of the supply
chain. From 2020 onward, the measurement of food waste at different stages of the food
supply chain became mandatory, as did the reporting to the European Commission within
18 months of the end of each year, in accordance with the established model for data
communication and the submission of quality control reports. This framework underscores
Portugal’s commitment to addressing food waste in alignment with broader European
Union goals.
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In Portugal, measures have been introduced to reduce food waste in catering, produc-
tion, and supply chains, including the agri-food industry, catering companies, supermar-
kets, and hypermarkets. Specific targets have been established to address this issue: by
2025, the aim is to reduce food waste by 25% compared to 2020 levels in mass caterers,
production, and supply chains. Furthermore, by 2030, the goal is to achieve a 50% reduction
in food waste in these same sectors compared to 2020 levels. Despite growing awareness
and regulatory efforts, there remains a significant gap in the implementation of practical
interventions tested in real-world restaurant settings, particularly in Portugal [15]. This
highlights the need for more actionable strategies and on-the-ground solutions to effec-
tively tackle food waste. This study aims to address this gap by quantifying PW in three
Portuguese restaurants, analysing its composition, and identifying patterns across differ-
ent food categories (carbohydrate-based, protein-based, and vegetables). These analyses
provide essential data for implementing effective corrective measures in various areas.
Employee motivation is a key factor, which can be encouraged through financial incentives
to achieve targets [16] or awareness initiatives highlighting the importance of reducing
food waste [17]. Menu planning also plays a crucial role, ensuring that meals are designed
based on the resources available in the establishment to maximize the use of leftovers and
products nearing expiration [18].

Efficient stock management is another fundamental strategy, relying on the organiza-
tion of food items using a “first in, first out” system [10], regular monitoring of expiration
dates, and proper handling under appropriate working conditions. Additionally, staff
training is essential for improving food handling and preparation skills and minimizing
losses, especially in processes such as cutting and preparing raw meats [19]. Assessing PW
can help determine whether portion sizes need to be adjusted, either by reducing quanti-
ties [20] or offering different portion options so customers can choose according to their
needs [21]. Finally, donating surplus food to employees or charitable organizations [22]
presents a viable and socially responsible solution, helping to reduce food waste while
benefiting those in need.

By providing detailed insights into PW generation, this study seeks to contribute to
the development of actionable strategies for reducing food waste in the food service sector,
aligning with the SDGs, and promoting sustainability.

2. Materials and Methods
2.1. Experimental Delineament

This study lasted for 1 month and 2 weeks, being conducted over 2 weeks (10 days) in
each restaurant (N = 3), during the lunch period for the “daily dishes”. Whenever possible,
on each day, a “daily dish” of meat and fish was evaluated. The “daily dish” refers to a dish
served during weekdays at lunchtime with a more affordable price and different each day.
In total, the waste of 152 dishes (76 meat and 76 fish) was evaluated for Restaurant 1, the
waste of 175 dishes (99 meat and 76 fish) was evaluated for Restaurant 2, and the waste of
244 dishes (189 meat and 55 fish) was evaluated for the restaurant.

2.2. Material Used in This Study
For this study, the following materials were used:

Scales with a capacity of up to 3 kg, and scales with a capacity of up to 30 kg.
Colored Bags to separate the different types of food waste.
Data-menu recording sheets.

Food waste data recording sheets.
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2.3. Procedure

For the assessment of PW in the restaurants under study, the experimental procedure
was based on the study by Pontes [6]. For this purpose, an assessment of the served dishes
and portions placed on the plates of different food categories was conducted.

Collection of the list of ingredients and weights used in the preparation of the “daily
dish” were recorded in the datasheet, along with the number of expected meals.

Weighing of the “model dish”—weighing of 3 meals (“daily”) plated before or at the
beginning of distribution for the evaluation of the served portion. The plate weight was
measured before adding the food.

All edible PW from the consumer’s table is separated into different garbage bags (categories):

e  DPotatoes, grains, and derivatives (carbohydrate-based foods);
e  Meat, fish, and eggs (protein-based foods);
e Salads and vegetables (vegetables).

At the end of the service, each bag was weighed and recorded in the log sheet. The
actual number of dishes sold/served was also recorded.

Non-consumable plate waste, such as bones, fish bones, fruit and vegetable peels, and
pits, are considered and, therefore, will not be included in the weighing of the mass of
consumable leftovers.

2.4. Data Analysis
The percentage of plate waste was calculated after determining the mass of consumable

plate waste using the following formula:

Plate Waste Weight x 100
Weight of the Produced Meal

%Plate Waste =

Data were used to assess the amount of food waste in the three restaurants under
study. The descriptive data were first organized into tables containing the total number of
meals, the average meal weight per person, the average plate waste per person, and the
corresponding percentage of plate waste.

Statistical analyses were performed using Statistica® 12.0 software (StatSoft, Tulsa, OK,
USA). Results were expressed as means and standard deviations, with all tests conducted at
a 5% significance level. The statistical comparisons among restaurants and food categories
were performed using the Friedman and Nemenyi tests. To compare the proportion of
waste among different food categories (carbohydrate-based foods, protein-based foods, and
vegetables), the Friedman test was applied, as the data did not meet normality assumptions.
Statistical significance was set at p < 0.05.

Additionally, differences in total food waste among the restaurants were evaluated
using the Nemenyi test for multiple group comparisons. The comparison of waste be-
tween meat-based and fish-based dishes was conducted using the Kruskal-Wallis test,
analyzing potential differences in waste proportions for each food category across the
three restaurants.

3. Results and Discussion

In total, the waste of the “daily dish” accounted for 152 dishes (76 meat and fish) for
Restaurant 1, 175 dishes (99 meat and 76 fish) for Restaurant 2, and 244 dishes (189 meat
and 55 fish) for Restaurant 3.

Figure 1 demonstrates that restaurant 3 experienced a peak in PW on Monday much
larger compared to restaurants 1 and 2, suggesting that on this day, the dish was not
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well-received or not properly portioned, resulting in significant waste on the plate by
the customers.
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Figure 1. Total waste of consumable plate waste (%/day) for the 3 restaurants in study.

To enable comparison of our results with other articles, Table 1 was prepared, repre-
senting the number of study days, the number of meals, the mass of meals per capita, plate
waste per capita, and the percentage of plate waste for each restaurant.

Table 1. Number of meals, meal weight (MW) per capita, plate waste (PW) per capita, and percentage
of plate waste (PW) obtained for each of the three restaurants over 10 working days at lunchtime.

Rest NDavs N MW PW Per PW
est. y Meals Per Capita (g) Capita (g) (%)
1 152 468 43 10
2 10 175 473 58 13
3 244 564 73 13

Table 1 shows that the percentage of PW was reduced in all restaurants. In our study,
we found PW per capita ranging from 43 to 73 g, with PW percentages between 10% and
13%. These values are consistent with studies such as Pontes [10] who reported average PW
per capita ranging from 52 g to 78 g in Brazil. However, our results are lower than those
of Xu [23], who found an average PW of 172.3 g per person, and Wang [24], who reported
PW values from 77 g to 103 g in Chinese cities (Beijing, Shanghai, Lhasa, and Chengdu).
Additionally, Williams and Walton [25] found that plate leftovers in hospitals accounted
for 30% of the meals served, significantly higher than the values observed in our study;
however, in hospitals, people are most often sick and are not hungry enough to consume a
full meal.

These results can be explained by two factors: considerably reduced portion sizes and
the type of customer. Each meal served has an average mass of 468 g for Restaurant 1,473 g
for Restaurant 2, and 564 g for Restaurant 3. When compared to the average mass of each
dish served in 15 restaurants (791 g) in the study by Pontes [10], we found that the portions
served in our study are, on average, 43% smaller. Furthermore, customers who choose the
daily special for lunchtime in these restaurants are mostly workers subjected to physical
exertion in their professions during their lunch break, contributing to a low percentage of
PW. However, even with this low percentage, we obtained the same PW as some of the
restaurants compared to even though the food portions in our restaurants were smaller
which means our restaurants produced greater PW relative to the initial portion served.
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Based on the average values presented in Table 1 and illustrated in Figure 2, it is
evident that carbohydrate-based foods, such as rice and potatoes, were the most frequently
wasted leftovers across all restaurants, with waste percentages of 16.3%, 16.7%, and 21.9%,
respectively. These findings align with previous research. For instance, Dagilitite and
Musteikyte [26] also identified carbohydrates as the most wasted food category, while meat
and its products were the least wasted. Similarly, Jones [27] found that, after sauces and
condiments, carbohydrate-based foods were the most wasted items on plates. Vizzoto [28],
through a survey, reported that employees identified carbohydrates as the most wasted
food type. Additionally, Betz et al. (2015) [11] observed a higher proportion of plate waste
(PW) for carbohydrate-based foods compared to other food types in Swiss catering facilities,
which is consistent with the results of our study:.
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Figure 2. Percentage of PW separated into different food categories (carbohydrate-based foods,
protein-based foods, and vegetables) in the 3 restaurants.

In our study, we encountered meals whose contents were difficult or impossible to
separate by categories. These meals were grouped into a different category (“others”) and
refer to dishes where it is impossible to separate the foods into carbohydrate-based foods,
protein-based foods, and vegetables, such as the dish “duck rice”. With this, we found that
Restaurant 3 had a higher percentage of PW in this type of dish compared to Restaurant 2
(14.28% and 7.4%, respectively). Restaurant 1 did not produce any dishes where it was
impossible to separate the foods into categories and, therefore, did not have PW of this type.

The statistical analyses are summarized in Table 2, which presents the results of the
Friedman statistical test, confirming significant differences in the quantity of PW generated
for each food category.

The data in Table 2 demonstrate significant differences in the PW of carbohydrate-
based foods, protein-based foods, and vegetables generated, with p-value lower than
p <0.05.

To further compare the restaurants, the Nemenyi test was applied. The results can be
observed in Table 3.

As shown in Table 3, through the multiple comparisons of the means of the percentages
of PW produced by the three restaurants, there were no significant differences among the
restaurants (p-value > 0.05), indicating that the quantity of PW generated was consistent
across all restaurants. Next, this study also compared edible PW from both meat and
fish dishes served in the restaurants to compare if the type of meal, fish or meat, would
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significantly impact the amount of plate waste. The statistical results were analysed using
the Kruskal-Wallis test, as presented in Table 4.

Table 2. Mean values and standard deviation (SD) of the percentages of PW (PW) from carbohydrate-
based foods (Ch), protein-based foods (Pr), and vegetables (Vg) in the 3 restaurants based on the
comparison of different percentages of leftovers from different food categories by the Friedman
statistical test for each restaurant.

Restaurant PW Categories Mean (Dp) (%) p-Value
Ch 16.33 (12.47)
1 Pr 4.42 (5.49) 0.00003
Vg 5.04 (15.95)
Ch 19.67 (12.09)
2 Pr 5.52 (4.94) 0.00001
Vg 1.37 (4.77)
Ch 21.90 (18.51)
3 Pr 5.49 (4.95) 0.00001
Vg 2.46 (6.78)

Table 3. Nemenyi statistical test for comparing all pairwise combinations of groups to verify signifi-
cant differences in the percentage of leftovers on the plate among the 3 restaurants.

Restaurant 1 2 3
(p-Value) (p-Value) (p-Value)
0.632 0.781
0.632 1.000
0.781 1.000

Table 4. Mean values and standard deviation (SD) of the percentages of PW from carbohydrate-based
foods (Ch), protein-based foods (Pr), and vegetables (Vg) in the 3 restaurants based on the comparison
of different percentages of leftovers from different food categories in meat and fish dishes.

Restaurant Component Dish Type Mean (%) SD p-Value
o MG B

! Pr o 3 i 0371
B B o

o MW R

2 pr T a1 37 0343

o e
T

3 Pr T a9 s 0

Vg Meat 0 0 0.051

fish 6.6 10.3
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Based on the analysis of Table 4, no significant differences were identified in the
amount of PW generated from meat and fish dishes across the different food categories
in the restaurants under study (p-value > 0.05). This indicates that the quantity of PW
produced by the two types of dishes was equivalent across the three restaurants analysed.

This finding suggests that, in terms of food waste, there was no significant differ-
ence between the edible PW in meat and fish dishes served in the evaluated restaurants.
Therefore, customers wasted a similar amount of food in both meat and fish dishes.

4. Conclusions

This was a preliminary study regarding the food waste generated in Portuguese
restaurants. With the results of this study, we concluded that even though the portions of
the meals served in our restaurants were 43% smaller when compared to other studies,
the PW was similar, which indicates that our restaurants produced more PW relative to
the initial portion served. Of the PW obtained, carbohydrate-based foods were the most
wasted, aligning with other studies in this regard. Also, some of the dishes served are not
so welcomed by the clients, therefore generating larger amounts of PW which indicates
the necessity of reevaluating the menu. This study is crucial to show the difficulties of
performing this kind of work since the restaurant staff are not so welcoming to strange
people and largely do not want to comply with the investigators to learn how to measure
food waste and how to prevent it, leading to miscommunications.
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